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ABSTRACT

Only a small proportion of persons with stroke fully recover the use of their more
affected upper extremity. The consequences of this are devastating as use of the upper
extremity is of the utmost importance to the performance of daily activities.
Rehabilitation post-stroke is now being offered in a variety of different settings including
acute and rehabilitation hospitals, out-patient rehabilitation centers, at home through
home-care and in the community. Evaluating improvement in upper extremity function is
difficult because there is no agreed upon measure or set of measures. The proliferation of
tests targeting a particular type of client (severe, high level), need (goal setting, clinical
practice, research) or setting (hospital/clinic or home) has contributed to the difficulty in
creating a harmonized view this construct. A crucial feature of any method for
measurement is that true change is detected, the whole spectrum of ability is captured
(most basic to most complex tasks), and that comparisons across people and over time are
meaningful and not dependent on the units of measurement. It is not unusual to assess
persons with stroke with three or four different tests and several questionnaires designed
to capture actual use of the arm in daily activities. The measuiement protocol currently
requires all items of all tests be administered even though there are known redundancies.
Summarizing recovery across this measurement spectrum is difficult and hinders
communication across disciplines and rehabilitation settings. It has been argued that
rehabilitation professionals need to move toward a common language of functional
assessment.' Using Rasch analysis, a single construct, in this case, upper extremity
function, is measured using a ruler-like scale with items hierarchically ordered along its
length. This measurement property permits evaluation of relative gains in function (a
person has doubled their level function). When computer-assisted, items are chosen for
administration automatically depending on ability and on the response to previous items.
This yields an accurate estimate of recovery level using the fewest number of items and a

minimum amount of time.
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ABREGE

Seule une infime portion des personnes ayant survécu a un accident vasculaire cérébral
(AVC) récupére la fonction du membre supérieur le plus affecté. Les conséquences sont
dévastatrices car les membres supérieurs sont d’une importance capitale dans
I’accomplissement des activités de la vie quotidienne. La thérapie de réadaptation post-
AVC est maintenant offerte dans divers milieux tels qu’en institutions de soins aigus,
dans les centres de réadaptation ainsi qu’a la maison a travers les services de maintien a
domicile et dans la communauté. L’évaluation des gains de la fonction du membre
supérieur est ardue car, a ce jour, il n’existe aucun test ou ensemble de tests qui font
I’unanimité parmi les professionnels de la réadaptation. La prolifération des tests ciblés a
des clienteles, des besoins ou des milieux particuliers a contribue a la difficulté de créer
une vue harmonisée de la fonction du membre supérieur. Un aspect crucial d’une
méthode de mesure est que les changements réels soient détectés, le spectre complet des
habilités soit représenté (des taches les plus simples aux taches les plus complexes), et
que des comparaisons entre les personnes et dans le temps soient possibles et
significatives et ne dépendent pas des unités de mesure des tests utilisés. Il n’est pas rare
qu’on évalue des clients avec trois ou quatre tests et questionnaires différents afin de
saisir I’utilisation réelle du membre supérieurs dans la vie quotidienne. Les protocoles de
mesure actuels exigent que 1’on administre tous les items contenus dans un test ou un
questionnaire méme s’il y a des redondances évidentes. Avoir une vue d’ensemble de la
récupération du membre supérieur est complexe et empéche la communication entre les
professionnels de la réadaptation et les différents milieux. Il a été argumenté que les
professionnels de la réadaptation devraient adopter un langage commun dans le cadre des
¢évaluations fonctionnelles. Les mod¢les de Rasch permettent de mesurer un seul aspect
ou trait, dans notre cas la récupération du membre supérieur en utilisant une échelle
construite telle une régle avec les items et les personnes places de fagon hiérarchique le
long de la régle. Cette propriété permet la mesure des gains relatifs (une personne a
doublé son niveau de récupération). Lorsqu’un ordinateur est utilisé afin de présenter les
items au client et d’entrer les résultats simultanément, les items peuvent &tres choisis

automatiquement a 1’aide d’un algorithme basé sur la réponse ou la performance sur
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I’item précédent. Ceci produit un estimé juste et précis du la fonction du membre

supérieur en utilisant un minimum d’items et de temps.
p
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PREFACE

This thesis presents studies aimed at evaluating the function of the upper extremity in
persons having survived a stroke. An impaired upper extremity has a major negative
impact on a person’s ability to perform their daily activities and pursue their life roles. A
first step toward identifying effective interventions to improve upper extremity function is
to quantify upper extremity function and to measure true change. There is no agreement
amongst rehabilitation professionals or researchers as to how to assess upper extremity
function. In order to capture the full realm of function, from the most basic movements to
fine manual dexterity and, finally, to the impact of upper extremity impairmentson a
person’s life, both clinicians and researchers have relied on a myriad of upper extremity
tests and indices. The first disadvantage of this traditional way is that it places a
tremendous burden on patients. Having to perform an endless number of different tasks
and having to answer several questionnaires, that are occasionally redundant and not
necessarily well targeted to each individual person can be a tiring and frustrating
experience. As a researcher or a clinician, it is difficult to interpret and summarize results
emanating from several different tests and indices that are scored differently and whose
summary score does not have inherent meaning. Over the past several years, Rasch
analysis has been increasingly used in the study and development of health care
measurement. Rasch models support the development of adaptable instruments for
assessing upper extremity function and recovery. Rasch analysis can be used to select
items that are targeted to a particular ability level. This is termed adaptive testing. When
these items are administered with a computer, it is called Computer Adaptive Testing or
CAT. Test items administered to different samples of subjects or patients at different
points in time can also be placed onto a common scale. After items are placed onto a
common scale, scores become comparable regardless of the set of items administered. It
is possible to produce the “ideal” upper extremity function measure that will contain
items spanning the whole range of difficulties and that will be “custom tailored” to each
individual patient so that a relatively small number of items will yield maximum
information about the patient’s level of upper extremity function. This process would

avoid having the more recovered patients perform items that are too easy for them and get



bored. In addition, this process would avoid the severely affected patients having to try
too many items that are too difficult for them and get discouraged by the repetitive

failures.
Organization of Thesis

This thesis is comprised of four manuscripts, each representing a step in the evolution of

the development of the main goal of the overall project.

After a brief introduction, Chapter I describes the impact of stroke on upper extremity
function and reviews the treatment and measurement of upper extremity function as they

are being performed at present in the field of rehabilitation.

The first manuscript (Manuscript 1) is presented in Chapter 2 and is entitled: “The effect
of a task-oriented intervenﬁon on arm function in persons with stroke: a randomized
controlled trial. In this manuscript, the results of a randomized controlled trial aimed at
evaluating the effectiveness of a task-oriented intervention in enhancing upper extremity
function in persons with stroke are presented. Within the manuscript, a meta-analysis of
different randomized controlled trials aimed at improving upper extremity function and

the different tests and indices used in each of the trials is presented.

The second part of this thesis presents work conducted to create a bank of items designed
to evaluate the function of the upper extremity after stroke. The recovery of the upper
extremity has received an increasing amount of attention over the past few years but is
still in its infancy stage when compared to the lower extremity. In order to identify
effective interventions to treat the upper extremity of stroke survivors, true measures that
quantify upper extremity function and can detect the magnitude of true change need to be
developed. Item Response Theory and Rasch models have been used extensively in
education and psychology, fields in which abstract concepts that cannot be measured
directly by an instrument abound. Health care professionals have now started to adopt
these models in order to measure abstract concepts related to health conditions, tréatments

and recovery. This thesis consists of the exploration of these measurement models in
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rehabilitation and the application of such models to develop a unique, true measure of

upper extremity function in stroke.

Background information on Rasch analysis and Item Response Theory is presented in
Chapter 3. First an overview of Classical Test Theory, the way in which most existing
tests and indices have been developed is detailed along with definitions of classical
psychometric properties. This is followed by an introduction to ‘modérn measurement
models’: Rasch analysis and Item Response Theory. The basic concepts are presented and

a comparison is made with Classical Test Theory.

Chapter 4 describes the rationale and study objectives answered in the second part of this

thesis.

Chapter 5, (Manuscript 2) is entitled: “The use of Rasch Analysis and Item Response
Theory in Rehabilitation: A Review of the Literature.” In this manuscript, an extensive
review of the literature on the use of Rasch analysis and Item Response Theory in the
field of rehabilitation is presented. This is the first time that such a review is presented

and provides the basis and rationale for analyses conducted in Manuscripts 3 and 4.

The third manuscript (Manuscript 3) is presented in chapter 6. It is entitled:
“Development and Initial Psychometric Evaluation of an Item Bank created to Measure
Upper Extremity Function on Persons with Stroke” and outlines the steps undertaken in
order to create this unique bank of items that incorporate both tests of capacity and

participation, following the International Classification of Functioning, Disability and
Health (ICF).

Finally, the last manuscript (Manuscript 5) brings it all together and describes a final
‘paper version’ of an adaptive test of upper extremity function that can easily be used in a
clinical setting or incorporated as part of a research project. This new measure of upper
extremity function overcomes the disadvantages of the tests and indices that were

developed under Classical Test Theory.
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Chapter 8, ‘Summary and Conclusions’ summarizes the findings and presents

considerations and suggestions for future work.

Tables and figures are presented at the end of each Manuscript. References for all
chapters and manuscripts can be found at the end of the thesis. Additional information,
including a description of the tests and indices used in the studies and additional statistical

considerations is presented in the appendices.

Ethical approval for the first study: ‘The effect of a task-oriented intervention on arm
Jfunction in persons with stroke: a randomized controlled trial’ was obtained from the
Institutional Review Board (IRB) of McGill University. A copy of the consent form and
ethical approval are included in the appendices. All other research projects had ethical

approval and there is no additional approval required for secondary analyses of the data.

McGill University requires the presentation of literature review and a final conclusion in
addition to those presented in each one of the manuscripts. This results in the presence of

repetitions in certain sections throughout the thesis.
Contribution of Co-Authors

The candidate coordinated one of the studies, participated in the recruitment and
evaluation of subjects in most of the studies included in this thesis. She developed the
study questions and study designs and performed the statistical analyses. The candidate
was responsible for the interpretation of the findings and writing of the manuscripts. The
co-authors functioned as consultants providing feedback on study design, analyses, and
final manuscripts.

Dr Nancy Mayo, the primary investigator on the research projects, provided expert
guidance for the design of the thesis studies, the statistical analyses and the writing of the
manuscripts.

Lois Finch and the candidate learned Rasch analysis together and formed a study group,
meeting on a regular basis to discuss important issues and recent developments. Lois
provided excellent feedback on some analytical issues and concepts being developed.

Dr. Jacek Kopec also suggested the development of the paper version of the adaptive
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measure of upper extremity function.

Statement of Originality

My interest in the recovery of the upper extremity after a stroke started with my Master's
degree in Rehabilitation Science. The project consisted of measuring upper extremity
function and recovery post-stroke and identifying the predictors of upper extremity at five
weeks post-stroke. While pusuing the initial stages of my Ph.D., I was working and
studying within the department of Clinical Epidémiology at the McGill University Health
Center. Several clinical trials are based in Dr. Mayo’ s “Performance Enhancement”
laboratory. The studies to which I contributed involved the evaluation of stroke patients
using several standardized measures of performance and questionnaires a short time after
their stroke, and periodically thereafter for a period of one year. I published, as first-
author, the results of a randomized controlled trial of rehabilitation for upper extremity in
the journal Clinical Rehabilitation and is the first manuscript of this thesis. Clinical
evaluations consisted of different tests of performance (capacity) as well as
questionnaires on individuals’ health in general. Thus, I experienced first hand the
difficulties in having to administer a plethora of tests and indices and then combine
results for interpretation.

My experiences with these difficulties involved in the area of outcome measurement led
me to further develop the goal of my doctoral degree into outcome measurement. I
developed a stronger understanding of the challenges faced in this area and also the
importance to obtain valid estimates of change when attempting to evaluate the
effectiveness of an intervention.

The contribution of this thesis has been to develop a method to hierarchically and
parsimoniously estimate upper extremity function post-stroke. To attain this goal, I
linked, by using Rasch analysis, different measures of upper extremity function in order
to create a common bank of items designed to assess upper extremity function. The
originality of this thesis also rests on the combination of Rasch analysis, with the
conceptual framework of the International Classification of Functioning, Disability and
Health (ICF) to define and quantify upper extremity function. One of the

accomplishments was an original item bank of that combined, for the first time, both
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observable tests of capacity or performance and questions aimed at ideﬁtifying the
activity and participation components of the ICF.

Items in a bank are now available for the design of an adaptive test that could easily be
used by both clinicians and researchers to accurately and effectively measure upper
extremity post-stroke. This item bank can now be used as a platform against which
additional, new upper extremity items can continue to be calibrated in the future,
expanding the range and improving the psychometric properties of the items designed to
assess upper extremity function post-stroke. This item bank also has the potential of
developing into a Computer Adaptive Test (CAT) where items are presented and chosen
through an algorithm based on the respondent’s previous answer. Item banks and CATs
have the potential to revolutionize the way outcome measurements are accomplished in
rehabilitation and overcome the difficulties that we are facing today. This led the
candidate to the second accomplishment: a paper version of an adaptive test of upper
extremity function. The selection of a flexi-level format was based on clinical
considerations. As computers are not always readily available in today’s clinical settings,
a ‘paper-and-pencil’ format will make it easier to use and, except for the direct entry of
the data on a computer, offers the same advantages as a CAT in terms of measurement

quality and relief of participant burden.
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INTRODUCTION

The upper extremity plays a central role in a person’s life from the ability to perform
basic activities of daily life such as bathing and dressing to the ability to carry out family
and social roles. Stroke has a devastating effect on the upper extremity of most stroke
survivors and impairments of the upper extremity have an important impact on the quality
of life of these persons.

The recovery of upper extremity function after stroke lies on our ability to deliver
effective treatments. Although the upper extremity after stroke has progressively become
the focus of an important body of literature in the field of rehabilitation, the debate is
ongoing as to which treatments are effective. To date, there has not been an agreement

amongst rehabilitation professionals or researchers.

The measurement of upper extremity function is paramount in evaluating the
effectiveness of interventions. At this time, there are a number of trials evaluating
different treatments, each using their own outcome assessments, making comparisons of
change among subjects as well as changes over time for a given subject very difficult.
Traditionally, the effectiveness of rehabilitation interventions has been evaluated by
administering different tests of capacity where the performance of patients was observed
and scored on an ordinal scale. Measurement in the field of rehabilitation has reached a
turning point. An increasing number of researchers have recognized the fact that in order
to move the field of rehabilitation towards evidence-based practice, new measures, based
on standardized metrics have to be used. Using Rasch analysis, it is possible to create a
ruler to measure upper extremity function by arranging items along a difficulty continuum

and the persons along the ability continuum.”? The creation of a measure implies that

parametric statistics can be used on the scores obtained on the measure. In addition, with
the use of Rasch, it is possible to estimate a person’s score without all the items in the
measure having been administered. Using psychometrically sound outcome measures to
assess the effectiveness of treatments being delivered to persons with stroke is the first
step in devising optimal rehabilitation interventions. Although advances have been made

in the treatment of the upper extremity of persons with stroke, research is still needed to



solve the enigmas still surrounding this domain of rehabilitation. Because finding
effective interventions lies in our ability to measure upper extremity function adequately,

a first step is to create a true measure of upper extremity function.
Objectives

The overall objective of this thesis was to create a method to parsimoniously and
hierarchically quantify upper extremity function in persons with stroke. As this thesis is a
compilation of manuscripts, there are several sub-objectives relating to the research

presented as indicated below.
Sub-objectives

1) To evaluate the efficacy of a task-oriented intervention in enhancing arm function in

persons with stroke;

2) To summarize the use of latent theory models, namely Rasch analysis and Item

Response Theory, in rehabilitation;

3) To identify how many unique constructs comprise upper extremity function from

existing pools of upper extremity function indices;

4) To use the Rasch measurement model to identify items that are able to discriminate

between levels of recovery along the construct(s);

5) To hierarchically align items to create a bank of items and allow the assignment of a

recovery level for individuals;

6) To develop a paper version of an adaptive measure of upper extremity function for

clinical use of the new measure.



CHAPTER 1 The Impact of Stroke and Upper Extremity Function
1.1 The Epidemiology of Stroke

Stroke is the fourth leading cause of death, affecting between 40,000 and 50,000
Canadians each year * and its incidence is not declining.* According to the Heart and
Stroke Foundation of Canada, the incidence of stroke is expected to increase by 68%
within two decades.’ In 2003, approximately 300,000 survivors were living with the
consequences of stroke in this country and survivors are often faced with a multitude of
effects ranging from speech and memory deficits to a complete loss of movement in a
limb.” In fact, loss of arm function is very common, occurring in up to 85% >$ of stroke
survivors. Many face physical disabilities that greatly diminish their quality of life and as

many as 15% of stroke survivors will require long term care services.’

As the population ages, the number of persons surviving a stroke and thus living with its
sequalae will increase. Rehabilitation of stroke survivors is important as it aims to
improve their functional status, facilitate the return to pre-stroke level of function or
palliate persons to this loss of function in the arm. The ultimate goal is community

reintegration.

1.2  The Impact of Stroke: Impairments, Activities, and Participation

Losing upper extremity function can have devastating consequences as use of the arms is
indispensable in the accomplishment of all basic and instrumental activities of daily
living. A great number of survivors require assistance to perform basic daily functions,
such as dressing and personal hygiene. From home to workplace, the arms are constantly
solicited for a multitude of tasks ranging from simple to very complex and highly skilled
movements. Limitations in the use of the affected upper extremity can lead to a
diminished sense of well-being one year after a stroke. *° Despite rehabilitation efforts,
many stroke survivors do not recover the use of their upper extremity. In fact, only about
15% of those suffering from severe stroke recover function in their more affected hand. '
Even when the motor impairment is mild, its impact on the performance of daily activities

can be very frustrating and can lead to discouragement, a discontinuation in the use of the



affected limb'' and ultimately to learned nonuse.
1.3  Rehabilitation Interventions for the Upper Extremity

Different rehabilitation strategies for the affected arm and hand have been studied. None
of the studies comparing the effectiveness of these different strategies has consistently
proven one approach to be better than the other.'?'® “Constraint-Induced Movement
Therapy (CIMT)”, a relatively new approach, 2 is now being studied extensively. Most
studies 2126 evaluating the effects of CIMT, or a modified version of this modality, have
demonstrated positive results. To date, four randomized controlled trials *'23*>? have
been conducted. The most recent randomized clinical trial, known as the EXCITE
(Extremity Constraint Induced Therapy Evaluation) trial showed significant and relevant

improvement in upper extremity function lasting for at least one year.
1.4  The Field of Measurement in Rehabilitation

In rehabilitation settings, measuring function is a daily occurrence whether for clinical
assessment or for the purposes of research projects. Outcome measures are used for a
variety of reasons, from attempting to establish the effectiveness of a particular treatment
to the allocation of appropriate health care resources, all in an attempt to move toward
evidence-based practice. Many important decisions are based on such outcome
evaluations. One of the major challenges faced by health care providers and rehabilitation
professionals is ensuring that the tests and indices used are psychometrically sound. They
must be valid, reliable and sensitive to change. The different concepts captured by these
assessments must also be easily interpretable by the clinicians using them. One of the
many responsibilities of the therapists treating persons following a stroke is the choice of
an appropriate outcome assessment. It must be adequate for the clientele and also be
suitable for the goal for which it is intended (establishment of the effectiveness of a

particular treatment or allocation of appropriate health care resources).

Evaluation of impairments and activity limitations is arduous due to the heterogeneity of
the stroke population not only in terms of deficits but also in terms of recovery. Many

factors, besides rehabilitation, dictate how fast and how completely persons will recover



from stroke, such as the location of the stroke and the initial severity of the deficits,

unique and different in each individual person.

Andresen®’ has summarized desirable properties of tests and indices. These include the
traditional psychometric properties used in Classsical Test Theory: reliability, validity
and responsiveness. In addition, such characteristics as conceptual, item/instrument bias,
measurement model, respondent and administrative burden as well as alternate and

accessible forms are also considered important criteria to consider when choosing a test

or index.
1.5  The Assessment of the Upper Extremity after Stroke

For purposes of clarity, definitions of the terms used in this thesis are presented below.

The definitions conform to those recommended by Sloan et al.”®

Construct: intangible, theoretical entity that is operationalized into one or more items.

Item: single question which can be used as a stand alone question, as part of a series of

loosely affiliated questions, or as part of a psychometrically sound index.

Index: psychometrically sound collection of items with an underlying theoretical
framework that distinguishes between inter-related constructs relevant to a given health

condition.

Tests: direct indicator of the attribute (ie. dexterity tegt).

Scale: the response options or units for an item, an index or a test.
Tool/Instrument: a device, a piece of equipment.

The term “measure” is reserved for “true measures” such as the one developed using the

particular model used in this proposal. It is also used as a verb, an action.

According to Lawton,” functional assessment is “any systematic attempt to measure

objectively the level at which a person is functioning in a variety of areas”. Standardized



tests or indices of upper extremity function are now being used in a variety of clinical
settings, from acute care to rehabilitation, to home health. Monitoring improvement in
upper extremity function can be difficult given the paucity of instruments that can
accurately reflect function across different stages of recovery. A therapist or a researcher
requires a complete arsenal of tests and indices to examine not only the short-term
outcomes of stroke but also the long-term outcomes,’® and there is no consensus as to
which test or index is the best. Some are appropriate for assessing the immediate
consequences of the stroke, when persons with stroke are still unable to perform activities
whereas others, such as those assessing the area of activity and participation, are more
appropriate when persons have reached a higher level of functioning. A compilation of
twelve randomized éontrolled trials evaluating the effect of different treatment strategies
for the upper extremity shows that twelve different outcome assessments were used with
little overlap across studies.” Some authors stipulate that their failure to observe an effect
of the treatment may have been due, in part, to the outcome assessment they used. It may

not have been targeted to the population under study and thus it was not possible to detect

changes.”

Difficulty in evaluating the upper extremity may be due in part to the great variety of
tasks and activities that are accomplished by the upper extremity. While the lower
extremity is used primarily for locomotion, the upper extremity has an unlimited number
of actions that also differ from one individual to another. Also, the activities performed by
the upper extremity often comprise a high level of motor control and fine dexterity.
According to Richards and colleagues,” an ideal measure of upper extremity function
would be comprised of a wide spectrum of items that would span the complete range of
item difficulty from the easiest tasks that can be performed by the most severely affected
persons to the hardest ones that can only be accomplished by those with near normal
ﬁpper extremity function. The tasks included in the measure should require both unilateral
and bilateral activities and would take into account the quality of the movements
performed. It would also have to be valid and reliable in the specific population targeted
by the instrument.

Another group of researchers ** has defined functional assessment as being aimed not



only at evaluating an individual’s abilities but also at the limitations or barriers that may
hinder the person’s ability to perform certain activities. These barriers may be
pathophysiological, arise from impairment, functional limitations, or from the
environment. According to this group, fulfiliment is achieved only when there is

equilibrium between health and functioning and the barriers.
1.6  Defining the Construct of Upper Extremity Function

According to Rudman and Hannah, therapists must determine what they want to
measure prior to choosing tests or indices. Before an attribute can be measured, a clear
definition of that attribute is necessary. To facilitate the restoration of function in persons
who have survived a stroke is the goal of rehabilitation. In order to accomplish this,
therapists need to have a clear view of this concept and how to measure it. There are no
agreed upon definitions of function or of upper extremity function. In a paper on the
theory of function,”® the author concludes that theory must drive the measurement of

function and that conceptual models need to be identified.

‘What is upper extremity function? The World Health Organization’s (WHO)*
International Classification of Functioning, Disability and Health (ICF) provides a
framework and a biopshychosocial model for function and has classified health and health
related domains (Figure 1.1). These domains include body, individual, societal and
environmental perspectives. The domains are: (1) body structure and function and (2)
activity and participation. Functioning includes all body functions, activities, and
participation and any alteration in functioning is called disability. An activity is defined as
the performance or execution of a task or action. Participation is the involvement of the
person in life situations. Acéording to the World Health Organization, the ICF

classification can be used towards a variety of goals including;
-The assessment of individuals: “What is the person's level of functioning?”

-Individual treatment planning: “What treatments or interventions can maximize

Junctioning?”



-The evaluation of treatment and other interventions: “What are the outcomes of the

treatment? How useful were the interventions?”

-Communication among physicians, nurses, physiotherapists, occupational therapists and

other health workers, social service workers and community agencies

-Self-evaluation by consumers: “How would I rate my capacity in mobility or

communication?”’

Figure 1.1 The ICF Framework to Assess Function
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One of the aims of the ICF is to provide a common language to improve communication
across users: health care professionals, researchers, policy makers as well as clients 3
and thus will be used to define upper extremity function and to classify the existing upper

extremity outcome tests and indices. The impact of a stroke on a person’s upper extremity

function can be illustrated using the ICF framework.

Impact on Function

A stroke is an interruption of blood flow to a part of the brain that causes neurons in the

affected area to die. Depending on which area was affected, it can have an impact on



upper extremity function. Upper extremity impairments include for example, decreased

strength and decreased range of motion.
Impact on Activities

When a stroke affects a person’s upper extremity, it can produce important limitations on
a person’s ability to perform specific activities of daily living such as eating, bathing and

dressing.
Impact on Participation

A stroke may prevent a person from fulfilling their roles and participating in meaningful
activities that are regarded as normal. Social roles may be different from person to person.
They can be being a bread winner for a family, being a parent or a grand-parent, taking

care of another person, participating in leisure activities, etc...

Upper extremity function is the result of the interrelationships between these components.
Because the goal of rehabilitation interventions is to improve upper extremity function,
each one of the components has to be considered and evaluated. Figure 1.2 illustrates the

impact of a stroke on upper extremity function.



Figure 1.2 The ICF Framework to Assess Upper Extremity Function
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Barreca and colleagues® also developed their own definition of upper extremity function
that also included the completion of various activities of living, work and leisure.
Typically, recovery of the upper extremity following a stroke progresses through a series
of stages. Usually the recovery occurs from proximal to distal, shoulder movements
appearing first and the hand recovering last.* It is believed that motion occurs first in the
proximal and then in the more distal portions of the arm.***! This pattern of recovery is
similar to the normal acquisition of motor skills in young children. The flexor synergy of
the upper limb is the first movement pattern to recover after the flaccidity stage
immediately following the acute episode. Then, the spasticity increases and synergy
patterns or some of their components can be preformed voluntarily. At later stages, the
spasticity declines, movements that deviate from synergies become possible and isolated
joint movements can finally be performed with ease.*

Therefore, at the level of impairment, shoulder movements should be the easiest to
accomplish whereas fine movements of the hand should be the hardest. Likewise, at the
activity level, activities requiring the use of fine movements of the hands are the hardest.
Once the movements of the arm and hand are coordinated and performed with ease,
persons are able to use their affected arm in daily activities and finally, improve their

health-related quality of life by fulfilling their roles in society.
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Also, according to Patrick,* capturing function and its relationship with perceived quality
of life is of the utmost importance when providing healthcare because it may help identify
factors modifiable through interventions, including rehabilitation. Because the association
between disability and perceived quality of life is not always in the expected direction,
other factors such as individual characteristics as well as environmental factors must be
considered in the delivery of care.*” Shumaker and Naughton * define health related
qudlity of life (HRQL) as ‘people’s subjective evaluations of the influences of their
current health status, health care, and health promoting activities on their ability to
achieve and maintain a level of overall functioning that allows them to pursue valued life
goals and that is reflected in their general well-being’.

Therefore, the ultimate goal of rehabilitation interventions is to improve or “recover” a
person’s quality of life. To this end, many investigators have moved away from relying
only on clinical tests and indices and have started to incorporate assessments that target
the individual’s own perception of their health status in order to capture “true” recovery.
Thus, indices of impairment, indices of performance of tasks or activities, indicators of
use of the affected upper extremity and indices of health related quality of life would
cover the entire spectrum of “‘upper extremity function”, and define, by the same token
the concept of upper extremity function. In other words, upper extremity function is the
ability to move the upper extremity in a way that allows the accomplishment of daily life
activities in a fulfilling and satisfying manner.

At this time, separate indices of upper extremity function are used, each one capturing a
natrow level of upper extremity function, there is no link between the tests/indices, and it
is difficult to extract and communicate meaningful information. The rehabilitation field is
predominated by tests and indices that are scored differently, each having their own
scaling and whose total scores do not have any inherent meaning. Another noteworthy
'disad\}antage is the burden to clients and to participants to research projects as the
assessment can be lengthy and demanding.

in accordance with the framework provided by the ICF, outcomes related to upper
extremity function used in 'di‘fferent research projects within the McGill stroke studies as

well as the Canadian Stroke Registry are classified in this thesis as:
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Tests and Indices of Impairment comprise outcomes which target deficits at the
impairment level (e.g. the STroke REhabilitation Assessment of Movement (STREAM)
in which the items are basic movements or grip strength).

Tests and Indices of Activity Limitation consist of outcomes evaluating individual
activities performed by the patient (e.g. pouring a glass of water or tying a scarf).

Indices of Upper Extremity Use is used to describe questionnaires aimed at
assessing a person’s actual use of their arm in daily activities.

Indices of Health-related Quality of Life consist of outcomes such as the
EuroQoL-5D (EQ-5D) Index,* The Health Utility Index***’ and the Medical Outcomes
Study 36-Item Short form Questionnaire (SF-36).%

Tests and Indices of Impairment

The Box and Block Test (BBT)* evaluates gross unilateral manual dexterity. It consists
of moving one by one the maximum number of blocks from one compartment of a box to
another in one minute. This test has been shown to have test-retest reliability greater than
0.9.% Desrosiers and associates éo verified construct validity of this instrument in an
elderly population. Significant correlations were found between the BBT, an upper limb
performance measure, and a measure of functional independence (the SMAF N =042
t0 0.54).° Age and gender specific norms have been established.>® The score reported is

the number of blocks transferred in one minute.

The Canadian Neurological Scale (CNS) is an index of stroke severity. Internal
consistency was determined (Cronbach’s alpha = 0.792) *® and cutoff values have been
established predicting mortality and the occurrence of a second vascular event within six
months of stroke. Content validity has been demonstrated. An evaluation of concurrent
validity compared the CNS with a standard neurologic evaluation, resulting in Spearman
rank correlation coefficients ranging from 0.574 to 0.775. (p<0.001).5 * Two items

evaluate the upper extremity with a maximum score of 1.5 for each.

The Chedoke-McMaster Stroke Assessment Scale® is divided into two parts, the
Impairment Inventory and the Activity Inventory and was specifically designed for stroke

survivors.>>® It is a performance based assessment. The Impairment Inventory includes
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shoulder pain, postural control, the arm, the hand, the leg, and the foot. The arm and hand
items were shown to be reliable (ICC = 0.95 and 0.93 respectively for intra-rater, 0.93
and 0.85 for inter-rater, and 0.84 and 0.85 for test-retest).”>>° Each item is scored on a

seven-point scale where the maximum score is seven.

Grip Strength : The Jamar~ dynamometer is a tool used to assess grip strength. Good
inter-rater (Pearson product-moment correlation coefficient = 0.97 or above) and test-
retest reliability (Pearson product-moment correlation coefficient = 0.80 or above) have
been observed using standard procedures > and gender and age-specific normative data

are available. *® Grip strength is reported in kilograms of force.

The Nine-Hole Peg Test (NHPT)® is a test of fine manual dexterity consisting of placing
nine dowels into nine holes and removing them in the shortest amount of time possible. It
evaluates fine hand motor skills. A study by Mathiowetz et al. ° demonstrated high
interrater reliability (right: r = 0.97, leﬁ:‘ r=0.99) and a moderate to high test-retest
reliability (right: r= 0.43, left: r = 0.43). Also, clinical norms for adults 20 to 75+ years of
age for both males and females were established * and was used in a study in the acute

phase post-stroke.®! It is reported in seconds taken to complete the task.

The Rankin Index® is a global functional health index that focuses on physical disability
although some authors mention that mental and physical adaptations to neurological
deficits are incorporated. Interrater reliability was found to be satisfactory with k = 0.56
and the weighted k = 0.91.% The index consists of 6 grades, from 0 to 5, with 0

corresponding to no symptoms and 5 corresponding to severe disability.

The STroke REhabilitation Assessment of Movement (S TREAM)64 assesses voluntary
motor ability of the upper and lower limbs and basic mobility post stroke. It includes 30
items, 10 of which assess voluntary motor ability of the upper extremity. Excellent
interrater and interrater reliability were reported with generalizability correlation
coefficients of 0.98-0.995 for total STREAM score and for subscales. ® Correlation

coefficients for test-retest reliability was 0.96 for the upper extremity subscale.®® Each
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item of these ten items is scored on a three-point ordinal scale to which letters a, b, and ¢
are added to assess the quality of the movement for a total of 30 points for the upper

extremity subscale.

Tests and Indices of Activity Limitation

The Frenchay Arm Test (FAT)®® assesses recovery in arm function after stroke and has
been tested in a chronic, subacute and acute stroke population. It consists of five pass or
fail tasks and makes use of the familiar objects. The interrater reliability of the test has
been demonstrated (Spearman’s rho: 0.68 to 0.90).%” The test-retest reliability has also
been established (Spearman’s rho: 0.75t0 0.99).®” The maximum possible score is 5. The
time required to perform the task is not recorded and the quality of the movements is not

graded.®

The Test Evaluant la Performance des Membres Supérieurs des Personnes Agées
(TEMPA)%® consists of 9 tasks, both unilateral and bilateral. The objects used in the
administration of the TEMPA are familiar obj ects that most people use in everyday life.
Interrater and test-retest reliabilities were 0.75 to 1.0 and 0.70 to 1.0 respectively
(Cohen’s weighted Kappas and ICCs). ®® Correlations between the TEMPA and the
Action Research Arm Test® and the Box and Block Test ** were: » = 0.90 to 0.95 and
0.73 to 0.78, respectively, depending on the task. Norms are only available for the time to
execute the tasks and not the ratings. ° It has been used in a clinical trial involving stroke
patients. ' The performances are timed and the quality of the movements is rated on a
four-point ordinal scale from 0, the task is successfully completed to -3, the task could not

be completed.

Indices of the Amount of Use of the Upper Extremity

The Barthel Index™ assesses performance in self-care and mobility. The interrater
reliability of the Barthel Index in a mixed neurological population using the Pearson
product moment correlation was 0.99 (p<0.001) for total scores.”® Test-retest reliability
was demonstrated with a kappa score of 0.98.”* The four items requiring use of the arm
include feeding, personal hygiene, bathing and dressing/undressing. Two items are

scored out of 5 and two are scored out of 10 resulting in a maximum summative score of
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30.

The Older Americans Resources and Services Scale-Instrumental Activities of Daily
Living (OARS-IADL) 7 is designed to provide a profile of functioning and the need for
services for older individuals living with some degree of impairment in the community.
Interrerater reliability for selfcare was 0.86 (ICC) and test-retest reliability between two
TADL assessments (five weeks apart) was 0.72.”° It has been shown to correlate with the
SF-36 Physical Function subscale (0.36), with the Katz Index (0.33) and with the ADL
subscale of the Functional Status Questionnaire (0.70).”® It is an index in which each item
is scored on an ordinal scale from zero to two, a higher score indicating a higher level of
function. Two items are considered to relate to the use of the arms (meal preparation and

housework). They are scored from 0 to 2 with 2 representing the highest score.

The Preference-Based Stroke Index (PBSI)’'includes 10 items; walking, climbing stairs,
physical activities/sports, recreational activities, work, driving, speech, memory, coping
and self-esteem. Content validity and preliminary evidence of construct validity has been
demonstrated.”” Moderate correlations were found between the physical function (r =
0.78), vitality (r = 0.67), social functioning (r = 0.32). It was also shown that the PBSI can
differentiate stroke patients by severity (p<0.05).”” Each item has a 3-point response
scale. Recreational activities, Work/Activities and Driving were considered to be related

to the upper extremity.

The Reintegration to Normal Living Index (RNL)"® is an index composed of eleven
statements including the following domains: indoor, community, and distance mobility;
self-care; daily activity (work and school); recreational and social activities; general
coping skill; family role(s); personal relationships; and presentation of visual analogue
scale. It has been tested in stroke. Cronbach’s alpha for internal consistency were 0.90,
0.92 and 0.95 for patients, significant others and health professionals respectively.”
Interrater reliability ranged from r = 0.39 to 0.69"°and test-retest reliability for older
individuals living in the community was r = 0.83.% Also with community dwelling elders,
the RNL was related to the Canadian Occupational Performance Measure and to the

Satisfaction with Performance Scaled Questionnaire (r = 0.72).81 The total score can be
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converted to 100. Higher scores represent a higher level of reintegration. Two items, self-

care needs and recreational activities require use of the upper extremities.

Indices of Health-Related Quality of Life

The EuioQoL-SD (EQ-5D) Index® comprises five items divided into two sections,
devised to assess health-related quality of life and has been tested with stroke survivors.
Kappa scores for inter-rater agreement ranged from 0.05 to 0.64 between patient and
proxy when the questionnaire is interview based. ® The ICC for test-retest reliability was
0.83 for stroke persons at 3 weeks. *> Pearson corrclation coefficients between the EQ-5D
and subscales of the Medical Outcomes Study 36-Item Short form Questionnaire (SF-36)
in the stroke populations varied between 0.17 and 0.64.34%° TWO items are related to the

use of the upper extremity: self-care and usual activities. They are scored using a 3-point
scale (0 to 2).

The Health Utility Index Mark3 (HUI-ITI)***" was developed from two previous
versions. The HUI-III has been modified to be used in the general population health
surveys to monitor the health of the general population and provide a summary score of
health-related quality of life. Assessment of the different attributes in the HUI-III is based
on capacity rather than performance. Inter-rater reliability in the stroke population ranges
from ICC = 0.39 to 0.78 depending on the domain.* Responsiveness estimates were
obtained in an injured worker population (standardized response mean = 0.57 and
standardized effect size = 0.40).*” Each attribute contains 4 to 6 levels of ability. Each
possible combination of response choice describes a health state. Using a scoring
algorithm, each health state is then assigned a utility value that ranges from 0 (worst

possible health state) to 1.0 (best possible health state). Seven items are related to the use

of the upper extremity.

The Medical Outcomes Study 36-Item Short form Questionnaire (SF-3 6)*® is a health-
related quality of life measure. Interrater reliability between proxy and subject in a sample
of stroke survivors demonstrated ICCs varying between 0.15 for the emotional problems
subscale to 0.67 for the physical functioning subsc;ale.88 Test-retest reliability in stroke

populations varied from 0.30 to 0.81 depending on the subscale.®® Correlations between
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subscales of the SF-36 and the EuroQoL in a stroke population demonstrated that
comparable dimensions on each of the measures correlated more highly than between less
comparable dimensions.® There are two arm-related questions: grocery carrying and
bathing/dressing. These items are scored on an ordinal scale from one to three where
higher scores indicate better functioning. Two items are related to the use of the upper

extremity: Pick-up/lift grocery bags and take a bath/dress.

The Stroke Impact Scale (SIS)* is a 59-item index that evaluates the impact of stroke on
a variety of domains: strength, hand function, mobility, activities of daily living,
emotion, memory, communication, and social participation. Reliability estimates for
internal consistency (Cronbach’s alpha) range between 0.93 and 1.00.%° Test-retest
reliability (ICC’s) vary between 0.70 and 0.92 except for the emotion domain (ICC =
0.57). When correlated with other measures: the Folstein Mini-Mental State Examination,
the Barthel Index, Lawton IADL, and Motricity scale (Rankin), Pearson correlation
coefficients were all above 0.67, except for the proxy SIS memory domain (0.37). Total
scores for each domain are calculated from 0 to 100, 100 being the best outcome.

Thirteen items assess tasks related to the use of the upper extremity.
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CHAPTER 2 Manuscript 1: The effect of a task-oriented intervention on arm

function in persons with stroke: a randomized controlled trial

Preface to Manuscript 1

In manuscript 1, the results of a two-group, parallel-groups, stratified, block-randomized
controlled trial aimed at evaluating the efficacy of a task-oriented intervention in
enhancing upper extremity function in persons with stroke are presented. The
experimental intervention involved practice of functional, unilateral and bilateral tasks
that were designed to improve gross and fine manual dexterity whereas the control
intervention was comprised of walking tasks. The consent forms used in this trial are
presented in Appendix 1. The Certificate of Ethical Approval provided by the
Institutional Review Board of McGill University can be found in Appendix 2. The tests
and indices used in this trial are presented in Appendix 4 along with all the tests and

indices used throughout this thesis.

As part of my training, I participated in the coordination of this trial. This entailed
overseeing recruitment of participants, the randomization procedure, the training and

management of personnel, delivery of the interventions, quality assurance and data entry.

I conducted all the analyses presented in this manuscript.

The primary test of arm function used in this study was the Box and Block Test.
Secondary tests included the Nine-hole Peg Test, maximal grip strength, the Test
d’Evaluation des Membres Supérieurs des Personnes Agées and the Stroke REhabilitation
Assessment of Movement. As well, several tests and questionnaires to evaluate the use of
the affected arm and also health-related quality of life were used. This was done in an
attempt to capture the breadth of upper extremity function, from the inability to perform
the most basic movement to limitations in the participation of the individual in life roles
brought about by the impairments in the affected arm. Data were analyzed on the basis of
intention to treat. Standard statistical approaches were used to evaluate treatment effects:
group comparisons were made using a #-test for independent samples for variables

measured on a continuous scale and the Wilcoxon Rank Sum Test for variables measured
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on an ordinal scale. T-tests and Wilcoxon rank sum test were also done on the change
scores between groups for each one of the tests and indices used. The finding of positive
results would enhance the present body of knowledge concerning not only the treatment
of upper extremity impairment after stroke but also its assessment. Finding tests and
indices that are easy to administer, have good psychometric properties and are responsive

to changes in upper extremity function is not an easy task as there are no ‘gold standards’.

The effect sizes of several studies reporting on an intervention aimed at improving upper
extremity function were calculated and presented. It was observed that in the twelve
randomized controlled trials presented, twelve different tests or indices of upper extremity
function were used. Not only is there no agreement amongst rehabilitation professionals
as to the appropriate rehabilitation interventions to deliver to improve function in the
affected arm but there are just as many outcome evaluations used as there are studies.
This makes the process of comparing the studies very difficult as no standard way of

measuring upper extremity function exists.
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Abstract

Objéctive: To evaluate the efficacy of a task-oriented intervention in enhancing arm
function in persons with stroke.

Design: Two-center, observer-blinded, stratified, block-randomized controlled trial.
Setting: General community.

Patients: Ninety-one individuals within one year of a first or recurrent stroke consented
to participate between May, 2000 and February, 2003.

Interventions: The experimental intervention involved practice of functional, unilateral
and bilateral tasks that were designed to improve gross and fine manual dexterity whereas
the control intervention was composed of walking tasks. Members in both groups
participated in 3 sessions a week for 6 weeks.

Main Outcome Measure(s): The primary test of arm function was the Box and Block
Test. Secondary tests included the Nine-hole Peg Test, maximal grip strength, the Test
d’Evaluation des Membres Supérieurs des Personnes Agées and the Stroke Rehabilitation
Assessment of Movement.

Results: Results are for the more affected arm. Baseline performance on the Box and
Block Test was an average of 26 blocks (standard deviation (SD)=16) in the experimental
group (n=47) and 26 blocks (SD=18) in the control group (n=44). These values represent
approximately 40% of age predicted values. Values for the postintervention evaluation
were an average of 28 (SD=17) and 28 (SD=19) blocks for the experimental and control
group respectively. No meaningful change on other measures of arm function was
observed.

Conclusions: A task-oriented intervention did not improve voluntary movement or
manual dexterity of the affected arm in persons with chronic stroke.

Key words: stroke, cerebrovascular accident, randomized controlled trial, arm, upper

extremity.
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Introduction
Stroke affects 15 million persons in the world each year and approximately one third will
live with the sequalae of this disease.”’ Stroke commonly leads to paresis of an arm. As

692 and in most

many as 85% of stroke survivors initially present with an impaired arm
patients admitted with severe stroke, the more affected arm never becomes useful,”
Because use of the arms is necessary for the performance of activities of daily living
(ADL) and instrumental activities of daily living (IADL), this lack of recovery can be
devastating to a person’s health-related quality of life, particularly as more stroke
survivors are returning to live at home.” The rehabilitation of the affected arm and hand
remains a challenge. Although motor recovery of the arm has been shown to be similar to
that of the lower extremity,”* observed improvements are not necessarily translated into
increased performance of daily activities as these tasks are more highly complex than
functional activities of the lower limbs. Many different therapeutic approaches have been
used in clinical settings to rehabilitate the affected arm. None of the studies comparing
the effectiveness of these different approaches has consistently proven one approach to be
superior to the other.'*'%'®%% This early research led some authors to conclude that for
patients with severe initial arm paresis, rehabilitation efforts should be geared more
towards the teaching of compensatory techniques using the less affected arm.”® More
recently, a robotic intervention has demonstrated benefits in decreasing motor
impairments in persons with chronic stroke but functional gains were small.”’ Also,
sensorimotor stimulation was shown to improve motor recovery in the arm. Notably, this
intervention was more effective in patients with a severe motor deficit. Unlike the
previous study, this intervention was administered in the acute phase post—stroke,98 when
the most and the fastest recovery is known to take place. Jang and associates™
demonstrated that a 4-week task-oriented training programme consisting of six arm tasks
performed for 40 minutes/day, 4 days/week for 4 weeks lead to functional recovery in the
chronic phase post-stroke. To be included in this study, however, subjects had to meet
specific criteria regarding minimal residual movement and no severe spasticity or tremor
in their affected arm.

Several randomized controlled trials have also been performed testing the effects of

robot-assisted movement,'® neuromuscular stimulation,'”'® functional task practice,
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strength training,'® and arm ability training.”' Most of them included only a small
number of subjects, decreasing their power to detect any real changes.

As well, a new and very promising treatment modality called ‘Constraint-Induced
Movement Intervention (CIMT)’?° has received considerable attention over the past few
years. Although most studies 2! 23?105 evaluating the effects of CIMT or a modified
version have demonstrated positive results,'” only three randomized controlled trials
L8325 have been conducted. Furthermore, the intensity of this program in its original
format (6 h of therapy per day for 14 days during 90% of waking hours while the less
affected arm is constrained'%) is probably beyond the stamina of the vast majority of
stroke patients.

In studies with similar interventions to the present study such as the one by Kwakkel et
al'”, which was a randomized controlled trial comparing treatment with emphasis on arm
training versus leg training versus control programme, authors found that individuals in
the arm rehabilitation training had a small but significant effect on the functional recovery
of dexterity of the paretic arm. Subjects in this study were treated in the acute phase after
their stroke, within fourteen days.

Dean and colleagues,’” aimed at evaluating the effects of a training programme on the
performance of locomotor tasks in chronic stroke (experimental group) and in which the
control group received arm training for 1 h, three times a week for four weeks. They
found no significant difference between the experimental and the control groups in grip
strength or dexterity. The authors speculated that failure to observe improvement in arm
function may be due to their small sample size, subject inclusion criteria, and the
measures used. Indeed, the Perdue Pegboard is a very high level evaluation that may have
demonstrated floor effects among subjects with lower ability level in their affected arm.
The authors suggest the Test d’Evaluation des Membres supérieurs des Personnes Agées
(TEMPA) may have been more appropriate and sensitive in detecting changes among
persons with varying levels of arm function.

In their study, Duncan and co-workers'® examined the effect of therapeutic exercises in
subacute phase after stroke. The exercise programme aimed to improve strength, balance
and endurance and also to encourage persons to use their affected arms more in their

activities of daily life. Balance, endurance and mobility improved but improvement in
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arm activity performance was only observed in patients who entéred the study with better
arm performance.

The findings emerging from the mobility part of the current randomized controlled trial'®
support the efficacy of task oriented practice in enhancing functional walking capacity
and walking speed within the first year following stroke.

The present study, therefore, focused on a less intensive task-oriented intervention (90-
min sessions, three times a week for six weeks) that required a more realistic time
commitment. The study included subjects in the chronic phase after stroke with no
minimal criteria for movement in their affected arm and used measures of impairment as
well as measures of activity limitation such as the TEMPA. The objective of the study
was to evaluate the efficacy of task-oriented training in enhancing arm function post
stroke. The hypothesis tested was that people who received a six-week programme of arm
training would improve their arm function to a greater extent than people who received a

walking intervention.

Materials and Methods

The results of the present study emerge from a randomized controlled trial designed to
evaluate the efficacy of a task-oriented intervention in improving walking competency in

199 A parallel objective of the study was to evaluate

people with stroke (walking group).
the efficacy of task-oriented training in enhancing arm function post stroke (arm exercise
group). The study was designed in parallel and it was powered accordingly, taking into

account the two primary hypotheses related to the effect of task-oriented training on arm

and walking function.
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Subjects

A total of 91 subjects entered the trial between May 2000 and February 2003. Subjects
were recruited from 9 hospitals and 2 rehabilitation centers in Montreal or Quebec City.
Randomization within each site was separate. Patients included in the study met the
following criteria: (1) clinical diagnosis of a first or recurrent stroke, (2) residual walking
deficit, (3) a minimum score of 14 out of 22 on the Telephone Version of the Mini-

Mental State Examination,'!°

(4) ability to walk 10 m independently, with or without
supervision or aid, (5) sufficient language ability to follow testing procedures (6) living in
the community, (7) discharged from physical rehabilitation, and (8) less than 1 year post-
stroke at the time of recruitment. Patients were excluded if they had: (1) neurological
deficit related to metastatic disease, (2) recovery of functional walking capacity defined
by age- and gender-specific norms''' on the Six Minute Walk Test ''2 (SMWT), (3)
discharge to a long-term care facility, or (4) comorbid conditions that precluded
participation in arm or walking training. All participants provided voluntary, written
consent to take part in this study. This study was approved by the Institutional Review
Board of McGill University as well as by the ethics committees of individual hospitals

and rehabilitations centers from which patients were recruited.

Design

Forty-seven subjects were randomized to receive arm training and forty-four were
randomized to receive mobility training. Subjects were stratified at baseline as having a
mild, moderate or severe walking deficit based on their comfortable gait speed in order to
proceed with a permuted block randomization to avoid imbalance in the number of
subject randomized to each group. The allocation sequence was randomly ordered in
block sizes of two and four within each stratum. People not involved in the study placed
the treatment group allocations in envelopes and sealed them. The evaluator opened the
appropriate envelope only once the baseline evaluation had been completed.
Evaluations were conducted at baseline and on completion of the intervention by trained
evaluators. Over the course of this three-year study, a total of eight physical,
occupational, or exercise therapists, served as evaluators. To be an evaluator, these

therapists underwent a 3-h training session in the administration of the study measures
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employed and were provided with an instruction manual. As well, review sessions were
conducted every six months. When conducting postintrvention evaluations, raters were
unaware of the subjects’ group assignment. Participants were advised not to mention
their group assignment to the evaluator.
Measurement - Measures of arm activity limitation (capacity)
The Box and Block Test (BBT).* A test of gross manual dexterity was used as the main
outcome in the study. The measurement scale (quasi-continuous) is the number of blocks
a subject can move, from one compartment of a box to another within 1 min. A normal
value for people in the age group of the present sample is approximately 67 blocks.*® The
Box and Block Test has been shown to have good test-retest reliability,* and test
performance correlated highly with performance on a similar test of dexterity.” Test-
retest reliability and construct validity of this instrument in an elderly population with
arm impairment has been demonstrated.*® Furthermore, the Box and Block Test is a
significant predictor of physical health as measured by the SF-36 (Medical Outcomes
Study 36-Item Short from Questionnaire) with a difference of seven blocks associated
with a difference in physical health of two units; for a difference of five units on the
Physical Component Summary score of the SF-36, the corresponding clinically
meaningful difference was 17.5 blocks.'"?
The Nine-Hole Peg Test (NHPT).” The Nine-Hole Peg Test was used to measure fine
manual dexterity. The time for a subject to place nine dowels into nine holes on a board,
and remove them is recorded. High interrater reliability and moderate test-retest reliability
have been demonstrated and norms for adults up to 75 years of age and above for both
| genders were established.®® The time to complete the test was recoded into four ordered
categories defined by the number of SD units they were from age-and gender-specific
norms. Scores within 1 SD of the normal value were assigned a value of 3, the value
decreasing by 1 point for each additional SD away from the normal value. Scores that
were 4 SD’s or more away from the normal value were assigned a value of 0.
The TEMPA (Test d’Evaluation du Membre Supérieur des Personnes Agées). This test
was developed by Desrosiers and co-workers®® to evaluate activity performance of the
arms in individuals over the age of 60. It contains four unilateral and five bilateral

functional tasks. Normative data have been published for this population.”® Both speed of
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execution and quality of the movement were analyzed for this study. Scores for the timed
tasks of the TEMPA were recoded into four ordered categories, defined by the number of
SD units they were from age- and gender-specific norms.”® Scores within 1 SD of the
normal value were assigned a value of 3, the value decreasing by 1 point for each
additional SD away from the normal value. Scores that were 4 SDs or more away from
the normal value were assigned a value of 0. Scores on the Functional Rating scale of the
TEMPA that reflect movement quality were transformed into an ordinal scale from 0 to 3,
with O representing lowest quality.

Measures of arm impairment

Grip Strength. Three grip strength measures of each hand were taken using the Jamar™
dynamometer (Sammons Preston Rolyan, Bolingbrook, IL, USA) with standardized
positioning and instruction.”” The highest score was retained. The measurement scale.
(kilograms of force) is continuous. Good inter-rater and test-retest reliability have been
observed using these procedures.™®

The Upper Extremity Subscale of The STroke REhabilitation Assessment of Movement
(STREAM).'"* The STroke REhabilitation Assessment of Movement consists of 30 items,
equally divided into three sections: voluntary movement of the arm, voluntary movement
of the lower extremity, and basic mobility. Only the arm subscale was used in this
investigation. The total score was transformed to a percentage, making it a quasi-

continuous scale. A study by Daley and colleagues reported content validity and excellent

inter-rater and intrarater reliability.'"®

Measurement — Indices of arm activity limitation (capacity)

The Barthel Index.”” This is a weighted scale that assesses performance in self-care and
mobility. Only responses for items requiring use of the arm (feeding, personal hygiene,
bathing and dressing/undressing) were analyzed. Items are scored on an ordinal scale.

Two items are scored out of 5 and two are scored out of 10 resulting in a maximum

summative score of 30.

The Older Americans Resources and Services Scale-Instrumental Activities of Daily
Living ( OARS-IADL)" Each item is scored on an ordinal scale from 0 to 2, a higher score
indicating a higher level of performance. Only responses to two items relating to the use

of the arm were analyzed (meal preparation and housework).
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The Medical Outcomes Study 36-Item Short form Questionnaire (SF-36).*® This is a
commonly used health-related quality of life measure. The two arm-related questions that
were analyzed (grocery carrying and bathing/dressing) are scored on an ordinal scale
from 1 to 3 where higher scores indicate better functioning.

The Geriatric Depression Scale''®

was used to classify individuals as having no (0-9
points), mild (10-19 points) or severe (20-30 points) depressive symptoms. Socio-
demographic and clinical information was obtained from the medical chart.
Interventions

Arm Intervention

Subjects in both groups participated in 18 practice sessions three times a week for six
weeks and were supervised by either a licensed physical or occupational therapist. The
intervention took place in a research area within a rehabilitation setting. Therapy was
administered to a subject on a one to one basis with the therapist. Each session lasted
approximately 90 min. At the start of the intervention, subjects were asked to identify
daily activities that were difficult to perform and that they wanted to improve. Providing
patients had sufficient movement in their more affected arm to attempt the functional
tasks, they were practiced. Examples of such tasks included manipulating playing cards,
clothes pins as well as writing exercises. For three subjects who did not have sufficient
movement in their more affected arm to practice such tasks, the therapist assisted the
person by guiding the limb through the tasks while applying other modalities such as
vibration and passive range of movement to facilitate mobility and decrease spasticity.
When subjects had maximized their performance, tasks were changed or their level of
difficulty was heightened at the discretion of the therapist. Both the duration and level of
difficulty achieved in each task were recorded at every session. All subjects were given a
home program to be done for a minimum of 15 min per day for the period of the
intervention. The home program consisted mainly of similar tasks to those practiced
during the intervention. Most of the therapy material was common objects found in most
homes.

Walking Intervention

The walking intervention consisted of 10 functional tasks designed to strengthen the

lower extremities and enhance walking balance, speed as well as distance.'’
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Statistical methods

Data were analyzed on the basis of intention to treat. In the primary analysis, the chi-
square test was used to compare between groups the proportion of subjects who
deteriorated, remained the same, improved between one and six blocks, or improved more
than six blocks on the Box and Block Test. The effect of arm training on the remaining
tests of arm impairment, activity limitation and performance was also evaluated. Group
comparisons were made using a t-test for independent samples with associated 95%
confidence intervals (CIs) for variables measured on a continuous scale and the Wilcoxon
Rank Sum Test for variables measured on an ordinal scale. T-tests and Wilcoxon rank
sum test were also done on the change scores between groups. Transformations of scores
on the Nine-Hole Peg Test and TEMPA were performed as these tests are scored on an
ordinal scale (TEMPA) or on a continuous scale without a natural zero (TEMPA, Nine-
Hole Peg Test). Scores for these tests were transformed into four ordered categories
defined by the number of standard deviations away from the normal values (see
Measurement Section). |

Multiple linear regression was then used to identify and adjust for prognostic variables to
enhance the accuracy of estimation of the arm training effect on change in Box and Block
Test scores. With the indicator variable for group in the model, the effect of adjusting for
age, sex, level of depressive symptoms, hand dominance, previous stroke, number of
comorbid conditions and type of stroke on change in Box and Block Test as the outcome
or ‘y’ variable was examined. Because the analysis carried out on the mobility outcomes
revealed an interaction between treatment group and level of depressive symptoms,117 we
also examined this interaction in our data set.

Lastly, the effect size of the present study, based on the Box and Block Test was
calculated by dividing the mean difference in the change score between the experimental

and control groups by the standard deviation of the initial score of the control group.

Sample size

As this study had two hypotheses, one related to the effect of walking competency
training where the primary outcome was the Six-Minute Walk Test and a second related

to the effect of upper extremity training where the primary outcome was the Box and
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Block Test, two sample size estimates were required. For the first hypothesis related to
the waking intervention, the sample size calculation was based on the detection of a group
difference of 28 m in average change in Six-Minute Walk Test performance (Type I error
= (.05, Type II error = 0.10, expected drop-out rate of 10%). This calculation emerges
from results of a pilot trial of a similar intervention (group difference on Six Minute Walk
Test =37 m, SD = 30.4).* It was calculated that 60 persons were required.'®® For the
second hypothesis, related to the subject of this article, the effect of the upper extremity
intervention, 60 subjects would yield 90% power to detect a between-group clinically
meaningful difference of 17.5 blocks using the Box and Block Test, assuming within-
group standard deviation of 20.""® To account for drop outs and the simultaneous testing

of two hypotheses, we targeted 90 subjects for this study.

Results

Description of the Study Population

As previously noted,'® 344 of the 1056 patients assessed for eligibility met the eligibility
criteria. A total of 91 subjects agreed to participate and provided written, informed
consent (85 in Montreal and 6 in Quebec City). Forty-seven subjects were randomized to
the arm intervention group and 44 to the walking group. Both groups were similar in
terms of their baseline characteristics. They are presented in Table 1. Qut of the 47
participants in the arm intervention group, three people were missing postintervention
evaluations due to illness. In the mobility group, two subjects withdrew due to pain or

unwillingness to travel.

Subject Compliance

In the arm group, 72% (34) of the subjects attended 17 or 18 treatment sessions, four
(9%) discontinued the treatment (Figure 1), four (9%) attended between 10 and 16
sessions and five (11%) were given a home programme. In the walking group, 86% (38)
participated in 17 or 18 treatment sessions, three (7%) discontinued the intervention
(Figure 1) and three (7%) attended between 12 and 14 sessions.

Figure 1 presents the flow of participants through the study. Postintervention data were
missing for three people in the arm group due to illness (n=3) and for two people (n=2) in

the walking group (one person unwilling to travel and one person experienced onset of
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groin pain preventing participation in therapy). One person was unable to cdmplete the
SF-36 at the post-intervention evaluation due to aphasia. One person was missing grip
strength measurements at the postintervention evaluation. The method of last value
carried forward was used to replace these missing data as it was thought that an illness or
any other reasons why the data were missing would not have a direct impact on their arm
function. In a clinical setting such as this one, when recovery is expected, this method can
be regarded as conservative.!'” The TEMPA, the OARS-IADL as well the Barthel Index,
were missing for six subjects. Values for these participants were estimated from baseline
and postintervention scores on the Box and Block Test using simple linear regression.
This same method was use for baseline grip strength measurements which were missing
for one person.

Measures of arm activity limitation (capacity)

Table 2 presents the proportion of subjects in each group who, on the Box and Block
Test, deteriorated, remained the same, improved between one and six blocks, or improved
more than six blocks. There were no differences between the two groups on the
proportions of persons in these categories (3> =3df = 0.9, p=0.818).

Table 3 presents the scores on measures of activity limitation and impairment at baseline
and postintervention for both treatment groupé. Members of the arm group improved their
score on the Box and Block Test by an average of one block more than members of the
mobility group. This improvement is not significant and is not clinically relevant. Little or
no change in scores was observed on the Nine-Hole Peg Test and the TEMPA in each
group between the initial and postintervention evaluations.

Measures of arm impairment

Members of the arm intervention group improved their grip strength by an average of 0.5
kg more than the mobility group members. Again, this improvement was not significant
and is not considered clinically important. Members of both study groups improved by an
average of 3 points on the arm subscale of the The Stroke REhabilitation Assessment of
Movement, resulting in a between-group difference of zero.

Indices of arm activity limitation (capacity)

Table 4 presents the proportion of members in each of the intervention groups who

improved on each of the indices of arm activity limitation (capacity). Improvement was
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defined as having gained at least one point on an index. Again, there were no differences

between the two intervention groups on the proportions of persons who improved for any

of the questions.

Change in indices of performance

To explore factors contributing to change in arm function, we carried out a multiple linear
regression with change in Box and Block Test as the outcome or ‘y’ variable and age, sex,
depression, hand dominance, previous stroke, number of comorbid conditions and type of
stroke as the predictors. The effect of these variables on outcome was examined one at a
time with the indicator variable for group in the model.

In the multivariable analysis, none of the potential predictor variables, one at a time with
group, was significantly associated with change in Box and Block Test so no further
multivariate modeling was carried out. The interaction term with depression and group

was also non-significant.

Lastly, the effect size for the present study, calculated using scores on the Box and Block
Test is 0.06 (Figure 2).

Discussion

People assigned to receive a six-week programme of arm training did not improve their
arm function to a greater extent than people assigned to receive walking training. The
small differences observed on measuréé of arm impairment, activity limitation and
performance in the arm training group between the baseline and the postintervention
evaluations were not statistically significant or clinically meaningful. On the Box and
Block Test, for example, an average gain of three blocks was observed in members of the
arm group, but an improvement of at least seven blocks is necessary to translate to
improve daily physical functioning. '** The change on other measures of activity
limitation, such as the Nine-Hole Peg Test and the Test d’Evaluation du Membre
Supérieur des Personnes Agées (TEMPA), was also clinically unimportant for both
treatment groups. Although data on the minimal clinically importaht change are
unavailable for the Nine-Hole Peg Test or the TEMPA, a change of less than 1 point out
of a possible 4 did not appear clinically relevant. Finally, changes of 1 and 0 points out of
a possible 27 on the functional rating scale of the TEMPA were not meaningful to

improve performance on activities of daily living. The changes observed on the measures
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of arm impairment as measured by grip strength were negligible. On the The STroke
REhabilitation Assessment of Movement the change was 3 percentage points for both
groups, which was not considered clinically meaningful. The three indices of arm
performance did not reveal any statistically significant differences between the two
treatment groups (Table 4). The tendency for people in the walking group to have

- improved their arm performance, especially in more integrated tasks that require use of
both the arm and the lower extremity (eg. carrying groceries meal preparation and
housework), may have masked a beneficial effect of task-oriented arm training. These
results also support the task-specific effect of the walking and carrying task practiced in
the walking intervention and the efficiency of training the arm and lower extremity
simultaneously to improve specific functional activities.

In 2001, van der Lee %! reviewed several randomized controlled trials aimed at
evaluating the effects of rehabilitation; more specifically exercise therapy, for arm
function. Although positive results were reported for six trials, the amount of therapy
offered to the intervention and control groups sometimes differed and thus the observed

122 reviewed the evidence from three

results are inconclusive. In 2001, van der Lee et al.
randomized controlled trials that used this therapeutic approach and found that the
evidence was inconclusive and that positive results may have been attributable to an
increased amount of therapy on the more affected arm than the effects the constraint of
the less affected arm. When the possibility of decreasing the amount of therapy given in a
standard CIMT protocol from 6 h to 3 h a day was explored,'? researchers found
increased arm performance in both groups but the treatment effect was greater for the 6 h
per day group. It is important to note that even by decreasing the number of hours from 6
to 3, the total time of treatment is still almost double the one in the present study.

Figure 2 presents effect sizes relative to the sample size of several randomized controlled
trials aimed at evaluating different rehabilitation techniques to improve arm function

2532,71,98,100-104,107,108 g oo ot si7es were calculated from results of

post-stroke.
postintervention evaluations just as in the present study. Some of these studies will be
discussed below. In one of the studies using training as the intervention under
investigation,'™ 20 h of additional training of the arm were offered to the experimental

group. The latter improved more than the standard care group but the long-term benefits
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were significantly greater among persons with mild arm deficits. In another study®* in
which the treatments were offered three times a week for four weeks (similar to the
present study), researchers found, on average, no significant difference between the
experimental and control groups in grip strength or dexterity at the post-training or
follow-up evaluation. A third study'% examined the effect of therapeutic exercises in sub-
acute stroke. The intervention consisted of 36 intervention sessions of 90 min each over a
12-to 14-week period. An improvement in arm performance was only observed in
subjects mildly affected arm function upon entry into the study. The results of this study
do not appear to agree with those of the author’s earlier study in which it was found that
the arm and lower extremity had similar recoveries.' Looking at Figure 2, it is apparent
that studies with the smallest sample sizes are the ones that demonstrated largest effect
size. This may be an indication that in these particular studies, patients selected to
participate were the ones with at least minimal movement in their arm and hand which is
known to be a good precursor for improvement in arm performance.

In present study, the intervention was limited to 90-min sessions, three times per week,
for six weeks, not including the home exercise programme of 15 min a day. Also, we did
not select patients based on their arm function at baseline and thus subjects with a wide
range of arm dysfunction were included, over 16% (15) of patients were unable to move a
single block using their more affected arm at the start of the study and none of these
patients were able to move a single block at the postintervention evaluation. Furthermore,
30 subjects (68%) in the walking group had their dominant arm affected versus 25
subjects (53%) in the arm training group. Although a statistically significant difference
was not detected between the two groups, this difference may have contributed to people
in the walking training group using their affected arm more in everyday life and thus
improving their performance despite not receiving therapy as part of the study. The
noteworthy findings showing a tendency for the mobility group to have improved more
on the indices of arm performance (OARS-IADL and SF-36) may also indicate that these
subjects were using their arm in some of the tasks (holding on the railing for step-ups and
for treadmill walking, carrying and walking) and this may have partially contributed to

the gains in arm function observed.
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Future research should include more intensive intervention that lasts for a longer period
of time that also includes bilateral meaningful activities that integrate both the upper and
lower extremities. Treatment should focus on the performance of activities of daily life
and based on integrated tasks requiring the simultaneous use of both arm and lower
extremity, including use meaningful objects as this has been shown to have a positive

124

effect on the performance of tasks.“* A major challenge still remaining is the treatment

of those individuals whose arm is severely affected and cannot participate in task-oriented
activities. There may be a need for the development of a different treatment strategy for
individuals who have very little or no movement in their arm and the limitation of task

oriented programs to individual who have some arm movement and dexterity at baseline.

Limitations

One of the limitations of this study is that we did not stratify on level of arm deficit. It
was also difficult to challenge and motivate patients for whom no active movement of the
affected arm was present. For these patients, vibration and assisted movements were
clearly insufficient to improve function over the relatively short period of the study
intervention. A specific intervention, tailored to their need‘s would have been required.
Although the outcome measures used spanned a wide range of ability levels from
impairment to activity performance, the sensitivity to change of the TEMPA, situated at
the higher end of the ability scale, has not yet been demonstrated in a chronic stroke
population. It may not have been useful for detecting small changes at the level of fine
manual dexterity and higher level performance tasks. Questionnaires, such as the Motor
Activity Log (MAL), on the amount of use of the affected arm in every day life may have
been useful to detect changes in behaviours not always associated with a large

improvement in motor ability.

Conclusion

The task oriented intervention did not improve arm function. In fact, although not
statistically significant, greater improvement on the indices of arm performance in the
mobility group seems to indicate that the performance of integrated functional tasks may
be more beneficial. This study also indicates that for persons with no initial movement in

their arm, very little gain is to be expected with therapies now in use.
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Clinical Message

- An improvement in Upper Extremity function was not observed after a task-oriented
intervention in the first year post-stroke

- An intervention geared to those who present with a severely affected arm is required

- Sensitive outcome measures are needed in order to detect small changes occurring at
the level of arm performance.
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Table 2.1 Demographic and Clinical Characteristics of Study Participants.

Age Mean (SD) 73 (8) 71 (12)

Gender No. (%) male 30 (64) 26 (59)

Number of Comorbid
conditions No. (%)

0 3 (6) 2(5)
1-2 19 (40) 13 (30)
3.4 18 (38) 17 (39)
>4 7 (15) 12 (27)
Type of stroke No. (%)
Ischemic 36 (77) 40 (91)
Hemorrhagic 11 (23) 4(9)
Number of stroke No. (%)
1 41 (87) 39 (89)
2 5(11) | 5(11)
4 1(2) 0
Side of Hemiplegia No. (%)
Right 22 (47) 17 (39)
Left 24 (51) 27 (61)
Bilateral 1(2)
Dominant arm affected No. 25 (53) 30 (68)
(%)
Days post-stroke at first
evaluation
M SD 217 (73

ean (SD) 73) 239 (83)

Abbreviations: SD, Standard Deviation; stroke, Cerebrovascular Accident
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Figure 2.1 Flow of subjects through the trial

Enrollment

Assessed for
- eligibility (n=1056)

Excluded

Eligible patients
(n=344)

(n=712, 67%)

Refused

Randomized (n=91)

(n=251, 73%)

/\

Allocation

Allocated to mobility intervention
(n=44)
Mild gait deficit (n=19)
Moderate gait deficit (n=17)
Severe gait deficit (n=8)

Follow-up

Analysis

Allocated to arm intervention
(n=47)
Mild gait deficit (n=17)
Moderate gait deficit (n=20)
Severe gait deficit (n=10)

Discontinued intervention (n=3)
1 wanted both interventions
1 was unwilling to travel
1 experienced onset of groin pain

Discontinued intervention (n=4)
1 suffered a myocardial infarction
1 suffered prostate cancer
metastases
1 fell and fractured a rib at home

Analyzed (n=44)
Missing values imputed

Analyzed (n=47)
Missing values imputed




Table 2.2 Change in score on the Primary Outcome Measure: the Box and Block
Test.

<0 ] 11 (24) - 10(23)
0 10 (21) 12 (27)
1-6 14 (30) 14 (32)
7-15 12 (26) 8 (18)

*

v*3 df =0.9; p=0.818
Abbreviations: df, degrees of freedom.
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Table 2.3 Scores on Measures of Arm Impairment and Activity Limitation.

Activity "~ | Mean | SD | Median | Mean
Limitation
( Quartiles)t ( Quartiles)x
Box and Pre 26 16 31 26 18 30
Block Test
(# blocks) (9, 38) (6, 40)
Post 29 17 34 28 19 32
(16, 43) (5, 41)
Change 3 5 3 2 5 1 1(-1-3)
©,7) ©, 5)
Nine-Hole | Pre 1 1 1 1 1 1
Peg Test
3 ©, 1) 0, 1)
Post 1 1 1 1 1 1
o, 1) 0, 1)
Change 0 0 0 0 0 0 p=0.6*
0,0) 0,0)
TEMPA Pre 9 3 9 10 4 10
127
(Timed (7, 11) 7,14)
tasks)
Post 9 3 9 10 4 10
(7,11) (7, 12)
Change 0 2 -1 0 2 0 p=0.1*
(" 1 s 3 ) (' 1 > 0)
TEMPA Pre 19 6 19 19 7 21
27
(FR)
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(13, 25) (12, 26)
Post 20 7 22 19 7 20
(14, 26) (12,27)
Change 1 3 1 0 3 0 p=0.2*
(-1,3) -1, 1)
Impairmen
[ 4
Grip Pre 16 10 16 17 12 17
Strength
(Kg) (6,24) (8,25)
Post 17 11 17 18 12 18
(8,24) (10, 26)
Change 1 5 1 1 4 0 0.5(1.3-2.4)
0,4)
STREAM | Pre 74 30 85 71 34 88
(arm
subscale (60, 100) (58, 100)
/100)
Post 76 30 90 74 34 95
(60, 100) (50, 100)
Change 3 7 0 3 9 0 p=0.9*
(0, 10) ©, 5)

Abbreviations: CI, Confidence Interval; SD, Standard Deviation; IQR, Interquartile
Ranges; BI, Barthel Index; TEMPA, Test d’Evaluation du Membre Supérieur pour

Personnes Agées, Test d’Evaluation du Membre Supérieur pour Personnes Agées; FR,

Functional Rating; STREAM, STroke REhabilitation Assessment of Movement.

t25™ 75th percentiles.
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Table 2.4 Comparison of the 2 groups on Proportions of Persons who Improved on

Indices of Arm Activity Limitation (capacity).

OARS IADL | Meal preparation 9(19) 10 (23) ] 0.2 (0.675)

Housework 6 (13) 10 (23) 1.6 (0.212)
SF-36 Grocery carrying 10 (21) 12 (27) 0.4 (0.504)
Bathing/dressing 10 (21) 16 (36) 2.5(0.111)
Barthel Index | Feeding 7 (15) 11 (25) 1.5 (0.226)
Personal Hygiene 6 (13) 6 (14) 0.0 (0.902)
Bathing 3(6) 3(D) 0.0 (0.933)
Dressing/Undressing 10 (21) 7 (16) 0.4 (0.512)

Abbreviations: OARS-IADL, Older American Resources and Services Scale-Instrumental
Activities of Daily Living; SF-36, Medical Outcomes Study 36-Item Short-Form Health
Survey; df, degrees of freedom.
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Figure 2 2 Effect sizes in relation to samples sizes of 12 Randomized Controlled

Trials

25
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Abbreviations: BBT, Box and Block Test;m* PP, Perdue Pegboard; 32 GS, Grip
Strength;*>'* TEMPA, Test d’Evaluation du Membre Supérieur pour Personnes Agées; m
FMA, Fugl-Meyer Assessment; 104 ARAT, Action Research Arm Test; 98,100-103 ’IOSBI,
Barthel Index; »° %% FIM, Functional Independence Measure; 100104 FTHUE, Functional
Test of the Hemiparetic Upper Ex’[remity;104 WMFT, Wolf Motor Function Test;'*® MAS,

Motor Assessment Scale;'® FAI, Frenchay Activities Index. '’ *Present Study
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CHAPTER 3. The Science of Measurement

“If a yardstick measured differently because of the fact that it was a rug, a picture, or a
piece of paper that was being measured, then to that extent the trust worthiness of the
yardstick, as a measuring device, would be impaired.” (Thurstone)

A large number of tests and indices are available to evaluate upper extremity function
post-stroke. None of them, however, are considered to be a ‘gold standard’ among
rehabilitation professionals or researchers. The importance of using adequate tests and
indices that capture change and are psychometrically sound is undisputable in the search
for better treatment strategies for the upper extremity of the increasing number of persons
who are surviving a stroke and thus living longer with permanent disability and
dependency.

In the field of rehabilitation, a lot of the variables we want to measure in individuals
cannot be measured directly; these are usually assessed by observing behaviours that are
related to the variables of interest using a standardized set of items scored on an ordinal
scale.

Nunnaly'?® has defined measurement as: “rules for assigning numbers to objects in such
a way as to represent quantities of attributes”. Sometimes these rules are self-explanatory
and straightforward such as the use of a yardstick to measure length. One does not need to
explain in what context or which yardstick was used by which person to measure the
height of a table. One trusts and knows exactly what a centimeter means. It is a standard
unit and does not vary according to the object being measured or the person taking the
measurement. When measuring psychological attributes or personal traits however, this
simplicity does not exist. To evaluate such attributes, tests have to be administered. Hence
these attributes are called ‘latent traits’. In order to ‘measure’ upper extremity function,
tests or indices have to be administered and, through observation, an attempt is made at

quantifying this attribute or trait. According to Wade!?

to measure is to quantify
something by comparison with a standard unit. In neurological rehabilitation however,
standard units do not yet exist.'?® In others words, there is no ‘ruler’ to measure upper

extremity function.



31 Classical Test Theory (CTT)

Most of the tests and indices used in rehabilitation, as exemplified by those listed above
and used in the randomized controlled trial presented in the first paper of this thesis, have
an important common feature: they were developed using Classical Test Theory or CTT.
This widespread theory has been used extensively over the past decades. Procedures were
developed at the beginning of the 20™ century by Spearman, among others.'?’

CTT defines a person’s observed score as being equal to the true score minus the error.

OBSERVED SCORE = TRUE SCORE + ERROR

In this equation the true score represents an average of observed score if the person took
parallel versions of a test many times and the error component is defined by the
difference between the true and observed scores. Important features of this theory include
the fact that the true score is ‘test specific’ i.e. that the score a particular examinee obtains
depends on the particular test, and, thus, on the particular items that comprise that test.
Other important characteristics of classical test theory concern the error term. The
standard error of measurement applies to all scores obtained in a particular sample of
examinees and is identical for all examinees.'?® Also, comparisons between individuals
must be based on norms. Despite its predominance in the development of outcome

measures in the field of rehabilitation, CTT has shortcomings:

1) The difficulty of the items is dependent on the ability of the group of persons to whom
the items were administered. The characteristics/ability of the examinees or
respondents and the characteristics of the test (the difficulty of the items comprising
the test) cannot be separated. The reason for this is that the difficulty of an item is
defined as the number of persons who succeeded on the item while the ability of a
person is defined as the number of items that person successfully answered or
performed. So, “whether an item is hard or easy depends on the ability of the
examinees being measured, and the ability of the examinees depends on whether the

test items are hard or easy! » 129
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2) An index developed using this theory is composed of a finite set of items and the total
test score is a simple summation of the score obtained on each of the items. A
drawback of this approach is that because each item contributes the same amount to
the total, it is not possible to compare persons between or within each other unless
they were administered the same exact test or index. Furthermore, the interpretation of
the test score has to be based on norms, so a comparison group is necessary.

3) As the total scores are a sum of the scores obtained on individual items that make up
the index, the interpretation is flawed. The true distance between the different items
and between the response options for each item is unknown and thus ratio
characteristics that permit true comparisons between scores are lacking.

These shortcomings make the measurement of upper extremity function very challengihg.

If it is difficult to compare between persons or within the same person over time; it is also

problematic to quantify change, to assess, for example, the difference in effectiveness

between two treatments. Indeed the analysis of change scores along with the
interpretation of the results are difficult using ordinal variables because we cannot assume

equal changes have the same meaning,'*

3.2  Psychometric properties in CTT

When reporting the psychometric properties of a test or evaluation, reliability and validity

are most widely used.

3.2.1 Reliability

Under Classical Test Theory, the reliability of a test is used to estimate the amount of
error, random or systematic, occurring in the measurement process. Under this theory, a

longer test is more reliable than a shorter test.'”’

Indeed, coefficient alpha, widely used to
indicate internal consistency, is a function of the number of items and their degree of
inter-correlation. When items within an index are highly correlated, the reliability of the
index is high. It can be shown that the correlation between parallel test forms is

equivalent to the reliability of a test.
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Reliability = Subject'variability'

Subject Variability + Measurement error

The Standard Error of Measurement or SEM is a function of the standard deviation and

the reliability is can be expressed as: SEM = o+/1- R ."*! The Standard Error of
Measurement is constant across all examinees. There are many different types of

reliability indices: test re-test, inter-rater, and responsiveness.

3.2.2 Validity

Classically, validity is defined as the “extent to which an instrument measures what it is
intended to measure”."* As is the case for reliability, there are numerous types of
measurement of validity. Sometimes validity of a particular index is established by
correlating it with an existing index of known validity. Other types of validity require the
administration of the index to known groups of patients. There are different types of
strategies used, each particular to the type of validity sought. According to Messick,'*?
however, there is only one type of validity that comprises all of the above subclasses.
This author states that criterion and content validity are part of construct validity. The
usefulness of distinguishing between the different types of validity comes into play when
making inferences from scores. In educational and psychological measurement, validity is
typically divided into six facets: content, substantive, structural, generalizability,

external, and consequential aspects of construct validity'*>
[4

and performance evaluations
should be evaluated using these same validity criteria."** Each of these facets has different
sources of evidence to substantiate the extent of the validity. Different authors use
different terminology When describing validity. The following table is derived from the
work of Paul Stratford as presented in Chapter 4 of Physical Rehabilitation Outcome

Measures. >’
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Table 3.1 Different Types of Validity.'”

Definitions of Different Types of Validity

Face -appears to measure the construct

Content - evidence that the test or index is composed of a comprehensive sample of
items that completely assess the domain of interest

Criterion Validity - extent to which the test or index provides results consistent with
those obtained with a ‘gold standard’ test

Concurrent - at approximately the same point in time

Predictive — predicts a subsequent criterion event — something known to result from the
attribute or construct being measured

Construct - the extent to which the test or index provide results that are consistent with
theoretically driven relationships

Cross-sectional — at same point in time

Convergent — the extent to which the results of a test or index agree with the results of
another test or index that is believed to be assessing the same attribute or construct

Known-groups — extent to which the test or index differs across groups known to
represent different levels of the attribute or construct of interest

Discriminant - the extent to which a test or index correlates with attributes or constructs
that are different from the ones intended

Longitudinal validity - ability of a test or index to detect change over time

Sensitivity to change - the ability of a test or index to measure change in the attribute or
construct regardless of whether it is relevant or meaningful, a necessary but insufficient
condition for responsiveness.”’

Responsiveness - the ability of a test or index to measure a meaningful or clinically
important change in the attribute or construct.”’

33 Scores vs. Measures

Most of the observations gathered from the tests or indices described above result in
ordinal data. When the scores from different items comprised in the instrument are added
together, the result is a ‘raw score’. They are counts of observed events, but NOT
measures. Counts are regularly mistaken for measures although they are ordinal scales

that do not possess an additive structure.
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The example of the SF-36 scale, a well known index of health-related quality of life
commonly used in rehabilitation, is used to illustrate this point.

In general, would you say your healthis:  (circle one)

Excellent 1
Very good 2
Good . 3
Fair 4
Poor 5

In this particular example, a numeral and NOT a number is assigned to each of the
statements. Unfortunately these numerals are customarily treated as if they were numbers.
That is, as if the statements were equally distanced from each other just as the distance
between the numbers one and two is equal to the distance between the numbers two and

three and so forth. Below is a graphical representation of these presumed equal distances.

POOR FAIR GOOD VERY GOOD EXCELLENT

In reality, the distance between excellent and very good may not be the same as the
distance between very good and good. Shown below is a hypothetical representation of

how distances between each of the descriptors may be perceived by the respondents.

Figure 3.1. Ordinal Scale with Unknown Distances.

Person’s real position
POOR FAIR GOOD VERY GOOD EXCELLENT
POOR FAIR GOOD VERY GOOD EXCELLENT

This is an ordinal scale that does not possess an additive structure, yet, the responses to

each of the questions are routinely added together to get a ‘score’. The rehabilitation
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literature abounds with scales such as this one where numerals are treated as if they were
numbers and ordinal scales are treated as if they were interval scales.

This practice stems from Steven’s representational theory where numbers are used to
represent relations between objects.'*® Followers of this theory define measurement as the
“assignment of numerals to objects or events according to a rule”. However, the ordinal
structure of the data is usually ignored and wrongly treated as if it were interval and total
scores are subsequently used in statistical analyses.'*” Means and standard deviations
should not be used where ordinal data are concerned as is presented in this replication of a

table from the 1946 article from Stevens.'* (Table 3.2.).

Table 3.2 Permissible Statistics (Adapted from Stevens (1946))."

Determination Permutation group Number of cases
of Equality x = f(x) Mode
f(x) means any one-to-one Contingency Table
substitution
Ordinal | Determination Isotonic group Median
of greater or x = f(x) Percentiles
less f(x) means any monotonic
increasing function
Interval | Determination General linear group Mean
of equality of X=ax+b ' Standard deviation
intervals or o Rank-order correlation
differences Product-moment
correlation
Ratio | Determination Similarity group Coefficient of
of equality of X=ax variation
ratios

The consequences of treating ordinal data as if they were interval are numerous. Because
the true distances between the items and also between the responses options of the items
are unknown, wrong conclusions can be drawn about differences between people as well

as about change. Furthermore, total scores depend on the level and spread of item
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difficulties and this can be represented graphically (Figure 3.2). The ability of a person is
represented by the symbol § and the difficulty of an item by the symbol §. Person 1 with
ability 81 scores a 1 on this particular test because her ability level is superior to the
difficulty level of item 1 (61) but inferior to the difficulty level of item 2. Person 2, on the
other hand, scores a 3 because her ability level is situated between items of difficulty
levels 3 and 4. Despite these two persons having the exact same ability level, they get

different scores because they took different tests.

Figure 213382 Level of Spread of Item Difficulties (figure adapted from Best Test
Design.

TEST 1.
61 62 63 64
Easy 1 2 3 4| Difficult
Items . Ttems
Less More
able TEST 2. able
persons persons
61|62 1 63 o4

112]3 4
)

As demonstrated above, two persons of the same ability can obtain different scores

because of the spread of the item difficulties that are hypothetically different but
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unknown in Classical Test Theory. According to Wright and Masters,
requirements that must be met for true measurement to occur:

1) The reduction of experience to a one dimensional abstraction

139

there are four

In simple terms, this indicates that we cannot measure two different attributes and

subsequently add them together. Just as when reporting the measurements of a table, we

do not add height, width and length together. Similarly, we cannot add the scores on

different items in an index before unidimensionality has been ascertained. This

unidimensionality is represented graphically by a horizontal line.

Figure 3.3 Unidimensionality represented by an arrow.

Person ability

Lower

Higher

Upper Extremity function
>
Less More
recovered recovered

2) More or less comparisons among persons and items.

o Just like valid comparisons can be made between the lengths of different objects,

- longer vs. shorter, adequate comparisons should be made between items, harder vs.

easier, and between persons, able vs. less able or more recovered vs. less recovered.

3) Linear magnitude allowing for the positioning objects or persons along a line.

e Meaning that the unidimensional construct measured allows for the positioning of

persons and items along one continuum from less to more.

4) A unit determined by a process which can be repeated without modification over

the range of the variable.

e A centimeter remains the same length whether measuring an infant or a full grown

person and the units of measurement of upper extremity function should remain

constant throughout stages of recovery.
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34 Moving from Indices to Measures: The Rasch Measurement Model

Before the discussion about Rasch theory, a brief definition of the most common terms
used within this framework are presented for reasons of clarity. These definitions are
adapted from Bond and Fox."”’

Item: a question (including its response choices) in a test or index.

Item difficulty: the estimate of an item’s underlying difficulty. It describes how hard or
how easy this item is to answer,r to perform or to endorse. This statistic describes the |
location of the item along the construct continuum. In health outcomes measurement, the
term difficuity may apply when measuring physical functioning. An item with high
difficulty may ask if a person can perform vigorous activities like running and an item
with low difficulty may ask if a person can walk one block.

Person: any individual answering or being tested on an item.

Person ability: an estimate of how much of a particular trait a person possesses. The
higher the ability estimate, the more of the trait the person possesses. A person with high
ability, in the context of health outcome measurement would be able to perform more
vigorous activities than a person with less ability.

Logit: the unit of measurement that results when the Rasch model is used to transform
raw scores obtained from ordinal data to log odds ratios on a common linear scale.
Fisher ' argued that rehabilitation professionals need to progress towards the use of a
common language for functional assessment. In order to meet this requirement, a method
of measuring outcomes that is independent of the particular items that compose the
existing test or indices is needed; a way to overcome the limitations of CTT is called for.
The road to constructing such a measure is complex and the basic principles underlying
this theory of measurement must first be understood.

George Rasch, a Danish mathematician, first introduced his models between 1952 and
1960.'*° Rasch developed his first model as he was analyzing data from several tests
given to children who had trouble reading. He wanted to ‘measure’ each child
independently of the test used or of the circumstances around each testing situation. To

‘measure’ the child meant measuring how much of a particular property the child
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possessed, in this case, reading ability. Because such propefties are not directly
measurable by the use of instruments, such as measuring temperature with a thermometer,
they are called ‘latent traits’.

Rasch wanted to find a way to define the interaction taking place when a persbn confronts
an item on a test. An easy way to represent this interaction is to subtract the difficulty of

an item from the ability of the person.'*®

Figure 3.4 Relationship between item and person (figure adapted from Best Test
Design).'*® '

Item
| Difficulty

)
———  Observed - Defining the

Person Response Interaction
ability X

: N\

Ability — Difficulty

When a person possesses more ability than the difficulty of the item adininistered, he or
she should be able to succeed on that item. This is similar to the deterministic Guttman
scale defined by Guttman as follows:

If a person endorses a more extreme statement, he should endorse all less extreme
statements if the statements are to be considered a scale....We shall call a set of items of
common content a scale if a person with a higher rank than another person is just as high
or higher on every item than the other person."*'

However, this is not always the case and persons and items rarely behave in such a

deterministic fashion. A probabilistic model is thus more appropriate. Rasch defined it as:

If a person’s ability is greater than the difficulty of the item, the probability of succeeding

should be greater than one and conversely, when a person’s ability is lower than the
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difficulty of the item they should have a probability of succeeding smaller than one half.
When the ability is the same as the difficulty, the probability should be exactly one half.'*

The Information Characteriétic Curve (ICC) is the basis of the Rasch measurement
model. It describes the relationship between a person’s ability and an item’s difficulty. On
the Y_‘ axis is the probability of a correct answer and on the X axis are the persons’
abilities. As a person’s ability increasés from left to right, the probability of a correct
answer increases. When the ability of the person is equal to the difficulty of the item, the
probability of the person answering the item correctly is 50%. The slope of the ICC, for

dichotomously scored items is 0.25.'4

Figure 3.5 The Item Characteristic Curve (adapted from Best Test Design.138
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Because the difference between difficulty and ability varies from — infinity to + infinity but the
probability of a correct response must remain between zero and one, the difference is applied

as the exponent of base e.

e =exp(B—5) this will vary between zero and infinity thus further transformation

exp(ﬂ—é')
1+exp(p —5)
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will allow the difference to remain between zero and one. This formulation describes the
shape of the curve in Figure 3.5 and defines the probability of a successful answer to an
item. It is the Rasch model and is the key to creating linear measures. In fact, the Rasch
model is the only way to convert ordinal measures into interval-like, meaningful
measures. The assumptions underlying this model are unidimensionality, or measuring a
unique latent trait, and local independence. The latter assumes that responses to items are
not correlated once the effect of the latent trait has been removed. These two conditions
are highly similar as a violation of local independence occurs with the presence of

multidimensionality.

When measuring an attribute, the person is positioned along the continuum of this
attribute or latent trait by presenting the person with a set of items. The items are also
positioned along the continuum of the latent trait being measured. A graphical

representation is given below.
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Figure 3.6 Distribution of Items and Persons on the same ruler.
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In this figure, person 4 has the most ability and it can be stated how much more able this

person is in comparison to the other persons. In the same way, it is known which items
are the most difficult and by how much. But further than that, it is known that person 4

has a high probability of answering all questions correctly because his/her ability is

higher than the difficulty of the items. On the other hand, person 1 has a high probability

of correctly answering items 2 and 4 but a low probability of answering items that are

higher on the scale than their ability level (items 1 and 3). The person ability and item

difficulty estimates on this scale, having been log-transformed, are now called logits. The

Rasch model also overcomes the inter-dependence between items and persons present

under CTT and separates person ability from item difficulty. The abilities of two persons

can be compared independently from the items each was administered. To illustrate,
consider persons A and B with respective abilities 85 and 8. These two persons are

administered a set of items and the number of correct and incorrect responses are

recorded.
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Under the Rasch model their abilities can be estimated as'**

Ln (N1o/No1)
where N10 is the number of times A was right and B was wrong and NO1 was the number
of times A was wrong and B was right. Using this model, any set of items can be chosen
without influencing the relative abilities of persons A and B. The same can be applied to
the items. The use of iterative pairwise comparisons allows the relative locations of
persons to be estimated. Abilities are no longer test-dependent and difficulties are no
longer sample-dependent. In other words, two persons can be administered two totally
different sets of items and still be compared objectively. It is the same as using two

different rulers to measures two persons’ height, the comparison is made possible by

‘standard units of measurement’.
3.4.1 Extensions of the Rasch Measurement Model

The basic Rasch model, represented by the formula given above, was developed to
analyze dichotomous data, scored 0 and 1, Yes/No or Right/Wrong. There are, however,
numerous Rasch models. Binomial Trials, Poisson Counts and Ranks models, to name a
few, are used to analyze data presented in different types of scoring formats. The Rating
Scale Model developed by Andrich'* lends itself to situations where the outcome is
given more gradations than 0 or 1, that is, polytomous data. An example would be a
questionnaire asking participants to rate how they agree with certain statements: ‘strongly
disagree/disagree/agree/strongly agree’. The implication is ordered categorization, such as
when a score of 0 is awarded for a poor performance, a 1 is given for partial
accomplishment and 2 for excellent. In such situations, the ICCs are called Category
Characteristic Curves (CCCs) and they represent probability of a response for each of the
categories. The Partial Credit Model was developed by Wright and Masters.'* It is
similar to the Rating scale model but is useful for a number of diverse situations when all
items within a test or index are not scored in the same way. For example, this model can
be applied when credits are allotted for items that are partially correct or when items

require a sequence of steps to be completed. It is also useful when creating a bank of
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items from a pool' where items are scored differently, have a different number of scoring
categories and where the categories have different meanings. It can be represented by the

formula;

ln(i) -8,-D,F,

nix-1

The particularity of this model is that each item has its own threshold parameters.
Thresholds “specify the points where the probability of a response of either 0 or 1, and 1
or 2 respectively, are equally likely”.'** Once the appropriate model is chosen in relation
to the data at hand, the parameters of the Rasch model, item difficulty, and person ability,
must be inferred from the data, that is, their relative positions on the latent trait continuum
must be determined. Because of the processes involved in the estimation methods, and the

amount of data at hand, computers are now an indispensable tool.
3.4.2 Estimation Procedures for Person Ability and Item Difficulty

Estimation refers to the positioning of the position of items and persons along the linear
continuum of the latent trait being measured. There are numerous estimation methods
used by different statistical packages. They can be divided into non-iterative and iterative
methods.'* Iterative estimation methods are based on initial approximate starting values
for the estimates. A comparison is made between observed estimates and what is expected
from the model. This process is repeated until the discrepancies between observed and
estimated are considered small and unimportant. When this stage is reached, the
estimation process is considered to have converged.'*®

The Rasch Unidimensional Measurement Models (RUMM)'’ program uses pair-wise
estimation (PAIR). This iterative approach uses the relative frequencies of observations in
the data to estimate the parameters.'*® Only if the data fit the model can we be confident
that the estimates obtained for item difficulties and persons abilities lay on the same linear
continuum (unidimensionality). This property allows for the calculation of means and

variances. Rasch models also provide estimates of modeled error variance for each of the
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calibrated difficulties and abilities. These estimates give an indication of how precise the
estimation is and allow for the calculation of confidence intervals.!*® A noteworthy
advantage of the PAIR iterative procedure is that it is useful for analyzing incomplete

data and this, in turn, is particularly useful in situations where overlapping test forms are

being co-calibrated to create an item bank.
3.4.3 How well do the Data fit the Rasch Model — The Overall Analysis of Fit

Only in the instance that the data fit the model do the characteristics of that particular
model hold true.!*® In Rasch analysis, fit statistics are fundamental. If parts of the data do
not fit the model, a decision to modify or reject part of the data needs to be taken.
According to Stonc,15 O there are two necessary conditions for an appropriate fit. First,
more able persons should have higher probabilities of succeeding on an item than less
able persons. Also, easier items should be successfully performed more often than are
harder items. This theory arises from the work of Guttman who put forward the
deterministic model described earlier. However, as the Rasch model is probabi]istic it
requires a certain degree of randomness.

Wright and Panchapakesan15 'in 1969 were the first to introduce a global fit statistic. It
was based on the difference between the number of correct responses by a group of
examinees with similar raw scores and the number of correct responses predicted based
on the model. These statistics are called between-group fit statistics and are based on the

149

Pearsonian chi-square. They are the most widely used indices of fit *~ and thus the ones

that were used to carry out this project.

Pearsonian Family of Fit Indices — Residual Analysis

Residuals are always obtained from the subtraction of the expected from the observed
scores. Because the values of the residuals have different variances, they can be
standardized by dividing them by their standard deviation.'” The magnitude, either
positive or negative, of the standardized residual is an indication of how unexpected a

response is. When the standardized residual is large (eg. £3) the probability of a correct
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response is either very high or very low in the unexpected direction. Squaring the
standardized residual is a solution to removing the sign. This value can then be treated as
a chi-square with one degree of freedom. These chi-squares can then be interpreted for
the entire data (overall fit), or for interpreting the fit of the persons or for the fit of the
items. The details of this particular approach will be discussed in more depth in the
discussion on item and person fit. Another method of analyzing fit is the likelihood ratio
chi-square approach was developed and elaborated by Andersen,'”* Gustafason'*® and van
de Wollenberg (1982)."** This method will not be discussed in this paper. Smith and
Hedges '°° have demonstrated that these two statistics, the Pearsonian chi-square and the
likelihood ratio chi-square are highly correlated and that the former can be used with

confidence.

Other methods

Parametric fit indices such as those presented above are now being criticized for
inadequately detecting departures of the data from the model, because, as their name
implies, they are derived directly from the data. "°® The standardized Z residual uses the
subtraction of nonlinear ordinal scores. In reality, Z is an ordinal score. A residual-free

statistic has been proposed and it has the form: '*°

AllltemPairs

> Xull-X,)

r(L—7))
r = item total score
L = number of test items
Xnh= response to most difficult item in the pair
Xne = response to easiest item in the pair
The numerator in the equation is the number of Guttman response errors observed across

item pairs. This formula, however, does not take into account the size of the Guttman

CITOI‘.156
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A Q statistic that weighs each Guttman error has been proposed.157 Levine *® and

160

Drasgow "’ and Klauer '*®” also devised a way to detect departures from the model called
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the optimal response. This particular statistic is used for the assessment of person fit and
involves testing a null model of a normal Rasch-like response behavior against a non-
normal one.

Non-parametric approaches can also be used to verify the shape of the ICC’s and

consideration will be given to collapsing items if necessary.
3.5 The analysis of Item Fit

The fit of each individual item to the model can be evaluated and interpreted separately.
Certain computer programs present three types of item fit indices: (1) total fit, (2)
between fit and (3) within fit. As discussed previously, they are based on squared
residuals. The difference between the three indices is that they are summarized
differently.'*

All three of these fit statistics can be calculated as weighted (INFIT) and unweighted
(OUTFIT). The analysis of fit provides statistics that are indicative of how well the data
fit the Rasch measurement Model. The INFIT and the OUTFIT statistics are the most
widely used misfit indices. They have the general form of a chi-square statistic divided by
their degrees of freedom. The INFIT is the weighted fit statistic and is less affected by
abnormal responses of persons with ability far from the difficulty of the item. The
OUTFIT, the unweighted fit statistic, is outlier-sensitive. Their values are expected to be
around one. Values of less than 1 indicate that the data varied less than what is predicted
by the model whereas values superior to 1 indicate excess noise in the data.'®' According
to Wright and Linacre, ' the INFIT and OUTFIT statistics should range between 0.5 and

1.7 for clinical observations.
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Table 3.3 Interpretation of Fit Statistics. Adapted from Bond and Fox."’

Mean t Response Variation Misfit Type
Squares Pattern

>1.3 >2.0 Too random Too much Underfit

<0.75 <2.0 Too determined |  Too little Overfit

As would be expected, the smallest standard errors are obtained when the data fit the
model. Although the overall chi-square statistic was initially developed for dichotomous
items, it can also be used for polytomously scored items as well.

In RUMM, both a y* and F statistics are provided. If they are statistically non-significant,

it indicates fit to the model.

3.6 The Analysis of Person Fit

As is the case with the item fit statistics, there are three types of person fit statistics: (1)
total fit, (2) between fit and (3) within fit and two versions of each can be calculated as
the weighted and unweighted.'*® Person fit statistics, as the name implies, give
information of how examinees answered questions. Departures of the observed data from
what was expected are indications that persons did not answer or perform in the expected
manner. This can be due for example to cheating, guessing or misunderstanding of the
question(s). The reasons for these departures need to be examined and a decision is
required regarding the deletion of part(s) of the sample from the analyses.

In RUMM, fit statistics for persons are presented as a Z statistic that approximates a
standard normal deviate. Just as with the t statistic described earlier, a large + value
indicates a large deviation from the Guttman pattern and a large negative value indicates

overfit or too Guttman-like. Ideally, it should be around 0.
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3.7  The analysis of Category Misfit or Ordered thresholds.

In the case where there are more than two answers or scoring options for the items, the fit
of each category must be assessed. Rasch analysis is well suited to investigate the
usefulness of the categories used in a rating scale. All the indices, including those
originally scored on an ordinal scale have to be scrupulously examined for the quality of
the categories in their rating scale. According to Guiilford,163 categorization of the
response options should be well-defined as well as mutually exhaustive. The graph
presented below, the polytomous version of an ICC, is an example of appropriate
categorization. Each of the scoring options (0, 1, 2) are ordered adequately, 0 being at the
left where persons of less ability are situated, 1 is located right next to the 0 and the 2
comes at the right of the graph where persons with the most ability are located and are
thus more likely to endorse that response option. Furthermore, each category has its own
‘hill’. This means that an ability level exists for which that particular score is most likely
to be used. Looking at the second graph, category 1 does not possess its own hill and this
indicates that this category has not been used to score that partiéular item and méy be
useless. As is the case when items or persons do not fit the model, the data often require
manipulation. Optimal categorization needs to be reached in order for the item to fit. This
can be done by collapsing categories. It is frequently necessary to combine categories

together, when one of them is not used or is under-utilized.
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Figure 3.7 Example of adequate categorization of rating scale.
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Figure 3.8 Example of inadequate categorization of rating scale.
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Analysis of category fit can should also be done numerically. Linacre'® proposes several
guidelines in order to verify the usefulness and the performance of the categories.

(1) There must be at least ten observations representing each of the categories. In other
words, if less then ten persons chose a particular category, this may be an indication that
this particular choice is under-utilized and thus not useful.

(2) The distribution of the observations must be regular. A uniform distribution of

observations across categories is ideal. Other acceptable distributions are the unimodal
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where the center category is more [frequently used, or bimodal distribution where extreme
categories at each end are preferred.

(3) The average measure statistics (average item location in logits) must advance
monotonically with category.

(4) The OUTFIT mean square must be less than 2.0.

(5) Step calibrations must advance or increase as this will indicate that a person -
possessing more of the trait will choose or score in categories that are higher up in the
hierarchy of the scale.

(6) Step difficulties between rating categories advance by at least 1.4 logits.
(7) Step difficulties between rating categories advance by less than 5.0 logits.
3.8 The Ascertainment of Unidimensionality

One of the important assumptions of Rasch models is that the construct being measured is
unidimensional. Item fit statistics, described above can be used to detect multi-
dimensionality. Several groups along the years have stated that if the data fit the model, it
is evidence of unidimensionality. Others have suggested that the fit indices provided with
a Rasch analysis are not sufficient to confirm unidimensionality. Smith'® has compared
two methods: the Rasch fit statistic and Principal Component Analysis (PCA). He
concluded that the number of response options is important in determining which method
is most appropriate to use. PCA may be more appropriate when there is no clear
definition of the construct being measured and when one has no prior knowledge whether
the items are measuring the same construct. In simple terms, PCA provides an estimate of
how many constructs or factors are represented by the set of items being analyzed.
There are several other different ways of verifying unidimensionality. Three main
approaches are discussed in the literature:

1) Prior testing such as Factor Analysis and Principal Component Analysis

2) Fit to the Rasch Model
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3) Post-hoc testing: Principal component Analysis of the Residuals after fit to the

Rasch model and Smith’s independent t-test approach.

According to Tennant,'% using an exploratory factor analysis a priori, with parallel
analysis to indicate significant eigenvalues, gives indication of the dimensionality of the
itéms before fitting the data to the Rasch model. Examining the Principal Component
Ahalysis of the residuals after the fit to the Rasch model is then recommended. As well,
bcomparisons of person estimates derived from different subsets of iterhs, using Smith’s

independent t-test approach should be used.
3.9 Targeting

The ability to place items and persons along the same linear continuum is inherent to the
Rasch measurement model. It allows determining whether the particular items
administered to a group of persons were targeted to them. The most practical way to
assess targeting is visually, through the use of item-person maps. If along the central line,
which represents the attribute being measured, the items are clustered towards the top of
the line and the persons are at the bottom, this particular set of items would be considered
too difficult for the group of persons assessed. The impact of this is to decrease the ability
to estimate with precision the true position of persons along the construct. Conversely, if
the items are located lower than the persons, these items would be considered too easy,
mis-targeting this particular population and again, decreasing the precision of the ability
estimates of the persons.

If there are no items located in the vicinity of the persons or if there are important gaps or
distances between the items, the location of the ability of these persons cannot be
estimated with precision. Ideally, items should be spread evenly on the continuum and

range from -3 to +3 logits.
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3.10 Detecting Differential Item Functioning

An important step when constructing a new measure is to investigate the presence of
Differential Item Functioning (DIF). DIF occurs when there is a “loss of invariance of
item estimates across testing occasions. » 167 Bor example, when estimates of item
difficulty vary in their position on the linear continuum according to different populations
being assessed (e.g. males vs. females) this item is said to demonstrate DIF. Item
difficulty estimates have to be compared across the samples of interest. The between fit

~ statistic is the fit index that will detect the presence of DIF. Item bias or DIF violates the
property of invariance inherent to the Rasch model and items displaying this
characteristic must be looked at carefully. DIF can also be detected using the ICC’s. If the
location of the curves differ while the slopes are identical, it indicates the presence of
uniform DIF. When the slopes are not parallel and cross each other, it is indicative of
non-uniform DIF. | |

Another way of detecting DIF is to use ordinal regression. This method can be used to
analyze ranked outcomes in which the ordinality of the data can be maintained.'®

A relatively new method of detecting DIF is .thfough hierarchical generalized linear
models (HGLM) for polytomous items.'® According to the authors, however, this model
imposes a lot of restrictions (constént item discriminations and fixed threshold values
across items) and the impact of the diétribution of the latent trait on the estimation has not

yet been fully evaluated.
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Figure 3.9 Example non-parallel curves demonstrating DIF.
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Figure 3. 10 Example of parallel curves demonstrating the absence of DIF.
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3.11 Item Banking

An item bank is a large collection of questions that are organized, calibrated, and matched
to a given construct or task.'” Items in a bank are available for the design of an adaptive
test. Items in a bank are used to form the item pool for any particular adaptive test.
According to Flaugher,'”! the quality of the item pool, and thus the bank, is important in

order to benefit from all the advantages of adaptive testing. It must contain a sufficient
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number of well-written items that span the range of proficiency. The new item bank for
the creation of an upper extremity measure must contain items from the easiest
movements that can be performed by the most severely affected patients to the hardest
ones that can only be accomplished by those with near normal upper extremity function.
In the following sections, the steps required to create the item bank designed to measure

upper extremity function will be described.
© 3.12. Linking

Linking is a process that places items from different indices, each index measuring the
same latent trait, onto the same linear continuum. The steps involved in this procedure
when using RUMM statistical software and when complete data are available include:
(1) calculating sufficient statistics for item parameters, (2) estimating item parameters
using pairwise estimation algorithm, (3) estimating person location parameters using the
values for item parameters estimated in the second step.'”?

In the process, the items from the pool are placed along the linear continuum of upper
extremity function. In order to fit these items onto a line, they need to be connected in
some way. There are numerous designs than can be used to co-calibrate indices. Data
previously collected as part of various research projects where some tests and indices

overlap between studies can be used to create an item bank
'3.13 Psychometric properties in Rasch measurement

Wolfe and Smith'” present different ways of ascertaining validity within the Rasch
framework. Seven different types of validity are discussed and how the evidence can be

generated when developing measures:
Content Validity is concerned with content relevance, based on expert opinions,

representativeness of the items, examining the empirical hierarchy and spread of the item

calibrations along the variable and fechnical quality, assessed via item fit statistics.
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Substantive Validity refers to “theoretical rationales for the observed consistencies in
test responses along with empirical evidence that the theoretical processes are actually
engaged by respondents in the assessment tasks.” This type of validity may be addressed
by verifying the definition of the variable intended by the researchers (confirmation of the

intended item hierarchy) and examination of person fit statistics.

Structural validity is ascertained when the chosen measurement models requirements,

such as unidimensionality, are satisfied.

Generalizability is concerned with the degree to which inferences based person measures

or item calibrations are invariant, across different tasks, time, groups, or contexts.

External validity is the correspondence between different measures of the same
construct, and discriminant evidence, the lack of correspondence from measures of

distinct constructs. It is the equivalent of the traditional contruct validity.

Consequential validity is concerned with the implications of score interpretation and the

consequence of the use of the measure itself.
Interpretability is the degree to which qualitative meaning can be assigned to

quantitative measure and corresponds to the extent to which the meaning of a score can

be communicated and interpreted.
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Reliability

In the Rasch models, variance of the measurement error is computed from the
measurement error that accompanies the patient ability and item difficulty estimates. '™
Standard Errors indicate the precision of each estimate of item difficulty and person
ability."® It is the ‘space’ within which the true difficulty and true ability should fall.
Repeated testing is thus not necessary to analyze reliability. When using RUMM, there
are two reliability indices provided. The first is the Person Separation Index represented
the degree to which the relative variation among the persons is not random.*and the
second is Cronbach’s Alpha. These two statistics are very similar to the ones seen in
CTT. According to Smith,'*® the person separation index represented by G and calculated

as follows should be used:

G= \/ R/7(1-R)  whereR is the Rasch person reliability named persons separation

index in RUMM. To avoid confusion, the person separation index in RUMM will be
called person reliability and G will be called person separation index in this thesis. The
more dispersed are the person measures on the construct being measure, the higher will
be the value of G. The STRATA, computed by:

STRATA = (4G +1)/3 and indicates the number of distinct ability level separated by

three errors of measurement. Rasch item reliability is determined in the same way.
3.14 Computer Adaptive Testing |

Once the item difficulties have been estimated using a Rasch model and placed along a
single ruler, an item bank is formed from which any subset of items can be drawn to make
up atest. This ability to order all the items on the same scale has been at the root of a
relatively new form of testing called Computer Adaptive Testing or CAT. In simple
terms, a CAT is a form of test where the examinee is presented with an item on a
computer, enters their answer and the computer, through a programmed algorithm, will

select the next question to be presented to the examinee depending on their answer to the
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previous question. This process will go on until the person’s ability estimate has been

calculated with a satisfactory standard error of measurement set by the test administrator.
3.15 The Rasch Measurement Model vs Item Response Theory (IRT)

The Rasch model is termed by some as the most parsimonious of the IRT models. L.L.
Thurstone is one of the pioneers who developed the foundation for Item Response Theory
in a parallel line with Rasch. Although these two theories are often presented side by side,
as being part of the same family, they are different. Indeed, the philosophy at the basis of
their development is different in several aspects. The Rasch model is a definition of
measurement, a model to obtain stable either linear measures or on a monotonic scale,
from ordinal data.'” On the other hand, IRT models were developed to explain which
model is best to describe the data at hand. ”® In a recent article, Massof'”’ concludes that
Rasch models are valid measurement models and IRT models are not. The battle between
the proponents of these two diverging theories is not resolved. According to Hobart,'”® if
we want to construct a true linear measure such as those used in physical science, as
opposed to explaining data, Rasch item analysis should be used. Because the main
objective of this work is to develop a linear measure of upper extremity function, as

opposed to explaining the data at hand, the Rasch model has been chosen.
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CHAPTER 4 Rationale and Study Objectives (Manuscripts 2, 3 and 4)

Outcome measurement in the field of rehabilitation has entered a new era. Its importance
in the discovery and development of effective interventions has been recognized. For
years, Classical Test Theory has been the main pillar upon which tests and indices have
been developed. In recent years, however, new methods have penetrated the field. This
method has been used extensively in the educations and psychology. At the present time,
there are separate indices of upper extremity function, each one capturing only one
narrow aspect of this construct, there is no link between the tests, and it is difficult to
extract and communicate meaningful information. The rehabilitation field is
predominated by tests and indices that are scored differently, each having their own
scaling and whose total scores do not have any inherent meaning. Another noteworthy
disadvantage is the burden to clients and research participants as the assessments can be
lengthy and demanding.

The overall aim of this the second part of this project is to create a method to
parsimoniously and hierarchically quantify upper extremity function post-stroke along an
identifiable construct using Rasch analysis.

The specific objectives were:
1) To summarize the use of Rasch analysis and Item Response Theory in rehabilitation;

2) To identify how many unique constructs comprise upper extremity function from

existing pools of upper extremity function indices;

3) To use the Rasch measurement model to identify items that are able to discriminate

between levels of recovery along the construct(s);

4) To hierarchically align items to create a bank of items and allow the assignment of a

recovery level for individuals;
5) To develop a paper version of an adaptive measure of upper extremity function

for clinical use of the new measure.
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CHAPTER 5 Manuscript 2
Preface to Manuscript 2

The use of Rasch Analysis and Item Response Theory in Rehabilitation: A Review of

the Literature.

The first manuscript of this thesis presented a randomized controlled trial that showed
that an upper extremity task-oriented intervention was not effective in improving arm
function among persons in the chronic phase post-stroke. Difficulties were experienced in
administering a series of tests and indices to capture upper extremity function to persons
with stroke. There were also challenges to analyze and summarize results from several
tests and indices scored differently and for which total scores are difficult to interpret.
This lead to the desire to find a new method of measuring upper extremity function that
would overcome these obstacles and fill an obvious void in the measurement of outcomes
in rehabilitation, more specifically, in the measurement of upper extremity function after
stroke. After summarizing the effects from twelve randomized controlled trials aimed at
evaluating the effectiveness of a rehabilitation intervention on upper extremity function
after stroke, it was clear that there were no agreement between researchers as to which
upper extremity outcome assessment to use. There are no ‘gold standards’. Most
researchers use several different tests and indices are then subsequently faced with the

difficulties in analyzing and interpreting the results.

A solution to this problem is imperative if we are to find effective treatment for the upper
extremity. When the author became aware, through readings and conferences, of new
‘modern’ psychometric models that could overcome the problems faced when analyzing
results emerging from tests and indices that were developed in a classical way, it was
important to find out if there were existing ‘true measures’ of upper extremity function

developed for persons having suffered a stroke.
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Rasch analysis and item response theory, used extensively in the fields of psychology and
education, have received an increasing amount of attention from researchers who

understand the need to propel the field of rehabilitation into evidence-based practice.

In the second manuscript, an extensive literature review is presented. The objective is to
present studies that have used Rasch analysis or Item Response Theory in the field of
rehabilitation either to: (1) develop a new measure, (2) improve or determine the
psychometric properties of an existing test or index or (3) analyze results by fitting the
data to Rasch or Item Response Theory model or (4) collect their data using a measure

that has been developed through the use of Rasch or Item Response Theory.

This extensive review of the literature will provide an accurate picture of the use of
modern psychometric models in the field of rehabilitation. It will inform the candidate
about potentially existing measures that have been developed to assess upper extremity

function after stroke.
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Abstract

Objective: To summarize the use of Rasch analysis and Item Response Theory in
rehabilitation.

Methods: MEDLINE, CINAHL, Cochrane Library, EMBASE, ERIC and psycINFO
were searched for articles using Rasch analysis and Item Response Theory in the field of
rehabilitation. The different goals for using these methods were classified into four
categories: (1) develop a new measure, (2) improve or determine the psychometric
properties of an existing test or index or (3) analyze results by fitting the data to a Rasch
or Item Response Theory model or (4) use a measure that had been developed through the

use of Rasch or [tem Response Theory (IRT).

Results: A total of 357 articles were retained. The year of publication of the articles
ranged from 1991 to the first 4 months of 2007. The majority (65%) of the articles aimed
at determining or improving the psychometric properties of an existing test or index by
the use of Rasch analysis or Item Response Theory. Only a small number of authors (7%)
used previously Rasch- or IRT-developed measures to conduct their study. An important
number of measures were developed for evaluating the impact of neurological conditions

such as stroke and brain injury.

Conclusion: This review demonstrated an increased use of Rasch analysis and Item
Response Theory in the field of rehabilitation, especially for the development of new
measures and the determination of their psychometric characteristics. The use of
previously Rasch-developed measures is still limited and an increased effort to make

these measures known to clinicians and researchers is required.
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Introduction

The quest for psychometrically sound outcome assessments in the field of rehabilitation is
ongoing. This search is justified by the need to use reliable and valid measures to quantify
the impact of disability and to estimate the effect of interventions on change in function.
Whether measures are used to evaluate individual patients or for research purposes,
rehabilitation professionals need several different tests and indices to ensure
comprehensive assessment of the phenomenon under study. An enormous number of
generic and condition-specific indices and tests have been developed for use with
rehabilitation populations but using numerous evaluations has disadvantages. The
inability to convert scores from one instrument to another is a major challenge of outcome
measurement. It is also difficult to interpret the results of clinical trials because it is
difficult to interpret clinically the change scores on all scales.!’® Furthermore, most
existing measures are quantified by summing the individual item scores to yield an
ordinal measurement scale which is then most often treated as having interval properties
for statistical analyses. This can result in incorrect conclusions about differences between

groups or change over time within individuals.

The emergence of evidence-based medicine has lead researchers to shift from outcomes
that are relevant to the immediate consequences of the condition such as tests of
impairments to tests that quantify the severity of the condition by assessing, for examples,
participation of the person in daily activities or their quality of life.'”

Constructs such as upper extremity function, quality of life, depression or satisfaction,
that are intrinsic to each individual, cannot be measured directly using an instrument.

They are assessed by observing related behaviors, that are unitless.'”

Rasch proposed a statistical model that allows for the transformation of cumulative raw
scores, into linear measures, meeting the assumptions made in measurements in physical

sciences: linearity, additivity, equal distances and sample independence.
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Rasch and Item Response Theory (IRT) models have been increasingly used in the

measurement of rehabilitation outcomes within the last decade.
Objective

The objective of this review of the literature is to describe the extent to which, Rasch

analysis and Item Response Theory are used in the field of rehabilitation.
Methods
Literature search

A literature search was conducted in MEDLINE, CINAHL, Cochrane Library, EMBASE,
ERIC and psycINFO. The search strategy was built on Rasch analysis or Item Response
Theory (type of analysis) and Rehabilitation (type of measure developed). Rasch analysis,
Item Response Theory and Rehabilitation were used as MeSH and keywords for the
electronic databases. Only articles written in English or French were included. Articles
dealing with conditions that are of particular interest to rehabilitation professionals:
occupational therapists, physical therapists and speech and language pathologists were
included in this review. Articles dealing only with methodological, statistical or
mathematical issues and that did not include a particular outcome assessment were

excluded.
Classification of the Articles

Articles were first classified according to the main objective or aim the authors wanted to
reach. (1) Several articles used latent theory models (Rasch model or Item Response
Theory model) toward developing a brand new measure. (2) Others aimed at determining
or improving the psychometric properties of an existing test or index. (3) Some authors
analyzed the results of their study by first transforming scores on an ordinal test or index
by using latent trait theory. (4) Lastly, some articles describe studies is which researchers

are simply using a measure that had previously been developed using latent trait theory to
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conduct their study. The articles were also classified according to the population or type

of condition for which the measures were developed or further refined.
Results

A total of 357 articles were found. The year of publication of the articles ranged from
1991 to the first 4 months of 2007. There was a steady increase in the number of
publications since the beginning of the 1990’s. Figure 5.1 shows the number of articles by
year of publication. Up to 1999, between 2 and 13 articles using Rasch or Item Response
Theory were published per year. In 2006, a total of 55 articles were found. Eighty-eight
percent of the articles found make use of Rasch models in their studies while the rest

claim to use an Item Response Theory Model.
Classification of the Articles
Aim

Most of the articles (62%) dealt with the determination or the improvement of the
psychometric properties of an existing test or index. (P). A total of 77 (22%) articles
described the development of new measures either from brand new items or from items
that were taken from existing tests and indices (N). Thirty-five articles (10%) depicted the
use of a Rasch or Item Response Theory model to transform scores on tests and indices
prior to analyzing the data (A). Finally, in 27 (7%) of the articles, the authors use a

previously Rasch-developed measure to assess subjects in their study (U).
Populations

The articles were also classified according to the different population groups targeted by
the measures they are describing. Only studies aimed at either developing a new measure
or determining and improving the psychometric properties of an existing test or index

through Rasch or Item Response Theory analysis are presented (Tables 5.1 to 5.9). For
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each population category, the year of publication, the name of the measure, the aim of the

study (P or N) and a summary of the use of the measure and findings are presented.

1-Stroke

A total of 50 articles were dedicated to the creation or further refinement of measures for
stroke either exclusivély or along with other conditions. Thirty-four of the articles dealt
with stroke exclusively while sixteen articles included other conditions including stroke.
Table 5.1 presents thirty-four articles presenting measures that were either developed or
further examined and improved through Rasch analysis (labeled as P or N) with stroke
populations exclusively. Eight of the articles present the development of brand new
measures. Among the new measures, one evaluates the impact of a stroke; other measures
assess mobility, functional and motor recovery, activities of daily living and awareness of
disability. The remaining twenty-five articles were aimed at determining or improving the
psychometric properties of existing tests or indices. The sixteen articles presenting
‘generic’ measures designed for stroke survivors along with other conditions are

presented in Table 5.2.
2-Traumatic or Acquired Brain Injury

Thirty-six studies creating or investigating measures for brain injury were found.
Eighteen of these studies were exclusive to a brain injury population (Table 5.3). Four
articles pertained to the development of new measures and they assessed (1) needs and
outcomes of children and youth with acquired brain injury, (2) functional change in
patients, (3) performance and (4) disability. The fourteen remaining articles describe the

psychometric evaluation or improvement of existing measures.
3-Cerebral Palsy

Table 5.4 presents articles (8) investigating measures for cerebral palsy. Only one article

pertained to the development of a new measure: the ABILHAND-Kids was specifically
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developed to measure manual ability in children with cerebral palsy as well as providing
guidelines for goal setting in treatment planning. Seven articles were classified as

determining or improving the psychometric properties of an existing test or index.
4- Multiple Sclerosis

Two articles (Table 5.5) describe measures that were developed for multiple sclerosis.
One of these was recently published in 2006. The MSSS-88 is a reliable and valid,
patient-based, linear measure of the impact of spasticity in muitiple sclerosis. The other
one, the EQUISCALE was published in 1997 and is designed to assess balance in persons

with this condition.
5-Parkinson’s Disease

Articles related to measures designed for persons who have Parkinson’s Disease are
described in Table 5.6. The Impact on Participation and Autonomy (IPA) questionnaire,
the Parkinson’s disease Questionnaire (PDQ-39) and the Nottingham Health Profile were
examined for the quality of their psychometric properties. The IPA-I shows promise as a
tool for measuring participation in people with Parkinson’s disease for it has acceptable
psychometric properties for measuring perceived problems in participation. The PDQ-39
and the Nottingham Health Profile, measures of health status require developmental work

before they can be considered suitable for this particular population.

6-Low Vision

A total of sixteen articles are related to patients with low vision and they are presented in
Table 5.7. The medical conditions associated with this impairment are mainly cataracts
and glaucoma. Six articles discuss the development of new measures. The new measures
 were designed to assess activities of daily living, vision disability, quality of life,
functioning and a questionnaire for measuring vision difficulties in persons who receive

low-vision rehabilitation.
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7-Back Pain

Two new measures were developed for back pain. The Back Pain Functional Scale-
Physical Functioning Items '*® is a lumbar spine specific Computer Adaptive Test to
assess lumbar spine functional status. The Quebec Back Pain Disability Scale'®'
comprises 20 items and has been shown to discriminate between different levels of
disability in persons with back pain. The other articles assessed and examined the
psychometric properties of different tests and indices. Among those were: the Roland
Disability Questionnaire, the National Health and Nutrition examination Surveys
Activities of Daily Living Instrument, the SF-36, the Oswestry Low Back Pain
Questionnaire, the Worker Role Interview (WRI) and the Occupational Rehabilifation
Data Base (ORDB) function capacity instrument. All articles relating to back pain and

back impairments are presented in Table 5.8.
8- Arthritis and other related inflammatory diseases

Table 5.9 presents fourteen articles related to theumatoid arthritis, osteoarthritis and other
inflammatory diseases. Ten of those studies describe the development of a new measure.
Among the measures presented, éome assess the quality of life, work instability and
ADLs and IADLs in persons with rheumatoid arthritis. One measure is designed to
evaluate pain in persons with knee osteoarthritis, another aims at evaluating the severity

of osteoarthritis of the hip and the ABILHAND assesses manual ability.
9-Other Conditions

Other articles deal with tests, indices and measures used with several other conditions.
Among these are: fibromyalgia, spina bifida, spinal cord injury, depression, amyotrophic
lateral sclerosis, Alzheimer’s disease, ankylosing spondylitis, cancer, Behget's disease,
Guillain-Barré syndrome and more. As well some ‘generic’ measures were developed or
psychometrically assessed in mixed neurological and musculoskeletal conditions

populations.
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The Measures

A total of 77 articles describe the development of a new measures using Rasch analysis or
Item Response Theory and 82% of them were published starting in the year 2000 with a
marked increase in 2006-2007. Among the measures published earlier in the 1990’s, is
the Assessment of Motor and Process Skills (AMPS) which is also one of the most
frequently used in subsequent studies, after the Functional Independence Measure

transformed scores (Table 5.10).

There were 26 articles (7%) in which the study made use of an already Rasch-developed
measure. Among the measures used are: previously Rasch-analyzed Functional
Independence Measure subscales (9 articles), the Assessment of Motor and Process Skills
(4 articles), The Test of Playfulness (2 articles). Other measures, that were each used in
only 1 article include: The Pediatric Evaluation of Disability Inventory (PEDI) Function
Skills and Self-care domains, the ABILHAND-Kids, the Child and Adolescent Scale of
Participation (CASP) the Craig Handicap Assessment and Reporting Technique
(CHART), the Supervision Rating Scale (SRS), the Activity Measure for Postacute care
(AM-PAC) the Test of Infant Motor Performance (TIMP), the Mayo-Portland
Adaptability Inventory (MPALI), the Motor Readiness Questionnaire for stroke (MRQS),
the Medical Rehabilitation Follow Along (MRFA) and two Avlund mobility scales,
mobility-tiredness and mobility-help. A description of the studies is presented in Table

5.11, including the populations in which the measures were used.
Conclusion

Rasch analysis and item response theory, also called ‘modern psychometric methods’, are
increasingly being applied in the field of rehabilitation. In 1991, two publications
demonstrating the use of Rasch analysis or IRT models in the field of rehabilitation
appeared; in 2006, a total of fifty-five were found. As professionals become more aware
of the advantages of using these techniques to measure outcomes of rehabilitation, ordinal

indices that were previously developed using classical test theory have been subjected to
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latent trait analyses to convert measurement scales to have interval-like properties. New
measures have also been developed using these modern psychometric methods
particularly in neurologic populations such as stroke, brain injury, and cerebral palsy. An
important number of measures are also being developed and refined for persons with

rheumatoid arthritis, vision impairments, and back pain.

On the other hand, very few studies are using measures that have already been Rasch-
developed. This may be due to the fact that very few Rasch-developed measures have
been published, psychometrically assessed, and ready to be used for research purposes.
The use of these models is relatively new in the field of rehabilitation and it may take

some time before the new measures are used routinely utilized as part of research

projects.

These modern psychometric mothods have a great potential to transform the way outcome
measurements are being developed and administered in the field of rehabilitation. Using
linear measures instead of the traditional raw scores obtained from the current tests and
indices permits the calculation of true change within individuals and between groups, thus
allowing for the evaluation of the effectiveness of the treatments that are being delivered.
This is of the utmost importance especially at a time when therapeutic interventions are
being evaluated and scrutinized in terms of their effectiveness and the spending of health
care dollars needs to be justified. Moreover, these modern psychometric techniques can
resolve many of the current problems that traditional measurement tests and indices
cannot. Rasch analysis and Item Response Theory make it possible to quantify latent
traits such as patient’s feelings about their quality of life, the difficulties they face when
accomplishing certain tasks, and the impact their disabilities have on their level of
participation in life activities. This is exemplified by the analyses and creation of such |
scales as the Burden of Stroke Scale (BOSS),'®* the Stroke Impact Scale (SIS),mand |

184

Self-Assessment Instrument for Measuring Independent " mobility which assesses

perceived visual ability for independent mobility. These measures are designed to take
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into account clients’ feelings about their disabilities and the difficulties they are

encountering.

Some of the measures presented are psychometrically sound and ready to be used while
others still require changes and further testing of their psychometric properties. In a stroke
population (Table 5.1), the Rivermead Mobility Index,'®® the Catherine Bergego

186

(unilateral Neglect) = the Functional Independence Measure motor subscale,'®’ the Stoke

Impact Scale-16,""'% the EG-Motor Index,'® the Trunk Impairment Scale,'® the
Repeatable Battery for Assessment of Neuropsychological Symptoms (cognitive
ability)'®', and the Stroke Impairment Assessment Set 19219331 all ready to be used. The
P-Drive, to assess driving ability,194 the ABILHAND, a measure of manual ability in
everyday activities '**as well as a comprehensive assessment of ADL function obtained
by combining the items of the Barthel Index and Frenchay Activities Index '*°can also be

used in a stroke population.

For brain injury (Table 5.3), measures such as the Galveston Orientation and Amnesia
Test '*’ to assess post-traumatic amnesia, Mayo-Portland Adaptability Inventory (MPAI-
4) and its sub-scales are ready to be used to assess impairment, activity, and

participation.'®® The Cognistat '*

can only be used to classify multiple levels of cognitive
status in both acute and postacute traumatic brain injury (TBI) settings. The 8-item
Participation Index (M2PI) of the Mayo-Portland Participation Index can be used with
special attention to rater biases.”®® The Middlesex Elderly Assessment of Mental

State?®?% can be used in a Turkish population as a cognitive impairment screening tool.

In a cerebral palsy population (Table 5.4), the ABILHANDS-Kids, is ready for use to
assess manual ability.”®® Also ready to be used are the Gross Motor Function Measure-66

(for children) 2% and the WeeFIM (motor function in children).?’

In patients with Multiple Sclerosis (MS) (Table 5.5), the Multiple Sclerosis Spasticity

208

Scale (impact of spasticity)”" needs to be further examined and tested for responsiveness.

The EQUI-SCALE % can be used to assess balance as in a study by Cattaneo in 2002. %'
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In a population with Parkinson’s disease, none of the measures presented, the Impact on

211

Participation and Autonomy (IPA) questionnaire,”" " the Parkinson’s disease

Questionnaire (PDQ-39) and the Nottingham Health Profile are ready for use. Although

promising, they all require further testing to be considered suitable.

For low-vision patients, the Assessment of Function Related to Vision,?'? appears valid
but advantages and disadvantages remain to be evaluated and modification to item(s) may
be required. The Melbourne Low-Vision ADL Index >' and the Impact of Vision

214,215

Impairment Scale are all ready to be used with patients presenting with vision

impairments although the sensitivity of the IVI subscales should be assessed (Table 5.7).
As well, an activity index comprising 41 activity goals and its telephone version 2'?"’can
be administered to evaluate vision disability and limitations in functional vision. The
American Medical Association’s (AMA) vision disability scale '’is based only on
preliminary data. The 6-tiem VisQOL*'® to assess vision and Quality of Life, the 48-Item
Veterans Affairs Low-Vision Visual Functioning Questionnaire 2'***! and the Self-
Assessment Instrument for Measuring Independent mobility **are ready to be
administered. As for the Visual Function-10, authors do not mention whether the

shortened version is sufficiently psychometrically sound.??

In the back pain population (Table 5.8), the National Health and Nutrition examination

Surveys Activities of Daily Living Instrument ***

needs to be evaluated for test-retest
reliability and responsiveness. The Low Back SF-36 PF18’s measurement properties need
to be tested on an independent sample??* and the Quebec Back Pain Disability Scale '*!
should be tested under different conditions and populations. The Roland-Morris
Disability Questionnaire 2> can be used in Turkey but has not been tested across other

cultures. The Oswestry Low Back Pain Questionnaire should include higher level items

and be tested on other samples,226,227

In a population with arthritis or other inflammatory diseases, several measures are ready

for use (Table 5.9). They are, two multiattribute preference weight functions,”® the

88



Cedars-Sinai Health-Related Quality of Life in Rheumatoid Arthritis (although authors
suggest that a prospective validation in clinical trial settings is warranted), the
ABILHAND,229 the Short Arthritis Assessment Scale SAS**%and the Foot Impact

Scale.?!

The Turkish version of the Stanford Health Assessment Questionnaire 22 is
ready for use in international studies between the United Kingdom and Turkey only. The
Joint-Specific Multidimensional Assessment of Pain *** can be used but only for
osteoarthritis of the knee. The Health Assessment Questionnaire IT*** can be used to
measure functional status in rheumatology and the Regional Pain Scale to identify patient

235

with fibromyalgia (FM) or develop a new definition of FM.“”” Finally, an item bank was

also created to measure Quality of Life in 5 domains relevant to arthritis. >

The field of rehabilitation will benefit greatly from using true measures to assess clients.
An effort needs to be deployed in order for the new measures to reach the clinics as well
as the researchers. Rehabilitation professionals need to be informed of these new trends.
A debate is ongoing as the best ways of translating knowledge but until they are found,
researchers will need to present their findings on Rasch analysis and Item Response
Theory in conferences and in journals to. insure the rehabilitation community is exposed
to these new measurement trends. It is to be expected to take a few years before the

rehabilitation community embraces measures developed using modern psychometrics.
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‘ Figure 5.1 Number of articles by year of publication
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CHAPTER 6 Manuscript 3

Preface to Manuscript 3

Development and Initial Psychometric evaluation of an Item Bank created to

Measure Upper Extremity Function in persons with Stroke

The ultimate goal of all rehabilitation interventions is to enable persons to resume the
performance of their daily activities and fulfilment of their life roles after being affected
by an injury or a disease. Persons with stroke often have an impaired arm following the
event, preventing them from independently accomplishing even simple tasks such as
bathing and dressing. The severity of the impairment is unique to each person, ranging
from a complete paralysis of the arm to a loss of coordination, proprioception or even
sensation in the affected arm. Numerous rehabilitation strategies have been used
throughout the years, based on different models of recovery and different theories. To
date, none of them has constantly been proven to be superior to the others. The
comparison of the different studies evaluating the impact of the interventions is made
difficult by the absence of consensus on the appropriate outcome assessments used to
evaluate the extent to which the interventions were successful. The implementation of
effective treatment strategies lies on our ability to measure change adequately. At the
present time there is a lack of rigor in measurement strategies used in rehabilitation. Most
evaluation tests and indices were developed under the framework of Classical Test
Theory where numerals are assigned to describe how well a specific task is accomplished
through the observation of the subject or though the administration of questionnaires.
Those numerals, as opposed to actual numbers, are ordinal in nature and are subsequently
used in statistical procedures where they are wrongly treated as if they were interval-level
data. Wrong inferences can be drawn about the effectiveness of a particular treatment
when such practices are employed. Also, it is not unusual, in clinical practice and in
research, to assess persons with stroke with three or four different tests of capacity for
skilled activity and several questionnaires designed to capture actual use of the arm in
daily activity (performance). The measurement protocol, under Classical Test Theory,

currently requires all items of all tests be administered even though there are evident
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redundancies. Summarizing recovery is a difficult process and communication across
disciplines and rehabilitation settings is arduous. There is no common language for
describing recovery and no common currency. There is a need to create objective,
scientific measures in the field of rehabilitation. New psychometric methods, Rasch and
Item Response Theory models have progressively penetrated health sciences over the past
few years as tools to construct such measures. Although Rasch analysis and Item
Response Theory are often considered as similar, with the Rasch model being the most
‘parsimonious’ of the Item Response Theory models, the philosophy behind their
development is quite different. Because the goal of the following manuscript is to create a
method to objectively measure upper extremity function, the author believes the Rasch
analysis is an appropriate method to use. Indeed, Rasch analysis meets the requirements
for true measurement: unidimensionality, linearity, sample independence, scale

independence, as well as invariance.

Rehabilitation professionals need to move toward a common language of functional
assessment.' Rasch Analysis has been used extensively in the fields of education and
psychology' and now, as shown in the previous manuscript, has been studied extensively
in rehabilitation but not used. There is a pressing need to harmonize the assessment of the

upper extremity.

The main objective of this third manuscript is to create a bank of items measuring upper
extremity function. This new bank will be unique as it will comprise both performance
items as well as questions on how the patients feel they are capable or how difficult or
limited they are in accomplishing an activity or a task. The responses to tests and
questionnaires from over 4000 persons with stroke from eight studies were analyzed with
the Rasch model. The data were collected longitudinally, a core set of tests and indices
crosses studies and some studies have unique tests and indices. Rasch modeling can
handle this data structure very well. The tests and questions retained for the analysis were
those pertaining to upper extremity function. The World Health Organization, through its
International Classification of Functioning, Disability, and Health (ICF) has provided a
framework and classification system to guide the development of rehabilitation outcomes

instruments and has classified health and health related domains. These domains include
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body, individual, societal and environmental perspectives. The domains are: (1) body
structure and function and (2) activity and participation. Functioning can be classified by
the term capacity, which is what a person is able to do in a standard environment or test
situation, and performance, which is what a person actually does in their familiar
environment in the community or at home. One of the aims of the ICF is to provide a
common language to improve communication across users: health care professionals,
researchers, policy makers, as well as clients.’®> A group of researchers gathered evidence
from the literature in order to identify the most common problems among stroke patients
using the ICF checklist and formed a ‘core set’ of items for stroke. Under the Activities
and Participation component, four items (toileting, eating, washing oneself and dressing)
requiring the use of the upper extremity were included in the preliminary core set.%
Thus, using indices of impairment to assess motor deficits, indices of performance and
indicators of use of the affected upper extremity and finally using indices of health related
quality of life from a total of eight studies were used produce a bank of items to measure
upper extremity function. These items are thought to cover the entire spectrum of upper
extremity function, and define, by the same token, the concept of upper extremity
function. Because Rasch analysis can be used to transform ordinal level Likert scale
responses into ‘interval-like’ level item difficulty estimates, it makes it an ideal to model
to ‘measure’ self-reported responses of how a patient feels they are limited or how

difficult an activity is to accomplish.

Measuring change using a ‘true’ measure is a first step towards finding effective

treatment interventions for the affected arm of persons with stroke.

To meet the objectives of this third manuscript, the candidate was responsible for
assembling the data from each of the eight studies and preparing the data for Rasch

analysis as well as carrying out all statistical analyses.
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Abstract

Title: Development and Initial Psychometric Evaluation of an Item Bank created to

Measure Upper Extremity Function in Persons with Stroke.

Objective: To create and illustrate the development of a method to parsimoniously and

hierarchically assess upper extremity function in persons with stroke.
Design: Data were analyzed using Rasch analysis.
Setting: Re-analysis of data from 8 research studies involving persons with stroke.

Patients: Over 4000 patients with stroke who participated in various randomized

controlled trials and observational studies in the Montreal area and elsewhere in Canada.
Interventions: Not applicable.

Main Outcome Measure(s): Data were comprised of 17 tests or -indices of upper
extremity function and health-related quality of life, for a total of 99 items related to
upper extremity function. Tests and indices included, among others, the Box and Block
Test, the Nine-Hole Peg test, grip strength, the Barthel Index and the SF-36. Data were

collected at various times post stroke from three days to one year.

Results: Once the data fit the model, a bank of items measuring upper extremity function
with persons and items organized hierarchically by difficulty and ability, in log units was
produced. An item bank, a collection of items measuring upper extremity function all

calibrated on the same ruler resulted.

Conclusions: A bank containing 49 items capturing upper extremity function post-stroke
was calibrated. This bank forms the basis for an eventual computer adaptive testing. The

items should be further psychometrically tested.

Key words: stroke, cerebrovascular accident, Rasch analysis, arm, upper extremity.
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Introduction

Choosing an appropriate outcome assessment to evaluate upper extremity function after
stroke is important and serves many purposes, from monitoring change in individuals, to
guiding clinical decisions and evaluating rehabilitation programs. The argument for
opting for psychometrically sound tests and indices has been made and is now widely
accepted. Most of the tests and indices that have been created for measuring upper
extremity function have been developed and tested using Classical Test Theory (CTT)
where items are scored on an ordinal scale and the total score is the sum obtained on each
of the items, all of which have to be administered to obtain a total score. This can lead to
serious misinterpretations of the results as ordinal scales are treated as if they were
interval scales. Moreover, all items comprised in the test or index have to be administered

in order to calculate a final score.

Over the past few years, Rasch analysis has been increasingly utilized in the field of
health outcome measurement to create ‘true’ measures. In Rasch analysis, items
measuring a same construct or broad concept are positioned hierarchically along that
construct, creating an interval-like measure or a conceptual ruler that allows for the
measurement of true difference between and within individuals. Once the items are
calibrated on the continuum of the construct being assessed, a standard metric allowing
for the measurement of that construct has been created where items represent marks of
increasing difficulty in accomplishing a certain task or endorsing a statement. Rasch
analysis is different from classical test theory in the way data are related to a
measurement model. The data are imposed to the model and must conform to it to comply
with the requirements of measurements.'” In other words, the model is not used to
explain the data. In the Rasch model, the only parameters of interest are the ability of the
persons and the difficulty of the items. The model defines the probability of a correct
response when a person is challenged by an item. If the ability of a person is greater than
the item’s level of difficulty, the probability of a correct response should be more than
50%. Conversely, if the ability of a person is less that the item’s difficulty, the probability

of a correct response should be less than 50%. If the two parameters are equal, the
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probability of a correct response is exactly 50%. The equation of the basic Rasch model,

for dichotomously scored items is:

exp( - 5)

P 1+exp(8-5)

When items ‘fit’ the Rasch model, adhering to its expectations, they meet the
requirements for true measurement: linearity, additivity, equal distances and sample
independence.'®” The items can then be used as a true measure of the construct under

study.
Objective

The objective of this study is to develop, using Rasch analysis, a method of
parsimoniously and hierarchically measuring upper extremity function in persons with

stroke by the calibration of a pool of items into a bank.
Methods
Source of items and subjects

A secondary analysis of retrospective data at item level from over 4000 paﬁents with
stroke who participated in studies that included different tests and indices were used to
create a new bank of items aimed at assessing upper extremity function after stroke. The
upper extremity performance tests and indices from which the items were selected were
administered to stroke patients in a wide variety of different settings over the past few
Years. The eight studies include longitudinal observational studies 118,366-368 a5 well as
randomized controlled trials.'%~%>"! There is also data from a Canada-wide survey, the
Canadian Stroke Registry (2 cohorts). Persons with hemorrhagic and non-hemorrhagic
strokes were included. The hypothesis underlying this study is that it will be possible to
assess the single construct of upper extremity function by combining items from diverse
fests that were specifically designed to evaluate upper extremity function and to co-

calibrate individual items relating to the upper extremity from indices of use of the upper
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extremity and of health-related quality of life. Every research project had ethical approval

and there is no additional approval required for secondary analyses of the data.
Linking design

Because Rasch analyses are performed on ekisting data, linking analysis is the preferred
procedure for developing a bank of items. In the RUMM program,'’ the pairwise
algorithm is used for the calculation of the sufficient statistics for item parameters. This
allows for missing data and the estimation of item parameters even when the data set,
because of the specific study design, has systematically missing blocks of data. Because
there is overlap between the subsets of data, parameters are estimated simultaneously
without subsequent re-calibrations. Data from the different studies are thus automatically
scaled to the same linear continuum and are directly comparable.'”” The linking design of

the eight studies is presented in Table 6.1.

Items

Items representing the different domains of the International Classification of functioning,
. disability and Health (ICF) were chosen. Tests designed to assess upper extremity
function, representing the body functions and structures domain are included in the pool.
As well, items chosen from indices of activity and participation were chosen if upper
extremity involvement was deemed to be important for that particular activity. For
example, items such as driving, recreation and work were retained to be part of the item
pool in order to remain as conservative as possible and not to delete items that would
potentially provide useful information about upper extremity function. The ICF model
was chosen because it goés beyond the pathology, providing a basis for understanding
health-related states and a global language for disability.>’* It also provides a framework
to develop outcome assessments that target important domains for persons living with

disabilities related to upper extremity function.

Because some of the items assessing upper extremity function were measured in several
studies, the distribution of items that were unique to each of the studies can be linked

through the common items. Some of the indices used for the development of this new
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bank are not scored on an ordinal scale. The Box and Block Test, for example, is scored
on a quasi-continuous scale consisting of the number of blocks a person can manipulate
within a minute.” The Nine-Hole Peg Test is a timed test that also required
transformation into an ordinal scale. Grip strength, measured in kilograms of force, was
also categorized. Up to fifty different techniques to determine cut scores to divide data
into categories have been used in the past, all of which rely on human judgment.*”® To
reduce the potential threat of low precision, the number of categories was kept relatively
high (5 categories for the Box and Block Test and 4 for grip strength and the Nine-Hole
Peg Test) while making sure that the number of persons in each category was sufficient
(at least 10).>%° The Rasch analysis that will be performed will indicate whether the
response categories are adequate. If they are not, a collapsing of some of the categories
will be warranted. The upper extremity tests and indices used are presented in Table 6.2
with a description of their original scoring or categorization, and the ICF component to
which they belong. The scoring structure for all tests and indices and explanatory

variables were transformed to be identical across all eight studies.
Personal Factors

Personal and health information as well as clinical features of the stroke were chosen to
detect their impact on the way persons performed on the items. These factors were: age,
gender, the type of stroke, the number of comorbid conditions, the side of the hemiplegia,
whether the dominant hand was affected, and the time of assessment since the stroke. For
the purpose of this study, the time of assessment for most studies was at the onset of
stroke. For the Brain Capacity study, it was scheduled at three months and for the
Walking Competency study and the Canadian Stroke Registry, at six months post-stroke.

Table 6.3 presents the personal factors and their categorization.

Analysis

One of the requirements of Rasch analysis is unidimensionality: The items must measure

one unique construct, upper extremity function.
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‘Deﬁm’ng unidimensionality and local independence — Prior Tests

This step was undertaken in order to determine if the items formed a unidimensional
measure of upper extremity function and to identify a priory if some items were not

measuring the construct of upper extremity function.

A classical approach, principal component analysis \»}as performed to test whether the
pool of items from the different studies measured the single construct of upper extremity
function. Because the data set contains blocks of missing responses, analyses were
performed on each individual study separately. Each data set was evaluated to determine
whether the pre-requisites for conducting principal component analysis were met.
Although a normal distribution of item scores is preferable, is not absolutely required
when statistical inferences are used for descriptive purposes only, such as in this study.’”
To assess normality, skewness and kurtosis coefficients are examined and must not
exceed 2.0 for the majority of variables (>60%).*” An evaluation of linearity using
scatterplots of item pairs is recommended given that factor analysis is based on the
correlation matrix underlying item scores and it is assumed that relationships between
pairs of items are linear.>’**” Factorability of the correlation matrix should also be
assessed through the verification of: (1) correlation coefficients exceeding 0.30,°™, (2)
numerous significant correlations between item pairs® - and (3) a Kaiser-Meyer-Olkin

(KMO) test statistic of 0.50 or above.”

There are several ways of selecting the final number of factors present or retained.
Selection of the final number of factors can be guided by the Kaiser-Guttman rule
(eigenvalue, €>1), the scree test, the percentage of the common variance explained by the
retained factors, a residual analysis (minimal number of residual and partial correlations
(>0.10) and the interpretability of the factors with a minimum of 2 items loading on a
factor’’* and parallel analysis (PA). In PA, eigenvalues from a data set prior to rotation
are compared with those from a matrix of random values containing the same number of
variables and same sample size. This technique has been shown to be accurate in
determining the threshold for significant components and variable loadings. Only

components from the Principal Component analysis that are greater than PA eigenvalues
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from the corresponding random data are be retained and components with eigenvalues
376

below this threshold value are not considered as a component.
All data sets were merged into one as a first step to estimate item and person parameters.
Rasch analysis was performed using the Rasch Unidimensional Measurement Model
program (RUMM?2020 version).'*” In RUMM, all item difficulty and person ability
parameters can be estimated in a single analysis and can be ordered on the same linear

continuum.
Model Selection

Each test or index has a different number of items that are scored on different scales. The
meaning of each responsé option for each of the items is also different among the
different tests or indices. The measurement model that is most appropriate to use in a
situation such as this one is the Partial Credit Model. Figure 6.1 presents a flow chart used

for the selection of the appropriate model.

The first step of the analysis was to divide the sample into two random subsets of persons
in order to verify the stability of the item difficulty hierarchy across the two subsets.
Rasch analysis is an iterative process, decisions being made on a combination of
statistical and clinical considerations. In order to accomplish this, items and persons need
to conform to the model. Items and persons that do not fit the model 'were removed.
Because a finite set of items measuring upper extremity function is used to create a bank
of calibrated items, the main goal was to keep the greatest number of items possible as
opposed to measuring and calibrating persons. This best strategy to use in the
development of the measure of upper extremity function consists of a series of
consecutive steps:>’’ 1) evaluating person fit, 2) eliminating misfitting persons, 3)

recalibrating, 4) evaluating item fit, and 5) evaluating the overall fit of data to the model.

149



Person fit

Participants were divided into ten groups (class intervals) based on their total iteni scores.
Fit residuals are provided for each person to estimate the difference between the Rasch
model’s theoretical expectations and the observed person’s performance. If some persons
do not fit the model, and it is judged appropriate, they are removed from the analysis. Fit
was determined by standardized residuals; they should be between -2.5 and 2.5. There are
a multitude of reasons that may explain why some persons do not fit the Rasch
measurement model and each possibility requires careful attention and consideration.
Sometimes persons will not fit the model because they did not answer or did not perform
in the expected manner. It may also be due to the fact that they did not understand the
question they were asked. In the stroke population, this may be due, for example, to
receptive aphasia. After careful consideration, misfitting persons were removed from the
analyses. Elimination was done starting with the most misfitting persons based on the

mean square residuals.
Item fit

By default, the mean of the item locations along the measurement continuum is located at
zero. This is because only relative positions along the continuum are estimated as
opposed to absolute positions. The location of the items is, however, independent of the
location of the persons, as this is a key feature of Rasch measurement model. A Standard

Error (SE) is calculated for each item to evaluate the precision of the location parameter.

The analysis of fit also indicates which items fit the model and which do not. Two fit
statistics describe the closeness of the observed and predicted scores. Some authors have
suggested that the misfitting items need to be closely examined before they are removed.
For example, if the overall fit of the model is satisfactory and the item is judged to be an
important part of the test, it should probably be kept. Conversely, Wise and colleague are
in favour of removing misfitting items as soon as they are identified.>’® Fit of the items to
the model can also be assessed graphically using the Item Characteristic Curves or ICCs,
which are the expected curves based on the model specifications. Observed model fit for

groups of participants across the measured construct (class intervals) are plotted against
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the ICCs and if each of the group plot is lying on the curve, the items fit the model well.

Choosing to eliminate an item will have an impact for the face value of the measure and

must be based not only on the numbers but also upon clinical reflection.'® In RUMM, a

fit statistic is presented for each of the items. It is presented as a standardized difference

between the observed number of persons in the group who have the item correct and the

expected number based on the model. In addition, an item-trait interaction is provided. It
is the sum of the overall chi-square for the items and it is adjusted for multiple testing

. . 143
using Bonferroni corrections.

When items do not fit the model, careful consideration of each misfitting item is also
warranted. An item may not fit because it is not ‘measuring’ the same attribute as the
other items. In other words, it may not be measuring upper extremity function and thus

cannot be ‘fitted’ on to the ruler.

Ordered Rating Scale

Another reason why the item may misfit is if the categories of its response options are not
optimal. Rasch analysis allows the verification and the optimization of response option
categorization. Within each item, participants with less ability should endorse the lower
scoring category and people with more ability should endorse a higher scoring category.
When the opposite happens, disordered thresholds are observed. As well, investigation of
the utility of the rating scale categories, both statistically and graphically, was undertaken.
Some categories were under- or unused compared to the other categories and items
needed to be rescored. After each potential rescoring combination of rating scale
categories, the overall fit to the model and the fit of that item were verified and several
strategies were attempted before reaching the best possible fit. Once all the items had

been optimally categorized, persons and items closely scrutinized for fit to the model.
Targeting

The average mean person location indicates whether the items contained in the bank are
well-targeted for the population under study. If the measure was perfectly targeted, this

number would be zero logits to match the average mean item location, their respective
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standard error should be similar. A number below zero is an indication that the persons
are at a lower level of upper extremity function than the average of the items contained in
the bank (the items are too hard). Conversely, a number above zero indicates that the

persons are at a higher level of upper extremity function than the average of the items in

the bank (the items are too easy).
Differential Item Functioning (DIF)

Items displaying DIF change their location on the measurement continuum depending on
the group of persons being assessed."”” As the goal of this study is to construct a true
measure that is invariant across the measurement continuum, these items have to be dealt
with. In the RUMM program, it is possible to detect the presence of DIF both graphically
and statistically.'*? For each item individually, scores across each level of influencing
factor (also called persons factors) and across different levels of the construct (class
intervals), are considered. Each person is identified by a person factor and by a class
interval. Standardized residuals for each person attempting each item are analyzed
through a standard analysis of variance (ANOVA).'* If a significant main effect of the
person factor is detected, it indicates the presence of uniform DIF. If a significant

interaction effect between persons and class interval is detected, it indicates the presence

of non-uniform DIF. '**
Verifying the Unidimensionality of the New Measure — Post-Hoc Tests

Fitting the data to a Rasch model incorporates a test of the degree to which persons and
items fit the linear continuum of upper extremity function. In RUMM, the overall fit to
the model is ascertained first by the summary statistics. The mean item fit residual across
all items should be close to 0 and its standard deviation should be close to 1. RUMM also
provides reliability indices: the Person Separation Index (reliability of the hierarchy) and
Cronbach’s Alpha. The first is useful to understand the fit. If it is close to 0, the power of
the test of fit will be low. The quality of the fit will also be determined using the ICC’s
and the interaction test of fit and the chi-square statistic. Unidimensionality can also be
ascertained graphically by visualizing the ICC’s. The ICC’s for each of the items as well

as for categories within the items should never cross, they should be parallel. 143
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Principal Component Analysis of the residuals is another method of ascertaining
unidimensionality. It rests on the assumption that once the ‘Rasch factor’ is removed, no

other factors should remain.*”’

Smith’s independent t-test has also been suggested as a way to verify
unidimensionality.'® This test determines if the person estimates derived from specific
subsets of items are significantly different from those derived from the complete set of

379

items.” " If they are different, unidimensionality cannot be ascertained.

Validity

Construct validity is concerned with the extent to which a test designed to measure a
specific theoretical trait or proficiency actually does so. It is comprised of two levels."”’
The first level is that of the items and assessing the degree to which they are
unidimensional. Therefore, if the items representing the different domains of upper
extremity function each fit the model, construct validity is demonstrated. The second
level is concerned with the constructs. The question to be addressed is: are the construct
as measured by a battery of tests related és we expect them to be to the constructs

measured by the items present in the bank.**°

The relationship between the new measure
and the standard measures needs to be tested using correlation coefficients to demonstrate

evidence of construct validity.

Content validity concerns the degree to which the item bank generally, and the items
selected for each individual adaptive test specifically, are representative of the domain of
ability.*® According to the literature, experienced workers usually choose the same items

when devising a scale for functional evaluation post-stroke.**!%2

Results

Table 6.4 presents the socio-demographic and stroke characteristics of subjects from the
eight studies. Subjects were sixty-eight years of age on average (SD 15). The time

interval between the stroke and the time of the initial evaluation varied from the different
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studies from the onset of the stroke to six months post-stroke; 37% of the participants had
their right side affected and 42% had their dominant side affected.

Unidimensionality

The initial analysis on the 99 items revealed that skewness and kurtosis coefficients did
not exceed +2.0 for more than 60% of the items, indicating that the level of normality was
acceptable in the distribution of the items scores. As well, The Kaiser-Meyer-Olkin
(KMO) test statistic was greater than 0.50 for each of the analyses. The principal
component analyses followed by parallel analyses for each one of the individual studies
revealed the presence of one important factor representing upper extremity function. In
each of the individual studies, however, some of the items were loading on a second
factor. As well, some of the items were identified as being redundant, having correlations
=0.90. This exercise served to identify a priori items that may not be measuring upper
extremity function. None of the items were removed following this first ‘triage’. Items
that loaded on a second factor for each of the individual studies are presented in Table
6.5.

Hierarchical structure

The next step consisted of a Rasch analysis of the 99 items. The initial fit of the data
when all 99 items are considered produced a significant item-trait interaction. This is an
indication that the data do not fit the model. Misfitting items, misfitting persons or both
can be the cause. The next steps were undertaken for each of the two sub-samples of

persons separately.
Ordered Rating Scale

Several items displaying disordered thresholds were found. Thé scores for these items
were recoded by collapsing the responses and thus reordering the thresholds. Several
collapsing strategies were checked for each one of the items until the best fit to the model
was found. Even collapsing of the items that did not demonstrate threshold disordering

was performed if this improved the fit of the model. Following the collapsing of the
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items, the fit of the individual items was rechecked revealing several misffiting items.

Figure 6.2. presents the ordering of the thresholds for the 49 items in the bank.

Individual Person Fit

Several participants had residuals outside the recommended range (2.5). Persons can
misfit for a great variety of reasons and due to the large sample size, it was not possible to
verify each case individually. The most misfitting persons, if any, were removed from the

analyses after each item was rescored or removed.

Individual Item Fit

After the recoding of the items, several items showed misfit to the model expectations.
Items were removed from the model based on fit residual values above or below 2.5,
significant chi-square statistics and F-statistics. Deleted items and the reason for their

deletion are presented in Table 6.6.
Differential Item Functioning

The presence of DIF was explored for each of the personal factors. DIF was deemed to be
present if analyses of variance were significant (Bonferroni-corrected p value of
0.000510). Grip strength demonstrated DIF by gender and was split into 2 categories, one
for women and one for men. This also makes clinical sense since women have less upper
body strength and cannot be placed at the same level as men on an ability scale. After
being split, grip strength for males demonstrated both uniform and non-uniform DIF by
time of assessment since the stroke for both subsamples and was removed. One item from
the Chedoke-McMaster Stroke Assessment (Shoulder abduction in 90° pronation)
démonstrated uniform DIF by number of comorbid conditions and was deleted, its
deletion improving the overall fit of the model. Moreover, several shoulder items
remained in the bank. One item of the SIS (carrying heavy objects) demonstrated uniform
DIF by gender in only one of the samples. It was kept in its original form until it was

further tested for an adaptive measure using both samples simultaneously.
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Targeting

Figure 6.3 shows the distributions of persons (top) and items (bottom) for the bank of
upper extremity items. The mean person location value is 1.404 and this suggests that the
bank of items is well-targeted to stroke patients as it is reasonably close to the mean

location of the items (0).

Properties of the final banked items

The final 49 items in the bank cover a wide range of difficulty level from the most
difficult located at 5.603 logits which represent moving 69 blocks or more on the Box and
Block Test. The easiest item is a bilateral task of the TEMPA: unlocking and opening a
container. The logit associated with being unable to perform this task is located at -8.179
on the upper extremity function continuum. Summaries of the global fit statistics for the
two random subsamples of persons are presented in Tébles 6.7 and 6.8 respectively. Table

6.9 presents the statistical characteristics of the items in the bank for sample number 1.
Reliability

The person separation index for the final model was 0.91 indicating that the items in the

bank have good person separation reliability.

The subject measures and the item thresholds distribution are presented in Figure 6.4.
Easy items are located towards the bottom of the graph while hard items are at the top.
Likewise, persons with less upper extremity function are at the bottom of the graph while

persons with more upper extremity function are located at the top.
Verifying the Unidimensionality of the New Measure — Post-Hoc Tests

Unidimensionality was then ascertained with Smith’s independent t-test where person
estimate from specific subsets of items differed from person estimate derived for the
complete set of items. The specific subsets chosen were items assessing function, items
assessing activity, each subset of items that emerged from a specific test or index. The t-

tests were found to be not significant, ascertaining the unidimensionality of the items.
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Construct Validity

Construct validity is demonstrated by unidimensionality and by the reliability of the item
hierarchy across persons. Also, the consistency of the hierarchy of the participants’
response patterns across the items was demonstrated by an adequate person reliability
index of 0.90602, 0.89553 for random samples respectively. The persons fit residuals
ranged from -1.936 to 2.452 for sample 1 and from -1.681 to 2.337 for the second sample.
Moreover, the stability of the hierarchy of the item difficulties was demonstratéd across
the two random samples. A Friedman’s test was performed and the associated p-value
was 0.1161; not sufficiently low (<0.05) to indicate that the distributions of the locations

of the items in the two samples are different.
Content Validity

Because most of the items in the pool of items originate from standardized measures of
upper extremity function whose validity and reliability have already been tested, we can
be satisfied that the items chosen will indeed measure upper extremity function. As well,
the items in the bank are representative of the ICF domains Body functions and Activity.
However, no items representing Participation were retained. The items cover a broad
spectrum of difficulty of the thresholds ranging from -8.179 and -7.984 to 5.603 and

7.592 for the first and second samples respectively.

There are 35 items that require observation and rating on the part of a therapist and 14
self-report items pertaining to the level of difficulty or how the person feels they are able
to carry out a specific task (the Barthel Index is included in the 14 items although
sometimes it is scored through observation by the therapist). Items representing the ICF
domain of Body function cover movements at the shoulder level as well as at the level of
the hand. There are unilateral as well as bilateral tasks. Items representing the Activity
domain cover self-care as well as domestic life. While some items may seem redundant,
such as the Barthel 4 — Dressing and Undressing and the SIS5B — In the past 2 weeks,
how difficult was it to dress the top part of your body?, in fact, the Barthel 4 evaluates if
the person is able to do the tasks and the SIS item is concerned with how the persons feels

about the level of difficulty in accomplishing the task. Both are very important to capture.
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Generalizability

In some of the studies, only a few items were administered so in the item reduction
process, some records became invalid because persons were only administered items that
were deleted or persons became ‘extreme’ if they had a perfect score on the items that
were kept. This caused a reduction in the sample size used for the estimation process as
these invalid records and extreme scores are not used in the estimation of item and person
parameters. Table 6.10 presents demographic and clinical characteristics of persons in the
final sub-samples. Approximately 40% of the persons were aged under 69, 30% between
70 and 79 and about 30% were aged 80 and above. Males represented 64% and 62% of
the first and second subsamples respectively. Approximately 50% had more than three
comorbid conditions, over 60% had an ischemic stroke, and more than half had their
dominant hand affected by the stroke. All of the studies were represented by the final
subsamples. Six percent of persons were drawn from the Walking Competency study, 5%
from No Place Like Home, 4% from Bridging the Gap, 4% from Recovery from Stroke,
7% from Brain Capacity, 22% from Quality of Life, 22% from Long Term Outcome of
Stroke and 31% from both cohorts of the Canadian Stroke Registry.

The iterative process used to estimate the position of persons and items along the
continuum of upper extremity function results in the elimination of persons because
having eliminated items, some people no longer have data to contribute to the estimation
process. Starting with the 99 items and 4058 individuals, the iterative process resulted in
49 items and 1636 individuals. Because of the large sampe size available to this study,

this reduction does not affect estimation accuracy.

Conclusion

A unique bank of forty-nine upper extremity function items to assess upper extremity
function post-stroke was created. The items contained in the bank span a wide range of
upper extremity ability and are representative of the domains of the ICF Body Structures
and Function and Activities. Included in the bank were both unilateral and bﬂateral tasks.
The inclusion of bilateral tasks is important as they are an indication of the degree to

which the affected limb contributes to the task and reintegration of the affected arm is
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important in the recovery process.**** Some of the items evaluate the degree of recovery
of movement at specific joints, others assess manipulation, reaching and grasping while
others assess activities such as bathing, dressing, doing houseWork and carrying bags, a
good indication of content validity. Rasch analysis also contributed to cdnﬁrmation of the
latent construct of upper extremity function. By fitting items from the two main domains
of the ICF, both capacity and performance items as well as uni- and bilateral confirmed
all these are important to capture when measuring upper extremity function and are really
part of that construct. This is in agreement with the definition Barreca and colleagues
developed:3 ¥ “The main purpose of the arm and hand is to move as an integrated unit in
various directions so as to stabilize, reach, grasp, and manipulate objects of various sizes
and weights repeatedly in order to perform basic life skills such as feeding, dressing
personal care, domestic chores, mobility, and communication. Functional use of both

arms allows the client optimal completion of various activities of living, work, and

leisure.’

After recoding of some items to achieve ordered response categories, removal of misffing
persons and items, the global fit statistics revealed that the data fit the Rasch model.
Initial psychometric evaluation of this bank indicates that construct validity was achieved
through fit of the items and persons to the model as well as by an excellent person
reliability index. Among the indices rescored, the SF-36 and the SIS had been rescored by
other researchers as well in the same manner as done here, by collapsing the middle
categories.”®'® An interesting fact is that most of the test and indices had to be rescored
by having most of the easiest categories collapsed. This illustrate how inadequate the
simple summation of scores in Classical Test Theory is since the distances between each
of the categories are unknown and the distance between them not really equal to 1 as most

response options are using.

Despite the need to eliminate persons from the analyses, the final study samples (random
samples 1 and 2) showed characteristic in terms of age and proportion of males and with

ischemic strokes, similar to stroke populations described in the literature.*®
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This bank forms a basis for and opens the way for the future of measurement of upper
extremity function in clinical settings and research. By a process of equating and
anchoring, new items can be added and calibrated to expand the bank and improve the
psychometric properties of the items. It also opens the way to Computer Adaptive Testing
in which a special algorithm will determine which items are going to be administered
based upon previous responses. Instead of being presented with all the items in one test,
patients will only be presented items that are the most informative and this will shorten
considerably the evaluation time required to determine the patient’s level of ability in
upper extremity function. Chances are that this will also decrease the amount of stress and

fatigue for participants and therapists alike.

Another difference with the more commonly used standardized evaluations is that each
patient is presented a unique test. Although the items come from a common bank, the
different combinations of items presented to the patient will be chosen based on the

patient’s level of ability and by the computer through the adaptive algorithm.

We now have the potential to substantially advance the field of health status assessment
by constructing and calibrating assessments based on Rasch measurement models and
other latent trait models and administering those using computerized adaptive methods.
The rapid emergence of new computer technologies will make the collection of data in
the electronic medium increasingly feasible and cost-effective. Tailoring the instrument to
the characteristics of the respondents should produce the best instrument. Furthermore,
the use of scale-free measurement of upper extremity recovery in rehabilitation will allow
the identification of the smallest measurable, observable, and meaningful differences in
function, criteria essential for the evaluation of treatment strategies, interventions and

programs.
Limitations

This study used indices that only contained few upper extremity items (e.g. SF-36).
Factor analyses were performed on relatively small samples sizes that can render them
unstable. Also, as item reduction proceeded, the were eliminated due to extreme scores.

Another limitation is that the number of tests/indices of upper extremity function is
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limited to those used in the studies and even though the items capture a wide range of
difficulty, some gaps appear in some locations, making the estimation of the ability of
persons located near or within those gaps less precise. Also, no participation items are
included in the final bank of items. Very few participation items were included in the
initial pool of items (RNL4 and 6) and these items simply did not fit with the rest. It may
have been because when participants are asked about their limitations in work and
activities, they may not be considering only their upper extremity but also their ability to
walk and get around or any other factor that may affect their ability to participate in life
roles. Because of the nature of the linking design where there are blocks of missing
responses, Principal Component Analysis of the residuals could not be calculated directly
by the software. This also prevented selecting subsets of item combinations from the
person residuals grid and estimating specific sets of correlations because the samples
sizés that could be retrieved from the matrices were very small and no stable factor

analyses can be performed on such small sample sizes.

Future work

This bank of items is the first step toward creating a Computer Adaptive version of a
measure of upper extremity function. As the items will be presented to participants, they
will be re-calibrated, their properties can be further examined (e.g. the presence of DIF)
and this will make them more stable. As mentioned earlier, new items to fill the gaps can
be added to make the bank more comprehensive. Adding participation items would
greatly enhance the comprehensives and usefulness of this bank. Because very few
participation items are specific to the use of the upper extremity, it might prove necessary
to create new item “from scratch”. Items that include ‘upper extremity’ in the statement
for example: Does your affected upper extremity limit you in your participation in your

work or activities?

Having a bank of items available makes it possible to add or modify items as subjects or
patients are being assessed and re-calibrating these items on a continuous basis. This will
produce an ideal measure of upper extremity function, tailored to each individual,

comprehensive and psychometrically sound.
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Table 6.2 Items Chosen to Represent Upper Extremity Function.

l:Componen
Function

Box and Blocks Test (BBT) Number of blocks
0=0-29; 1=29-49; 2=49-
59; 3=59-69; 4=69-79
5=79-100
Function Canadian Neurological Scale (CNS) Weakness
Arm Proximal 0= none 1 mild,
Arm Distal 2 significant, 3 total
Function Chedoke McMaster Stroke Assessment (CMSA) 0
ARM Unable
1 Able
CHE 3 Not yet stage 2
C3 2a Resistance to passive shoulder abduction or elbow
extension
C3 2b Facilitated elbow extension
C3 2¢ Facilitated elbow flexion
C3 3a Touch opposite knee
C3 3b Touch chin
C3 3c Shoulder shrugging > %2 range
C3 4a Extension synergy, then flexion synergy
C3 4b Shoulder flexion to 90°
C3 4¢ Elbow at side, 90 ° flexion: supination, then pronation
C3 5a Flexion synergy, then extension synergy
C3_5b Shoulder abduction to 90 ° with pronation
C3 5c Shoulder flexion to 90 °: pronation then supination
C3 6a Hand from knee to forehead 5X in 5 sec.
C3_6b Shoulder flexion to 90°: trace a figure 8
C3_6¢ Arm resting at side of body: raise arm overhead with full
supination
C3 7a Clap hand overhead, then behind back 3X in 5 sec.
C3_7b Shoulder flexion to 90°: scissor in front 3X in 5 sec.
C3_7¢ Elbow at side, 90° flexion: resisted shoulder external
rotation
HAND
CHE 4 Not yet stage 2
C4 2a Positive Hoffman
C4 2b Resistance to passive wrist of finger extension
C4 2¢ Facilitated finger flexion
C4 3a Wrist extension >1/2 range
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Table 6.2 Items Chosen to Represent Upper Extremity Function. (cont.).

C4_3b Finger/wrist flexion >1/2 range

C4 3c Supination, thumb in extension: thumb to index finger

C4 4a Finger extension then flexion

C4_4b Thumb extension >1/2 range, then lateral prehension

C4 4c Finger flexion with lateral prehension

C4_5a Finger flexion, the extension

C4_5b Pronation: finger abduction

C4 Sc Pronation: tap index finger 10X in 5 sec

C4_6a Pistol grip: pull trigger, then return

C4_6b Pronation: wrist and finger extension wit finger abduction

C4 6¢ Thumb to finger tips, then reverse 3X in 12 sec.

C4 7a Bounce a ball 4 times in succession, then catch

C4 7b Pour 250 mL from 1 L pitcher, the reverse

C4 7c Pronation: tap index finger 10X in 5 sec

Function Grip Strength Kilograms of Force:
0=0-27; 1=27-40; 2=40-50;
3>50

Function Nine Hole Peg Test (NHPT) Continuous (time in

seconds)

3=33.6 >= time > 10.0
2=45.8100 >=
time>33.6000
1>45.8100
O=unable

Function Rankin Index (RI) 0 No symptoms
1 No disability
2 Slight disability
3 Moderate disability
4 Moderately severe
disability
5 Severe disability,
bedridden
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Table 6.2 Items Chosen to R epresent'Upper Extremity Function. (cont.).

Function

Stroke REhabilitation Assessment of
Movement (STREAM)

1 Protract Scapula

2 Extend elbow

3 Shrug shoulders

4 Raise hand to top of head
5 Hand on sacrum

6 Raise arm overhead

7 Supinate pronate

8 Close hand

9 Open hand

10 Opposition

0 unable
1 abnormal
2 normal

Activity

Barthel Index

1. Feeding

2. Personal Hygiene

3. Bathing

4. Dressing and Undressing

2 Independent
1 Assistance
0 Unable

Activity

EuroQoL-5D (EQ-5D)
2. Self-care
3. Usual Activities

0 No Problems
1 Some Problems
2 Unable

Activity

Frenchay Arm Test (FAT)
Ruler/pencil

Grasp cylinder

Pick up glass and drink
Spring clothes peg

Comb hair

0 Unable
1 Ablel

Activity

Health Utilities Index (HUI)
24. Full use of hands
25. Need help due to hand/fingers
26. Need help for tasks
27. Special equipment
28. Eat, bathe, dress, use toilet
29. Need help Eat bathe dress use toilet
30. Special Equipment Eat bathe dress
use toilet

1Yes

0 No

3 Don’t know
3 Refused
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Tests and Indices:

Medical Outcomes Study 36-Item 1 very limited
Short-Form Health Survey (SF-36) 2 limited a little
Sf3c Pick up/lift Grocery bags 3 not limited at all
Sf3j Take bath or dress
Activity Older Americans Resources and 2 Without help
Services Scale-Instrumental Activities 1 With help
of Daily Living (OARS-IADL) 0 Unable
4. Prepare meals
5. Housework
Activity Preference-Based Stroke Index (PBSI) | 0 All
4. Recreational Activities 1 Some
5. Work/Activities - 2 Unable
6. Driving
Function Stroke Impact Scale (SIS) 1 No Strength
1A Strength arm 2 A little
1B Strength hand 3 Moderate
4 Quite a bit
S Alot
Activity SIS (cont.) 1 Unable
5a. Cut food 2 Very difficult
5b. Dress upper body 3 Moderate
5¢. Wash (bath/shower) 4 A little difficult
5d. Cut toe nails 5 Not difficult
5h. Housework (light)
5j. Housework (heavy)
7a. Carry heavy objects
7b. Turn doorknob
7¢. Open can or jar
7d. Tie laces
7e. Pick up money
Activity Test d’évaluation des Membres 3 normal
Supérieurs chez les Personnes Agées 2 hesitation

(TEMPA)

Pick up and move a jar

Open jar and remove spoonful of coffee
Pick up pitcher and pour water in glass
Unlock a lock and open pill container
Write on envelope and stick stamp

Tie scarf around neck

Shuffle and deal playing cards

Handle coins

Pick up and move small objects

1 difficulty-more than
25%
0 unable less than 25%
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Table 6.2 Items Chosen to Represent Upper Extremity Function (cont.)

Participation | Reintegration to Normal Living (RNL) | 0 Yes
4, Self-care needs 1 Partially
6. Recreational Activities 2 No

BBT; Box and Block Test, STREAM; STroke REhabilitation Assessment of Movement,
TEMPA; Test Evaluant la Performance des Membres Supérieurs des Personnes Agées,
EQ-5D; EuroQol-5d, NHPT; Nine Hole Peg Test, SF-36; Medical Outcomes Study 36-
Item Short form Questionnaire, OARS-IADL; Older Americans Resources and Services
Scale-Instrumental Activities of Daily Living, CNS; Canadian Neurolocial Scale, PBSI;
Preference Based Stroke Index, RNL; Reintegration to Normal Living Index, , SIS;
Stroke Impact Scale, FAT; Frenchay Arm Test, CMSA; Chedoke-McMaster Stroke
Assessment, HUI; Health Utility Index, Rankin, Ranking Index
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Table 6.3 Categorization of Influencing (Personal) Factors.

Age 0 =0to 69 years of age
1="70to 79 years of age
2 = over 80 years of age

Gender 0 =Male
1=Female

Type of Stroke 0 = Ischemic

1 = Hemorrhagic
2 =Not defined or missing

Number of Comorbid Conditions

0 = No comorbid conditions
1 =1 or 2 comorbid conditions
2 = More than 3 comorbid conditions

Side of Hemiplegia

0=Left

1 =Right

2 = Bilateral
3 = Missing

4 = None noted

Time of Assessment Post-Stroke

0 = Stoke Onset

1 = 1month post-stroke

2 = 3 months post-stroke
3 = 6 months post-stroke
4 =7 months post-stroke
5 = 12 months post-stroke

Dominant Hand Affected

0=Yes
1=No
2 = Missing
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Table 6.4 Demographic and Clinical Characteristics of Study Participants.

Age Mean (SD) 68 (15)
Gender No. (%) male 2206 (54)
Number of Comorbid

conditions No. (%)

0 803 (20)
1-2 1470 (37)
3-4 1556 (40)
>4 110 (3)
Type of CVA No. (%)

Ischemic 2328 (59)
Hemorrhagic 415 (11)
Missing 116 (2)
Not Noted/Determined 1090 (28)

Side of Hemiplegia No. (%)

Right 1475 (37)
Left 1467 (37)
Bilateral 234 (6)
Missing 447 (11)
Not Noted 316 (8)

Dominant UE affected No. (%) | 1375 (42)
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Table 6.6 Deleted Items and Reason for Deletion.

Not loading on upper extremity EQ2, EQ3; CNS5&6
factor for 1 or more studies and HUI24, HUI25, HUI26, HUI27, HUI28, HUI29,
lack of fit to the model HUI30 v

PBSI4, PBSIS5, PBSI6

Lack of fit to the model NHPT

SIS5J, SIS7C SISSD, SIS1A, SIS1B, SIS5C
RNL4 RNL6

RANKIN

BARTHEL2

FRENCHAY

STREAMI10, STREAM11, STREAM14
CHE 3

CHE 4

C3 2ab,c

C3 3ab,c

C3 5a,b

C3_6b

C3_ 7b

C4 2ab,c

C4 3ab,c

C4 4ac

C4_6¢

Redundancy SIS7C,

STREAM10, STREAM11, STREAM14
Differential Item Functioning C3_5b

Grip strength for males

*Please refer to Table 6.2 for meaning of abbreviated item names
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Table 6.7 Summary of Global Fit Statistics for the Item Bank for Sample No.1.

‘Mean | 0.000 | -0.464 1.407 L0285
Standard 1.818 0.835 2.130 0.801
Deviation
Skewness 0.734 0.580
Kurtosis -0.147 -0.104
Correlation 0.000 -0.094

ITEM-TRAIT INTERACTION RELIABILITY INDICES
Total Item 459.570 Separation 0.90602

‘Chi-Square Index
Total 440.000 Cronbach N/A
Degrees of Alpha
Freedom
Total Chi- 0.250594
Square
Probability
POWER OF TEST-OF-FIT Power is EXCELLENT

Based on Separation Index of
0.90602
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Table 6.8 Summary of Global Fit Statistics for the Item Bank for Sample No.2.

Mean 10000 |-0465 |1622 |-0347

Standard Deviation | 1.982 0.758 2.138 0.792

Skewness 0.944 0.739

Kurtosis 0.350 0.087

Correlation 0.000 -0.169
ITEM-TRAIT INTERACTION RELIABILITY INDICES

Total Item Chi- 480.951 Separation | 0.89553

Square Index

Total Degrees of 437.000 Cronbach N/A

Freedom Alpha

Total Chi-Square 0.071873

Probability
POWER OF TEST-OF-FIT Power is EXCELLENT

Based on Separation Index of 0.89553
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Table 6.9 Characteristics of the Items in the Upper Extremity Function Item Bank.

T4F

Sample Nol.

Unlock a lock and
open a pill
container
(bilateral task)

-4.264

0.394

1.48

13.47

0.678

BARTI

Feeding

-2.991

0.134

-1.098

9.381

1.049

T6F

Tie a scarf

around one’s neck
(bilateral task)

-2.834

0.376

0.205

7.931

0.847

BART4

Dressing and
Undressing

-2.282

0.125

-1.474

8.7

1.117

T2F

Open a jar and
remove a spoonful
of coffee
(bilateral task)

-2.172

0.361

-0.133

4.067

0.44

TSF

Write on an
envelope and stick
a stamp on it
(bilateral task)

-2.056

0.349

0.703

13.678

1.195

SF3J

Does your health
now limit you
bathing or
dressing yourself?
If so, how much?

-1.829

0.174

0.179

11.183

1.189

C4 5B

Pronation: finger
abduction

-1.617

0.739

-0.747

2.729

1.373

C4 4B

Thumb extension
>1/2 range, then
lateral prehension

-1.466

0.693

-0.394

2.95

0.669

C3 4A

Extension synergy
then flexion

synergy

-1.367

0.665

0.092

9.062

0.928
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Table 6.9 Characteristics of the Items in the Upper Extremity Function Item Bank.
Sample Nol. (cont.).

Finger flexion
then extension

-1.316

0.651

0.305

14.538

0.979

Shoulder flexion
to 90°

-1.284

0.643

-0.946

4.926

2.749

STR13

Open hand from
Jully closed
position

-1.138

0.234

-0.987

8.928

2.255

STR2

Extends elbow in
supine (starting
with elbow fully
[flexed)

-1.056

0.231

-1.12

6.862

1.782

STR12

Closes hand from
fully opened
position

-0.978

0.228

-1.339

7.974

2.233

T3F

Pick up a pitcher
and pour water
into a glass
(unilateral task)

-0.863

0.402

-1.072

7.621

2.327

T7F

Shuffle and deal
playing cards
(bilateral task)

-0.771

0.358

-0.425

6.07

0.821

C3 4C

Elbow at side 90°
[lexion: supination
then pronation

-0.744

0.521

-0.763

2.392

0.788

T9F

Pick up and move
small objects
(unilateral tasks)

-0.635

0.398

-1.169

6.65

1.849

T8F

Handle coins
(unilateral tasks)

-0.612

0.398

-1.151

10.446

3.996

STR9

Place hand on
sacrum

-0.417

0.213

-0.674

6.876

1.08
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Table 6.9 Characteristics of the Items in the Upper Extremity Function Item Bank.
Sample Nol. (cont.).

STR1

Protract scapula
in supine

-0.321

-0.91

13.801

2.626

SIS5B

In the past 2
weeks, how
difficult was it to
dress the top part
of your body?

-0.307

0.122

-1.138

16.493

2.297

OARS4

Can you prepare
your own meals?

-0.286

0.15

-0.634

5.835

0.745

T1F

Pick up and move
a jar (unilateral

task)

-0.238

0.395

-1.004

8.764

2.175

STR7

Shrugs shoulders
(scapular
elevation)

-0.197

0.208

1.255

19.873

1.687

STR8

Raises hand to
touch top of head

-0.174

0.207

0.728

19.819

1.5

SISSA

In the past 2
weeks, how
difficult was it to
cut your food with
a knife and fork?

-0.029

0.132

-0.082

16.695

2.096

C4 5C

Hand
unsupported.:
opposition of
thumb to little
finger

0.254

0.381

-0.163

6.835

1.042

BARTS3

Bathing

0.283

0.141

-0.672

6.453

0.926
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Table 6.9 Characteristics of the Items in the Upper Extremity Function Item Bank.
Sample Nol. (cont.).

SISTE

In the past 2
weeks, how
difficult was it to
use your hand that
was most affected
by your stroke to
pick up a dime?

0.303

0.124

-1.196

11.9

1.452

SISSH

In the past 2
weeks, how
difficult was it to
do light household
tasks/chores (e.g.
dust, make a bed,

take out garbage,
do the dishes)?

0.341

0.113

-0.133

19.726

2.245

C3_5C

Shoulder
abduction to 90°:
pronation then
supination

0.415

0.366

-1.14

2.711

0.597

C4 6B

Pistol grip: pull
trigger then return

0.423

0.365

-1.151

2.708

0.584

SIS7TB

In the past 2
weeks, how
difficult was it to
use your hand that
was most affected
by your stroke to
turn a doorknob ?

0.624

0.122

-0.312

13.495

1.628

C4 6A

Pronation: tap
index finger 10X
in J sec.

0.943

0.326

-0.9

6.772

1.381

C3 6A

Hand from knee to
forehead 5X in 5
sec.

1.003

0.322

-1.307

3.53

0.72
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Table 6.9 Characteristics of the Items in the Upper Extremity Function Item Bank.
Sample Nol. (cont.).

SF3C

Does your health

now limit you
lifting or carrying
groceries? If so,
how much?

1.073

0.124

1.564

20.455

1.421

OARSS

Can you do your
own housework?

1.096

0.155

0.427

8.647

0.668

C3_6C

Arm resting at
side of body: raise
arm overhead with
Jull supination

1.291

0.307

-1.01

4.521

0.799

SISTA

In the past 2
weeks, how
difficult was it to
use your hand that
was most affected
by your stroke to
carry heavy
objects (e.g. bag
of groceries)?

1.634

0.11

1.296

14.001

1.463

SIS5D

In the past 2
weeks, how
difficult was it to
clip your toenails?

2.186

0.123 .

0.232

8.503

0.903

C4 7C

Pour 250mL from
1 L pitcher then
reverse

2.607

0.268

-2.033

9.408

2.02

C3_7C

Elbow at side, 900
[flexion: resisted
shoulder external
rotation

2.634

0.268

0.302

4.465

0.5
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Table 6.9 Characteristics of the Items in the Upper Extremity Function Item Bank.
Sample Nol. (cont.).

BBT

Number of blocks
transferred in 60
seconds

2.714

0.209

-1.624

10.837

1.864

C4 7A

Thumb to finger
tips, then reverse
3Xin 12 sec

3.092

0.264

-0.78

4.365

0.591

C3 7A

Clap hands
overhead then
behind back 3X
in 5 sec.

3.209

0.263

-0.688

11.304

1.681

FEMALE

Grip Strength
(females)

3.466

0.379

-0.202

9.047

1.727

C4 7B

Bounce ball 4
times in
succession then
catch

4.65

0.285

-0.925

12.171

2479

* All chi-square and F-Statistics were statistically non-significant after Bonferroni

correction.
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Table 6.10 Demographic and Clinical Characteristics of Persons.

“Age (%)

0 t0 69770 to 79 /over 80 42/32/25/12 40/29/29/2
/missing

Gender No. (%) male 64 62
Number of Comorbid

conditions. (%)

0/1-2/>3 19/35/47 18/30/51
Type of CVA (%)

Ischemlc/Hemor?hz%glc/ Other, 62/6/32 60/8/32
not defined or missing

Side of Hemiplegia (%)

Right / Left /Bilateral / None 37/39/8/9 37/38/9/8/6
Dominant Hand affected (%) 37 56
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Figure 6.1 Simplified Rasch Model Overview (adapted from Wright et al.,”®)
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Figure 6.2 Final Threshold Ordering
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Figure 6.3 Person and Item Distribution for Sample No.1.
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Figure 6.4 Upper Extremity Function and Corresponding Subjects’ Distribution
(top panel)
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CHAPTER 7 Manuscript 4

Preface to Manuscript 4

Development and Psychometric Evaluation of a “Paper-CAT” Measure of Upper

Extremity Function Post-Stroke

The previous manuscript of this thesis described the development, through Rasch
modeling, of a bank of items designed to measure upper extremity function in persons
with stroke. The development of an item bank is the first step towards adaptive testing.
When a validated item bank is available, items can be specifically chosen to target the
participant’s level of ability. Modern psychometric approaches, such as Rasch analysis,
are perfectly suited to produce adaptive scales. In adaptive testing, items are usually
presented on a computer screen and the score on each item entered directly. Based on the
participants answer to the last item performed or answered, the computer, through a pre-
programmed algorithm, will choose the next best item to present to the person. Within
relatively few items and a short amount of time, a precise ability estimate is obtained.
This is possible because calibrated items are invariant and thus their difficulty level is
known. Computers are not always readily available in the clinics and both researchers and
clinicians may be reluctant to using complex computer programs to administer and score
the assessment. The second manuscript of the thesis revealed that very few studies in the
field of rehabilitation made use of Rasch-developed measures. There may be a tendency
for rehabilitation professionals to use their conventional tests and indices because they are
familiar and trusted in terms of their psychometric properties and method of scoring.
Developing a paper version of an adaptive test may be a very useful intermediary step
between conventional tests and indices and computer adaptive testing. Because it stems
from a bank of calibrated items, it offers all the advantages of adaptive testing without the
sometimes intimidating aspect of computers and algorithms. As well, the paper format
allows the clinician or researcher to view all the items in the bank, and this may increase

their level of confidence in the measure.”*®
In this fourth manuscript, a paper version of an adaptive test of upper extremity function

was created from the item bank produced in the previous manuscript.
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Introduction

A bank of items has been created to measure upper extremity function in persons with
stroke. The next logical step was to create a format for testing persons using a subset of
items best suited to their function. An adaptive measure consists of only the items that are
targeted to the individual’s level of ability, thus, decreasing burden and discouragement

while capturing a precise estimation of ability.
Objective

The objective of this study was to develop a paper version of an adaptive test of upper

extremity function.
Methods
Participants

Over 4000 patients with stroke who participated in various randomized controlled trials
and observational studies in the Montreal area. Patients were assessed on several different

occasions post-stroke depending on the study.

Instruments

A total of 17 tests and indices of upper extremity function were considered for this study.
Together, they comprise a total of 99 items. Some of the tests were especially designed to
assess upper extremity function. Some items from indices such as the Stroke Impact Scale
and the Barthel Index that assess activity which were considered to involve the upper
extremity were also included in the pool. As well some items included in indices
capturing global motor recovery such as the STroke REhabiliation Assessment of
Movement were initially chosen. A calibration of the items was previously performed
creating a bank of items measuring upper extremity function. This bank contains a total of

49 items and only those items were used for the development of the present adaptive

measure.
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Analysis

Data were analyzed to test whether they adhered to the expectations of the Rasch partial
credit model. Rasch models are mathematical functions that describe the relation between
an individual ability and the probability of responding to a question or performing a task
in a category. The Rasch Unidimensional Measurement Models (RUMM 2020)'*’ was

used to carry out the analyses.

Conclusion: A scale-free adaptive measure of upper extremity function in a paper version
has been created. The measure demonstrates adequate initial psychometric properties.
Further testing of the measure in its adaptive format is necessary in order to allow the

identification of the smallest measurable, observable, and meaningful differences in upper

extremity function.
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Introduction

At the present time, there are no objective and accurate measures of upper extremity
function that assess the range of upper extremity function observed clinically: the most
severe to almost complete recovery. Thus, to assess the effectiveness of rehabilitation
interventions or for research purposes, rehabilitation professionals need several different

evaluations to ensure comprehensive assessment of the construct.

The standard evaluations used at the present time are composed of several test items.
When assessing a patient using a specific measure, all the items comprised within this
measure need to be presented to the patient. This makes the process of evaluation long
and tiring, especially for persons who have suffered a stroke. Furthermore, most existing .
measures are comprised of item scored on an ordinal scale and thus the simple sum of the
scores obtained on the items yields a meaningless metric. Thus, to advance the
measurement of upper extremity function, two challenges are evident: (i) covering the

complete construct; and (i1) producing a measurement scale with mathematical properties.

The World Health Organization’s International Classification of Functioning, Disability,
and Health (ICF) has outlined the concepts of functioning and disability. Functioning
includes body functions and structures, and activities and participation. Items used to
create this new measure of upper extremity function are pooled from tests and indices that

encompass these two components.

The ideal upper extremity function measure should contain items spanning the whole
range of abilities and that is ‘custom tailored’ to each individual patient so that a
relatively small number of items will yield maximum information about the patient’s
level of upper extremity function. This process avoids having the more recovered patients
perform items that are too easy for them and avoids the severely affected patients having
to try too many items that are too difficult for them and get discouraged by the successive

failures. This is where Rasch analysis and adaptive testing come into play.

Rasch analysis is a method that aligns items along a calibrated hierarchy and as such the

units have mathematical properties. The main goal of using an adaptive measure in our
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situation is to create a measure of upper extremity function using~ items from a common
bank. Because computers are not widely used and accessible in most clinical setting, a
‘paper-and-pencil’ adaptive scale: a flexilevel scale of upper extremity function was
devised. The article describes the development and initial psychometric evaluation of an

adaptive measure of upper extremity function and its psychometric properties.

Methods
Study Sample

Data from over 4000 stroke survivors who participated in eight research projects
including observational studies and randomized controlled trials were used to construct
this new measure and constituted the initial pool of items. Each of the eight studies had
different evaluation times post-stroke depending on the design of the particular study.

These evaluation schedules are presented in Table 7.1.
Items

Subjects’ ratings of upper extremity function on 49 items were availabie for analysis.
Items were originally chosen from different existing tests and indices. Some of the tests
are designed to evaluate upper extremity function while some of the indices are meant to
‘assess patients’ ability to perform activities using their upper extremity. As well, two
items from the SF-36 “Does your health now limit you lifting or carrying groceries? If so,
how much?”’ and “Does your health now limit you Bathing or dressing yourself? If so,
how much?”, a health-related quality of life index were included because they tapped into
the person’s feeling about how limited they are in performing a task that involves the
upper extremity. Items from each of the World Health Organization’s International
Classification of Functioning, Disability, and Health (ICF), Body Functions and Activity
and Pdrticipation were included. An effort was made to include as many items as
possible, even with evident redundancies in order keep the ones demonstrating the best
psychometric properties. A list of all items that aré part of the bank is provided in Table

7.2 along with their original scoring or categorization if they were assessed on a
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continuous scale (Box and Block test, Grip strength and Nine-Hole Peg Test). Also, each

item was classified into one of two domains of the ICF.
Personal Factors

Several personal factors, collected as part of the original studies, were considered. They
were the person’s age, their gender, the type of stroke, the number of comorbid
éonditions, the side of their hemiplegia, whether their dominant hand was affected by the
stroke as well as the time of evaluation post-stroke. The severity of the stroke at onset
was also examined. Severity was based on the patient’s score on the Canadian
Neurological Scale (CNS) at the onset of stroke. The CNS, 387399 scored from 1.5 (most
severe) to 11.5 (least severe), was categorized into four groups: mild if the score was
greater than 6.5; mild-moderate with a score between 5 and 6; moderate with a score
betwéen 4 and 4.5 and severe with if the score was below 34.5.5 3387 All personal factors
and their categorizations are presented in Table 7.3. These factors were chosen because
they may have an impact on upper extremity function and how patients perform or

respond to certain items.
Analysis
Unidimensionality

Scores on indices of function and activity and participation from 4058 stroke survivors
were included in the analyses. One of the key features of Rasch models is that only one
unique construct or trait is being measured. In this case ‘upper extremity function’ is the
construct of interest. The item pool was tested through a series of Principal Component
Analyses (PCA) for each one of the individual studies using the FACTOR procedure in
the Statistical analysis software SAS version 9.1 (SAS institute, 100 SAS Campus Drive,
Cary NC 27513) to examine factor loadings and confirm that the items contained in the
item pool are all measuring upper extremity function. Parallel analyses were subsequently

performed to confirm the number of factors present.
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Calibration of the item pool

Ttems were fit to the partial-credit Rasch model using RUMM2020"’ computer software.
The nature of the raw data, items scored on different ordinal scales, led to the selection of
the partial credit model. The partial credit model is an extension of the basic Rasch model
for dichotomous scoring. It is used when points are awarded for intermediafe levels of
performance on an item. As all Rasch models, probability functions are based on two
parameters: 1) the difficulty of the items and 2) the ability of the person. After removal of
the misfitting items and persons, items are placed hierarchically in order of difficulty
from easy items to difficult items. In the same manner, personsv are place on the same
continuum of upper extremity function, from most able to least able. The choice of which
items to retain was based mostly on their fit to the model but also on “clinical decisions’,
care being taken to ensure that items adequately covered as many upper extremity

movements and activities as possible.

Fit to the model can be assessed using different criterion: the fit statistics, the item
characteristic curves (ICCs), A PCA of the Rasch model item residuals, and category
characteristic curves. Fit of persons must also be assessed through their fit statistics. In
the presence of adequate targeting of the items to the sample, the sample size required to
perform a Rasch analysis yielding stable person and item estimates (0.5 logit at the 95%

confidence level) and based on an expected standard error level of 0.1 is 200, 33838

Criteria used for the fit of the items and the persons were as follows: standardized fit
residuals between +2.5 and -2.5. For the items a non-significant (chi-square) and F-
statistic were also required. As for the global model fit, a non significant item-trait
interaction is necessary. Items and persons are removed in an iterative process using the
Total—Item—Person Strategy for Analyzing Fit (TIP). This particular strategy consists of a
series of consecutive steps:>’”’ 1) evaluating person fit, 2) eliminating misfitting persons;
3) recélibrating, 4) evaluating item fit, 5) evaluating the overall fit of data to the model.

This strategy is thus the best one to use in the development of the measures.
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Ovrdered Thresholds

Thresholds are those points along a theoretical continuum of item difficulty where the
probability of a person responding either 0 or 1, and 1 or 2 respectively, are equally
likely."* In the case where there are more than two answers or scoring options for the
items, the fit of each category must be assessed. Rasch analysis is well suited to
investigate the usefulness of the categories. All the indices, including those originally
scored on an ordinal scale were scrupulously examined for the quality of the categories in
their rating scale. According to Guilford, ' categorizations should be well-defined as
well as mutually exhaustive. In cases where disordered thresholds or un- or uner-utilized

categories are present, rescoring by collapsoing categories is necessary.
Differential Item Functioning (DIF)

Fit to the Rasch model not only confirms the unidimensionality of the items but also their
invariance. Invariance refers to the situation when estimates of item difficulty vary in
their position on the linear continuum according to different populations being assessed
(e.g. males vs. females).'” DIF is a phenomenon that can occur when there is a loss of
invariance of item estimates across different groups of individuals or testing occasions.'”’
The standard residual of an observed score from the score predicted by the model was |
calculated for each person (the person-item de{riation residual). The participants were
divided into ten groups (class intervals) based on their total item scores. DIF was
evaluated for time post-stroke. In order to proceed with this analysis, baseline evaluations
as well as subsequent evaluations from one month to 7 months within eight different
studies were pooled. Each participant at each evaluation time post-stroke was treated as a
distinct individual. As well, several additional persons factors were examined for the
presence of differential item functioning. They were, the person’s age, their gender, the
type of stroke, the number of comorbid conditions, the side of their hemiplegia as well as
whether their dominant hand was affected by the stroke. The severity of the stroke at

onset was also examined.
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Psychometric Properties

Several psychometric properties examined or tested within each of the traditional or

Rasch framework.
1) Traditional framework
a) Content

This type of validity is present when there is evidence that the test or index is composed

of a comprehensive sample of items that completely assess the domain of interest.*****!
b) Construct

Content validity is the extent to which the test or index provide results that are consistent
with theoretically driven relationships.”” As no ‘gold standard’ exists for upper extremity
function, convergent, divergent and discriminative approaches were used. Specific
hypotheses were developed on the correlation between the new adaptive measure of upper

extremity function and other tests or indices.

(1) Low correlation with the mental health and emotional subscale of the SF-36 (r < 0.2);
(2) Moderate correlation (<r>0.6) with the STREAM total score.

Additionally, to test whether the new measure of upper extremity function could
bdiscriminate between subjects across the four level of stroke severity as measured by the
CNS, a General Linear model was performed with the Tukey post-hoc test (significance
set at p<0.05) using SAS version 9.1 (SAS institute, 100 SAS Campus Drive, Cary NC

27513) to compare functioning across the four levels of initial stroke severity described

earlier.

The data were also divided into two random subsets of items and the correlation between
the person locations on each subset was estimated. The presence of internal consistency is

indicated by the level of agreement between the two person ability estimates.**?
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2) Rasch framework %

a) Content is concerned with relevance of the items, based on expert opinions,
representativeness of the items, examining the empirical hierarchy and spread of the item

calibrations along the variable and technical quality, assessed via item fit statistics.

b) Substantive refers to “theoretical rationales for the observed consistencies in test
responses along with empirical evidence that the theoretical processes are actually
engaged by respondents in the assessment tasks.” This type of validity may be addressed
by verifying the definition of the variable intended by the researchers (confirmation of the

intended item hierarchy) and examination of person fit statistics.

¢) Structural is ascertained when the chosen measurement model’s requirements, such as

unidimensionality, are satisfied.

d) Generalizability is concerned with the degree to which inferences based on person
measures or item calibrations are invariant, across different tasks, time, groups, or

contexts.

d) External represents the correspondence between different measures of the same
construct, and discriminant evidence, the lack of correspondence from measures of

distinct constructs. It is the equivalent of the traditional contruct validity.

f) Interpretability is the degree to which qualitative meaning can be assigned to
quantitative measure and corresponds to the extent to which the meaning of a score can

be communicated and interpreted.
Reliability

When using RUMM, there are two reliability indices provided. The first is the Person
Reliability Index and the second is Cronbach’s Alpha. These two statistics are very
similar to the ones seen in Classical Test Theory. They range between 0 and 1 and a
higher value is considered to represent a higher level of reliability. A person separation

index can also be calculated. The STRATA, computed by:
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STRATA = (4G +1)/3)"*? indicates the number of distinct ability ievel separated by three
errors of measurement. Rasch item reliability is determined in the same way and it

represents how dispersed are the person measures along the construct being measured.*”

Results

The baseline characteristics of the 4058 participants in each of the eight studies are
presented in Table 7.4. Participants were 68 years of age on average and 54% were males;
77% had between one and four comorbid conditions and 60% had an ischemic stroke.

The dominant hand was affected by the stroke in 42% of the sample.
Unidimensionality of the items

Unidimensionality was examined through factor analyses for each of the eight individual
studies. Although the presence of one main factor was evident, several items loaded on a
second factor, indicating that they may not be measuring upper extremity function. None
of the items, however, were discarded prior to the Rasch analysis as the assumptions
underlying the PCA, such as multicollinearity, were not met and the type of data (ordinal)
and the samples sizes were, in some instances, inadequate. Kaiser-Meyer-Olkin (KMO)
test statistics (KMO) were between 0.77 and 0.93 and the first factor explained between
59% and 92% of the item variance which is an indication that the set of items is

measuring a single dimension.*®* Parallel analyses confirmed the presence of a single

factor for each of the individual studies.
Calibration of the item pool

A first calibration of the items revealed a significant global fit statistic (chi-square)

indicating that the items and/or the persons did not meet the expectation of the partial

credit Rasch model.

Fit of the persons, fit of the items, the ordering of the item thresholds, as well as the
presence of differential item functioning were all examined in the process of item
reduction towards the creation of a true measure of upper extremity function. Because the

goal was to create a short test that measured efficiently upper extremity function with few
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items, redundancies among the items was also examined. Persons and items having

standardized residuals outside of the range (-2 to +2) and significant ¥* and F-statistics

were removed.
Ovrdered Thresholds

Upon the first calibration, several of the items presented with disordered thresholds. The
categories were thus collapsed until the situation was rectified and all items presented
ordered thresholds. An example of an item, the Box and Block Test that presented with
disordered thresholds and how the collapsing of categories corrected the situation is
presented in Figures 7.1a and b. After all items were examined and all their thresholds
were ordered, all fit statistics, the standardized residuals, ¥* and F-statistics, were re-

examined.
Differential Item Functioning (DIF)

DIF was examined for each of the personal factors presented. One of the items, the Stroke
Impact Scale item 7a (In the past 2 weeks, how difficult was it to use your hand that was
most affected by your stroke to carry heavy objects (e.g. bag of groceries?) had different
measurement characteristics for males and females. The presence of uniform DIF was
detected. The item was split and two different difficulty estimates were produced for the

two genders. None of the items demonstrated DIF for the evaluation time post-stroke.
Structure of the Measure

Of the 99 items that were régarded as suitable for inclusion in the upper extremity paper
CAT, 64 were removed and 35 were retained. The 64 items deleted along with the reason
for deletion are presented in Table 7.5. Most of the items did not fit the model, as shown
by residuals outside of the acceptable range, significant ¥ or significant F-statistics. The
summary of the global fit statistics is presented in Table 7.6. The description of the 35
final items and their thresholds is given in Table 7.7 along their location, chi-square and F

statistics.
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Targeting

The targeting of the items to the subjects in the sample was good. The average person
measure 1.149 (SD 1.747) which is slightly above zero (the mean item location by
default). This means that the items only slightly too easy for the stroke survivors in this
sample. The person-item threshold distribution map is presented in Figure 7.2. The

persons are represented at the top of the graph while the items are at the bottom.
Selection of Starting Item for the adaptive measure

In order to create an adaptive measure and to avoid having to have the participant perform
and answer each of the items retained in the bank, it was divided into two “testlets”; an
easy “testlet” and a difficult “testlet”. The starting item selected is part of the Chedoke
McMaster Stroke Assessment Scale. It is an item assessing a gross hand movement:
“Pistol grip: pull trigger then return”. The subject must be able to close their hand
(finger flexion), and extend and flex their index finger. This item was chosen because it is
located at 0.103 logits and is of average difficulty. It is also quick and easy to administer.
If the subject is unable to perform the pistol grip, the easy “testlet” is administered,
starting with the item located at the midway point between the easiest and the most
difficult item of this easy “testlet”. Success or failure on this average item will determine

if easier or more difficult items will be administered thereafter.

If the person is able to perform the pistol grip item as prescribed, then the therapist will
proceed with the difficult “testlet”, starting with the middle item in the difficult “testlet”.
Again, success or failure on this average item will determine if easier or more difficult
items will be administered to complete the test (Table 7.8). Groups of items were formed
that were two standard deviations above or below the starting item. These groups of items
are demarcated by thick lines. The evaluator can choose to administer only one of the
items in a group before skipping to an easier or harder group. Once the best group of
items is located for subject, the evaluator may then want to administer all items in that

particular group for a more precise score.
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For ease of interpretation, item difficulty estimates were then transformed into

percentages using the formula presented by Smith (Table 7.8).*%

Unidimensionality — Post-Hoc Test

Unidimensionality was ascertained with Smith’s independent t-test where person estimate
from speciﬁc subsets of items are compared to person estimate derived for the complete
set of items. The specific subsets chosen were items assessing function, items assessing
activity, each subset of items that emerged from a specific test or index. The t-tests were

found to be not significant, ascertaining the unidimensionality of the items.

Also carried out was a confirmatory factor analysis (MPlus software 396y using weighted
least square methods for categorical data, where possible, for each study. Only those
studies whose measurement approach included enough retained items could be factor

analyzed.

In the Brain capacity study, items from the Chedoke McMaster Stroke Assessment, the
STroke REhabilitation Assessment of Movement, the Barthel Index as well as the Stroke
Impact Scale were retained. Almost all factor loadings were near 1 on the main factor.
The Comparative Fit Index (CFI) and the Tuckef—Lewis Index (TLD were 0.99 (values

greater than .0.96 indicate good model fit*"’

) and the Root-Mean-square error of
Approximation (RMSEA) was 0.160, (values less than or equal to 0.06 indicate good
model fit**”). Only 3% of the residual correlations were greater than 0.1 so only a few
items were locally dependent (the items from the Chedoke McMaster Stroke
Assessement: Hand from knee to forehead 5X in 5 seconds and Elbow at side 90°
flexion: supination then pronation). Although these items were locally dependent,

because these items evaluate different types of movement, they were kept as part of the

measure.

In the Walking Competency Study, items remaining in the bank were pulled from the
Test Evaluant la Performance des Membres Supérieurs des Personnes Agées (TEMPA),
the Barthel Index, the OARS-IADL and the STREAM. Results of the CFA for the
Walking competency study revealed CFI, TLI and RMSEA values of 0.99,0.98 and 0.12
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respectively and only 4% of the residual correlations were greater than 0.1. Although
RMSEA values are high, the overall fit statistics were considered acceptable to confirm
unidimensionality given that the small sample sizes may have affected the fit estimate.**’
The Barthel Index item #3 (bathing) is correlated with other items (from the STREAM)
but because it is the only activity item dealing with this particular activity, it was kept. As
well, items from the TEMPA (#6 and #8) are correlated. However because one of the

_ items assesses bilateral gross motor function and the other item assesses fine motor

dexterity, two important constructs, both were kept as part of the final measure.
Psychometric characteristics of the measure
Content Validity

An important number of items included in the measure were from tests and indices that
were initially developed to assess upper extremity function (the Box and Blocks Test, the
Test Evaluant la Performance des Membres Supérieurs des Personnes Agées, the
Chedoke McMaster Stroke Assessment, the Stroke Impact Scale (upper extremity items),
the Stroke REhabilitation Assessment of Movement (upper extremity items)) so we were
confident that the items well represented the construct being measured. In addition, the
items comprised in the new adaptive measure of upper extremity function contain items
representing the body function (15 items) and activity and participation (20 items)
domains of the ICF. A number of items assess the upper extremity at the level of the
shoulder, the level of the elbow and the level of the hand. Five items are bilateral tasks,
involving all joints and two items assess how the person feels they are able to accomplish
certain activities. The items cover a wide range of difficulty levels (Figures 7.2 and 7.3).
In the Rasch Framework, content validity was also confirmed. The placement of the items
hierarchically along the upper extremity continuum made intuitive sense. The items from
the Chedoke McMaster Stroke Assessment were placed in the exact order of the original
test which was based on Brunnstrom’s theory on how the upper extremity recovers. All
the persons in the final sample had fit residuals between -2.0 and +2.0. All the
measurement model’s requirements are met, including unidimensionality. The global fit

statistics and all item and person fit statistics confirm this type of validity
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Constuct Validity

As expected, the correlation between the total scores on the new measure of upper
extremity function and the index of global functional recovery (Total score on the
STREAM) are higher (r = 0.6; p <.0001) than those between the mental and emotional
subcores of the SF-36 (» = 0.2 p <.0001). This is a confirmation of convergent and
divergent validity. Also, internal consistency was further supported by a Cronbach’s

alpha of 0.97 for the persons’ location on each of the two random subsets of items.

The new measure was able to differentiate between two different levels of stroke severity,
mild and moderate-severe. Persons classified as having had moderate and severe strokes
had scores that were similar; 40.1 (95%CI: 38.7 to 41.4) and 42.8 (95% CI: 40.9 to 41.5)
respectively. Persons classified as having had a mild stroke scored an average of 50.4

(95% CI: 49.5 to 51.4) which was statistically different from the other classification
groups.

Good correlation with the total score on the STroke REhabilitation Assessment of
Movement (r = 0.6) and poor correlation with the mental and emotional subscores of the

SF-36 (= 0.2) also confirmed construct validity.
Generalizability

Differential item functioning was examined across a variety of different person factors
and after splitting one of the Stroke Impact Scale items, none of them demonstrated any
DIF. The final sample being much smaller than the original sample, it was warranted to
examine the characteristics of the persons that make up this final sample on which the
final person and item estimates are based (see Table 7.8). They do not differ significantly
from the original sample. There are persons in each of the age groups, 57% of them are
males, the distribution of types of stroke is similar to the original sample and to a typical
stroke population. However, no persons evaluated at 12 months post-stroke remained in

the final sample.
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Reliability

The person separation index of 2.2 indicates the subjects separated into 2 distinct strata.
The reliability of the hierarchy of person ability and item difficulty was good at 0.83. The
item reliability index is 4.4, indicatiting a good dispersion, the measure distinguishes

between 4 distinct difficulty levels of the items separated by 3 errors of measurement.
Ceiling and Floor Effects

The new measure demonstrates no floor or ceiling effect as no persons’ ability levels are
located Below the easiest item or above the hardest item. The Test Information Function
is presented in Figure 7.3. This graph provides an indication of the precision of the

measure or the Standard Error of the measure. SEM= (TIF)'2, It indicates the amount of

information the measure provides about the ability level at each maximum likelihood

estimate®”®

and can be used to compare the amount of information in different measures
or subsets of items within a measure. Our measure of upper extremity measure is most
useful around a logit of -1, so for persons close to average ability. The curves start
tapering off around -7 and +7, beyond which point the persons ability levels cannot be

measured as precisely. The range is still reasonably wide where information is available.

Discussion

An adaptive test of upper extremity function afier stroke was created from a bank of
previously calibrated. The adaptive test, in a paper version, contains 35 items, divided
into 2 testlets; an easy and a hard one. The items all fit the Rasch partial credit model,
tailored to the particular dataset at hand. The item thresholds spanned a wide range of
difficulty from -7.377 to 6.167 logits and target well the sample with persons located
close to O at 1.149 logits.

The hardest item was the Box and Block Test and, to be able to pass this item, the subject
must be able to move at least 69 blocks from one side of the box to the other. This
corresponds to a normal score for both men and women;° by scoring 100% on the

adaptive test a person is considered to have fully recovered.
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The easiest items are from the Test Evaluant la Performance des Membres Supéricﬁrs des
Personnes Agées. They are bilateral tasks. Although at first glance the position of these
items at the bottom of the hierarchy may seem rather counter intuitive, it can be explained
by the fact that the tasks are performed in part by the unaffected upper extremity and the
affected upper extremity serves as support. For example, to hold a container while the
unaffected arm unscrews the lid. If a person is unable to use their affected arm for
support, it is an indication that there is no movement possible likely due to a high level of
spasticity or flaccidity. To improve the evaluation process and the scoring, the
instructions to the evaluator should specify that the affected arm should be used. As
expected, the items originating from the Chedoke McMaster Stroke Assessment are

located exactly in the order that they were intended.

For person and item calibration, the final sample included 942 subjects. In addition
person ability estimates are available for 1014 persons with extreme scores (scored

perfectly on all items or unable to do any item)

An important number of subjects have been deleted due to the nature of the data set.
Because some of the studies included only a few items, a good number of which have
been removed in the Rasch analysis process, they became either invalid (if persons did
not respond to any of the final items in the measure). The characteristics of the final
sample are similar in all aspects to the original sample except for the time of evaluation
post-stroke. In the final sample no evaluation at 12 months post-stroke was retained and,
thus, the paper adaptive test of upper extremity function is not generalizable to patients
that are 1 year post stroke onset and should only really be used up to 7 months post-
stroke.

Future work

Future work with this new measure involves extensive psychometric evaluation and
concomitant re-calibration of the items when administered as an adaptive test to subject
after stroke. Feasibility, efficiency, and validity under adaptive conditions need to be
addressed. Responsiveness needs to be assessed, as well as all types of validity. For

example, in the framework of Rasch analysis, discriminant validity is assessed by
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administering the new measure to a different group of subjects that may have
impairments in their upper extremities but whose pattern of recovery is not the same as
that of patients with stroke (e.g. patients with multiple sclerosis). If the ordering of the
items is different from that obtained with the stroke population, it is evidence for

discriminant validity.

It would be beneficial to add new items to fill the existing gaps (Figure 7.3). New items
repfesenting the participation domain of the ICF are needed. The existing items from the
Reintegration to Normal Living index did not fit the model. This may be because there
was not mention of the upper extremity in the question or statement and patients do not
necessarily relate their limitations to their upper extremity but rather to their limited

~ mobility, for example. I believe new items such as “Are you limited in the type or number
of social activities that you participate to because of your affected upper extremity?”’
should be written in collaboration with health care professionals and stroke survivors and

these items should be added to the bank through an equating process.

There is no doubt that the new measure as it stands will require thorough psychometric
evaluation before it can be used by clinicians and researchers but they form a good basis.
The fact that the items have been calibrated through Rasch analysis makes it an ideal

setting to alter, delete, or add new items as the measure is being tested.
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Table 7.1 Schedule of Evaluation Times Post-Stroke for Each of the Eight Studies.

T

Walking Competehcy

Brain Capacity

Recovery from
Stroke

Bridging the Gap
No Place Like Home

Long Term Outcome
of Stroke

Quality of Life

Canadian Stroke
Registry
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Table 7.2. Item Bank of Upper Extremity Function Items.

Function Box and Block Test Number of blocks
(BBT) 0=0-29; 1=29-49; 2=49-59; 3=59-69;
4=69-79 5=79-100
Function Chedoke McMaster 0 Unable
Stroke Assessment 1 Able
(CMSA)
ARM
Extension synergy, then flexion synergy
Shoulder flexion to 90°
Elbow at side, 90° flexion: supination then pronation
Shoulder flexion to 90°: pronation then supination
Hand from knee to forehead 5X in 5 sec.
Arm resting at side of body: raise arm overhead with full
supination
Clap hand overhead, then behind back 3X in § sec.
Elbow at side, 90° flexion: resisted shoulder external
rotation
HAND
Thumb extension >1/2 range, then lateral prehension
Finger flexion, the extension
Pronation: finger abduction
Hand unsupported: opposition of thumb to little finger
Pronation: tap index finger 10X in 5 sec
Pistol grip: pull trigger, then return
Thumb to finger tips, then reverse 3X in 12 sec.
Bounce a ball 4 times in succession, then catch
Pour 250 mL from 1 L pitcher, then reverse
Function Grip Strength Kilograms of Force:
0=0-27; 1=27-40; 2=40-50; 3
>50
Function STroke REhabilitation 0 unable
Assessment of Movement 1 abnormal
(STREAM) 2 normal
1 Protract Scapula
2 Extend elbow
7 Shrug shoulders
8 Raise hand to top of head
9 Hand on sacrum
12 Close hand
13 Open hand
14 Thumb to index finger
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Table 7.2. Item Bank of Upper Extremity Function Items. (cont.).

“Activity

Tests and Indice

Barthel Index

Feeding

Bathing

Dressing and Undressing

2 Independent
1 Assistance
0 Unable

Supérieurs chez les Personnes
Agées (TEMPA)

Pick up and move a jar

Open jar and remove spoonful of
coffee

Pick up pitcher and pour water in
glass

Unlock a lock and open pill
container

Write on envelope and stick stamp
Tie scarf around neck

Shuffle and deal playing cards
Handle coins

Pick up and move small objects

Activity Medical Outcomes Study 36- 1 very limited
Item Short-Form Health Survey | 2 limited a little
(SF-36) 3 not limited at all
Pick up/lift Grocery bags
Take bath or dress

Activity Older Americans Resources and | 2 Without help
Services Scale-Instrumental 1 With help
Activities of Daily Living 0 Unable
(OARS-IADL)
Prepare meals
Housework

Activity SIS 1 Unable
Cut food 2 Very difficult
Dress upper body 3 Moderate
Cut toe nails 4 A little difficult
Housework (light) 5 Not difficult
Carry heavy objects
Turn doorknob
Pick up money _

Activity Test d’évaluation des Membres 3 normal

2 hesitation
1 difficulty-more than 25%
0 unable less than 25%
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Table 7.3 Categorization of Influencing (Personal) Factors.

Age 0 =0 to 69 years of age
1=70 to 79 years of age
2 = over 80 years of age

Gender 0 =Male
1=Female

Type of Stroke 0 = Ischemic

1 = Hemorrhagic
2 = Not defined or missing

Number of Comorbid Conditions

0 = No comorbid conditions
1 =1 or 2 comorbid conditions
2 = More than 3 comorbid conditions

Side of Hemiplegia

0=Left

1 =Right

2 = Bilateral
3 = Missing

4 = None noted

Time of Assessment Post-Stroke

0 = Stoke Onset

1 = 1month post-stroke

2 =3 months post-stroke
3 = 6 months post-stroke
4 = 7 months post-stroke
5 = 12 months post-stroke

Dominant Hand Affected 0=Yes
1=No
2 = Missing
Stroke severity* 1=<5
2=5-95
3=95-11
4=>11

*Severity was based on the patient’s score on the Canadian Neurological Scale (CNS) at
the onset of stroke. The CNS, **”*%° was categorized into four groups: mild if the score
was greater than 6.5; mild-moderate with a score between 5 and 6; moderate with a score
between 4 and 4.5 and severe with if the score was below 3.5.5°%

210



Table 7.4. Demographic and Clinical Characteristics of Study Participahts n=
4058).

Age Mean (SD) 68 (15)

Gender No. (%) male 2206 (54)

Number of Comorbid
conditions No. (%)

0 803 (20)
1-2 1470 (37)
3-4 1556 (40)
>4 110 (3)
Type of CVA No. (%)

Ischemic 2328 (59)
Hemorrhagic 415 (11)
Missing 116 (2)
Not Noted/Determined 1090 (28)

Side of Hemiplegia No. (%)

Right 1475 (37)
Left 1467 (37)
Bilateral 234 (6)
Missing 447 (11)
Not Noted 316 (8)

Dominant UE affected No. 1375 (42)
(%)
Stroke severity (%)

Severe/Moderate/Mild- 29/6/7/58
Moderate/Mild

*Severity was based on the patient’s score on the Canadian Neurological Scale (CNS) at
the onset of stroke. The CNS, 2% was categorized into four groups: mild if the score
was greater than 6.5; mild-moderate with a score between 5 and 6; moderate with a score
between 4 and 4.5 and severe with if the score was below 3.5.537%
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Figure 7.1a Example of Disordered Thresholds — The Box and Block Test.

BBT BOXANDBLOCKS Loen=1.202 Spread=0.213 FitRes =-2.271
1.0—
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Figure 7.1b Example of Ordered Thresholds — The Box and Block Test After
Collapsing of the Categories.

BBT BOXANDBLOCKS Locn=4.755 Spread=1.412 FitRes=-0450 ChiSqP1}=0.340 SampleN =942
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0.0
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Table 7.5 Deleted Items and Reason for Deletion.

Lack of fit to the model STRS, 12,13
T3F

SF3C, SF3J
SIS5B
SIS7E
SIS5D
SIS5C

C3 4ab

C3 5¢
C4_4b
C4_5b

C4 7c

Grip strength
Redundancy SF3J

STRS,12,13
Differential Item Functioning SF3]J (observation)
(person factors) T3F (limb)

*Items may be deleted for more than 1 reason

¥Please refer to Table 6.2 for meaning of abbreviated item names
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Table 7.6 Summary of Global Fit Statistics for the Item Bank.

Mean

1.149 -0.275
Standard Deviation 2.109 0.575 1.747 0.724
Skewness 0.488 0.581
Kurtosis -0.689 -0.153
Correlation 0.000 -0.041

Based on Separation Index of 0.83191

Total Item Chi-Square | 331.136 Separation 0.83191
Index
Total Degrees of 309.000 Cronbach N/A
Freedom Alpha
Total Chi-Square 0.184910
Probability
POWER OF TEST-OF-FIT Power is GOOD
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Table 7.7 The 35 Items and Their Measurement Properties by Location Order.

Open a jar and remove a spoonful of
coffee (bilateral task)/ TEMPA -3437 | 0.356 -0.352 8.75 | 1.305
Unlock a lock and open a pill container
(bilateral task)/ TEMPA ] -3.421 0.355 -0.085 6.001 | 0.709
Tie a scarf around one’s neck (bilateral
task) TEMPA -3.313 | 0.359 0.176 |  10.739 | 1.176
Feeding/Barthel Index -2.835| 0.108 -0.252 4.895 | 0.614
Write on an envelope and stick a stamp
on it (bilateral task)/ TEMPA -1.997 0.323 0.122 8.942 | 1.045
Elbow at side 90° flexion: supination
then pronation/CMSA -1.824 | 0.278 -0.688 3.197 1 0.929
Dressing and Undressing/Barthel
Index -1.818 | 0.096 0.722 | 23.145]1.714
Finger flexion then extension/CMSA 1.737| 0274 0.171 | 12364 | 1.293
Extends elbow in supine (starting with
elbow fully flexed)/STREAM -1.507 | 0.169 -1.132 [ 11.501 | 2.742
Protract scapula in supine/STREAM -1.216 0.163 -0.978 13.931 | 2.789
Can you prepare your own '
meals?/OARS-IADL -1.165 | 0.186 0.123 911.029
Hand unsupported: opposition of
thumb to little finger/CMSA -0.898 | 0.247 -0.741 6.108 | 1.309
Handle coins (unilateral
tasks)/ TEMPA -0.852 | 0.367 -0.784 7.551 1 223
Place hand on sacrum/STREAM -0.712 1  0.155 -1.199 | 10.971 | 2.048
Shuffle and deal playing cards
(bilateral task) TEMPA -0.652 | 0.325 -0.983 5.821 1 0.853
Shrugs shoulders (scapular
elevation)/STREAM -0.615| 0.154 -0.292 5.2310.716
Can you do your own
housework?/OARS-IADL -0.297 | 0.173 0619} 11917 | 1.05
Pick up and move small objects

| (unilateral tasks)/TEMPA -0.229 |  0.356 -0.57 | 11.289 | 2.547
In the past 2 weeks, how difficult was it
to cut your food with a knife and
Sfork?/SIS -0.015 0.12 -1.18 | 17556 | 2.55
Pistol grip: pull trigger then
return/CMSA 0.103 | 0.225 -1.135 6.268 | 1.413
In the past 2 weeks, how difficult was it
to use your hand that was most affected
by your stroke to turn a doorknob?/SIS 0212 | 0.117 0.667 9.09 | 1.035
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Table 7.7 The 35 Items and Their Measurement Properties by Location Order.
(cont.).

up and move a jar (unilatera
task)/ TEMPA 0.301 | 0.356 -0.703 2.77 1 0.432
In the past 2 weeks, how difficult was it
to do light household tasks/chores (e.g.
dust, make a bed, take out garbage, do
the dishes)?/SIS 0.449 | 0.108 0.91| 11.105 | 1.184
Bathing/Barthel 0.729 | 0.119 -0.133 | 18.965 | 2.388
Pronation: tap index finger 10X in 5
sec./CMSA 0871 0.219 -0.726 5318 0.88
Arm resting at side of body: raise arm
overhead with full supination/CMSA 0.913 0.219 -1.029 9.828 | 1.973
Pronation: tap index finger 10X in 5
sec/CMSA. 1.089 | 0.219 -0.674 4.199 | 0.725
In the past 2 weeks, how difficult was it
to use your hand that was most affected
by your stroke to carry heavy objects
(e.g. bag of groceries)?/
SIS(MALES) 1.138 | 0.145 0.179 | 11.625| 1.512
SIS (FEMALES) 2114| 0.162 0428 | 7.561 | 1.014
In the past 2 weeks, how difficult was it
to clip your toenails?/SIS 2.167 0.118 -0.172 13.401 | 1.322
Elbow at side, 90° flexion: resisted
shoulder external rotation/lCMSA 2.603 | 0.234 -0.793 7.68 | 1.782
Thumb to finger tips, then reverse 3X in
12 sec/CMSA 2793 | 0.238 -0.229 9.085 1 1.313
Clap hands overhead then behind back
3Xin 5 sec/CMSA 3378 | 0.252 -0.695 7.156 | 2.046
Number of blocks transferred in 60 :
seconds/BBT 4755 ] 0.183 -045] 10.128 | 1.51
Bounce ball 4 times in succession then -
catch/CMSA 4925 0323 -0.345 8.049 | 2.486

BBT; Box and Block Test, CMSA; Chedoke McMaster Stroke Assessment,
OARS_IADL; Older American Resources and Services Scale-Instrumental Activities of
Daily Living, SE; Standard Error, SIS; Stroke Impact Scale, STREAM; STroke
REhabilitation Assessment of Movement, TEMPA; Test Evaluant la Performance des

Membres Supérieurs des Personnes Agées

* All chi-square and F-Statistics were statistically non-significant after Bonferroni

correction.
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Figure 7.2 Person-Item Threshold Distribution for the Final 35-Item Measure
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Table 7.8 Final 35-Item Adaptive Measure of Upper Extremity Function Post-Stroke

Starting Item: Pistol grip: pull trigger then return

Able
Move down until
patient is unable to
meet the criteria for
the specific task

Move up until
patient is able to
meet the criteria for
the specific task

"Un'ablel el Sl

Able
Move down until
patient is unable to
meet the criteria for
the specific task

Unable
Move up until
patient is able to
meet the criteria
for the specific task

1-Tie a scarf around one’s neck (bilateral task). The task is partially
executed (more than 25%) or certain steps are executed with major
difficulties necessitating repeated efforts. Part of the task may have had to be
modified or needed assistance to make it achievable.

2-Open a jar and remove a spoonful of coffee (bilateral task) The task is 4
partially executed (more than 25%) or certain steps are executed with major
difficulties necessitating repeated efforts. Part of the task may have had to be
modified or needed assistance to make it achievable.

3-Unlock a lock and open a pill container (bilateral task) The task is 5
partially executed (more than 25%) or certain steps are executed with major
difficulties necessitating repeated efforts. Part of the task may have had to be
modified or needed assistance to make it achievable.

4-Feeding independently. The patient needs some assistance to feed himself 23
a meal from a tray or table when someone places the food within his reach.
He needs assistance to put on an assistive device if required, cut up his food,
use salt and pepper, spread butter, etc. He needs assistance to be able to
accomplish this in a reasonable time.

5-Write on an envelope and stick a stamp on it (bilateral task) The task is
partially executed (more than 25%) or certain steps are executed with major
difficulties necessitating repeated efforts. Part of the task may have had to be

modified or needed assistance to make it achievable
|

29
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6-Dressing and Undressing Patient needs some assistance: to put on, remove
and fasten all clothing and tie shoe laces (unless it is necessary to used
adaptive aids for this). This includes putting on, removing and fastening
corsets or braces when they are prescribed. '

33

*7-Shuffle and deal playing cards (bilateral task) The task is partially
executed (more than 25%) or certain steps are executed with major
difficulties necessitating repeated efforts. Part of the task may have had to
be modified or needed assistance to make it achievable

34

8-Elbow at side 90° flexion: supination then pronation

44

9-Finger flexion then extension

45

or table when someone places the food within his reach. He is able to put on
an assistive device if required, cut up his food, use salt and pepper, spread
butter, etc. He must be able to accomplish this in a reasonable time

14-Hand unsupported: opposition of thumb to little finger

10-Extends elbow in supine (starting with elbow fully flexed) Able to 46
complete the movement in a manner that is comparable to the unaffected side.
11-Protract scapula in supine Able to complete the movement in a manner 48
that is comparable to the unaffected side.

12-Can you prepare your own meals? Cook meals yourself 49
13-Feeding independently: The patient can feed himself a meal from a tray 51

51

15-Handle coins (unilateral task) The task is partially executed (more than
25%) or certain steps are executed with major difficulties necessitating
repeated efforts. Part of the task may have had to be modified or needed
assistance to make it achievable.

52

16-Place hand on sacrum Able to complete the movement in a manner that is
comparable to the unaffected side.

17-Shrugs shoulders (scapular elevation) Able to complete the movement in
a manner that is comparable to the unaffected side.

55

18-Can you do your own housework? Without help

56

19-Dressing and Undressing Independently. Patient is able to put on,
remove and fasten all clothing and tie shoe laces (unless it is necessary to
used adaptive aids for this). This includes putting on, removing and fastening
corsets or braces when they are prescribed.

56

20-Pick up and move small objects (unilateral task) The task is partially
executed (more than 25%) or certain steps are executed with major
difficulties necessitating repeated efforts. Part of the task may have had to be
modified or needed assistance to make it achievable.

21-Write on an envelope and stick a stamp on it (bilateral task)

The task is partially executed (more than 25%) or certain steps are executed
with major difficulties necessitating repeated efforts. Part of the task may
have had to be modified or needed assistance to make it achievable.

57
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DIFFICULT “testlet” Items

Score

/100
22-In the past 2 weeks, how difficult was it to cut your food with a knife and 58
fork?
23-In the past 2 weeks, how difficult was it to use your hand that was most 59
affected by your stroke to turn a doorknob?
24-Pick up and move a jar (unilateral task) The task is successfully 59
completed without hesitation or difficulty, as instructed or demonstrated.
25-Unlock a lock and open a pill container (bilateral task) The task is 60
successfully completed without hesitation or difficulty, as instructed or
demonstrated.
26-In the past 2 weeks, how difficult was it to do light household tasks/chores (e.g. 61
dust, make a bed, take out garbage, do the dishes)? Just a little or not difficult at
all.
27-Bathing Independently The patient must be able to use a bathtub, a 63
shower or take a complete sponge bath. He must be able to perform all the
steps involved in any one of these tasks without another person being present.
28-Tie a scarf around one’s neck (bilateral task) The task is successfully 63
completed without hesitation or difficulty, as instructed or demonstrated.
29-Hand from knee to forehead 5X in 5 seconds 64

30-Arm resting at side of body: raise arm overhead with full supination 64
31-Pronation: tap index finger 10X in 5 seconds 65

32-In the past 2 weeks, how difficult was it to use your hand that was most 66
affected by your stroke to carry heavy objects (e.g. bag of groceries)?(Men)

Just a little or not difficult at all.

33-Open a jar and remove a spoonful of coffee (bilateral task) The task is 71
successfully completed without hesitation or difficulty, as instructed or

demonstrated.

34-In the past 2 weeks, how difficult was it to clip your toenails? Just a little or 73
not difficult at all.

35-In the past 2 weeks, how difficult was it to use your hand that was most 73
affected by your stroke to carry heavy objects (e.g. bag of

groceries)?(Women) Just a little or not difficult at all.

$36-Elbow at side, 90° flexion: resisted shoulder external rotation 76
37-Thumb to finger tips, then reverse 3X in 12 sec 78
38-Number of blocks transferred in 60 seconds >30 82
39-Clap hands overhead then behind back 3X in 5 sec. 82
40-Bounce ball 4 times in succession then catch 93
41-Number of blocks transferred in 60 seconds >60 100

"Starting item for EASY “testlet”
SStarting Item for DIFFICULT “testlet”
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Table 7.9 Characteristics of the persons in the original and final samples

Agéd(%’)’ -
0 to 69/70 to 79 /over 80 /missing 41/26/23/10 40/24/20/17 1.99
0.57
Gender No. (%) male 54 57 0.081
0.78
Type of CVA (%) 85/7/7 88/6/6 0.20
Ischemic/Hemorrhagic/Other, not define 0.90
Or missing
Side of Hemiplegia (%) 40/37/8/15 39/36/10/15 0.25
Right / Left /Bilateral / None or none 0.97
noted
63 66 0.07
Dominant Hand affected (%)
0.79
10/21/5/7/44 7/23/7/8/50 1.05
Stroke severity at onset of stroke
0.90
27/16/18/37/1 | 20/16/12/36/1/1 | 26.15
i - k
Time post-stroke 2/0 5 0.000]*
Onset-1
month/3months/6months/7months/12
months

* There were no persons in the 12 months category in the final measure.
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Figure 7.3 Test Information Function for the Paper Adaptive Test of Upper
Extremity Function.
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CHAPTER 8 Summary and Conclusions

Upper extremity recovery after a stroke is a complex phenomenon. Researchers
worldwide are actively searching for ways to treat upper extremity deficits in order for
persons who have suffered a stroke to return to a level of function that will allow them to
pursue their activities, fulfill their life roles and attain an ideal quality of life. Several new
and important leads have arisen as far as rehabilitative approaches, recently such as
Constraint Induced Movement Therapy. Although this type of treatment seems to be
making important headway and be very promising, more quality randomized controlled
trials need to be performed in different sub-populations to be able to generalize its

applicability.

When determining the effectiveness of a particular treatment or program of intervention,
choosing an appropriate outcome assessment is as important as it is difficult to do.
Deciding which test or index to use involves a multitude of decisions. Both researchers
and clinicians are faced with difficult choices and assessing function of the upper
extremity is not exception. Ideally, a test or index should be psychometrically sound and
should cover the whole spectrum of upper extremity function from the most basic
movements to the most complex but should also be able to capture the activities and the

participation in life roles associated with a level of upper extremity function.

As exemplified by the first manuscript of this thesis, a study aimed at evaluating the
effectiveness of a task-oriented intervention on upper extremity function, existing tests
and indices tend to be very narrowly focused, assessing only a particular level of function.
Traditionally, the strategy employed by researchers and rehabilitation professionals has
been to administer an entire arsenal of tests and indices, making the processes very tiring
and bothersome for both participants and evaluator alike. Another inconvenience is
making sense of all these tests and indices that are scored differently, and whose total
score does not necessarily have an inherent meaning. Moreover, the ordinal scales on
which most of the existing scales are based are routinely treated as if they were interval

making the quantification of change misleading.
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The second chapter introduced new psychometric models that have been used extensively
in the fields of education and psychology. These ‘modern’ models have the potential to
overcome the ’difﬁculties encountered with the classical approach of measurement and the
development of measures. Rasch analysis and IRT, by transforming ordinal scores into
linear measures make it possible to objectively assess latent construct, such as how the
patient feels it is difficult for them to accomplish a certaiﬁ activities or how satisfied they
are with certain aspects of their lives. Rasch analysis and Item Response Theory have
made their debut into the world of rehabilitation. The first report of their use date to the
1990’s. Since then, there has been a steady increase in the use of these modern
psychometric models in the development of new measures, and in the assessment of
psychometric properties of these measures. The use of measures that have been developed
through these models, however, is lagging. This may be due to the fact researchers and
clinicians are not always aware of these new trends and the new measures that are being
created. The publication of this manuscript will hopefully inform rehabilitation
professionals about thesé new measurement methods and also assist them in choosing an
appropriate measure for the patients or research study. From the results of this
manuscript, it is evident that very. few measures were developed to assess upper extremity
function in persons with stroke. None of them included itéms that represent each of the

domains of the International Classification of Functioning, Disability and Health.

The third manuscript describes the development of a bank of items. The goal was to
create a method to parsimoniously and hierarchically assess upper extremity function in
persons with stroke. This bank contains a total of fifty calibrated items that can be used to
assess clients with upper extremity impairments due to a stroke. The advantage and
ultimate goal of having a bank of items is the possibility of administering a ‘tailored’
measure. The items are chosen to target the person’s ability level and a true score can be
obtained with the administration of only a few items. This decreases patient burden and
frustration linked to administering items that are too easy or too hard. The items cover the

domains of the ICF: Body structures and function and Activity and participation.
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A new paper format of an adaptive test was created in manuscript 4. In order to assess
whether the items performed differently across time, different evaluation periods were

included. The new measure contains 35 items and can be administered in a few minutes..

When assessing patients with a measured developed through Rasch analysis, true change
can be estimated. This is of utmost importance when evaluating the effectiveness of an
intervention. Finding effective interventions is a challenge but until rehabilitation

professionals are using true measures to assess their clients, results will not be conclusive.

Capturing the client’s perception on the difficulties there are facing when accomplishing
their tasks, or how able they are in participating in their usual activities is an
indispensable part of healthcare provision. The use of Rasch models makes true

- measurement possible and is necessary for the interpretation of change. Ultimately, this
measure will help determine if the interventions aimed at improving upper extremity

function are effective and this will translate into optimal patient care.

A few years ago a new chapter in the evaluation of rehabilitation outcomes was opened.
Since then, a number of clinicians and researchers have recognized the immense benefits
of using new, contemporary psychometric approaches to develop true measures. New
measures have been developed; existing ones have been further tested and evaluated in
diverse populations such as stroke, traumatic brain injury and multiple sclerosis. Studies
using previously Rasch-developed measures are still scarce and the livelihood of thes¢
psychometric models in the field of rehabilitation rests in the hands of the researchers that

are developing and refining these measures.

Translating the fruits of research to other researchers as well as to clinicians is a challenge
but is a necessary step to the widespread use of these techniques. The calibration of item
banks and the psychometric refinement of measures is an ongoing process. As researchers
use these measures as outcome evaluations as part of their research project, as clinicians
use them to assess change in individuals patients or as part of program evaluations, items
need to be harvested and calibrated on an on-going basis as patient populations change
and new rehabilitative techniques are explored and tested. I believe the developers of item

banks have the responsibility of maintaining the bank, adding new items and calibrating
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them and working in collaboration with other researchers to join forces for launching and
maintaining large scale items banks. It is only by a collaborative process that these goals
are attainable and the field of rehabilitation can be recognized to its full potential and

rehabilitation professionals can deliver therapy based on evidence.
Future Directions

1. Maintain data bank of upper extremity items

2. Calibrate new items as data become available

3. Develop novel items and calibrate

4. Validate “paper-CAT” through classical psychometric evaluation

5. Use effective knowledge translation strategies to facilitate incorporation into research
and clinical practice

6. Develop curricula at undergraduate and professional levels to teach modern

psychometric approaches to assessment of patients

Major advancements in science are preceded by breakthroughs in measurement methods

(Nunnaly 1978).
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APPENDIX 1

PATIENT CONSENT FORM

Neurology Department
Royal Victoria Hospital
McGill University Health Centre

Title of the Study: The Effectiveness of Rehabilitation Therapy in Stroke
Clinical Contact Person: Dr. Allen Huang (514-842-1231 ext. 4678 or 5704)

Introduction: Researchers at this hospital and at McGill University are conducting a
study to evaluate two rehabilitation programs that are specially designed for persons
following a stroke. One program aims to improve arm and hand function, while the other
aims to improve walking ability. The therapy provided in each of these two programs is a
special type of therapy that focuses on the performance of functional tasks. This therapy
is not provided in a standard fashion by rehabilitation professionals as its effectiveness
has not yet been demonstrated in research. This is the goal of the study we are inviting
you to enter. We realize that you may be involved in other studies. Your participation in
this study will not affect your involvement in the other studies.

Time of Entry into the Study: We are asking if you would like to participate in this
study. If you agree, then you would enter the study once you have completed formal
rehabilitation therapy. For example, the situation described below that applies to you
indicates when you would begin to participate:

1) If you have been discharged home from an acute-care hospital and you are not
receiving physical or occupational therapy, then you would begin participation in this
study three to four weeks after arriving home.

2) If you have been discharged home and you are receiving physical or occupational
therapy as an out-patient, then you would begin participation in this study on
completion of your therapy.

3) If you have been discharged to an in-patient rehabilitation centre where you are
receiving physical or occupational therapy, then you would begin participation in this
study on completion of your therapy.

Schedule of Evaluations: On entry into the study, you will undergo a baseline
evaluation. The evaluations will be performed by a trained health professional who will
assess your balance, how well you move your arms and legs, and how well you can do
activities like walking, and climbing stairs. We will also ask you questions about how
you feel about your health, and what you are able to do at home. Following this baseline
evaluation, you will participate in one of the rehabilitation programs for six weeks. You
will be re-evaluated on completion of this program, and then again six months later. The
evaluations will be performed at the Richardson Hospital Centre.
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In addition to these evaluations, we need to obtain some basic information about your
medical history and your stroke from your medical chart.

Description of the Rehabilitation Programs: After your baseline evaluation, you will
be assigned to one of the two rehabilitation programs by a random procedure (like
flipping a coin). In other words, you will have a 50% chance of being assigned to one
program or the other. If you are assigned to program A, you will perform functional,
challenging, and creative tasks that involve coordination and strength of the arms and
hands. You will also learn to perform activities on a computer. If you are assigned to
program B, you will perform mobility tasks such as standing up from chairs of different
heights, walking forwards, backwards, over obstacles, and up and down ramps and stairs.
You will also participate in endurance training. In both programs, the exercises will be
tailored to the level of ability of the individual.

As a participant in the rehabilitation program you will attend three sessions of exercise a
week at the Richardson Hospital Centre. Each exercise session will last approximately
one hour and a half. The therapist who designs your rehabilitation program may need to
perform a few additional tests during your initial visits.

Transportation and Parking: The Richardson Hospital Centre is located at 5425
Bessborough Avenue in Montreal near the corner of Cdte-St-Luc Road and Cavendish
Road. Free visitors parking is available at the centre as well as on the quiet surrounding
streets. While we cannot directly pay for transportation, we will make arrangements for
car pooling, adapted transport, or taxi services as needed.

Participation and Confidentiality: Participation is voluntary. You may refuse to
participate or withdraw from the study at any time without this having an effect on your
health care. All of the information that we obtain from you will be kept strictly
confidential. The data will be kept in a locked filing cabinet in the investigator's office.
You will be assigned a study number and this will be the only identifying mark that will
appear on your results. The results of the study will be published in scientific journals but
your data will appear as numbers in statistical summaries. .

Risks: We do not envision that the therapy provided through this study will cause you
any harm. There may be a potential risk of falling for participants in the program that
focuses on walking-related tasks. For this reason, you will be provided with physical
assistance to walk when necessary to ensure your physical safety. The exercises that you
will undertake will be performed at your own pace. All activities will be supervised so

that if you do not feel well, or if you are anxious about your health, the appropriate action
will be taken.

Benefits: The study offers you the opportunity to receive further rehabilitation therapy at
a time when such services are no longer being provided by the public health care system.
The results of this study will help us to identify which rehabilitation programs are most
effective in improving physical function in persons who have been discharged home and
who are no longer receiving therapy after stroke.
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Contact Numbers: If you have any questions about the research, please contact Dr.
Nancy Mayo, the principal investigator, or Nancy Salbach, the study coordinator, at (514)
842-1231 ext. 6906. If you have any questions concerning your rights as a participant in
this study, you may contact the Ombudsman at (514) 842-1231 ext. 5655.

In signing this consent form, you recognize that the study has been explained to you and
that you understand the study. You also agree that you have had the opportunity to ask
questions, and that you are satisfied with the responses.

Declaration of the Pafticipant: I understand what is expected of me and I freely and
voluntarily agree to participate in this study entitled "The Effectiveness of Rehabilitation
Therapy in Stroke".

A copy of this consent form has been given to the participant named below.

Name of Participant Signature of Participant Date

Name of Researcher Signature of Researcher Date
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8 McGill

Facuity of Medicine Faculté de médecine

3655 Drummond Street 3655, rue Drummond
Montreal, QC H3G 1Y6 Montréal, QC, H3G 1Y6
Fax: (514) 398-3595 Télécopieur: {514) 398-3595

CERTIFICATION OF ETHICAL ACCEPTABILITY FOR RESEARCH
INVOLVING HUMAN SUBJECTS

The Faculty of Medicine Institutional Review Board consisting of:

LLAWRENCE HUTCHISON, MD ROBERTA PALMOUR, PHD
SHARI BAUM, PHD | HARVEY SIGMAN, MD
HAROLp FRANK, MD MICHAEL THIRLWELL, MD
NEIL MAEDONALD, MD SALLY TINGLEY, BA

has examined the research project A06-M10-99 entitled “The Effectiveness of
Rehabilitation Therapy in Stroke”

as proposed by: Dr. Nancy E. Mayo to
Applicant Granting Agency, if any

and consider the experimental procedures to be acceptable on ethical grounds for research
~ involving human subjects.

June 14, 1999 %’0/ /é ﬂW

Date 7V Chair, IRB Dean of Faculty

Institutional Review Board Assurance Number: M-1458
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Notes for Contributors

1.

The Journal's policy is to acquire copyright in all contributions. - There are two reasons for this: (a)
ownership of copyright by one central organisation tends to make it easier to maintain effective
international protection against unauthorised use; (b) it also allows for requests from third parties
to reprint or reproduce a contribution, or part of it, to be handled in accordance with a general
policy which is sensitive both to any relevant changes in international copyright legislation and to
the general desirability of encouraging the dissemination of knowledge.

Hodder Arnold co-operates in various licensing schemes which allow organisations to copy
material within agreed restrains (e.g. the CLA in the UK and the CCC in the USA).

All contributors retain the rights to reproduce their paper for their own purposes provided

no sale is involved. The author may post preprint electronic files on their own website for personal
or professional use, on the author’s institution’s internal network or on a secure external site at
the author’s institution provided the article is not for resale. (The final typeset version of the
paper may not be posted on any external website.)

All contributors retain the rights to forward an electronic preprint of their paper to a colleague for
the colleague’s personal or professional use.

All contributors retain the rights to reprint their paper in ahy volume of which they are editor or
author. Permission will automatically be given to the publisher of such a volume, subject to the
normal acknowledgement.

It is understood that in some cases copyrights will be held by the contributor's employer. If so,
Hodder Arold requires non-exclusive permission to deal with requests from third parties, on the
understanding that any requests it receives will be handled in accordance with paragraph 3.
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APPENDIX 4: LIST OF STUDY MEASURES
Tests and indices of impairment

- Box and Block Test (BBT)

- Canadian Neurological Scale (CNS)

- Chedoke McMaster Stroke Assessment Impairment Inventory

- Grip Strength

- Nine Hole Peg Test (NHPT)

- Rankin Index

- Upper Extremity Subscale of The STroke REhabilitation Assessment of Movement
(STREAM)

Tésts and indices of activity limitation (capacity)

- Frenchay Arm Test

- Test Evaluant la Performance des Membres Supérieurs des Personnes Agées (TEMPA)

Indices of the Amount of Use of the Upper Extremity

- Barthel Index |

- Older Americans Resources and Services Scale-Instrumental Activities of Daily Living
(OARS-IADL)

- Preference Based Stroke Index (PBSI)

- Reintegration to Normal Living Index (RNL)

Indices of Health-Related Quality of Life

- EUROQOL EQ-5D

- Health Utility Index

- Medical Outcomes Study 36-Item Short form Questionnaire (SF-36)

- Stroke Impact Scale (SIS)
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The Box and Block Test

Instructions/Data Sheet

The evaluator is sitting in front of the subject. The subject is permitted to have a trial
period of 15 seconds. At the signal, the subject is asked to take the blocks, one by one,
from the compartment on the side of the hand being evaluated, take them to the other side
of the box and release them. Start the test with the dominant hand. Count the number of
blocks transferred in 60 seconds.

If the subject picks up two blocks at a time, they are counted as one. If the block is
dropped on the table or floor after it is carried across the box, it is still counted but if it is
tossed across without the fingertips crossing the partition, it will not be counted.

Number of blocks in 60 seconds - right hand

Number of blocks in 60 seconds - left hand
Le Test «Box and Block»

Instructions / Formulaire des données

L’évaluateur est assis en face du sujet. Le sujet a droit & une période d’essai de 15
secondes. Au signal, le sujet doit prendre les blocs, un par un, d’un compartiment situé
du c6té de la main évaluée, les transporter et les relicher dans 1’autre compartiment.
Commencez le test avec la main dominante. Comptez le nombre de blocs transféré dans
un délai de 60 secondes.

Si le sujet prends deux blocs 3 la fois, ils ne compterons que pour un. Si le sujet échappe
un bloc sur la table ou par terre aprés 1’avoir traverser le 1’autre coté de la boite, il sera

compté mais si le bloc est lancez sans avoir les bouts des doigts ait traversé la séparation
du milieu, il ne sera pas compté.

Nombre de blocs en 60 secondes — main droite

Nombre de blocs en 60 secondes — main gauche
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The Canadian Neurological Scale

Section A - Mentation

1) Level of Consciousness

Alert: Normal consciousness. A

Drowsy: Patient, when stimulated verbally, remains awake and alert for a short period of
time but tends to doze even when examined.

2) Orientation

Oriented: Patient is oriented to both place (i.e., city or hospital) and to time (i.e.,
patient must be at least correct within 2 weeks). If early in the month
(i.e., first 3 days), previous month is acceptable. Speech can be
dysarthric (mispronounced or slurred) but intelligible.

Disoriented or }

non-applicable:  If, for any reason, patient cannot answer the preceding questions on
orientation (i.e., does not know answer, gives wrong answer, answers
only partially, cannot express himself either by lack of words or
unintelligible speech or finally ignores questions).

3) Speech (Language and Pronunciation)
a) Receptive Language
Patient is asked: (1) Close your eyes.
(ii) Open your mouth.
(iii) Point to the ceiling,
e Repeat twice if necessary.
o If patient obeys 3 commands, continue to b) Expressive Language.
o If patient obeys only 2 or less commands, score receptive defect in Speech Scale, and
then proceed directly to motor function testing.

b) Expressive Language
¢ Objects needed: pencil, key, watch.
o In this section, pay special attention not only to answer but also to word pronunciation
(i.e., dysarthria or slurred speech).
(i) Ask patient to name each object. Make sure patients see objects.

o If patient names only 2 or less of the objects, patient is scored expressive defect in
Speech Scale.

« [If patient names correctly 3 objects, proceed to (ii) below.
(1i) Ask the patient the following questions: What do you do with a pencil?
What do you do with a key?
What do you do with a watch?
o Ifpatient answers correctly 3 questions, he/she is scored normal speech.

o Ifpatient answers only 2 or less questions, he/she is scored expressive defect in
Speech Scale.
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n.b. The above scoring system relates to language only. Problems with pronunciation of
words (i.e., dysarthria or shurred speech) is graded directly on Speech Scale below.

e Patient should always be scored according to worst speech deficit (i.e., language score or
mispronunciation).
¢. Do not mimic commands in Section a) on Receptive Language.

Speech Scale

Normal Speech: ~ Answers all commands and questions in speech section; patient can
have slurred speech (dysarthria) but still intelligible.

Expressive Patient obeys command in receptive language section but makes one

Defect: or more errors in section on expressive language and/or

mispronunciation of words (slurred speech), with speech totally or
partially non-intelligible (severe dysarthria).

Receptive Defect:  Patient obeys only 2 or less commands in section on receptive
language.

Section A1 — Motor, No Receptive Deficit

This section to be used if patient does not have comprehension problems (i.e., normal speech
or expressive defect only).

Motor Function

When evaluating strength and range of motion in limbs, always submit both limbs to same
testing (i.e., apply same resistance at same position bilaterally).

4) Face
Test: Ask patient to show teeth or gums.
No weakness: Symmetrical grin, no asymmetry in smile.
Weakness: Facial asymmetry. One comer of mouth lower than other, either at rest or
while showing teeth.

5) Upper Limb (Proximal)

e Patient should be tested in sitting position if possible. ~Test: Abduction arms (to 90°).

e Ifpatient lying in bed: Test: Elevate arms to
approximately 45° to 90°.

o Strength in both arms tested simultaneously.

¢ Resistance applied at midpoint between shoulder and elbow at all times.

6) Upper Limb (Distal) :
o Patient tested in sitting or lying position, arms elevated.
"~ Test: Patient asked to make fists and to extend wrists.

e Compare range of movement in both wrists simultaneously.
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e If full range of extension in both wrists, proceed to test strength by applying resistance
separately to both fists while stabilizing patient’s arm firmly.
7) Lower Limb (Proximal)

Test: Hip flexion — Ask patient to flex thighs toward trunk with knees flexed at 90°.
Movement in both thighs tested separately.

8) Lower Limb (Distal)
Test: Dorsiflexion foot — Ask patient to point toes and foot upward. Compare both
feet simultaneously (i.e., complete or partial movement).

In both 7) and 8): Patient lying in bed for testing should always be scored according
to worst deficit.
Apply resistance alternately to each thigh and foot after the full
movement has been ’
leted to test strength.
- For sections 5) through 8):
No weakness: No detectable weakness.
Mild weakness: Normal range of motion against gravity, but succumbs to resistance
by observer either partially or totally.
Significant Cannot completely overcome gravity in range of motion (i.e.,
weakness: partial movement).
Total weakness: Absence of motion in movement tested or only contraction of

muscles without actual movement of limb.

Section A2 — Motor, Receptive Deficit
This section to be used for patients with comprehens1on problems (i.e., receptive defect in
Speech Scale).

Motor function in this section can be monitored in one of two ways:
(1) The ability of the patient to maintain a fixed posture in upper or lower limbs for a few
seconds (3 — 5 seconds). The observer will alternately place the limbs in the desired
position.

Upper Limbs: ~ Place arms outstretched at 90° in front of patient.

Lower Limbs:  Flexion of thighs with knees flexed at 90°.

Facial Power:  Have patient mimic your own grin. If patient does not cooperate

then one proceeds to:

(ii) Comparison of motor response to a noxious stimuli (i.e., pressure on nailbed of fingers or
toes alternately with a pencil). Facial response (grimacing) to pain is tested by applying
pressure on sternum.

4) Face (grimacing)

Symmetrical
Asymmetrical (note side)
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5) Upper Limbs

Equal motor response: Patient can maintain the fixed posture equally in both upper
limbs for a few seconds or withdraws equally on both sides to
pain.

Unequal motor response: ~ Patient cannot maintain equally on both sides the fixed
posture, weakness is noted on one side or there is an unequal
withdrawal to pain. Note side where withdrawal not as brisk.

6) Lower Limbs

Equal motor response: Patient can maintain the fixed posture equally in both lower
limbs for a few seconds or withdraws equally on both sides to
pain.

Unequal motor response:  Patient cannot maintain equally on both sides the fixed
posture, weakness is noted on one side or there is an unequal
withdrawal to pain. Note side where withdrawal not as brisk.
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Chedoke-McMaster Stroke Assessment
SCORE FORM Page1of4

IMPAIRMENT INVENTORY: SHOULDER PAIN AND POSTURAL CONTROL

SHOULDER PAIN

1 l:l constant, severe arm and shoulder pain
with pain pathology in mare than just the
shoulder

2 E._.] intermittent, severs grm and shoulder
pain with pain pathology in more than
Just the shoulder

1 E:] constant shoulder pain with pain
pathology in just the shoulder

4 [T intormitent shoulder pain with pain
pathology in just the shoulder

§ E:I shoulbder pain is noted during testing, but
the functional activities that the clicnt
normally performs are ot affected by
the pain

& [:j no shoulder pain, but as least one
prognostic indicator is present
* Arm Stage L or 2
+ Scapula malaligned
* Loss of range of shoulder movt
- flexion/abduction < 90°
or exiernal rotation < 60°

7 E:] shoulder pain and peogoostic indicstors
are absent

(] SraGE OF SHOULDER PAIN

POSTURAL CONTROL: Start at Stage 4. Starting position is indicated
beside the item or underlined. Mo support is permitied,

Place an X in the box of cach task that is acconplished. Scorc the highest
Stage in which the client achieves at least twa Xz,

2 Supine
Side lying
Sit

3 Supine
Sit
Stand

4 Supine
Sit
Sit

5 Sit
Sit
Stand

681t

Stamd
Stand

7 Stand
Stand
Stand

U oo m

-

[ 000 000 000 000

POSTURAL CONTROL
not yot Stage 2

facilitated log roll to side lying
resistance to trunk rotation
static righting with facilitation
Tog roll to side lying

move forward and backward
remain upright 5 sec

sepmental rolling to side lying

static righting

stand

dynamic righting side to side, feet on floor
stynd with cqual weight bearing

step forward onto weak foot, transfer weipht

dynamie tighting backward and sideways with

displacernent, feet off floor

on weak leg, 5 seconds D s
sideways braiding 2 m

on wegk Jep: sbduction of sirong leg
tandémn walking 2 min 5 sec
walk ontoes 2 m

STAGE OF POSTURAL CONTROL

COPY FREELY - DO NOT CHANGE
Copyright 1994 Chedoke-McMaster Stroke Assesstment, Hamilton, ON
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Chedoke-McMaster Stroke Assessment
SCORE FORM page2of4

IMPAIRMENT INVENTORY: STAGE OF RECOVERY OF ARM AND HAND

ARM and HAND: Start at Stage 3. Starting position: sitting with forearm in lap in a neutral position, wrist at 0° and fingers slightly
flexed. Changes from this pasition are indicated by underfining. Place-an X in the box of each task accomplished. Score the highest

Stage in which the client achieves at least two Xs.

1 [_—_.] not yet Stage 2 I E:j ntﬁyetSmgeZ
2 E:] pesistance to passive shoulder abduction or efbow 2 [: positive Hoffiman
eXicTsIon | resistance bo passive wrist or finger exiension
L] acititated emow extension [T sacititated finger Aexion
facilitated elbow flexion
3 [::Ifmwhapposimm k) [:3 wrist extension > ' range
l::] touch chin fingex'wrist flexion > % range
sbm.lldprshmgging>'f§mnge sopination. thumb in extension dlmd)toindcxﬁnget
4 E:I cxtension synergy, then flexion synergy 4 :] finger extension, then flexion
| shoulder flexion to 90° thumb extension > ¥ range, then lateral prehension
[ etbow at side, 90° flexion: supination, ther 1 finger flexion with Iateral prehension
provation
5 :.l flexion synergy, then cxtension synergy 5 ‘ finger flexion, then oxtension
shoulder abduction to 907 with pronation I propation: finger abduction
ghoulder flexion o 90°: prouation then supination E: hand unsupparted: opposition of dmmb to little Ginger
6 Dhmﬂﬁumkmhfnwhm&SxinSsm 6 [:;mﬁm:upindaxﬁngermxinSSw
shoulder flexion to 90°: trace a figure 8 L] pistol grip: pull trigger, then veturn
I:] arm.essting at side of body: raise arm o :] pronation; wrist and finger exteasion with finger
with full supimation ‘ abduction
7 [ clap hands overhead, thenbehind back 3 xinSscc 7 L] thumb to finger fips, then reverse 3 x in 12 se
shoulder flexion 10 90 scissor in ffont Ixin § sec haunce a ball 4 times in succession, then catch
(] ctbow ot side, 90° fexion: resisted showkder external pour 250 ml. from 1 litre pitcher, then reverse
rotation
[T sraceorarm []  sraceornanp
COPY FREELY - DONOT CHANGE

Copyright 1994 Chedoke-McMaster Stroke Assessment, Hamilton, ON
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Chedoke-McMaster Stroke Assessment
SCORE FORM rageiof 4
IMPAIRMENT INVENTORY: STAGE OF RECOVERY OF LEG AND FOOT
LEG: Start at Stage 4 with the clicat in crock lying. FOOT: Start at Stage 3 with the client in supine. Test position is beside the it
arunderlined. If not indicated, the position has not changed, Place an X in the box of each task scoomplished. Score the highest

in which the client achieves at least two Xs. For "standing” test iterns, Hight support may be provided but weight bearing through
hand is not allowed, Shoes and socks off.

2 Crook
lying

4 Sit

5 Crook
lying
Sit

6 Sit

Stand

LEG
L] ot yet Stage 2

resistance to passive hip or knee flexion
facilitated hip flexion
favilitated extension

abduction: addoction to newtrat
hip flexion to 90°
full extension

hip flexion to 90" then extension synergy
bridging hip with equal weighthearing
knee flexion beyond 1007

cxtension syncrgy, then flexion synergy

raise thigh off bed
hip extension with knee flexion

Tift foot off floor S x in § sec.
full range intornal rotation
trace a pattem: forward, side, back, vefumn

wisspporied: rapid high sicpping
1Gxin 5 sec
unsupponted: (race a pattern quickly;
forward, side, back, reverse

000 oo o0 000 OO0 Ooo

STAGE OF LEG

on weak leg with support: hop on weak leg

2 Crook
lying

3 Rupine
Sic

FOOT
[ ot yot Stage 2
: mesistance to passive dorsiflexion

[ facilitated dorsiflexion oe toe xtension
[ eacititated plantartiexion

:] planterflexion > % range
D sarne dorsiflexion
extension of toes

E:] OIS EVeTsion
D inversion
[ 1cgs crossed: dorsificxion, thon plantarfk

[ it it e et e
plaarflexion, then dorsiflexion
I ‘Mﬁm—' s eversion

] beel on fioor: tap foot 5:x in 5 sec
: foot off floor: foot circuraduction
knee straight, heel off floor: eversion

[ heet touching forward, then toc touching
behind, repeat S x in 10 sec

U1 foot off flogr; circumduction quickly, rev

"] up on toes, then back on heels 5 x

STAGE OF FOOT

COPY FREELY - DO NOT CHANGE
Copyright 1994 Chiedoke-MchMaster Stroke Assessment, Hamilton, ON
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Chedoke-McMaster Stroke Assessment

SCORE FORM Page 4 of4

DISABILITY INVENTORY

NO
HELPER

SCORING LEVELS
Independence
7 Complete Independence {Timcly, Safcly)
B Modified Independence {Deviee)

HELPER

Madified Dependence
5 Supervision
4 Minimal Assist (Client = 75%)
3 Moderate Assist (Client = S0%)
Complete Dependence
2 Maximal Assist (Client = 25%)
1 Total Assist (Client = 0%)

—
.

B o m W

T S S S
R DR =B

Walking aids:

walker

4 poimt cane
1 point cane
brace

OO0

Suping to side lying on strong side

SBupine to side lying on week side

Side lying to long sitting through strong cide

Side lying to sitting on side of the bed throuph strong side

Side lying to sitting on side of the bed through the weak side
Remain standing

Transfer to and from bed towards swong side

Transfer 1o and from bed towards weak side

Trapsfer up and down from floor and chair

Transfer up and down from floor and standing

Walk indoors - 25 meters

Walk outdoors, over rough ground, rarops, and curbs - 150 metors
Walk outdoors several blocks « 900 mcters

Walk up and down stairs

Age appropriate walking distence for 2 minates (2 Point Bonus)

Distance D meters Total Score

To scare Bonus:
for pge loss than 70 years distance must be > 95 meters or greater
for age 70 years or greater distance must be > 85 meters or greater

COPY FREELY - DO NOT CHANGE
Copyright 1994 Chedoke-MeMaster Stroke Assessment, Hamilton, ON
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Grip Strength

Instructions / Data Sheets

Subjects are seated on a standard height chair without armrests with their elbow at 90
degrees. Three grip strength measures of each hand are taken using the Jamar
dynamometer. The highest score will be retained.

Righthand: 1) Left hand: 1)
2 2)
3) 3)

Force de Préhension
Instructions / Formulaire des données

Le sujet est assis sur une chaise de hauteur standard, sans appui-bras. Le coude est
placé a 90 degrés. Trois mesure de chaque mains sont prises avec un dynamométre
Jamar. La mesure la plus haute sera retenue.

Main droite: 1) Main gauche: 1)
) 2)
3) 3)
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Nine-Hole Peg Test

The board is placed in front of the subject. The dowels are placed beside the board on the
side of the hand being evaluated. At the signal, the subject takes the 9 dowels, one by
one, and places them in the holes. Once they are all in place, the subject takes them out,
one by one, and puts them back on the table beside the board. The task is timed.

Time seconds

Le Test «Nine-Hole Peg»

La planchette de bois est placée en face du sujet; les chevilles de bois sont dans un
contenant adjacent a la planchette de bois (du c6té de la main évaluée). Au signal, le
sujet doit prendre les 9 cheville (une a la fois), les placer dans les trous de la planchette
puis les retirer (une 3 la fois) et les remettre dans le contenant. Chronométrez la tiche.

Temps secondes
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The Rankin Index

Grade Description

0 No symptoms at all

1 - No significant disability; despite symptoms; able to carry out all usual duties and
activities

2 Slight disability; unable to carry out all previous activities but able to look after
won affairs without assistance

3 Moderate disability; requiring some help, but able to walk without assistance

4 Moderately severe disability; unable to walk without assistance and unable to
attend to own bodily needs without assistance

5 Severe disability; bedridden, incontinent and requiring constant nursing care and
attention
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STroke Rehabilitation Assessment of Movement

Data Sheet
Name: Date:
Hospital#:

‘Score | SUPINE
2 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 2. Extends elbow in supine (starting with elbow fully flexed)

“Lift your hands toward 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 1c)

12 3. Flexes hip and knee in supine (attains half crook lying)
“Bend your hip and knee so that your foot rests flat on the bed.”
/3 4. Rolls onto side (starting from supine)

“Roll onto your side.”
Note: May roll onto either side; pulling with arms to turn over = aid
(score 2).
/3 5. Raises hips off bed in crook lying position (bridging)
“Lift your hips as high as you can.”
Note: Therapist must stabilize foot, but if knee pushes strongly enough
into extension with bridging = marked deviation (score 1a or 1c); if
requires aid (external or from therapist) to maintain knees in midline =
aid (score 2).
3 6. Moves from lying supine to sitting (with feet on the floor)
“Sit up and place your feet on the floor.”
Note: may sit up to either side using any functional and safe method;
longer than 20 seconds = marked deviation (score 1a or 1c); pulling up
using bed rail or edge of plinth = aid (score 2).
SITTING (feet supported; hands resting on pillow on lap for items 7-14)
2 7. Shrugs shoulders (scapular elevation)
“Shrug your shoulders as high as you can.’
Note: Both shoulders are shrugged simultaneously.
2 8. Raises hand to touch top of head
“Raise your hand to touch the top of your head.”

»
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12

9.

Places hand on sacrum

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

12

10.

Raises arm overhead to fullest elevation

“Reach your hand as high as you can towards the ceiling.”

{2

11.

“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.”

Supinates and pronates forearm (elbow flexed at 90°)

Note: Movement in one direction only = partial movement (score 1a or
1b).

12

12.
“Make a fist, keeping your thumb on the outside.”

Closes hand from fully opened position

Note: Must extend wrist slightly (wrist cocked) to obtain full marks.

12

13.

Opens hand from fully closed position

“Now open your hand all the way.”

12

14.

Opposes thumb to index finger (tip to tip)

2

“Make a circle with your thumb and index f inger.

2

15.

Flexes hip in sitting

“Lift your knee as high as you can.”

n

16.

Extends knee in sitting

“Straighten your knee by lifting your foot up.”

12

17.

Flexes knee in sitting

“Slide your foot back as far as you can.”Note: Start Wlth affected foot
forward (heel in line with toes of other foot).

12

18.

Dorsiflexes ankle in sitting

“Keep your heel on the ground and lift your toes off the floor as far as
you can.”

12

19.

Plantarflexes ankle in sitting

“Keep your toes on the ground and lift your heel off the floor as far as
you can.”

12

20.
“Straighten your knee as you bring your toes towards you.”

Extends knee and dorsiflexes ankle in sitting

Note: Extension of the knee without dorsiflexion of ankle = part1a1
movement (score 1a or 1b).

3

21.
“Stand up; try 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 excessive flexion or extension of
the affected knee = marked deviation (score 1a or 1c).

Rises to standing from sitting
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/3

STANDING
22. Maintains standing for 20 counts

“Stand on the spot while I count to 20.”

2

STANDING (holding onto a stable support to assist balance for items 23-
25) '
23. Abducts affected hip with knee extended

“Keep your knee straight and your hips level, and raise your leg to the
side.”

/2

24. Flexes affected knee with hip extended

“Keep your hip straight, bend your knee back and bring your heel
towards your bottom."”

12

25. Dorsiflexes affected ankle with knee extended

“Keep your heel on the ground and lift your toes off the floor as far as
you can.” -

/3

Standing and Walking Activities

26. Places affected foot onto first step (or stool 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).

/3

27. Takes 3 steps backwards (one and a half gait cycles)

“Take 3 average sized steps backwards, placing one foot behind the
other.”

/3

28. Takes 3 steps sideways to affected side

“Take 3 average sized steps sideways towards your weak side.”

3

29. Walks 10 meters indoors (on smooth, obstacle free surface)
“Walk in a straight line over to ... (a specified point 10 meters away).”

Note: orthotic = aid (score 2); longer than 20 seconds = marked deviation
(score 1c¢).

3

30. Walks down 3 stairs alternating feet

“Walk down 3 stairs; place only one foot at a time on each step if you can.”Note:
handrail = aid (score 2); non-alternating feet = marked deviation (score 1a or
1c).
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Frenchay Arm Test

This test consists of five pass/fail tasks. One point is given for each task completed
successfully. The subject begins each task by sitting at a table with their hands on
their lap and is asked to use the affected arm/hand to:

1. Stabilize a ruler, while drawing a line with a pencil held in the other hand. To pass,
the ruler must be held firmly.

2. Grasp a cylinder (12 mm diameter, 5 cm long), set it on its side approximately 15 cm
from the table edge, lift it about to 30 cm and replace it without dropping it.

3. Pick up a glass of water (half-full) positioned about 15 to 30 ¢cm from the edge of a
table, drink some water and replace it without spilling any water.

4. Remove and replace a spring clothes peg from a 10 mm diameter dowel (15 cm long
set in a 10 cm base, 15 to 30 cm from table edge) without dropping the peg or knock
dowel over.

5. Comb hair (or imitate) across top, down the back and down each side of their head.

Total score
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Test D’Evaluation Des Membres Supérieurs Chez
Les Personnes Agées (TEMPA)

Examiner-Subject Positioning

The person being evaluated sits on a chair or armchair of standard height (44 cm * 2.5
cm) or in her own wheelchair facing a table of regular height (76 cm + 2.5), representing
a normal, everyday situation. The therapist, with the score sheet and stopwatch in hand,

sits beside the table at an angle of 90° to the subject. The equipment to be used is within
reach.

Before each task, the subject puts her hands on the edge of the table waiting until the
therapist gives the signal to begin. The stopwatch is started as soon as the subject’s
hands leave the table (nof on the word “Go”).

Equipment: Test material, table, chair, stopwatch, Jamar dynamometer.

General Instructions: For the therapist...

Each task is preceded by specific instructions and a demonstration. Encourage the subj ect
to perform a trial to ensure that the task is fully understood. For unilateral tasks, do the
trial using the better side.

When the subject suffers from visual impairments, ensure that glasses are worn.

Unilateral tasks begin on the dominant or more functional side when there is a unilateral
impairment.

Complete the upper part of the score sheet (name, age, main diagnosis, presence of visual
impairments, dominance, wearing of corrective lenses, perceptual or cognitive
impairment). Evaluate and record the overall passive range of motions of the upper
extremities. All the tasks must be performed in the order in which they appear on the
score sheet. Record scores at the end of each task, and note any specific scoring details in
the “comments” column.

For the person being evaluated...
The therapist will say the following:

“I want to evaluate how you use your arms in some daily activities. I am going to ask you
to do a few tasks and, before each task, I will demonstrate it to you. Before doing each
task, you will have a chance to practice. I am going to time how long it takes you to do
each task and, at the same time, I will be watching to see how you do it. I can help you if

you need assistance. After each task, I will take a few seconds to write my observations
on my sheet.”

“Some of the activities must be done twice, once with the right hand and once with the
left. The other tasks will be done using both hands together if you can do this. Finally, I
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will measure the sfrength of your hand and your muscular endurance with this
instrument.”

“Do you have any questions?”

Description of the Tasks

Numbers on the shelves indicate the exact position for placing the test material for each
task. When in doubt, record the lower score being considered for a task.

1. Pick up and move a jar (unilateral task)

Instructions

“With your right (or left) hand, pick up this jar and put it down here, right in the
middle of the shelf.”

“You may practice if you wish.”

“Are you ready?”

“Keep your hands on the edge of the table until I say go.”

“Go.”

“Do the same thing with the other hand.”
Les consignes

“Prenez avec votre main droite (ou gauche) le pot placé ici et venez le porter & cet
endroit, juste au centre du plateau.”

“Vous pouvez pratiquer.”

“Btes-vous pret"”

“Gardez vos mains sur le bord de la table j jusqu’a mon signal.”

“Allez-y” ou “Quand vous étes prét, vous pouvez y aller”.

“Refaites 1a méme chose avec I’autre main.”
2. Open a jar and remove a spoonful of coffee (bilateral task)
Instructions

“Using whichever hand you prefer, pick up the jar of coffee that is here and open it.
Then take the spoon that is in the cup and remove a spoonful of coffee. Put the
spoonful of coffee into the cup, close the jar and put it back in its original place.”
“You may practice if you wish.”

“Are you ready?”

“Keep your hands on the edge of the table until I say go.”

“Go.”

Les consignes

“Prenez le pot de café qui est ici, avec la main que vous désirez. Vous devez I’ouvrir
puis saisir la cuillére placée dans la tasse pour prendre une cuillerée de café. Vous
devez ensuite verser cette cuillerée de café dans la tasse puis refermer le pot et le
remettre a sa place.”

“Vous pouvez pratiquer.”

“Etes-vous prét?”
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“Gardez vos mains sur le bord de la table jusqu’a mon signal.”
“Allez-y” ou “Quand vous é&tes prét, vous pouvez y aller”.

Note: After the task is completed, the therapist puts the coffee back in the jar.

Scoring

Both upper limbs are scored at the same time. One of limbs acts mainly and almost
exclusively as a stabilizer. Record the better performance. The loss of function of
the upper limb will be determined in the unilateral tasks.

3. Pick up a pitcher and pour water into a glass (unilateral task)

Note: Fill pitcher with 400 mL water. Place pitcher with the handle towards the right
for right hand performance and towards the left for left hand performance. The glass
is located on the side of the performing hand.

Instructions

“With this hand, pick up this pitcher that has been filled with water and fill this glass
about three-quarters full. Then put the pitcher on the table, pick up the glass and
touch your chin with it. Then put the glass back on the table.”

“You may practice if you wish.”

“Are you ready?”

“Go.”

“Do the same thing with the other hand.”
Les consignes

“Prenez ce pichet rempli d’eau avec cette main et remplissez ce verre aux trois quarts
environ. Ensuite, vous déposez le pichet sur la table, prenez le verre et vous le portez
a votre menton. Puis vous remettez le verre sur la table.”

“Vous pouvez pratiquer.” '

“Etes-vous prét?” ‘

“Gardez vos mains sur le bord de la table jusqu’a mon signal.”

“Allez-y” ou “Quand vous étes prét, vous pouvez y aller”.

“Refaites la méme chose avec 1’autre main.”
4. Unlock a lock and open a pill container (bilateral task)

Note: The key notches are oriented to the same side as the dominant hand, this
facilitates handling the key and opening the lock. The therapist requests that the key
be grasped with a lateral pinch, thumb on top.

Instructions

“Pick up this key like this and open the cabinet like this, leaving the key in the lock.
Pick up the pill container, open it, take out two pills and put them on the table. Then
close the container and put it on the table.”

“You may practice if you wish.”

“Are you ready?”

“Go.”
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Les consignes

“Prenez cet clé comme ceci et ouvrez 1’armoire de cette fagon, laissez la clé dans la
serrure et prenez le pot de pilules. Ouvrez-le et retirez deux comprimés que vous

déposez sur la table ol vous voulez. Puis, vous refermez le contenant et le placez
aussi sur la table.”

“Vous pouvez pratiquer.”

“Btes-vous pret"” :

“Gardez vos mains sur le bord de la table jusqu’a mon signal.”
“Allez-y” ou “Quand vous &tes prét, vous pouvez y aller”.

Scoring

The cabinet on the upper shelf is removable. If the subject cannot reach it for any
reason, the therapist can pull the cabinet out of its space and move it to the level of
the lower shelf. This allows other aspects of the task to be evaluated. However, the
subject will obtain a -2 on the functional rating.

5. Write on an envelope and stick a stamp on it (bilateral task)

Note: The subject may move the envelope to be more comfortable while writing. If
the subject is illiterate, substitute their name for ‘Bell Canada’.

Instructions

“Pick up this pen and write the words ‘Bell Canada’ in the middle of this envelope.
Then take this stamp and stick it in the right-hand corner.”

“You may practice on a sheet of paper or begin right away on the envelope.”
“Are you ready?”
“Go.,’

Les consignes

“Prenez ce crayon et écrivez au centre de cette enveloppe les mots “Bell Canada”
Par la suite, vous prenez ce timbre et vous le collez dans le coin habituel.”

“Vous pouvez pratiquer sur une feuille ou y aller directement sur I’enveloppe.”
“Btes-vous pret'?”

“Gardez vos mains sur le bord de la table jusqu’a mon signal.”
“Allez-y” ou “Quand vous étes prét, vous pouvez y aller”.

Scoring

If you must stabilize the envelope while the subject is writing, a functional rating of -
2 is obtained. If the subject is aphasic and cannot write but can do the rest of the
task, a functional rating of -2 is also obtained.

6. Tie a scarf around one’s neck (bilateral task)

Note: A dark blue scarf is folded in eight and centered on the lower shelf with the
fringe on the left. The subject picks it up, unfolds it, wraps it around the neck and
ties a simple knot. The neck must not bend during the task. The objective is that the
task be performed using both upper limbs as symmetrically as possible.
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Inustructions

“Pick up the scarf, unfold it, put it around your neck and then tie it using a simple
knot. Try to keep your head as soon as possible while you are doing it.”

“You may practice if you wish.”

“Are you ready?”

“Go.”

Les consignes

“Prenez ce foulard, dépliez-le et mettez-le autour de votre cou, et attachez-le en

faisant un simple noeud. Essayez de faire le tout en gardant la téte la plus droite
possible.”

“Vous pouvez pratiquer.”

“Etes-vous prét?”

“Gardez vos mains sur le bord de la table jusqu’a mon signal.”
“Allez-y” ou “Quand vous étes prét, vous pouvez y aller”.

Scoring

» The functional rating is evaluated for the overall task. On the other hand, the Task
Analysis dimensions are scored individually because of the symmetrical nature of
the task.

» Refer to the section ‘Scoring-specific cases’ as needed.

« It is acceptable for the subject to bend the neck in a normal way.

7. Shuffle and deal playing cards (bilateral task)

Note: The subject picks up the cards one by one sliding them to the edge of the table
(as is normally done when playing cards).

Instructions

“Pick up this deck of cards and remove the rubber band. Shuffle three times, like
this, and deal five cards in front of you. Then put down the rest of the deck and pick
up the five cards one by one.”

“You may practice if you wish.”

“Are you ready.”

“G 0"9

Les consignes

“Prenez ce paquet de cartes et enlevez-en 1’élastique. Coupez le paquet trois fois
comme ceci et passez cing cartes en avant de vous. Déposez ensuite le reste du
paquet et ramassez les cinq cartes une par une.”

“Vous pouvez pratiquer.”

“Btes-vous prét?”

“Gardez vos mains sur le bord de la table jusqu’a mon signal.”

“Allez-y” ou “Quand vous étes prét, vous pouvez y aller”.
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8. Handle coins (unilateral tasks)

Note: The coins are stacked from the smallest to the largest (the largest on top) on.the
lower shelf in the identified location. As explained in task no. 4, the cabinet in the
upper shelf is removable. Therefore, if the subject cannot reach the slot to insert the
coins, the therapist may remove the cabinet.

Instructions

“Using this hand, pick up these coins one by one beginning with the dollar and put
them in this slot here.”

“You may practice if you wish.”

“Are you ready?”

“Go.”

Les consignes

“Prenez une par une ces piéces de monnaie avec cette main en commengant avec le
dollar et mettez-les dans la fente ici.”

“Vous pouvez pratiquer.”

“Etes-vous prét?”

“Gardez vos mains sur le bord de la table jusqu’a mon signal.”

“Allez-y” ou “Quand vous étes prét, vous pouvez y aller”.

“Refaites la méme chose avec I’autre main.”
9. Pick up and move small objects (unilateral tasks)

Instructions

“Pick up these objects one at a time with this hand and put them in the dish.”
“You may practice if you wish.”

“Are you ready?”

GGGO.”

“Do the same thing with the other hand.”
Les consignes

“Prenez ces objets un par un avec cette main et mettez-les dans le pot.”
“Vous pouvez pratiquer.”

“Etes-vous prét?”

“Gardez vos mains sur le bord de la table jusqu’a mon signal.”
“Allez-y” ou “Quand vous étes prét, vous pouvez y aller”.

“Refaites la méme chose avec I’autre main.”

Materials

A glass dish, a safety pin, a flat toothpick, a black button, a bolt, a nail.
Scoring

All the objects must have been picked up, carried and p\it in the dish to obtain a score
of 0 or -1 on the functional rating.
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Grip Strength
Subject’s Position

The subject sits_. on a ehair Without armrests and holds the Jamar dynamometer in hand;
the evaluator supports the dynamometer slightly from beneath.

Upper Limb Position

Shoulder in adduction, neutral rotation, elbow bent at 90° and forearm in a neutral
position. The wrist is slightly extended (0° to 30°). The handle of the dynamometer is on
the second position.

Procedure

The subject must squeeze the handle of the Jamar dynamometer as hard as possible. The
therapist gives as much verbal encouragement as desired. Three measurements are taken
on each side, alternating right and left and starting with the dominant side, with a rest of
about 20 seconds between two measurements on the same side.

Instructions

“I am going to measure the strength of your hands. I am going to measure each hand
three times.” '

“I want you to hold the handle like this and squeeze as hard as you can.”
“Are you ready? Squeeze as hard as you can.”
“Harder!... Harder!... Relax.”

Les consignes

“Je vais maintenant mesurer la force de vos mains. Je vais prendre trois mesures de
chaque main.”

“Prenez cet appareil dans votre main comme ceci et mettez votre bras dans cette position.
Je vais soutenir légérement I’appareil.”

“A mon signal, vous serrez la poignée le plus fort que vous pouvez.”

“Plus fort!... Plus fort!... Arrétez.”.

The same is said for the other hand. Repeat the same procedure two more times.
Scoring

The results for each hand are recorded on the score sheet (in kg) and the average of the
three measurements is calculated.
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Relative Isometric Muscular Endurance

Relative isometric endurance may be defined as the subject’s ability to maintain a force
equivalent to 50% of maximum strength over a certain length of time.

Materials
A Jamar dynamometer, a stopwatch.
Subject’s Position

The subject sits on a chair without armrests and holds the Jamar dynamometer in hand,
with the evaluator supporting the dynamometer slightly.

Upper Limb Position

Shoulder is in adduction, neutral rotation, elbow bent at 90° and forearm in a neutral
position. The wrist is slightly extended (0° to 30°).

Procedure

The average value obtained when measuring the prehension strength of each hand with
the Jamar dynamometer is divided by two. The subject is asked to reach the resulting

value and maintain it for as long as possible; the procedure is repeated with the other
hand.

Instructions

“I want to measure the muscular endurance in your hands. Hold this instrument. I am
going to ask you to squeeze the handle gently until the needle on the dial reaches a value
that corresponds to half your strength. I want you to maintain this position as long as
possible. I am going to time you.”

Les consignes

“Je désire mesurer I’endurance des muscles de vos mains. Prenez cet appareil. Je vais
vous demander de serrer doucement la poignée pour amener ’aiguille du cadran a une
valeur qui correspond & la moitié de votre force. Je désire que vous mainteniez cette
position le plus longtemps possible. Je vais chronométrer ce temps.”

Scoring

« The length of time the force the maintained is timed with the stopwatch.

« Start with the dominant or better hand.

o The therapist must give the subject regular instructions (e.g. a little harder, not so
hard) about the force he/she must maintain (Note: the subject cannot see the dial
because of the design of the instrument).

"o The therapist stops the stopwatch when, in spit of encouragement, the needle on the
dial falls to less than 10% of the desired force or when the subject suddenly stops
trying,.

« The opposite end of the movable needle can be used as a guide by placing it at the
required value.

o The test is repeated with the other hand.
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Task Scoring System

During or immediately upon completion of each task, the therapist scores the
performance obtained according to three measurement criteria: speed of execution,
functional rating and task analysis.

Speed of Execution

Each task is timed with s stopwatch to the nearest tenth of a second, beginning as soon as
the subject’s hands leave the table and ending the moment the task is completed.

Functional Rating

The functional rating refers to the subject’s independence in each of the tasks; it is
measured using a four-level scale:

Score Scale
0 The task is successfully completed, without hesitation or difficulty, as
instructed or demonstrated.
-1 The task is executed completely, but with some hesitation or difficulty.
-2 The task is partially executed (more than 25%) or certain steps are executed

with major difficulties necessitating repeated efforts. Part of the task may
have had to be modified or needed assistance to make it achievable.

-3 The task cannot be performed to more than 25%.
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Task Analysis:
1) Active Range of Motion

The subject’s ability to reach the material and execute the movements required by the
task; the quality of the movement is not taken into consideration.

Score

Scale

2) Strength

All the ranges required by the task are present.
_Certain parts of the task are difficult or compensated for because of a partial

limitation in the active range of motion.

Certain ranges of motions are very limited making it impossible to reach the
material or execute part of the task.

The majority of ranges are necessary to perform the task are very restricted,
substantially compromising the accomplishment of the task.

The subject’s ability to use the “task heavy” material (offering resistance other than
gravity) without compensatory movements.

Score

Scale

The strength of the upper extremity(ies) is sufficient to do the task as
described (at least against gravity and the resistance of the object).

The strength of the upper extremity(ies) is diminished, contributing to the
emergence of some compensatory movements.

The strength of the upper extremity(ies) is greatly diminished and the loss
cannot be easily compensated for by substitution movements.

The strength of the upper extremity(ies) is too diminished to lift the material
making the task impossible to execute or impossible to evaluate because it
proved impossible to handle the material.

3) Precision of Gross Motor Movements

The subject’s ability to execute precise, rapid and appropriate movements with the whole
of the upper limb, excluding the hand.

Score

Scale

The unilateral or bilateral gross movements are precise, rapid and appropriate
to the task.

The gross motor movements are slightly uncoordinated or done slowly.
The gross motor movements are imprecise, poorly directed or very slow.

No precision in the gross motor movements in terms of achieving the task
objectives.

Cannot be evaluated
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4) Prehension

The subject’s ability to take different objects, small or large, with the hand or fingers
using grasping and pinching actions appropriately.

Score

Scale

All the prehension patterns (grasps and pinches) required to perform the task
are executed without apparent difficulty.

All the objects can be grasped in spite of some prehension difficulties.

Certain prehensions are impossible or very difficult and require several
attempts. :

No prehension is possible in the activity.

Cannot be evaluated.

3) Precision of Fine Motor Movements

The subject’s ability to use both hands and fingers to execute precise, rapid movements
that are well directed towards accomplishing the task.

Score

Scale

0

-1

The movements of the hands and fingers are very precise and goal-directed.
Manipulation of the objects is done normally.

The precision of the fine motor movements is diminished or the movements
are slow. Manipulation may be difficult but possible. There may be some
slight trembling.

Distal movements significantly lack precision. Objects are often dropped.
There may be some substantial trembling.

The fine motor movements are very imprecise or are impossible to
accomplish. It becomes impossible to perform the fine motor movements
desired, which are necessary to do the activity.

Cannot be evaluated.

Calculation of Total Scores

When the nine tasks are completed and scored, the therapist adds vertically the scores on
the functional rating as follows: all the scores obtained on the right unilateral tasks (0 to -
12), left unilateral tasks (0 to -12) and bilateral tasks (0 to -15) and then the total of the
scores on all the tasks (unilateral right + unilateral left + bilateral) (0 to -39). In a similar
manner, the same additions are done for the five dimensions in the Task Analysis section.

See the sample score sheet with scores tallied at the end of this section.
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Scoring — Specific Cases

1.

If the task is completed, with or without difficulty, as instructed or demonstrated, the
speed of execution is recorded and each of the other measurement criteria is scored
according to performance.

If a part of the task cannot be done because of some limitation, whatever its nature,
the therapist may give physical help or reduce the degree of difficulty of the task in
such a way as to be able to observe a maximum number of dimensions. The subject
can thus proceed with the task in spite of difficulties. However, the speed of
execution cannot be counted in this instance. The subject will obtain a score of -2 on
the functional rating and the task analysis dimensions will be scored according to the
pre-established scale for each task.

Examples of help given or modifications

steadying the material
reducing the weight of an object (e.g. taking some water out of the pitcher)

reducing the height (e.g. putting the material on the lower shelf instead of the upper
shelf) '

. If there is unequal function of the upper extremities during bilateral tasks (unilateral

paresis), the bilateral tasks are scored according to the functional global performance
of the upper extremities. This type of task normally requires that the less functional
or non dominant upper limb stabilize the material (asymmetrical tasks), except in the
case of task no. 5 (tying a scarf) which is a symmetrical bilateral task.

If the subject uses only one upper extremity in a bilateral task, a maximum score of -
1 on the functional rating is obtained because the task presents some difficulty,
however slight. Regarding the scoring of the dimensions in the Task Analysis
section, you score what you see, namely, the performance of the active upper limb
(the better side). In the left or right corner of the appropriate box, you can put a
check mark to indicate that a single upper limb performed the task. The unilateral
tasks should make it possible to quantify the dimensions for each upper limb
individually, thus showing the non-performance of one of the upper limbs, if such is
the case.

You may give verbal assistance throughout the task.

If the subject obtains -3 on the functional rating, it is often impossible to measure the
dimensions in the Task Analysis section. In such cases, you score -3 on these
dimensions.

If the subject is apraxic and perform movements irrelevant to the task, a maximum of
-1 on the functional rating will be obtained.

Write all pertinent comments in the section provided for this purpose.
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Barthel Index

1. Feeding

10 = Independent. The patient can feed himself a meal from a tray or table when
someone places the food within his reach. He is able to put on an assistive device if
required, cut up his food, use salt and pepper, spread butter, etc. He must be able to
accomplish this in a reasonable time.

5 = Needs some assistance (with the tasks listed above).
0 = The patient can not meet the criteria as defined above.

2. Personal Hygiene _
5 = Independent. The patient can wash his hands and face, comb hair and brush teeth.
Male patients must be able to shave with any kind of razor but must be able to put in
the blade, plug in the razor and get it from the drawer or cabinet by themselves.
Female patients must be able to apply their own make up, if used, but do not need to
be able to braid or style their hair.

0 = Needs some assistance.
0 = The patient can not meet the criteria as defined above.

3. Bathing
5 =Independent. The patient must be able to use a bathtub, a shower or take a
complete sponge bath. He must be able to perform all the steps involved in any one
of these tasks without another person being present.

0 = Needs some assistance.
0 = The patient can not meet the criteria as defined above.

4. Dressing and Undressing
10 = Independent. Patient is able to put on, remove and fasten all clothing and tie
shoe laces (unless it is necessary to use adaptive aids for this). This includes putting
on, removing and fastening corsets or braces when they are prescribed.

5 = Some help is necessary. The patient needs help in putting on, removing or
fastening any clothing. He must do at least half the work himself and accomplish this
within reasonable time. Women need not be scored on the use of a brassiere or girdle
unless these are prescribed garments.

0 = The patient can not meet the criteria as defined above.
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5. Getting On and Off the Toilet
10 = Independent. The patient is able to get on and off the toilet, fasten and unfasten
clothes, prevent soiling of clothes and use toilet paper without help. A wall bar or any
other stable object may be used for support if needed. If a bedpan is used, he must be
able to place it on the chair, empty it and clean it.

5 =Needs some assistance. The patient requires help because of imbalance, in
handling clothes or in using toilet paper.

0 = The patient can not meet the criteria as defined above.

6. Continence of Bowels
10 = Independent. The patient is able to control his bowel and have no accidents. He
can use a suppository or take an enema when necessary.

5 = Needs some assistance. The patient needs help in using a suppository, taking an
enema or has occasional accidents.

0 = The patient can not meet the criteria as defined above.

7. Bladder Control
10 = Independent. The patient is able to control his bladder day and night. Spinal
cord injury patients who wear an external device and a leg bag must be able to put
them on independently, clean and empty the bag and stay dry day and night.

5 = Needs some assistance. The patient has occasional accidents, can not wait for the
bed pan, get to the toilet in time or needs help with an external device.

0 = The patient can not meet the criteria as defined above.

8. Chair / Bed Transfers
15 = Independent. The patient can transfer from a chair to a bed and back again
safely. For those in a wheelchair, the patient can safely approach the bed in his
wheelchair, lock breaks, lift footrests, move safely onto the bed, lie down, come to a
sitting position on the side of the bed, change the position of the wheelchair, if
necessary, to transfer back into it safely.

10 = Needs some assistance. The patient needs to be reminded or supervised for
safety of one or more steps of this activity.

0 = The patient can not meet the criteria as defined above.
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10.

9. Walking on a Level Surface

15 = Independent. The patient can walk at least 50 yards without help or supervision.
He may wear braces or prostheses and use crutches, canes or a walkerette but not a
rolling walker. He must be able to lock and unlock braces if used, assume the standing
position and sit down, get the necessary mechanical aids into position for use and
dispose of them when he sits (putting on and taking off braces is scored under #4.
Dressing and Undressing).

10 = Needs some assistance. The patient needs supervision in any of the above tasks
but can walk at least 50 yards with minimal help.

0 = The patient can not meet the criteria as defined above.

Ascending and Descending Stairs
10 = Independent. The patient is able to go up and down a flight of stairs safely
without help or supervision. He may, and should, use handrails, canes or crutches

when needed. He must be able to carry the cane or crutches as he ascends and
descends the stairs.

5 =Needs some assistance. The patient needs help with or supervision of any one of
the above tasks.

0 = The patient can not meet the criteria as defined above.

11. Propelling a Wheelchair

Do not score this item if the patient gets a score for #9.

10 = Independent. The patient can not ambulate but can propel a wheelchair
independently. He must be able to go around corners, turn around, maneuver the chair
to a table, bed, toilet, etc. He must be able to propel the chair at least 50 yards.

0 = Needs some assistance.

0 = The patient can not meet the criteria as defined above.
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- Older Americans Resources Scale (OARS-IADL)

I’d like to ask you about some of the activities of daily living, things that we all need to
do as part of our daily lives. I would like to know if you can do these activities without
any help at all, or if you need some help to do them, or if you can’t-do them at all.

(Be sure to read all answer choices if applicable in questions 1 through 15 to respondent.)

1. Can you use the telephone...

@
1)

without help, including looking up numbers and dialing
with some help (can answer the phone or dial the operator in an emergency, but
needs a special phone or help in getting the number or dialing)

(0) or are you completely unable to use the telephone

not answered

2. Can you get to places out of walking distance...

o)

(1
©

-

without help (can travel on buses, taxis or drive your own car)

with some help (need someone to help you or go with you when travelling

or are you unable to travel unless emergency arrangements are made for a
specialized vehicle like an ambulance

not answered

3. Can you go shopping for groceries or clothes (assuming has transportation)

@)

(D
)

without help (taking care of all shopping needs yourself assuming that you had
transportation)

with some help (need someone to go with you on all shopping trips)
or are you completely unable to do any shopping
not answered
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. Can you prepare your own meals...
(2) without help (plan and cook meals yourself)

(1) with some help (can prepare some things but unable to cook full meals yourself)
(0) or are you completely unable to prepare any meals
---  not answered

. Can you do your own housework...
(2) without help (can scrub floors etc.)

(1) with some help (can do light housework but need help with heavy work)
(0) or are you completely unable to do any housework
---  not answered

. Can you take your own medicine...
(2) without help (in the right doses at the right time)

(1) with some help (able to take medicine if someone prepares it for you and/or
reminds you to take it)

(0) or are you completely unable to take your own medicine

--- not answered

. Can you handle your own money...
(2) without help (write checks, pay bills, etc.)

(1) with some help (manage day to day buying but need some help with managing
cheque book and paying bills)

(0) or are you completely unable to handle your own money

---  not answered
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Preference Based Stroke Index (PBSI)

For each of the following questions, please indicate the choice that best describes
your capacity to perform different activities considering your own health state
today. Make sure to answer all questions and to only tick one box per question.

Mobility:
Walking

How would you best describe your ability to walk with or without a walking aid.

O I am able to walk in the community, as I need to
(] I am able to walk inside the house, but I have difficulty walking alone
outside
O I am able to walk only a few steps or I use a wheelchair
Stairs

How would you best describe your ability to go up and down stairs.

O I can go up and down several flights of stairs
(| I can go up and down only a few steps
(| I can’t go up and down stairs

Physical activities
How would you best describe your ability to perform physically demanding activities.

O I can do sports or physically demanding activities as usual

O I cannot do sports anymore but I can still manage some physically
demanding activities (like, carrying heavy bags, gardening, etc)
O I can no longer do sports or any physically demanding activities
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Usual activities:

Recreational activities

How would you best describe your participation in recreational activities (like painting,
knitting, playing cards, etc)

O I can participate in all recreational activities I wish to

O I can participate only in some recreational activities that I wish to

O I cannot participate in the recreational activities I wish to
Worlk/activity

How would you best describe your ability to accomplish work or any other activities

a I can work or perform activities as I used to
a I do not always perform my work or activities as I used to

(| I can no longer work or perform activities as I used to
Driving
How would you best describe your ability to drive a car.
O I can drive a car anywhere, as before
O I can drive a car in my neighborhood, avoiding traffic or highways
O I am unable to drive since my stroke

O I have never driven a car or had stopped driving long before I had my
stroke

Memo
How would you best ‘descrt_'b‘e your ability to remember things

O Iam able to remember most things
O Iam somewhat forgetful

O Iam very forgetful
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Speech

How would you best describe your ability to speak

O I can be completely understood when speaking with strangers

O I can be completely understood when speaking with those who know me
well but only partially understood by strangers

a I can hardly be understood by anyone

Coping

How would you best describe your ability to deal with life problems

O I can cope with life problems as they come
O I am sometimes overwhelmed by life problems
m | I often feel helpless when dealing with life problems

Self-esteem
How would you best describe your appreciation of yourself.

O I am satisfied with myself most of the times

a I sometimes feel I have good qualities but do not consider myself equal to
others '

a I often feel I am a failure, with much less worth than others
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The Reintegration to Normal Living Index
Questionnaire

Name: Date:

Hospital:

The next set of questions will be a set of statements and you will have three choices.

The choices are: yes, partially or no Y P

1. Do you move around your living quarters as you feel is necessary? 0 1

2. Do you move around your community as you feel is necessary? 0 1
(shopping, banking, etc.)

3. Are you able to take trips out of town as you feel necessary? 0 1

4. Are you comfortable with how you feel your self—care needs are met?

=]
[

5. Do you spend most of your days occupied in activity that is necessary
or important to you? 0 1

6. Are you able to participate in recreational activities as you want to?
(hobbies, sports, cards, etc.) 0 1

7. Are you participating in social activities with family, friends, and/or
business acquaintances as is necessary or desirable to you? 0 1

8. Are you assuming a role in your family which meets your needs
and those of other family members? (family means people with
whom you live and/or relatives who you see on a regular basis) 0 1

9. In general, are you comfortable with your personal relationships? 0 1

10. In general, are you comfortable with yourself when you are in the
company of others? 0 1

11. Do you feel that you can deal with life events when they happen? 0 1
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EURO-QOL (EQ) - 5D

Questionnaire

Name: Date:

Hospital:

Please indicate which statement best describes your own health state today. Do not tick

more than one box in each group.

Mobility
I'have no problems in walking about

I have some problems in walking about
I am confined to bed

Self-Care

I have no problems with self-care
I have some problems washing or dressing myself
I am unable to wash or dress myself

Usual Activities (e.g. work, study, housework,

Jamily or leisure activities)

I have no problems with performing my usual activities

I have some problems with performing my usual activities
I am unable to perform my usual activities

Pain / Discomfort

I have no pain or discomfort
I have moderate pain or discomfort
I have extreme pain or discomfort

Anxiety / Depression
I am not anxious or depressed

I am moderately anxious or depressed
I am extremely anxious or depressed

0
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Health Utility Index

<Enter> to continue)

The next set of questions asks about [YOUR / PATIENT’S NAME'’S] day-to-day
health. The questions are not about illnesses like colds that affect people for short
periods of time. They are concerned with a person’s usual abilities. You may feel
that some of the questions do not apply to /[YOU / PATIENT’S NAME] but it is
important that we ask the same questions of everyone. (INTERVIEWER : Press

During the past week/month, [have/has] [you/patient’s
3. | name] been able to see at all?

Vision
During the past week/month, [have/has] [you/patient’s O Yes (1) Go to #4
name] been able to see well enough to read ordinary ONo (2) :
1. | newsprint without glasses or contact lenses? O0DK
O Ref
OYes (1) Goto #4
. ONo (2)
[Have/has] [you/patient’s name] been able to see well 1y
. . , 0O DK/Didn’t wear
2. | enough to read ordinary newsprint with glasses or
contact lenses? glasses or contact
lenses
ORef
O Yes (1)

ONo (2) Go to #6
ODK

5. | glasses or contact lenses?

O Ref
0 Yes (1) Go to #6
During the past week/month, /have/has] [YOU/HE/SHE] 0 No ((2))
4. | been able to see well enough to recognize a friend on the 0DK
other side of the street without glasses or contact lenses? O Ref
O Yes (1)
[Have/has] [you/HE/SHE] been able to see well enough to 0 No SZ )
recognize a friend on the other side of the street with 0 Don t
know/didn’t wear

glasses or contact
lenses

O Ref
Hearing l
During the past week/month, [have/has] [you/patient’s O Yes (1) Go to #11
name] been able to hear what is said in a group ONo (2)
6. | conversation with at least 3 other people without a O0DK
hearing aid? O Ref
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OYes (1) Goto#9

[Have/has] [you/he/she] been_able to hear what is said in a | O No (2)
group conversation with at least 3 other people witha - |0 DK/Didn'tweara
hearing aid? hearing aid
_ O Ref
. O Yes (1)
During the past week/month, [/have/has] [you/he/she] been

able to hear at all?

0No (2) Go to #11
ODK

O Ref
' O Yes (1) Go to #11
During the past week/month, /have/has] [you/he/she] been es (1) 0
e eas . . ONo (2)
able to hear what is said in a conversation with one other ODK
person in a quiet room without a hearing aid? O Ref
OYes (1)
[Have/has] [you/he/she] been able to hear what is said in a | D No (2)
conversation with one other person in a quiet room with a | 0 Don’t
hearing aid? know/didn’t wear a
hearing aid
O Ref
Speech
During the past week/month, [have/has] [you/patient’s O Yes (1) Goto #16
name[ been able to be understood completely when ONo (2)
speaking [YOUR/HIS/HER] own language with people O0DK
who don’t know you? O Ref -
OYes(1
[Have/has] [you/he/she] been able to be understood 0No ((2))
partially when speaking with people who don’t know 0DK
()
you: O Ref
O Yes (1) Go to #16
During the past week/month, /have/has] [ you/he/she] 0 st ((2)) ©
been able to be understood completely when speaking ODK
with people who know [YOU/HIM/HER] well? O Ref
0O Yes (1) Go to #16
[Have/has] [you/he/she] been able to be understood ONo (2)
partially when speaking with people who know 0DK
; ?
[you/him/her] well? ORef
. OYes (1)
During the past week/month, /have/has] [you/he/she] been ONo (2)
able to speak at all? O0DK
O Ref
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Getting Around

OYes(1)Goto#24 }

During the past week/month, /have/has] [you/patient’s
1 | name] been able to bend, lift, jump and run without ONo (2)
6 | difficulty and without help or equipment of any kind? 0ODK
O Ref
[Have/has] [you/patient’s name] been able to walk around | O Yes (1) Go to #24
4 | the neighbourhood without difficulty and without help or | 0 No 2)
7 | equipment of any kind? ODK
0O Ref ,
[Have/has] [you/he/she] been able to walk around the 0 Yes (1) Go to #24
4 | neighbourhood with difficulty but without help or ONo (2)
8 | equipment of any kind? ODK
O Ref
OYes (1)

During the past week/month, /have/has] [you/he/she] been
able to walk at all?

ONo (2) Go to #22

9 ODK
| ORef
] 0OYes (1)
[Have/has] [you/he/she] needed mechanical support, such ONo (2)
2 | as braces or a cane or crutches, to be able to walk around
0 | the neighbourhood? ODK
‘ O Ref
O Yes(1
[Have/has] [you/he/she] needed the help of another 0 No ((2))
2 ?
p person to walk? 0DK (3)
O Ref (4)
OYes(1
[Have/has| [you/he/she] needed a wheelchair to get 1)
. ONo (2)
2 | around the neighbourhood?
2 ODK
O Ref
0 Yes (1)
o | [Have/has] [you/he/she] needed the help of another S g% 2)
3 | person to get around in the wheelchair?
' O Ref
Hands and Fingers
O Yes (1) Go to #28
During the past week/month, /have/has] [you/he/she] ONo (2)
24 | had the full use of both hands and ten fingers? ODK
O Ref
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OYes(1
[Have/has] [you/he/she] needed the help of another es (1)
e e e . ONo (2) Go to #27
25 | person because of limitations in the use of your hands O0DK
or fingers?
O Ref
O some tasks (1)
[Have/has] [you/he/she] needed the help of another O most tasks (2)
26 | person with some tasks, most tasks, or all tasks? O all tasks (3)
INTERVIEWER : read categories to respondent 0 DK
o O Ref
[Have/has] [you/he/she] needed special equipment, for | O Yes (1)
example special tools to help with dressing or eating, ONo (2)
27 | because of limitations in the use of your hands or 0 DK
fingers? O Ref
Self-Care
0 Yes (1) Go to #31
During the past week/month, [have/has] [you/he/she] 0 No gZ))
28 | been able to eat, bathe, dress and use the toilet without _
difficulty? ODK
O Ref
OYes (1)
[Have/has] [you/he/she] needed the help of another ONo (2)
29 | person to eat, bathe, dress or use the toilet? DDK
O Ref
OYes
[Have/has] [you/he/she] needed special equipment or 0 No
30 | tools to eat, bathe, dress or use the toilet? 0 DK
O Ref
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Feelings

During the past week/month, /have/has] [you/patient’s ggﬁ,};y Go to #33
31 | name] been feeling happy or unhappy?
INTERVIEWER : read categories to respondent g gKf
e
Would you describe [yourselfjpatient’s name] as having |0 a—Goto #34
felt: ’ Ob-Goto#34
32 (a) happy and interested in life, or 0DK
(b) somewhat happy? 0O Ref
Oa
Would you describe [yourself/patient’s name] as having | 0b
33 felt: somewhat unhappy Oc
(a) very unhappy
(b) so unhappy that life is not worthwhile O0DK
O Ref
OYes
34 During the past week/month, did /you/he/she] ever feel | [(1No Go to #37
fretful, angry, irritable, anxious or depressed? 0 DK
0O Ref
O rarely
Ho often did [you/patient’s name] feel fretful, angry, 0 occasionally
35 irritable, anxious or depressed: rarely, occasionally, O often
often, or almost always? O almost always
INTERVIEWER : read categories to respondent ODK
ORef
O Yes
During the past week/month, did [you/patient’s name
36 | feel extremely fretful, angry, irritable, anxious or UNo
depressed, to the point of needing professional help? E} ll{)I:
e
Memory
0 a
'O b
How would you describe [your/his/her] ability to O ¢
remember things during the past week/month: ableto | 4
remember most things 0 e
37 | (a) somewhat forgetful 0 DK
(b) very forgetful 0 Ref
(c) unable to remember anything at all?
INTERVIEWER : read categories to respondent
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Thinking

How would you describe [your/patient’s name] ability to

think and solve day-to-day problems during the past Oa
week/month? ob
(a) Able to think clearly and solve problems ae
38 | (b) Had a little difficulty
(c) Had some difficulty 0d
(d) had a great deal of difficulty 0 DK
(e) Unable to think or solve problems O Ref
INTERVIEWER : read categories to respondent
Pain and Discomfort
OYes
39 [Have/has] [you/patient’s name] had any trouble with ONo Go to #41
pain or discomfort during the past week/month? ODK
O Ref
0 None
. OA few
How many of [your/patient’s name] activities during the 0 Some
40 past week/month were limited by pain or discomfort: 0 Most
none, a few, some, most, all? O All
INTERVIEWER : read categories to respondent 0DK
O Ref
Overall, how would you rate [your/patient’s name] Ua
health during the past week/month: (a)excellent Ob
(b)very good Uce
41 | Good od
Fair Oe
Poor 0ODK
INTERVIEWER : read categories to respondent O Ref
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SF-36 Health Status Survey / CANADA

Questionnaire

Name: Date:

Hospital:

INSTRUCTIONS: This survey asks for your views about your health. This information
will help keep track of how you feel and how well you are able to do your usual activities.

Answer every question by marking the answer as indicated. If you are unsure about how
to answer a question, please give the best answer you can.

1. In general, would you say your health is: (circle one)
Excellent . . . . . . | . 1
Very good . . . . . . 2
Good . . . S . . . 3
Fair . . . . . . . . 4
Poor . . . . . . . . 5

2. Compared to one year ago, how would you rate your health in general now?

(circle one)
Much better now than one year ago. . . . . 1
Somewhat better now than one year ago . . . 2
About the same as one year ago . . . 3
Somewhat worse now than one year ago . . 4
Much worse now than one year ago . . . 5
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3.

The following items are about activities you might do during a typical day. Does
your health now limit you in these activities? If so, how much? (circle one number

on each line)

Yes, Yes, No, Not
Limited Limited Limited
| ALot A Little At All
a. Vigorous activities, such as running, lifting 1 2 3
heavy objects, participating in strenuous
b. Moderate activities, such as moving a
. . 1 2 3
table, pushing a vacuum cleaner, bowling,
c. Lifting or carrying groceries 1 2 3
d. Climbing several flights of stairs 1 2 3
e. Climbing one flight of stairs 1 2 3
f. Bending, kneeling, or stooping 1 2 3
g. Walking more than a kilometre 1 2 3
h. Walking several blocks 1 2 3
i. Walking one block 1 2 3
j. Bathing or dressing yourself 1 2 3
4. During the past 4 weeks have you had any of the following problems with your
work or other regular daily activities as a result of your physical health? (circle
one number on each line)
YES NO
a. Cut down the amount of time you spent on work or other 1 2
b. Accomplished less than you would like 1 2
c. Were limited in the kind of work or other activities 1 2
d. Had difficulty performing the work or other activities (for 1 2
example, it took extra effort)
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5. During the.past 4 weeks, have you had any of the following problems with your
work or other regular daily activities as a result of any emotional problems (such
as feeling depressed or anxious)?

NO
YES
a. Cut down the amount of time you spent on work or other 1 2
b. Accomplished less than you would like 1 2
c. Didn’t do work or other activities as carefully as usual 1 2

6. During the past 4 weeks, to what extent has your physical health or emotional
problems interfered with your normal social activities with family, friends,
neighbors, or groups? (circle one)

Not at all . . . . . . 1
Slightly . . . . . . 2
Moderately . . . . . . 3
Quite abit . . . . . 4
Extremely . . . . . 5

7.  How much bodily pain have you had during the past 4 weeks? (circle one)

None . . . . . . . 1
Very mild 2
Mild 3
Moderate 4
Severe . . . . . . . . 5
Very severe .. . . . . . . 6
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During the past 4 weeks, how much did pain interfere with your normal work

(including both work outside the home and housework)? (circle one)

Not at all

A little bit

Moderately

Quite a bit

Extremely

These questions are about how you feel and how things have been with you during
the past 4 weeks. For each question, please give the one answer that comes closest

to the way you have been feeling. How much of the time during the past 4 weeks
(circle one number on each line)

All Most | AGood | Some | AlLittle | None
of the of the |[Bitofthe| ofthe of the | of the
Time Time Time Time Time Time
a. Did you feel
1 3 4 5 6
full of pep? 2
b. Have you been 1 2 3 4 5 6
a very nervous
c. Have you felt
so down in the 1 2 3 4 > 6
dumps that
nothing could
d. Have you felt
1 . 4 5 6
calm and 2 3
e. Did you have a 1 2 3 4 5 ’6
lot of energy?
f. Have you felt
1 2 4 5 6
downhearted 3
g. Did you feel 1 2 3 4 5 6
h. Have you been 1 9 3 4 5 6
a happy
1. Did you feel 1 2 3 4 5 6
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10.  During the past 4 weeks, how much of the time has your physical health or
emotional problems interfered with your social activities (like visiting with
friends, relatives, etc.)?

(circle one)
All of the time. . . . . . . 1
Most of the time. . . . . . . 2
Some of the time 3
A little of the time . . . . . . 4
None of the time . . . . . . S

11.  How TRUE or FALSE is each of the following statements for you?

(circle one number on each line)

Definitely | Mostly | Don’t | Mostly | Definitely
True True Know False False

a. Iseem to get sick 1 ) 3 4 5

a little easier
b. Iam as healthy 1 2 3 4 5

as anybody I
c. Texpectmy.

health to get ! 2 3 4 >
d. My health is 1 2 3 4 5
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Stroke Impact Scale

The purpose of this questionnaire is to evaluate how stroke has impacted your health and
life. We want to know from YOUR POINT OF VIEW how stroke has affected you. We
will ask you questions about impairments and disabilities caused by your stroke, as well
as how stroke has affected your quality of life. Finally, we will ask you to rate how much
you think you have recovered from your stroke.

These questions are about the physical problems, which may have occurred as a result of
your stroke.

1. In the past week, how Alotof | Quitea Some A little No
would you rate the strength of | strength | bitof | strength | strength | strength
your.... strength at all
a. Arm that was most affected 5 4 3 -2 1
by your stroke?
b. Grip of your hand that was 5 4 3 2 1

| most affected by your stroke?
c. Leg that was most affected 5 4 3 2 1
by your stroke?
d. Foot/ankle that was most 5 4 3 2 1
affected by your stroke? ’

These questions are about your memory and thinking.

2. In the past week, how Not Alittle | Somewhat | Very | Extremely

difficult was it for you to... | difficult | difficult | difficult | difficult | difficult
at all

a. Remember things that 5 4 3 2 1

people just told you?

b. Remember things that 5 4 3 2 1

happened the day before?

c. Remember to do things 5 4 3 2 1

(e.g. keep scheduled

appointments or take

medication)?

d. Remember the day of the 5 4 3 2 1

week? )

e. Concentrate? 5 4 3 2 1

f. Think quickly? 5 4 3 2 1

g. Solve everyday 5 4 3 2 1

problems?
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These questions are about how you feel, about changes in your mood and about your
ability to control your emotions since your stroke.

3. In the past week, how often did | None of | Alittle | Some of | Mostof | All
you... the time | ofthe | thetime | thetime | of
time - the

time

a. Feel sad? 5 1

b. Feel that there is nobody you are 5 3 1

close to?

c. Feel that you are a burden to 5 4 3 2 1

others?

d. Feel that you have nothing to 5 4 3 2 1

look forward to?

e. Blame yourself for mistakes that 5 4 3 2 1

you made? v

f. Enjoy things as much as ever? 5 4 3 2 1

g. Feel quite nervous? 5 4 3 2 1

h. Feel that life is worth living? 5 4 3 2 1

i. Smile and laugh at least once a 5 4 3 2 1

day?
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The following questions are about your ability to communicate with other people, as

well as your ability to understand what you read and what you hear in a

conversation.
4. In the past week, how Not Alittle | Somewhat | Very Extremely
difficult was it to... difficult | difficult | difficult | difficult | difficult

at all

a. Say the name of 5 4 3 2 1
someone who was in front
of you?
b. Understand what was 5 4 '3 2 1
being said to youina
conversation?
¢. Reply to questions? 5 4 3 2 1
d. Correctly name objects? 5 3 2 1
e. Participate in a 5 3 2 1
conversation with a group
of people?
f. Have a conversation on 5 4 3 2 1
the telephone?
g. Call another person on 5 4 3 2 1
the telephone, including
selecting the correct phone
number and dialing?
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The following questions ask about activities you might do during a typical day.

5. In the past 2 weeks, how Not Alittle | Somewhat | Very Could
difficult was it to... difficult | difficult | difficult | difficult | not do at
at all all

a. Cut your food with a knife 5 4 3 2 1

and fork?

b. Dress the top part of your 5 4 3 2 1

body?

c. Bathe yourself? 5 4 3 2 1

d. Clip your toenails? 5 4 3 2 1

e. Get to the toilet on time? 5 4 3 2 1

f. Control your bladder (not 5 4 3 2 1

have an accident)?

g. Control your bowels (not 5 4 3 2 1
| have an accident)?

h. Do light household 5 4 3 2 1

tasks/chores (e.g. dust, make

a bed, take out garbage, do

the dishes)?

i. Go shopping? ) 4 3 2 1

J- Do heavy household chores 5 4 3 1

(e.g. vacuum, laundry or yard

work)?
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The following questions are about your ability to be mobile, at home and in the

community.
6. In the past 2 weeks, how Not Alittle | Somewhat | Very Could
difficult was it to... difficult | difficult | difficult | difficult | notdo at

. . at all all

a. Stay sitting without losing 5 4 3 2 1
your balance?
b. Stay standing without 5 4 3 2 1
losing your balance?
c. Walk without losing your ‘5 4 3 2 1
balance? '
d. Move from abed to a 5 4 3 2 1
chair?
e. Walk one block? 5 4 3 2 1
f. Walk fast? 5 4 3 2 1
g. Climb one flight of stairs? 5 4 3 2 1
h. Climb several flights of 5 4 3 2 1
stairs? , _
i. Get in and out of a car? 5 4 3 2 1

The following questions are about your ability to use your hand that was MOST

AFFECTED by your stroke.

7. In the past 2 weeks, how Not A little | Somewhat | Very Could
difficult was it to use your difficult | difficult | difficult | difficult | not do at
hand that was most affected at all all
by your stroke to...

a. Carry heavy objects (e.g. 5 4 3 2 1
bag of groceries)?

b. Turn a doorknob? 5 4 3 2 1

c. Open a can or jar? 5 4 3 2 1

d. Tie a shoe lace? 5 4 3 2 1

e. Pick up a dime? 5 4 3 2 1
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The following questions are about how stroke has affected your ability to participate
in the activities that you usually do, things that are meaningful to you and help you

to find purpose in life.

A

8. During the past 4 weeks, | Noneof | Alittle | Someof | Mostof | Allof
how much of the time have the time | of'the the time | the time | the time
you been limited in... time

a. Your work (paid, 5 4 3 2 1
voluntary or other)

b. Your social activities? 5 3 2 1

c. Quiet recreation (crafts, 5 3 2 1
reading)?

d. Active recreation (sports, 5 4 3 2 1
outings, travel)?

e. Your role as a family 5 4 3 2 1
member and/or friend?

f. Your participation in 5 4 3 2 1
spiritual or religious

activities?

g. Your ability to control 5 4 3 2 1
your life as you wish?

h. Your ability to help 5 4 3 2 1
others?
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9. Stroke Recovery

On a scale of 0 to 100, with 100 representing full recovery and O representing no
recovery, how much have you
recovered from your stroke?

100 Full Recovery
90
80
70
60
50
40
30
20

10

0 No Recovery
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APPENDIX 5

The following series of tables were developed by the candidate and Dr. Lois Finch and
also appear in Dr. Finch’s thesis: Measuring and predicting early functioning post-stroke.

January 2007.
Table 1. Model Quality Criteria for a Rasch Measure
Table 2. Item Quality Criteria for a Rasch Measure

Table 3. Person Quality Criteria for a Rasch Measure
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APPENDIX 6 - Additional statistical considerations

Polychoric vs. Pearson correlations

The polychoric correlation coefficient was introduced by Pearson as a more adequate
choice when both variables are dichotomous or ordinal but both are assumed to reflect
underlying continuous variables.*>The estimate is based on the assumption of an
underlying continuous bivariate normal distribution.*"2

In this particular study, ordinal data is used and thus factor analysis (or principal
component analysis (PCA)) should be done, in theory, using a polychoric correlation as
an input.”® When using a polychoric correlation, the only assumption imposed on the data
is its ordinal properties.

However, there were some disadvantages to using polychoric correlations in this
particular study. First, to estimate the polychoric correlation, SAS uses an iterative,
maximum likelihood method to estimate the polychoric correlation. When missing values
are present, certain pairs of variables do not form at least a 2x2 table and thus the
correlation cannot be computed. Also, a maximum likelihood approach demands larger
sampie sized to yield accurate results.

According to Coenders and Saris,*"

if the variables are categorized with approximately
equally-spaced thresholds, polychoric correlations should be used, but Pearson
correlations should produce similar results. However, if non-normal underlying variables
are categorized with equally-spaced thresholds, then Pearson correlations should be
preferred. Also, Nandakumar and colleagues *'*found ’that Pearson correlations for factor
analyses produced at least as good results as polychoric correlations and that polychoric
correlation may be more adequate for four—bategory response options than dichotomously
scored items.

Each one of the particular studies in this thesis were very different in terms of sample
size, the distribution of the variables and also, the items were varied in their scoring
responses (dichotomous and polytomous items), making the choice between polychoric
and Pearson correlations very difficult.

Because the debate is still ongoing as to whether polychoric or Pearson correlation

coefficients should be used in which instances, both were performed for each one of the
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studies in this thesis. Both methods yielded the exact same variables as not fitting on the

first factor and thus increased our confidence in the results obtained.
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