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An index for measuring the severity of disability was constructed on the basis of responses to the screening questions for the 2001 PALS. This document presents the methodology used to construct the adult disability index. 

1. TYPES OF DISABILITY

To construct the index, ten types of disabilities were considered: hearing, seeing, communication, mobility, agility, pain and discomfort, learning difficulties, memory problems, developmental disability and psychological conditions.

Points are assigned to each question on the basis of severity. For some types of disability, more than one question is asked. Each of these questions seeks to measure a functional limitation related to the disability. Thus, for example, to measure hearing-related disability, three questions are asked: 

(1) How much difficulty do you have hearing what is said in a conversation with one other person? 

(2) How much difficulty do you have hearing what is said in a conversation with at least three other persons? 

(3) How much difficulty do you have hearing what is said in a telephone conversation?

A score is thus derived for each of these questions. Further on, we will see how these scores are then combined to obtain a single score per type of disability. Table 1 below shows the number of functional limitations measured by the PALS questionnaire by type of disability as well as the contexts for which these questions are asked.

Table 1. Number of functional limitations and contexts by type of disability

Type of disability
Variable names
Functional limitations
Contexts

(A) Hearing
HEAR
3
General

(B) Seeing
SEE
2
General

(C) Communication
COMM
2
Family, friends, services and other

(D) Mobility
MOBI
5
General

(E) Agility
AGIL
7
General

(F) Pain and discomfort
PAIN
1 
Home, work, school and other

(G) Learning
LEAR
1 
Home, work, school and other

(H) Memory 
MEMO
1
Home, work, school and other

(I) Developmental 
DEVE
1
Home, work, school and other

(J) Psychological 
PSYC
1
Home, work, school and other

2. SCORES

Some questions measure the intensity of the disability, while others instead measure the frequency of its presence. Both types of questions are used in calculating scores. Points are assigned to each question on the basis of severity. Thus, when there is no disability, no points are assigned. Conversely, the maximum score is given for total disability. For example, for an intensity question, scores are assigned as follows:

· “Some difficulty”:





1 point

· “A lot of difficulty”:




2 points

· “Completely unable”:




3 points

· Other answer (no, refusal, don’t know):


0 points

For a frequency question, points are assigned as follows:

· “Yes, sometimes”:





1 point

· “Yes, often or always”:




2 points 

· Other answer (no, refusal, don’t know):


0 points

When both intensity and frequency are available for a given type of disability, the product of the scores for the two questions is used. 

For each type of disability, a single value is required. Take, for example, the case of hearing, for which three different questions are asked: “How much difficulty do you have hearing what is said in a conversation with one other person?” (HEAR1), “How much difficulty do you have hearing what is said in a conversation with at least three other persons?”(HEAR2) and “How much difficulty do you have hearing what is said in a telephone conversation?” (HEAR3). Here the three scores must be combined in order to have only one score. The same is true for questions asked in different contexts: these sub-questions must be combined to have only one score for each type of disability. For example, for learning difficulties, the same question is asked for four contexts: home, work, school and other.

Since the number of questions varies depending on the disability, we standardized the indices by type of disability, so as not to over-represent types for which there are numerous questions. We do not want to assign more weight to one type of disability than to another. Where there is more than one question for a given type, the scores for these questions are summed and the sum is then standardized to obtain a score that lies between 0 and 1:
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where 
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 is the score for disability type T, N is the number of different questions (functional limitations) for type T, 
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 is the maximum score for the ith question for disability type T and 
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 is the score obtained for the ith question for disability type T. In some cases, 
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 may be made up of more than one question. When the same question is asked in different contexts, we take the mean of the scores for each of the contexts. For example, for learning difficulties, since the same question is asked four times, we take the mean of the four scores:  
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where 
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 is the number of different contexts in which the ith question of disability type T is asked and 
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 is the score for question i and context j of type T. 

The following is an example for communication-related disability (T=COMM). This type of disability is made up of two different questions (
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), COMM1 (difficulty speaking) and COMM2 (difficulty making yourself understood). COMM1 is asked in a general context (
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), whereas COMM2 is asked in four different contexts (family, friends, professional services, and other) (
[image: image11.wmf]4

2

=

T

C

). The maximum value of  COMM1 is 3, while the maximum value of COMM2 is 2 (
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where 
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 is asked in a general context and where:
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3. FILTER QUESTIONS 

For respondents who have a non-nil index value based on the screening questions, no additional points are assigned for answers to the filter questions. But for respondents who have no points based on the screening questions (that is, basically the “yes-no’s”, YES at the filter questions and NO to the screening questions), points are assigned on the basis of the four filter questions. The overall score for the filter questions is calculated in the same way as for the types of disability, based on the expressions (1a) and (2a). In this case, we have 
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4. IMPUTATION OF THE “UNDETERMINED”

For some respondents, we have enough information to know that they have a certain type of disability but the information for them is incomplete because either intensity, frequency or both are missing. They were initially assigned an “undetermined” flag and a score of 0, with the intention of imputing them after a score was calculated for all those for which the information was complete.

For imputation, we decided to confine ourselves to a relatively simple technique. It consists in looking for a group of respondents having the same responses to certain questions as the respondent to be imputed and imputing the mean of their scores. Here are a few examples:

(a) A respondent has answered “Yes, sometimes” to Question B41 (difficulty walking), but he has not answered Question B42 on the intensity of the disability. Among all the respondents for whom the information is complete for these two questions, we look for those who have the same response to Question B41. We then take the mean of the scores for this disability and impute this value to the “undetermined” respondent.

This type of action is justified by the fact that there is a correlation between the frequency question and the intensity question. A person who answers “Yes, often or always” to the frequency question is more likely to answer “Completely unable” or “A lot of difficulty” to the intensity question than persons who answered “Yes, sometimes” to the frequency question.

(b) A respondent has a “Yes undetermined” to Question B41 (code ‘4’) but has given a valid response of “Some difficulty” to Question B42. Among all respondents for whom the information is complete for these two questions, we look for those who have the same response to Question B42. We then take the mean of the scores for this disability and impute this value to the respondent who has a “Yes undetermined” to Question B41.

The justification for this type of action is the same as in the preceding example.

5. SPECIAL CASES

There are some types of disability for which we ask,

A) Whether a given condition reduces the quantity or number of activities that a respondent can engage in (frequency question).

If the answer is yes, we then ask,

B) How many activities does this condition prevent (at home, at work, at school, elsewhere).

A respondent is considered limited if he/she answers “Yes” to A). However, the respondent may answer “None” to each of the four contexts in question B). This situation is not corrected by the rules during processing. Since the points on the scale are assigned on the basis of the combined response to A) and B) (generally the product of the two), no points are assigned to persons in this situation (since B=0), even though they are considered as being limited for the type of disability concerned. Thus, overall, a respondent may be limited for two types of disability but have points for only one type or even, in some cases, for neither type. 

We decided to assign a minimum number of points to these respondents for the types of disability for which this problem arises. Accordingly, we assign one point to everyone who answered “Yes” to A), and then we calculate the score for B) as presented above. For example, if the maximum score for a given type of disability is 6 (frequency (2) X intensity (3)), then with this change, the maximum score becomes 7 and respondents who have a “Yes” for A) and “None” for B) have a score of 1. To summarize,

“Yes” to A) and “None” to each question in B):

1 point

“Yes” to A) and at least one answer to B):


1 point + points assigned to B)

In this way, respondents who answered “None” throughout B) will necessarily have the lowest score, since they have points only because of A).

For some types of disability, a respondent is considered limited (and is assigned points accordingly) if a disability is reported even though there is no limitation. In such cases (learning difficulty and developmental disability), a point is still assigned even if the answer to the frequency question is negative. These special cases, along with the questions for which an additional point is assigned for a “Yes,” are shown in Table 2, below.

Table 2. Special cases 

Type of disability
Variable
Question for which a point is assigned for a “yes”

Communication
COMM2
B30 or B32

Pain and discomfort
PAIN
B75

Learning
LEAR
B77 or B78

Memory
MEMO
B86

Developmental 
DEVE
B88

Psychological 
PSYC
B92

6. CONSTRUCTION OF INDEX

We observed an important relationship between learning difficulties and developmental disability. For a majority of persons with developmental disability, a learning difficulty was also reported. We therefore decided that when points are assigned to a respondent for a developmental disability, points cannot also be assigned for learning difficulties. 

The overall score is calculated taking the average of all standardized scores. Unlike what was done in the case of children, where the presence of two age groups not having the same questions requires that two scales be calculated, the score for adults is calculated in the same way for respondents of all ages:
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where
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This scale is derived for people who has an affirmative answer to the screening questions (the “yes-yes” group and the “no-yes” group) only. For the “yes-no” group, only the filter questions are used to calculate the score, and these questions are considered to represent an additional disability:
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The reason why we did not consider the filter questions in (3) is that it is not desirable to have redundant information. For example, a person who has a disability related to mobility has probably answered “Yes” to the filter questions, thinking of his/her mobility-related disability (the filter questions being general in nature) and also answered “Yes” to the mobility questions.

For the “yes-no” group, the reason why they did not answer “Yes” to the screening questions is probably that we are unable to measure their type of disability with our questionnaire or that they had too mild a disability to be reported in the screening questions. For this reason, we dealt with them separately and assigned a relatively low score.

A few results concerning the overall index are shown in tables 3 and 4. First, Table 3 presents descriptive statistics according to the number of disabilities reported. Thus, for a given number of disabilities, it shows the number of respondents having that number of disabilities, the mean and the standard deviation from the overall index for these respondents, as well as the minimum and maximum values. As may be seen, the mean increases with the number of disabilities, which is entirely desirable. The same is true for the standard deviation. When the number of disabilities is large, there may be people who have several mild disabilities and other that are quite severe, and who have a high score for a number of disabilities.

Table 3. Descriptive statistics by number of disabilities (unweighted data)

DISABILITY
FREQ (%)
MEAN
MINIMUM
MAXIMUM
STANDARD DEVIATION

No disability
6,886 
(23.7)
0.00000
0.00000
0.00000
0.00000

One disability
3,900 
(13.4)
0.02866
0.00265
0.11111
0.02111

Filters only
729 
(2.5)
0.03276
0.00833
0.10000
0.01967

Two disabilities
4,207 
(14.5)
0.05649
0.00635
0.22222
0.03541

Three disabilities
6,066 
(20.8)
0.10208
0.01869
0.33333
0.05424

Four disabilities
3,799 
(13.1)
0.15436
0.03457
0.44444
0.07026

Five disabilities
1,974 
(6.8)
0.21866
0.06058
0.53968
0.09345

Six disabilities
873 
(3.0)
0.28476
0.09806
0.66667
0.11029

Seven disabilities
451 
(1.5)
0.36129
0.11085
0.76111
0.13428

Eight disabilities
181 
(0.6)
0.43153
0.19339
0.79574
0.14654

Nine disabilities
45 
(0.2)
0.52122
0.23408
0.96296
0.16628

Total
29,111



Table 4 shows, by number of disabilities, the proportion of respondents having each of the disabilities identified. Thus, row 1 of the table shows that among persons with one disability, 27.6% have a disability related to hearing, 4.0% a disability related to seeing, 1.1% to communication, etc. As may be seen, disabilities such as PAIN, HEAR and MOBI are often unaccompanied by other disabilities (28.1%, 27.6% and 20.3% respectively). Also, MOBI, AGIL and PAIN are often present together, since the rates are similar in each row starting with row 2. 

Other approaches were considered in order to limit the redundancy of the information contained in the severity scale. In addition to the strong relationship between developmental disability and learning disability, there are other significant correlations between some disability types in the scale. For example, there is a strong correlation between mobility difficulties, agility difficulties and pain and discomfort. Thus, in many cases, a person who has mobility problems also has some pain and discomfort. On the other hand, seeing or hearing difficulties are more often encountered on their own.

In order to remove redundancy of information, an unequally weighted scale was considered. Instead of having a weight of 1, disability types that are strongly correlated would have a smaller weight in the global score. Since it is difficult to justify the use of unequal weights in the scale, this option was rejected.
Table 4. Frequency of different types of disability by number of disabilities (weighted data)
DISABILITY
HEAR
SEE
COMM
MOBI
AGIL
PAIN
LEAR
MEMO
DEVE
PSYC

One disability
27.6%
4.0%
1.1%
20.3%
9.4%
28.1%
3.9%
0.6%
0.9%
4.1%

Two disabilities
20.5%
7.4%
4.7%
55.7%
42.5%
54.0%
5.0%
1.8%
1.5%
6.9%

Three disabilities
16.5%
7.7%
4.0%
88.1%
86.2%
83.1%
3.4%
3.2%
1.8%
5.9%

Four disabilities
45.1%
25.6%
11.4%
92.4%
91.7%
87.9%
10.3%
11.6%
4.4%
19.6%

Five disabilities
53.7%
44.4%
23.7%
95.4%
92.2%
90.7%
22.4%
35.0%
5.8%
36.7%

Six disabilities
51.4%
47.9%
41.7%
97.0%
95.1%
90.0%
47.7%
64.3%
10.4%
54.6%

Seven disabilities
59.1%
58.7%
63.7%
98.3%
96.5%
94.4%
54.5%
81.3%
24.2%
69.2%

Eight disabilities
77.9%
86.7%
82.5%
99.8%
100.0%
99.4%
55.6%
94.3%
30.3%
73.4%

Nine disabilities
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
94.0%
100.0%
6.0%
100.0%

7. CREATION OF CLASSES

In order to create severity classes, the distribution of the global severity score was examined. The distribution has been separated into deciles. The first decile corresponds to the 10% of people with activity limitation with the lowest scores.  The second decile corresponds to the next 10% of people with activity limitation with the lowest scores, etc. The average score was calculated for each decile and a plot of this average score as a function of the decile was produced in Figure 1. 

Figure 1. Distribution of the global score for the adults 
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As can be seen in Figure 1, no obvious cut-off points in the global severity score distribution exist. Several techniques were considered in order to create the severity classes. However, given the continuous nature of the severity curve and because it was desirable to employ a strategy that users would readily understand, we were unable to enter into exhaustive analyses, and we had to confine ourselves to a relatively intuitive approach. Thus, the severity classes were essentially determined by means of a graphic analysis of the data.

After discussion with some data users, it was decided that the disability scale should be cut into four severity classes, Class #1 being the less severe and Class #4 the most severe. The creation of the classes has been done in two steps. 

In a first step, an attempt was made to identify a “natural cut-off point” in the scale. Although this is not obvious, one can note that the beginning of the distribution is fairly linear up to 70th percentile and then, the slope starts to increase more and more rapidly. This cut-off point in the trend of the distribution seems to correspond to a score around 1/9.  This particular score corresponds to the score of someone with the maximum score for one type of disability and no points for the other types. Many such cases were found in the sample. Of course, there is a number of ways to obtain a score of 1/9. Because of the particular interpretation of this point, the cut-off was chosen to be exactly 1/9. This cut-off creates two groups:


 “Least severe”
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For example, a person with a total disability related to seeing (
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), but with no other disability, would fall into the most severe group. Table 5 shows the number of persons in this situation as well as the types of disability concerned. It also shows the number of persons who have more than one disability with a maximum score and no points for other disabilities. Thus, there are only 62 cases where there is a score of 1 for a one disability and where the nine other types are nil. Problems of hearing (11 cases), seeing (22 cases) and pain and discomfort (17 cases) are the severe disabilities most often unaccompanied by others.

Table 5. Number of cases for which the maximum score was assigned for a given number of disabilities and a nil score for all others (unweighted data)

Number of disabilities
Frequency
HEAR
SEE
COMM
MOBI
AGIL
PAIN
LEAR
MEMO
DEVE
PSYC

1
62
11
22
1
1

17
1

2
7

2
4


1


1
1
1
3
1

3
4

1
1
2
2
2

1
2
1

4
2


2
2
2

1

1


6
1



1
1
1
1
1

1

We then separated these two groups into two parts. These two boundaries correspond to respectively half and double the maximum score obtained for a given disability. Thus, respondents who have a score lower than half the maximum score for a disability are included in Class 1, while those who have a score that lies between half the maximum score for a disability and the maximum score for that disability are in Class 2. Those whose score lies between the maximum score for a disability and double that score are in Class 3, while those with a score greater than double the maximum score for a disability are in Class 4:
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The advantage of this classification system is that it is easy for all users to understand and interpret. In light of the subjective nature of such a system, we preferred not to use specific terms to characterize the classes, so as to avoid misinterpretations. The only possible interpretation of these classes is that according to our measurement tool, persons in Class 4 have a more severe disability than persons in Class 3, who in turn have a more severe disability than persons in Class 2, and so forth. However, for practical purposes, these classes were assigned names. We use the terms “mild,” “moderate,” “severe” and “very severe” to designate classes 1 to 4 in that order. It should be noted that there is no judgment associated with the use of this terminology; the classes of severity depend on the way in which the scale is constructed.
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