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An index measuring the severity of the disability has been constructed based on answers to the PALS 2001 filter and screening questions. The methodology used to produce the severity scale for children is presented in this paper. Please note that the interviews about children activity limitation were conducted with the parent or guardian of the child.

1. TYPES of disability

For children as for adults, there are 10 different types of disability: hearing, seeing, speech, mobility, dexterity, learning, delay, developmental disability, psychological condition and chronic health condition. Table 1 below presents the different disability types and the age group(s) for which each type applies. This table also presents the different contexts in which disability questions are asked. It should be noted that only one functional limitation is measured for each disability type except for speech where two functional limitations are measured.

Table 1. Type of disability for children
Types of disability
Variable names
Age groups
Context



0-4 years 
5-14 years 


(A) Hearing 
HEAR
(
(
General

(B) Seeing 
SEE
(
(
General

(C) Speech 
SPEE

(
Family, friends and other

(D) Mobility 
MOBI

(
General

(E) Dexterity 
DEXT

(
General

(F) Learning 
LEAR

(
Home, school and play

(G) Delay 
DELA
(

General

(H) Developmental disability 
DEVE

(
Home, school and play

(I) Psychological condition
PSYC

(
Home, school and play

(J) Chronic health condition 
HEAL
(
(
Home, school and play

For adults, since the same questions were asked for all age groups, a single scale was derived and applied to all respondents. For children however, two different scales were constructed because some questions differ according to the age of the child. Two scales were constructed, therefore, one for the 0 to 4 years old and one for the 5 to 14 years old.

2. Scores

Some questions measure the intensity of the disability while others the frequency of the disability. Both types of questions are used in the calculation of the scores. Scores are assigned for each question in increasing order of severity. For example, the points given for a question measuring the intensity are as follows:

· “Some difficulty”:




1 point

· “A lot of difficulty”:




2 points

· “Completely unable”:




3 points

· Other answer (Refusal, Don’t know, No difficulty):
0 point

For frequency questions, the points are distributed similarly:

· “Yes, sometimes”:




1 point

· “Yes, often or always”:




2 points

· Other answer (No, Refusal, Don’t know):

0 point

When both frequency and intensity are available, the product of the two scores is used. For each disability type, a unique score is required. For speech disability, two different questions are asked: the ability to speak and the ability to make himself/herself understood. These two questions (two scores) have to be combined in order to obtain a unique score for this type of disability. Furthermore, for certain disability types, the same question is asked in different contexts. For example, for learning disability, Question B46 is asked for both the home and school situation as well as for play or recreational activities. These sub-questions also have to be combined in order to obtain a unique score for a given disability type.

When there is more than one question for a particular type, the scores are added and then standardised in order to obtain a score between 0 and 1:
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where 
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 is the score for disability type T, 
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 is the number of different questions for type T , 
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 is the maximum score for the ith question of type T  and 
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 is the score obtained for the ith question of type of T. In some cases, 
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 could be made up of more than one question. When the same question is asked in different contexts, the mean of the scores is calculated. For example, for speech disability, Question B25 about the ability of the child to make himself/herself understood, is asked in three contexts: when speaking with family members, friends or other people. Since the same question is asked three times, the mean score is assigned to this type:
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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. 

Here is an example for speech disability (T=SPEE). This type is composed of two different questions (
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), SPEE1 (difficulty speaking) and SPEE2 (difficulty to make himself understood when speaking). SPEE1 is asked in a general context (
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) while SPEE2 is asked in three different contexts (family, friends and other) (
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). The maximum score for SPEE1 is 3 and the maximum score for SPEE2 is 2 (
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where 
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 is asked for a unique context and where:
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The mean score of Question B25 over the three contexts is calculated in expression (2b), while in expression (1b), the score for SPEE is standardised in order to obtain a score between 0 and 1.  

3. Filter questions

For respondents with a score different than zero for the screening questions, no additional points are assigned for the filter questions. However, for respondents with no points for the screening questions, essentially the “yes-no” group (YES to the filter questions and NO to the screening questions), points are given based on the four filter questions. A global score for filter questions is computed the same way than the score attributed to each disability type, with expression (1a) and (2a). In this case, 
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4. Imputation of the “Undetermined”

For children for whom enough information is available to determine that they have activity limitations, but the intensity and/or the frequency is unavailable, a flag of “Undetermined” is assigned and their score for that specific disability type is imputed. A fairly simple method was used for the imputation. This technique consists of looking for a group of respondents with the same answers to specific questions as the respondent with incomplete information. The average score of this group of respondents is then imputed for the respondent with the missing information. Here are some examples:

(a) A respondent has an answer of “Yes, sometimes” to Question B31 about mobility disability, but there is no answer to B32 on the intensity of the disability. All respondents who gave the same answer as this respondent to B31 are obtained, then the average score for mobility is calculated and this value is imputed for the “Undetermined” respondent. 

This method of imputation is justified by the fact that there is a correlation between the frequency and the intensity. People answering “Yes, often” to the frequency question are more likely to answer “Completely unable” or “A lot of difficulty” than people answering “Yes, sometimes”.

(b) A respondent has an answer of “Yes, undetermined” to B31 but has the valid answer “Some difficulty” to B32. All respondents who gave the same answer as this respondent to Question B32 are looked at, then the average score for mobility limitation is calculated and this value is imputed to the “Yes, undetermined” respondent to B31.

The justification for choosing this action is the same as for case (a).

5. Special cases

There are certain disability types for which the following is asked:

A) If the condition reduces the amount or the kind of activity the respondent can do (the frequency question).

And then, if the answer is “Yes“:

B) How many activities does this condition usually prevent the respondent from doing (at home, at school, at play or recreational activities).

A respondent is considered limited if he/she answered “Yes“ to A. However, it is possible to answer “None“ to all four contexts in Question B. This situation is not changed by the edit rules that are used for both the adult and the child questionnaire. Since the points are assigned based on the product of the score to Question A and the score to Question B, no point is assigned in this case (score to B = 0). However, the respondent is considered limited for that specific disability type. For example, a respondent can be limited globally for four disability types, but points could be assigned for less than four types (for example, two types). In particular, a respondent could be considered limited with no point at all.

It was decided to assign a minimal score to these people for the specific disability type. This was done by giving one point to all people who answered “Yes“ to A, and then by calculating the score as originally planned based on Question B. For example, if the maximum score for a given disability type is six (frequency (2) X intensity (3)), this maximum score now becomes seven with this modification. Respondents with “ Yes “ to A and “None“ to B would obtain a score of 1. In summary:

“Yes“ to A and “None” to each question of B:

1 point

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


1 point + points given for B

Respondents with the answer “None” to B will therefore necessarily be the ones with the smallest score as they will only have the point for A. 

For some disability types, a respondent is considered limited (and points are assigned) if a disability is reported, even if there is no limitation. So, in these cases, points are always assigned. This is the case for learning disability and developmental disability. The list of these particular disability types and the questions where an additional point is given for a “Yes” are presented in Table 2. 

Table 2. Special cases

Type of disability
Variables
Questions for whom an additional point is given for a “Yes” 

Speech
SPEE2
B22 or B24

Learning
LEAR
B43 or B44

Developmental disability
DEVE
B53

Psychological condition
PSYC
B57

Chronic health condition
HEAL
B60

6. Construction of the global score

There is a strong relation between learning disability and developmental disability. For most of the respondents reporting a developmental disability, a learning disability is also declared. However, from a subject-matter point of view, it could be argued that these two disability types are exclusive. In order to avoid double counting of points, respondents with a developmental disability are not given any additional points for reporting a learning disability. 

The global score is computed by taking the mean over all the standardised scores of each disability type. As mentioned earlier, two different scales were derived for children, one for the 0 to 4 years old and one for the 5 to 14 years old:
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where
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These two scales are computed only for those with a positive answer to the screening questions (the “yes-yes” group and the “no-yes” group). For the “yes-no” group (“Yes” to the filter questions but “No” to the screening questions), only the filter questions are taken into account and this group forms an additional type of disability (unknown): 
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The reason why we did not use the filter questions also in (3a) and (3b) was to avoid double counting of the same information. For example, a child with a mobility disability probably answered “Yes” to the filter questions thinking about his/her mobility limitation and answered “Yes” also to the mobility questions. 

Individuals in the “yes-no” group probably answered “No” to the screening questions because the PALS questionnaire could not measure their disability or simply because they are too mildly disabled to report a positive answer to the screening questions. This is the reason why this group was treated separately.  A very small disability score was given to that group. 

Some results for the global score are presented in Table 3 and Table 4 below. Table 3 (Table 3a for children 0-4 and Table 3b for children 5-14) shows the number of children with one to four disabilities and the number of children with no disability or with points coming only from the filter questions. For each group, the mean, the minimum value, the maximum value and the standard deviation of the global score are presented. For example, there are 13 respondents aged between 0 to 4 with four disabilities (the maximum value for this age group). The mean score is 0.60676 with a standard deviation (STD) of 0.16241, a minimum value of 0.36310 and a maximum value of 0.83333. 

Table 3a. Number of disabilities and statistics (Children aged 0-4)
DISABILITY
FREQUENCY
MEAN
MINIMUM
MAXIMUM
STD

No disability
789
0.00000
0.00000
0.00000
0.00000

Filters only
70
0.08667
0.01667
0.20000
0.04839

One disability
270
0.12159
0.03571
0.25000
0.06237

Two disabilities
252
0.30961
0.15052
0.50000
0.10317

Three disabilities
53
0.48542
0.26190
0.75000
0.12177

Four disabilities
13
0.60676
0.36310
0.83333
0.16241

Total
1447


Table 3b. Number of disabilities and statistics (Children 5-14)

DISABILITY
FREQUENCY
MEAN
MINIMUM
MAXIMUM
STD

No disability
1498
0.00000
0.00000
0.00000
0.00000

Filters only
148
0.03694
0.00926
0.09259
0.02223

One disability
1149
0.03702
0.01786
0.12500
0.01927

Two disabilities
818
0.08310
0.03571
0.25000
0.03620

Three disabilities
730
0.14461
0.05357
0.37500
0.06034

Four disabilities
609
0.22502
0.07440
0.50000
0.08525

Five disabilities
306
0.31853
0.12698
0.62500
0.11769

Six disabilities
134
0.43865
0.18056
0.75000
0.14915

Seven disabilities
32
0.53465
0.27282
0.87500
0.17869

Eight disabilities
9
0.64407
0.40774
0.78175
0.12202

Total
5433


The proportion of children with a certain type of disability by number of disabilities is presented in Table 4. As for Table 3, results are presented separately for the 0 to 4 children (Table 4a) and for the 5 to 14 children (Table 4b). 

Table 4a. Frequencies for each type (Children 0-4)

DISABILITY
HEAR
SEE
DELA
HEAL

One disability
9.6%
4.1%
41.9%
44.4%

Two disabilities
11.5%
9.5%
92.5%
86.5%

Three disabilities
49.1%
52.8%
100.0%
98.1%

Four disabilities
100.0%
100.0%
100.0%
100.0%

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. 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 4b. Frequencies for each type (Children 5-14).
DISABILITY
HEAR
SEE
SPEE
MOBI
DEXT
LEAR
DELA
DEVE
PSYC
HEAL

One disability
11.3%
4.4%
6.1%
1.8%
1.0%
24.2%
0.0%
4.3%
1.4%
45.6%

Two disabilities
17.2%
7.9%
30.6%
9.4%
5.1%
48.4%
0.0%
14.3%
11.7%
55.3%

Three disabilities
11.6%
9.5%
43.8%
14.5%
16.3%
51.4%
0.0%
32.1%
40.3%
80.5%

Four disabilities
12.8%
11.2%
80.8%
15.6%
29.1%
40.1%
0.0%
54.2%
65.8%
90.5%

Five disabilities
20.9%
20.3%
91.5%
31.7%
69.9%
22.5%
0.0%
75.8%
69.0%
98.4%

Six disabilities
23.9%
50.7%
93.3%
71.6%
88.8%
20.1%
0.0%
77.6%
74.6%
99.3%

Seven disabilities
56.3%
78.1%
100%
84.4%
93.8%
3.1%
0.0%
96.9%
87.5%
100%

Eight disabilities
100%
100%
100%
100%
100%
11.1%
0.0%
88.9%
100%
100%

7. Creation of the severity 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 children with activity limitation with the lowest scores.  The second decile corresponds to the next 10% of children 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. 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. Because of the smoothness of the distribution in Figure 1 and because of the requirement to use a simple method for data users, an intuitive graphical method was used to determine the cut-off points.

Figure 1. Distribution of the global score.
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After discussion with some data users, it was decided that the severity scale for children 5-14 would be separated into 4 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 50th or 60th percentiles 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 1/8.  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 1/8. Because of the particular interpretation of this point, the cut-off was chosen to be exactly 1/8. This cut-off creates two groups:


The “less severe” group:
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The “more severe” group:
1/8
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For example, someone with the maximum score for seeing (
[image: image33.wmf]1
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) but no other disability, falls into the “more severe” group. Anyone with the maximum severity score for one disability type will, therefore, automatically be assigned to the “more severe” group.

The second step was to separate each of the two groups into two subgroups. The most logical cut-off points to do this were half and twice the maximum score for one disability type (cut-offs of 1/16 and 1/4). The point 1/16 corresponds to someone who would have half the maximum number of points for one disability type and nothing else.  The cut-off of 1/4 corresponds to someone with the maximum number of points for two disability types and nothing else. Therefore, respondents with a score smaller than 1/16 fall into Class #1, those with a score between 1/16 and 1/8 fall in Class #2. Those with a score between 1/8 and 1/4 fall in Class #3 while those with a score larger than 1/4 fall in Class #4.


Class 1:
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Class 2:
1/16

[image: image35.wmf]£



[image: image36.wmf]14

5

-

SI


<
1/8


Class 3:
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Class 4:
1/4
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This type of classification has the advantage of being easy to understand and interpret by all users. Because of the subjective aspect of this classification, it is desirable not using specific terms in order to avoid misinterpretation. The classes are relative to each other, that is Class #1 is less severe than Class #2, which is less severe than Class #3, which in turns is less severe than Class #4. However, a nomenclature has been assigned to those classes for practical purposes. The terms “mild”, “moderate”, “severe” and “very severe” are used to refer to classes 1 to 4. 

For children 0-4, a similar approach was used. It was decided that the severity scale for children 0-4 would be separated into two severity classes rather than four. Since there are four disability types for that group, the cut-off is 1/4: 


Class 1:
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The terms “mild to moderate” and “severe to very severe” are used to refer to classes 1 and 2.
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Graph 5-14
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