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an assessment was repeated by differentinterview and performance of func-Abstract
evaluators on the same subject and 0.78tional activities . The video records were

shown to 17 healthcare professionals when repeated by the same evaluator.The EK {Egen Klassi�kation} scale was
Weighted kappa values for individualcomprising seven physiotherapists,developed to assess overall functional
categories ranged from 0.67 to 0.94.ability in the non-ambulatory stage of three physiotherapy students, four oc-

Duchenne muscular dystrophy (DMD). The EK scale was found to be highlycupational therapists, two social work-
The purpose of this study was to exam- ers and one physician. They viewed and reliable when used by healthcare profes-

assessed the video recordings. Seven of sionals assessing the subjects fromine the reliability of the EK scale. Six
the professionals repeated the assess- videotapes.subjects with DMD, selected as repre-

sentative of the entire range of func- ments after 6–8 weeks. Intra-class cor-
relation coef�cients determined for both KEY WORDS: Assessment – functionaltional ability seen in the non-

ability – healthcare professionals –inter- and intra-rater reliability wereambulatory phase of the disease, were
0.98. The standard deviation of individ- muscular dystrophy – reliability –video recorded and assessed using the
ual estimates of EK sum was 0.95 whenEK scale. The assessment required both videotapes.

INTRODUCTION
Duchenne muscular dystrophy (DMD) is a geneti-
cally determined neuromuscular disease affecting
roughly one in 3500 newborn boys (1). The disease
is characterized by a progressive loss of muscle
strength and function throughout life leading to total
dependency on technical devices and personal help in
the advanced stage of the disease.

Traditionally, the course of the disease is described
as having three stages: the stage of independent
ambulation, the intermediate or transition stage
where ambulation is gradually lost, and the advanced
stage of wheelchair dependency. Increased life expec-
tancy, largely resulting from more aggressive man-
agement of compromised ventilation (2), means that
the person with DMD will spend a greater part of his
life in the advanced stage of the disease.

A central part of quality of life is concerned with
the domain of functional ability, which can be

de�ned as the individual’s ability to interact with his
environment in a way that permits him to achieve
tasks of daily living. A multi-disciplinary approach is
needed to preserve functional ability and prevent
secondary impairments (3,4). There is, however, a

lack of instruments to speci�cally assess the func-
tional abilities, which are present in the advanced
stages of DMD.

The existing measures of function speci�cally used
for subjects with DMD: the Vignos lower extremity
classi�cation (5), the Brooke upper extremity func-

tional grade (6,7), and different kinds of timed tasks
(6–8) are not useful in describing the overall func-
tion of the young person with DMD in the advanced
stage of the disease. Furthermore, function in the
sense of activities of daily living is not measured by
these tests. Similarly, the existing generic measures of

function, developed to assess daily activities in a
wide range of disorders, do not focus on the speci�c
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loss of function which is characteristic of DMD in
the later stage of the disease. We therefore developed
the EK {Egen Klassi�kation} scale to satisfy this
requirement (9) (Appendix 1). The title of this scale
of functional ability is a direct translation from the
Danish language and denotes the fact that the scale,
in part, re�ects the subject’s self-perception of his

functional ability, which is then further elucidated by
the evaluator’s assessment. This scale has been
shown to be valid (10). The EK scale addresses the
spectrum of functional ability and impairments char-
acteristic for a young man with DMD from the time
of loss of independent ambulation without knee-
ankle-foot orthoses (KAFO) to total loss of function.
Since this may require assessments over a period of
more than 20 years it is essential that the instrument
is reliable when used by different evaluators with
different levels of experience and from different

healthcare disciplines.
To explore the extent to which the EK scale is

reliable in clinical practice it is important to deter-
mine the degree of con�dence that can be ascribed to
the units of the scale (11). It is also necessary to
know the amount of training needed for administer-
ing the scale because DMD is a relatively rare disease
and in normal clinical practice many clinicians might
only see a few cases.

In the development of any new scale it is impor-
tant to test reliability, and some sources of error that
could render a test unreliable are (12):

errors related to the instrument, such as unclear
descriptions of the categories or the instructions
for administration of the scale so that the cate-
gories are incomprehensible to the evaluator;
errors related to the subject being evaluated, such
as unwillingness or inability to explain and
demonstrate how the tasks are performed;
errors related to the evaluator, i.e. whether the
inexperienced evaluator understands the assess-
ment instrument correctly and the response of the

subject evaluated, whether the experienced evalu-
ator is open-minded to take in information that
does not �t in with his experience, or whether the
evaluator in�uences responses thus introducing
bias.

A major concern in evaluating intra-rater reliability
is the time interval between measurements. The time
interval between successive tests should not be so
long that the condition of the subject who is tested
has changed, but long enough for the evaluator to
forget the results of the �rst test. Videotaping has
been used in several studies as a tool to make sure
that the condition of the assessed subject is the same
for the evaluator from test to test. It has also been
used to eliminate subject variability in studies of
inter-rater reliability (13–19).

The purpose of this study was to examine the
intra-rater reliability of the EK scale when used by
physiotherapists with different levels of experience
and the inter-rater reliability when used by physio-
therapists with different levels of experience and by
other healthcare professionals.

MATERIALS AND METHODS
The EK scale
The EK scale (10, Appendix 1) is an ordinal scale
ranging from 0 to 30 points where 0 represents the
highest level of independent function and 30 the
lowest level. The assessment comprises 10 parts re-
ferred to as categories, each concerning a major
domain of functional ability and each category is
scored in four items: 0–3. The EK scale permits a
variety of categories and items to be assessed at the
same time by summing of individual scores to attain
an overall expression of function. The sum of scores
of the individual categories is called the EK sum. The
administration of the EK scale consists of an inter-
view of the subject to learn how he performs the task
in daily life (categories 1–9) or how he perceives his
physical wellbeing (category 10) and a visual exami-
nation of the performance of those tasks which are
observable (Appendix 2).

Evaluators
Seventeen evaluators participated in the study. They
consisted of three physiotherapists experienced in
treating subjects with DMD, three physiotherapy
students with no experience in triton boys with
DMD, four consultant physiotherapists and seven
other healthcare professionals from different
backgrounds.
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The inclusion criteria for the experienced physio-
therapists were that they were quali�ed, state regis-
tered and had personally been treating boys with
DMD for at least 10 years. Three physiotherapists
from a private clinic specializing in physiotherapy for
boys with DMD, including those in the advanced
stages of the disease, agreed to participate. They had
been quali�ed for 15–22 years and had been treating
boys with DMD for 10–18 years.

The inclusion criteria for the physiotherapy stu-
dents were that they had not treated boys with DMD
during their training. The students were recruited by
placing a notice on the bulletin board inviting stu-
dents entering the �nal term of the third year of
training at the Physiotherapy School of AÊ rhus to
participate. Three students who met the criteria ac-
cepted the invitation.

All professional staff of the Institute for Neuro-
muscular Diseases in Denmark who were involved
with the care of individuals with DMD as advisors
were also invited to participate and accepted. The
professional staff comprised physiotherapists (n¾4),
occupational therapists (n¾4), social workers (n¾
2) and one physician. They had been acting as con-
sultants to subjects with DMD, their families and
their local healthcare professionals for periods of
time ranging from 1 to 15 years. One of the physio-
therapists in this group was one of the authors (BFS).

Each evaluator had been informed about the pur-
pose of the study and was fully advised about the
procedures to be used in the study.

For analysis of systematic differences in variance
of scoring, the 17 evaluators were divided into seven
sub-groups according to their experience and profes-
sion. The sub-groups were the experienced physio-
therapists (n¾3), the students (n¾3), the
physiotherapy consultants except BFS (n¾3), the
occupational therapy consultants (n¾4), the social
workers (n¾2), the physician (n¾1). BFS (n¾1)
was assigned her own sub-group status to re�ect her
position as the only evaluator who actually met with
the subjects for the purpose of administering the EK
scale.

Subjects evaluated
Six male subjects with DMD (9, 12, 13, 17, 23 and
25 years of age), registered with the Institute for

Neuromuscular Diseases in Denmark, participated in
the study. Criteria for inclusion in the study were
that the subject was:

diagnosed in a neurological unit and met the
established diagnostic criteria for DMD with re-
spect to family history compatible with X-linked
recessive inheritance, clinical course, muscle
biopsy and serum creatinine kinase (SCK) activity
(20);
wheelchair dependent and had lost independent
ambulation without KAFOs.

The individual subjects were selected so that the
group as a whole represented different functional
stages from full independence to full dependence in
the wheelchair.

The 9-year-old boy could still stand and walk a
few steps indoors wearing his KAFOs, but had lost
independent ambulation without orthoses. The 25-
year-old man had been nocturnally ventilated via
nasal mask since he was 20 years old and from the
age of 24 he had been ventilated via tracheostomy 24
h a day. No subjects with untreated symptoms of
impending respiratory insuf�ciency were found.

The medical scienti�c ethical committee of the
county of AÊ rhus had approved the study and each
person with DMD or in the case of those less than 18
years of age, their parents, had read and signed a
document of informed consent for participation in
the study.

Equipment and procedure
Administration of the EK scale required an interview,
observation of movements and performance of tasks.
All the assessments were undertaken in the subjects’
homes, where one of the authors (BFS) interviewed
and examined all the subjects (Appendix 2). Each
category of the EK scale was addressed separately.
The questions of the examiner, the answers of the
subjects and the movements performed were all
recorded using videotape.

Two VHS video recorders, each supported on a
tripod, were used to obtain simultaneous recording
of anterior and lateral views of the subjects. In order
to achieve an image of the whole body, the cameras
were placed at a distance of 2 m from the sternum
and the point of the shoulder for the anterio-
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posterior and lateral views respectively. The vertical
height of the camera was adjusted so that the lens
was focused at the subjects’ shoulder level. To facili-
tate both recording and observation of the subjects’
movements, they were dressed in T-shirts and shorts
and were all sitting in their wheelchairs when inter-
viewed and demonstrating movements in the sitting
position. The tasks turning in bed and standing were
demonstrated by those subjects who could perform
them.

The subjects randomly chose an identi�cation let-
ter (A–F) which was used to label the �lms. The
anterior and lateral �lms were later compiled as one
�lm for each subject, showing �rst the anterior view
of each category and then the lateral view. The
compiling of the tapes was done by an external unit.
Each new category of the assessment scale was intro-
duced in advance by �lmed text so that the evaluator
was prepared to observe the task that followed.

Rating procedure
All the evaluators viewed the videotaped recordings
of the subjects in alphabetic order at the Institute for
Neuromuscular Diseases. One of the authors (BFS)
was present throughout the evaluation procedures
and no discussion of the results was allowed.

The EK scale and the method of scoring were
explained to the evaluators who were then provided
with a copy of the EK scale, which included written
instructions on the method of scoring, and a scoring
sheet. No training in assessing the videotaped func-
tions was given before the assessments took place.
Viewing and scoring of all six �lms took approxi-
mately 2.5 h; the scoring sheets were collected imme-
diately after the assessment session.

The experienced physiotherapists (n¾3), the
physiotherapy consultant BFS (n¾1) and the stu-
dents (n¾3) assessed the video records of all the
subjects in alphabetic order a second time after 6–8
weeks. The other healthcare professionals (n¾10)
assessed the subjects only once.

Statistics
Inter-rater reliability of the individual categories.
Kappa statistics was used for estimating agreement
between evaluators in scoring the individual cate-
gories. Since disagreements between evaluators of

only one item was considered less serious than dis-
agreements of two or three items, the agreement
between evaluators was assessed by weighted kappa
statistics (21), where full agreement between a pair
of evaluators was given a weight of 1, disagreement
of one item a weight of 0.75, of two items 0.5, and
of three items 0.25.

Weighted kappa was calculated for each pair of
evaluators (a total of 136 pairs from 17 evaluators),
and an overall kappa was calculated by averaging
over pairs. Where there was more than one rating by
an evaluator on the same subject, only the �rst rating
was used for the calculations.

Inter - and intra-rater reliability of EK sum. A total
of 144 ratings from 17 evaluators on six subjects
were used in the statistical analyses. Graphical exam-
ination by probability plots showed that data were
consistent with a normal distribution allowing EK
sum to be analysed as a mixed effects model. The
analysis was performed by means of the MIXED
procedure in the statistical software package SAS
(22). Signi�cant components of variance were iden-
ti�ed and estimated, and reliability coef�cients {inter-
and intra-class correlation, ICC (2,1)} (23) and 95%
con�dence intervals of individual estimates of EK
sum were estimated from these (see Appendix 3).

RESULTS
The EK sum scores of the six subjects were spread
over the scale ranging from 3 to 24 (see Table I).

Reliability of individual categories
Agreement between evaluators, estimated by means
of overall weighted kappa statistics, is shown in
Table II. The range is from 0.67 to 0.94 except for
category 9 (speech) with estimated kappa equal to
0.24.

Agreement within evaluators, as rated by experi-
enced physiotherapists (n¾3) and physiotherapy
students (n¾3), twice on each subject is shown in
Table III. Out of 360 pairs of ratings no difference
was found in 316, and 357 were within 91.

Inter - and intra -rater reliability of EK sum
There was no signi�cant effect of group of evaluators
on the mean of EK sum (F test, p¾0.21), nor on the

40

A
dv

 P
hy

si
ot

he
r 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

St
at

sb
ib

lio
te

ke
t T

id
ss

kr
if

ta
fd

el
in

g 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Advances in Physiotherapy 4 (2002) RELIABILITY OF THE EK SCALE

TABLE I: EK summary scores for each of the subjects (evaluators’ �rst ratings only)

SubjectsEvaluators

Evaluator number A B C DGroup E F

1 20 15 12 4Experienced physiotherapists 12 24
2 20 14 12 4 12 22
3 19 16 11 3 11 20
1 20 16 13Physiotherapy students 3 10 21
2 21 13 13 4 11 22
3 19 14 14 4 11 21
1 20 16 12 4Physiotherapy consultants 12 22
2 18 15 13 4 15 21
3 20 14 11 4 12 21
1 21 14 12Occupational therapy consultants 5 11 20
2 19 16 14 4 14 22
3 20 16 13 4 12 21
4 19 18 12 5 13 22

Social workers 1 19 15 13 4 12 22
2 19 16 14 4 13 22
1 21 16 12Physician 4 12 20
1 19 16BFS 12 4 11 20

magnitude of variance (chi-squared test, p¾0.53).
Hence, there were no statistically signi�cant differ-
ences in reliability between different groups of evalu-
ators and the EK sum could be adequately described
by the model given in the Materials and Methods
section.

The estimates of the overall mean and the vari-
ances and corresponding p -values are shown in
Table IV.

The estimates of the inter- and intra-rater reliabil-
ity coef�cients were 0.977 and 0.984, respectively,
with lower 95% con�dence limits 0.954 and 0.930,
respectively. For a �xed subject, the standard devia-
tion in EK sum rated by different evaluators was
0.95 and the 95% credibility interval of the true EK
sum was X91.86, where X is the rating performed
by a randomly chosen evaluator. For a �xed subject
within a �xed evaluator, the standard deviation in
EK sum was 0.78 and the 95% credibility interval of
the true EK sum was X91.52, where X is the rating
performed by the �xed evaluator.

DISCUSSION
The results from this study show an ICC (2,1) of
0.98 of the EK scale when estimated from videotaped
subjects with DMD, who were representing most of

the scale. This reliability must be considered as high.
Some of the explanation of the high ICC could be the
wide spread of measurements of EK sum, ranging
from 3 to 24 (Table I), which prevents range effects
from producing spuriously low reliability coef�-
cients, since the reliability coef�cient is the ratio of
variability between subjects to the total variability.
There was no signi�cant effect of different healthcare

TABLE II: Inter-rater agreement of the assessment
of individual categories by 17 evaluators as
estimated by overall weighted kappa statistics

Categories of EK Overall
weighted kappa

1. Ability to use wheelchair 0.69
2. Ability to transfer from wheelchair 0.76
3. Ability to stand 0.94
4. Ability to balance in the wheelchair 0.72
5. Ability to move the arms 0.78
6. Ability to use hands and arms when 0.77

eating
0.867. Ability to turn in bed

8. Ability to cough 0.80
9. Ability to speak 0.24

10. Physical wellbeing 0.67
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TABLE III: Intra-rater agreement of the assessment of individual categories illustrated as differences
between �rst and second assessment of the categories of EK

¼3 ¼2 ¼1 0Difference 1 2 3

Categories of EK
6 301. Ability to use wheelchair

2. Ability to transfer from wheelchair 3 33
3. Ability to stand 36

1 294. Ability to balance in the wheelchair 6
5. Ability to move arms 34 2

2 29 56. Ability to use hands and arms when eating
1 5 307. Ability to turn in bed

8. Ability to cough 5 30 1
34 29. Ability to speak
3110. Physical wellbeing 3 1 1

1 22 316 19 1 1Sum of differences

The evaluators were experienced physiotherapists (n¾3) and physiotherapy students (n¾3) who scored six subjects twice. ‘‘0’’
indicates no difference between �rst and second assessment. Negative numbers indicate that the second score was higher than the
�rst. Positive numbers indicate that the �rst score was higher than the second.

professionals or physiotherapists with or without
experience on the mean of EK sum or on precision,
i.e. the closeness of agreement between independent
test results. However, the lack of differences between
the different groups of evaluators might be explained
by the small number of evaluators in each group
(1–4).

The EK scale was designed to assist in clinical
decision making and to be used in a multi-disci-
plinary team. For this purpose the 95% credibility
interval of an individual score of EK sum is a more
useful expression of reliability than the ICC (11).
Furthermore, it is expressed in the units of the scale
whereas the ICC is a unitless quantity. In this case it
means that the true EK sum can vary 91.86 EK sum
units when a subject is assessed by different evalua-
tors and 91.52 EK sum units when the subject is
assessed by the same evaluator.

In the individual categories of EK, the kappa val-
ues varied between 0.67 and 0.94 for nine of the 10
categories (Table II). The category 9, ‘‘Ability to
speak’’, had a very low kappa value (0.24). Close
scrutiny of the raw data of the category 9 revealed
high prevalence of scores in the item 0 for all six
subjects in this category. This is expected to re�ect a
true agreement between the evaluators, since all six
subjects in this sample had well-preserved voice and
speech. Even the ventilator-dependent subject had

normal speech as his reduced respiratory capacity
was compensated for by the ventilator, but it is also
possible that this re�ects a weakness in kappa statis-
tics, a paradox discussed by several authors (24).
When the prevalence of a score approaches 100% or
0% the kappa value falls.

The categories 3 and 7, ‘‘Ability to stand’’ and
‘‘Ability to turn in bed’’, were those with the highest
kappa values (Table II). These categories were proba-
bly more easily evaluated because they are clear and
precisely de�ned and more easily understood than
broad and complex activities (25–27).

The categories 1 and 10, ‘‘Ability to use
wheelchair’’ and ‘‘Physical wellbeing’’, showed the
largest disagreement (Table II). The scoring of item 3
of category 1 and all items of category 10 were
mainly based on interview. The scoring of these

TABLE IV: Estimates of the overall mean and the
variances and corresponding p-values

Standard errorEstimateParameter pDF

m 14.1115 2.5128 5 0.0025
B0.0001t2 37.8401 1

1 0.043n2 0.2959
0.6010s2

m¾overall mean of EK sum, t2 ¾variance of ai, n2 ¾variance
of bij, s2 ¾variance of eijk , see Appendix 3.
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categories was therefore more dependent upon in-
terpretation of the responses of the subjects by the
evaluators. The interview on the category ‘‘Physical
wellbeing’’ is dealing with symptoms of hypoventi-
lation. Some of the boys complained of problems
with sleeping, and it was dif�cult to differentiate
whether this was basically a respiratory problem or
a musculo-skeletal problem. However, this would
also be dif�cult to determine in real life when
based on an interview only. Furthermore, the items
of category 10 are not mutually exclusive and
therefore more dif�cult to score.

Video recording was used in this study to stan-
dardize the test situation and to eliminate the error
due to changes in the subjects over time. By using
video recording as the medium we could include
subjects whom it would have been dif�cult and
costly to see for repeated measurements, as they
were severely restricted in their mobility. However,
the natural diurnal variation of the subjects with
DMD could not be determined by this method.
This was not considered to detract from the results
in this study because the items of the scale are so
broad that they are not expected to change during
a day. The potential variation in the physical and
verbal responses of the subjects to different exam-
iners with different personality or professional
background could not be determined either. An ele-
ment of bias may have been introduced to the
study by using only one physiotherapist, who was
experienced, for examining all subjects. Theoreti-
cally this might have improved reliability and con-
tributed to the lack of difference between the
professionals. However, since most of the cate-
gories are simple everyday tasks with which the
subjects are familiar and they are only asked to
demonstrate and explain what they do in daily life,
the information obtained for scoring cannot be ex-
pected to vary much in real life. Furthermore, the
subjects with DMD at this age (\9 years) are usu-
ally co-operative and accompanied by attendants
who would be able to give supplementary informa-
tion if necessary.

Video recording has been used in the construc-
tion of the reliability study, which is in common
with other studies in which assessment instruments
for evaluating movement performance (13–19) and

interviews (28,29) have been tested for reliability.
However, in some of the reported studies, training
of the evaluators in observing the patients on the
video was a major task (14). This was not neces-
sary in our study due to the simplicity of the scale.
The majority of the items of the scale are mutually
exclusive, which makes it easy to score.

The relatively small number of subjects with
DMD, the profound impact of the disease on func-
tion and the involvement of specialists from many
different professional disciplines make it important
to have a tool for evaluating function that is both
easy to administer, does not require special train-
ing, and is reliable.

CONCLUSION
In this study the EK scale was shown to be highly
reliable when tested for intra- and inter-rater reli-
ability among subjects with DMD when used by
physiotherapists with different levels of experience,
and by other healthcare professionals.
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APPENDIX 1: THE EK SCALE
Each of 10 categories consists of four items (0–3)
and the EK sum is the sum of scores over cate-
gories.

1. Ability to use wheelchair

0 Able to use a manual wheelchair on �at ground,
10 m on less than 1 min.

1 Able to use a manual wheelchair on �at ground,
10 m in more than 1 min.

2 Unable to use manual wheelchair, requires elec-
tric wheelchair.

3 Uses electric wheelchair, but occasionally has
dif�culty in steering.
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2. Ability to transfer from wheelchair

0 Able to transfer from wheelchair without help
1 Able to transfer independently from wheelchair

with use of aid.
2 Needs assistance to transfer with or without

additional aids (lift, easy glide).
3 Needs to be lifted with support of head when

transferring from wheelchair.

3. Ability to stand

0 Able to stand with knees supported, as when
using braces.

1 Able to stand with knees and hips supported, as
when using standing aids.

2 Able to stand with full body support.
3 Unable to be stood, marked contractures.

4. Ability to balance in the wheelchair

0 Able to push himself upright from complete
forward �exion by pushing up with hands.

1 Able to move the upper part of the body more
than 30° from the upright position in all direc-
tions, but cannot push himself upright from the
total forward �exed position.

2 Able to move the upper part of the body less
than 30° from one side to the other.

3 Unable to change position of the upper part of
the body, cannot sit without total support of
trunk and head.

5. Ability to move the arms

0 Able to raise the arms above the head with or
without compensatory movements.

1 Unable to lift the arms above the head, but able
to raise the forearms against gravity, i.e. hand
to mouth with or without elbow support.

2 Unable to lift the forearms against gravity, but
able to use the hands against gravity when the
forearm is supported.

3 Unable to move the hands against gravity but
able to use the �ngers.

6. Ability to use the hands and arms when eating

0 Able to cut meat into pieces and eat with spoon
and fork. Can lift a �lled cup (approx. 250 ml)
to the mouth without support at elbow.

1 Eats and drinks with support at elbow.

2 Eats and drinks with elbow support and with
reinforcement of the opposite hand9feeding
aids.

3 Has to be fed.

7. Ability to turn in bed

0 Able to turn himself in bed with bedclothes.
1 Able to turn himself on a couch, but not in bed.
2 Unable to turn himself in bed. Has to be turned

three times or less during the night.
3 Unable to turn himself in bed. Has to be turned

four times or more during the night.

8. Ability to cough

0 Able to cough effectively.
1 Has dif�culty to cough and sometimes needs

manual reinforcement. Able to clear the throat.
2 Always needs help for coughing. Only possible

to cough in certain positions.
3 Unable to cough. Needs suction or positive

pressure breathing techniques in order to keep
the airways clear.

9. Ability to speak

0 Powerful speech. Able to sing and speak loudly.
1 Speaks normally, but cannot raise his voice.
2 Speaks with quiet voice and needs a breath after

3–5 words.
3 Speech is dif�cult to understand except to close

relatives.

10. Physical wellbeing

0 No complaints, feels good.
1 Easily tires. Has dif�culty resting in a chair or in

bed.
2 Has loss of weight, loss of appetite. Scared of

falling asleep at night, sleeps badly.
3 Experience additional symptoms such as:

change of mood, stomach ache, palpitations,
perspiring.

APPENDIX 2: ADMINISTRATION OF THE EK
SCALE
The administration of the EK scale consists of a
question to the individual and his helper on how the
task is performed in daily life. The items are scored
according to the explanation given and observation
of the performance.
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1. How do you drive your wheelchair (items 0–3)?
Please show me how you do it (items 0–2).

2. How do you transfer from the wheelchair (items
0–3)? Please show me how you do it (items
0–1).

3. Do you stand up (items 0–3)? How do you
stand? Please show me or explain to me how
you do it (items 0–2).

4. Do you change position in the wheelchair (items
0–3)? Please show me how much you can lean
forwards and to the sides and get back to the
upright position (items 0–2).

5. Can you move your �ngers, hands and arms
against gravity (items 0–3)? Please show me
how you do it (items 0–3).

6. How do you feed yourself (0–3)? Please show
me or explain to me how you do it (items 0–2).

7. How do you turn in bed during the night (items
0–3)? Please explain to me how you do it (items
0–1) and how often (items 2–3).

8. What do you do to produce the most effective
cough (items 0–3)? Please show and explain to
me how you do it (items 0–3).

9. Do you speak loudly and clearly enough to
make people understand you at the other end of
the classroom (items 0–3)?

10. How is your physical wellbeing (items 0–3)?
Category 10 focuses on symptoms of respira-
tory insuf�ciency and the descriptions of the
items from 0–3 are used for questioning and
scoring for instance: do you need to rest during
the day? Do you sleep well during night? How
is your appetite?

APPENDIX 3: STATISTICAL TREATMENT FOR
DETERMINING RELIABILITY COEFFICIENTS
First a large model was �tted, including sources of
variance from subjects, evaluators, interactions be-
tween subjects and evaluators, as well as residual
error. In this model, different groups of observers
were allowed to have different magnitudes of varia-
tion. Moreover, the mean of EK sum was allowed to
depend on the group of evaluators.

This large model was successively reduced by re-
moving components in a stepwise reduction analysis
where the statistical signi�cance of each component
was tested. Where two successive models both �t the

data, the deviance (i.e. twice the log likelihood ratio)
between the models has an approximate chi-squared
distribution with degrees of freedom equal to the
difference in the number of free parameters in the
models. This well-known statistical property pro-
vides justi�cation for the removal of components on
the basis of their p -value.

Maximum likelihood was used for inference about
�xed effects (dependence of mean EK sum on group
of evaluators), whereas restricted maximum likeli-
hood was used for inference about variance
components.

In every case the basic assumptions of approxi-
mate normal distribution of residuals and best linear
unbiased predictors (BLUPs) were examined by
graphical methods (22).

If data are well behaved, they can be described by
the model

Xijk ¾m»ai »bij »eijk

where: Xijk is the EK sum for ith subject rated by the
jth evaluator at the kth repetition; m is the overall
mean; ai is the deviation from mean due to ith
subject; bij is the deviation from the level of the ith
subject due to interaction between ith subject and jth
evaluator; eijk is the residual error; and ai, bij and eijk

are normally distributed with mean 0 and variances
t2, n2, and s2 , respectively. In this case the inter-rater
reliability coef�cient, de�ned as the correlation be-
tween ratings on the same subject performed by
different evaluators, is t2:(t2 »n2 »s2). The intra-
rater reliability coef�cient, de�ned as the correlation
between ratings on the same subject performed by
the same evaluator, is (t2 »n2):(t2 »n2 »s2).

The 95% credibility intervals of the individual
estimates of EK sum can be calculated in the follow-
ing way. For a �xed subject i, the standard deviation
in EK sum rated by different evaluators is n2 »s2,
and hence, if the inter-rater reliability is high, the
corresponding 95% credibility interval of the true
EK sum is Xijk 91.96½ n2 »s2, where Xijk is the
rating performed by a randomly chosen evaluator.
The standard deviation of EK sum for a �xed subject
within a �xed evaluator j is s¾ s2, and the corre-
sponding 95% credibility interval of the true EK sum
is Xijk 91.96½s.
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