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FOREWORD

The process of human development is customarily devided into three
stages: growth, adulthood and aging. Yet, it is now recognized that this
process is not uniform, but rather it differs between individuals. Further

more, sometimes the normal course of development may be impeded by congenital

defects, acquired diseases, work accidents, traffic accidents or other

factors, creating physical, mental or social disability. Rehabilitation
designates the attempt to arrest or improve the pathological development of

such disabling factors, with the ultimate goal of restoring one's former

abilities. The rehabilitation prognosis depends on the origin of the dis
ability and on the degree of disability.

In 197275, JDCMalben in collaboration with the Weizman Rehabilitation

Center at the Shiba Medical Center, conducted, under the auspices of the

Social Rehabilitation Administration of the U.S. Department of Health,

Education and Welfare, a survey of physically, mentally and socially disabled

persons in a rural area in Israel. The principal researchers were Prof.

A. Spira, Head of the Weizman Rehabilitation Center and the undersigned.

A rural Jewish and Arab population of about 24,000 was selected for

this rehabilitation study on the disabled. The detection consisted of the

collection of existing data from local sources and a doortodoor screening

based on an interview schedule. About 22,000 (93*^) individuals responded

to the interview. The disablement rate in the 0 to 13year age group was

9% for Arab and12. 5% for Jewish children. In the working age group (14 to

64 years) the disablement rate was S.3% for Arabs and 7^ for Jews. More
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than 3<n of both Arabs and Jews in this age group had impairments and

chronic conditions that did not interfere with their functioning in normal

life. In the pensionable age group (65+ years), 8.3$ of Arab villagers and

2.1\ of Jewish villagers were totally dependent. Special efforts were made

to detect the functional limitations of housewives and of the homebound.

The interview schedule had a marked educational effect on the professionals

and on the villagers. This facilitated the establishment of a rural
rehabilitation service in an Arab village, the first service of its kind in
Israel.

The main objectives of the survey were:

a) locating the disabled persons in the five villages;

b) assessing the physical, social and vocational status of the target
population i.e., disabled persons of working age (1464);

c) learning the needs of disabled persons in rural communities and

analysing the epidemiological features specific to the Jewish disabled
and to the Mosi emArab disabled;

d) developing a mathematicalstatistical model for predicting the

rehabilitation potential of disabled persons of working age; and

e) developing a model for rehabilitation services in rural areas,
Definitions employed:

Rural Area  A defined geographic area with a population of up to 10,000

people, the majority of whom subsist on agriculture.
Impairment  A defect of physical and/or mental nature, which may be defined

by clinical examination. Modern theory of rehabilitation distinguishes

between impairment and disability, according to the principle that not al!
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impairments necessarily produce disability.

Disability  An impairment of physical, mental or social nature, resulting
in functional loss which affects the individual's ability to perform daily

activities and interferes with his capacity to lead a normal life (schooling,

housework or earning capacity).

Socio culturally Disabled  A person whose functions, despite the absence

of medical reasons, diverge from what would usually be expected of his peer

group.

Homebound Disabled  Any disabled person who is unable to leave his home

unassisted by another person.

The degree of disability was divided into three categories of

severity:

Moderate Disability  An anatomic or physiological impairment or loss of

stable nature, imposing some limitations on the performance of daily
activities, without, nonetheless, preventing the individual from leading

a normal life.

Severe Disability  Serious anatomic or pysiological impairment or loss,
either of stable, unstable or progressive nature, whose cumulative effect
may impose limitations which prevent the individual from leading a normal

life.

Very Severe Disability  Serious anatomic or physiological impairment or

loss, either of stable, unstable or progressive nature, inflicting
limitations that prevent the individual from leading a normal life. It is
important to note that the impairment may be caused by a secondary clinical
symptom.
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Method of Diagnosis  The degree of disability, rehabilitation prognosis,

rehabilitation Potential and the rehabilitation programs suitable for each

individual, were determined jointly by the specialists from the medical,

social and vocational areas, on the basis of questionnaires relating to
each of these areas.

! A highly important factor for the process of rehabilitation is the

assessment of the degree of disability and of the rehabilitation potential.
While the search for objective methods for measuring disability continues

to be a central focus in the theory of rehabilitation, few such methods

have been developed so far. Recently there has been growing interest in

constructing mathematical models for assessing disability. These studies

have produced a number of models which have yet to be tested and validified
in practice. Among these, one might cite labor force behavior models,

concerning the effects of disability on labor force behavior, models for

predicting the degree of disability, models of health indices, and models

for more objective evaluation of decisions and procedures with regard to

benefits to the disabled.

Upon the completion of the survey on rural disabled population,

Moshe Nordheim, head of the mathematicalstatistical unit at the Brookdale

Institute, was asked to construct a mathematical model which would summarize

the considerations used by the medical, social and vocational specialists
in determining the degree of disability. The discussion paper that follows
presents two tentative models for predicting disability, one based on a

simple additive mathematical analysis and the other on the principal
.component method of analysis. These models have yet to be applied in
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practice in order to test their reliability as predictors of the degree of

disability and the rehabilitation potential.
To the best of our knowledge this is the first attempt of this kind

in Israel to construct a mathematical model for assessing the rehabilitation
potential of disabled persons. We hope that this study may stimulate further

research and contribute to the development of objective measures for

assessing disability and predicting rehabilitation potential.

Prof. Izhak Margu lee
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INTRODUCTION

The analysis presented here summarizes a study on rehabilitation
services in rural areas of Israel. The sample surveyed consisted of 264

disabled persons of working age (1464), from three Jewish villages and two

Arab villages in the center of the country. Each disabled person was

interviewed by a multiprofessional team, composed of a physician, a social
worker and a vocational councelor, in order to assess his physical state,
living conditions and capacity to work. Three detailed questionnaires were

constructed for this purpose. At the end of the survey, all specialists
from the various areas met to determine together the degree of disability
of each disabled person.

The mathematical analysis that follows presents an attempt to summarize

in the form of a predictive model, the procedures and considerations use(i

by the multiprofessional team. After indent ifying the factors influencing

the team's assessment of the degree of disability, we construct a model which

is designed to answer the question: what degree of disability would the

multiprofessional team have given to a disabled person with a particular
combination of characteristics.*

Unfortunately the sample taken was very small, and it is doubtful

whether it is sufficient for building a reliable model of general validity,
especially in view of the extremely large number of variables included in

*) A similar study was carried out by Berkowitz and Johnson. See:
Monroe Berkowitz and William G. Johnson, The Causes of Disability: A
Priliminary Multivariate Analysis of the 1966 Social Security Survey
of the Disabled)Rutgers : Bureau of Economic Research.1971) .
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the survey. Furthermore, the sample is not representative of the general

population because it included only persons with low education leve1

)04 years of schooling) and persons who were not working at the time of the
survey.

The model we used is the additivelinear model of the form:

19
)1)ya+ 2:b x. ;

i=1

where y, the degree of disability, is equal to the sum of 19 independent

variables, xllg, multiplied by different weights, bj_1P^ plus a constant a.

This means that the degree of disability, y, was not determined by any single

variable, but was a function of a combination of factors, each exerting its
own independent effect on the variation in the degree of disability.

To examine the validity of our model, we employed two techniques of

analysis and compared their results. The first method is an ordinary

multivariate analysis, which we shall call the simple additive model. Here

each variable is put into the model separately and the model yields the

average marginal effect of each variable on the degree of disability, i.e.,
yields the variation in percentage points between the degree of disability
of a person affected by a certain variable and that of a person unaffected

by this variable. The disadvantage of this model is that it limits the

number of variables that may be included in the analysis because of problems

of multicolinearity and because the multiplicity of variables reduces the

degrees of freedom of the model.

The second technique is the principal component method, the essence

of which is to form out of all the variables a few principal components.

1
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This method helps to reduce the problem of multicolinearity, and thus permits

us to include a larger number of variables in the analysis. Because a larger
number of variables may be included, this method probably gives a more accurate

estimate of the degree of disability. On the otherhand, it does not give the

independent effect of the individual variable. Each component is composed of

all the variables together and the difference between the components is only

in the relative weight of the individual variables within the component; while

one component is mainly affected by one group of variables, another is mainly

affected by other variables, but both are affected to some extent by all the

variables. Furthermore, all the components contribute in varying degrees to

the degree of disability, and the difference between one disabled to another

is only in the value of each component, but not in the actual effect or
absence of effect of this component, as is the case in the simple additive

model.

In the first stage of the analysis, we identify the variables which

have a significant effect on the degree of disability. Having sifted out

the non significant variables, we recalculate the model using the significant
variables only, and in this way obtain the predictive model.
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A. THE SIMPLE ADDITIVE MODEL

To construct our model, we selected 19 variables form the three
questionnaires, as follows:

x. sex of respondent

Medical questionnaire: x2x5 (diseases causing the disability)
x~ mental disorders

x_ diseases of the nervous system and sense organs

x. circulatory diseases

x,. diseases of bones and movement organs

Social questionnaire: x^x. "

x, receiving income from work

x^ receiving welfare assistance
x" having family problems

x~ overdependency

x.. ~ attitude to disability (according to social worker's evaluation)

Vocational questionnaire: x x

x. , appearance

X1~ education

x, , physical ability to work

x, 4 motivation to work

x, 5 being employed

x, , attitude to disability (according to vocational councelor1s evaluation)

xJ7 difficulty in walking

x^g difficulty in other motor activities (washing, dressing, eating,
continence, toilet)

x." age (continuous variable)
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Each variable was given two alternative values: \_  yes, 0  no;

e.g., mental disorders (x2) : suffers from disorder  1_, does not suffer  0;

income from work (x6) : receives income  1_, does not receive income  0;

attitude to disability (x1Q): accepts disability  1_, does not accept

disability  £, etc. The definitions of the 19 variables are specified in

Appendix A.

The team assessing the degree of disability used a scale of three
degrees: very severe, severe and moderate disability. For the purposes of

our analysis, we converted the degree of disability into a dichotomous

variable: 1_  very severe and severe disability, and O_  moderate disability.
When y, the dependent variable, is dichotomous it assumes values between

1 and 0, i.e. , it constitutes a probability scale.

Ordinarily in multivariate analyses, the coefficients of the model

are computed by the least square method. But when y is dichotomous, as in

our analysis, this method involves some problems. These may be overcome by

the use of the logistic model, as follows:*

)2) Prob. * 
l+e"y

Using the additive linear model (1), we compute y and then substitute
it into the logistic model (2) to obtain the probability** Furthermore, while

in the ordinary regression method the marginal contribution of each of the

independent variables is equal to its coefficient in the regression (b.) ,

*) Marc Nerlove and S. James Press, Univariate and Multivariate Log linear
and Logistic Models (Santa Monica: Rand, R1306EDA/NIH, December1973) .

**) The coefficients (b.) are not computed by the least square method.
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in the logistic model it must be computed seperately by the following

formula:

)3) ^PQP)^ ,

where P equals the probability to have a severe disability (binomic

estimate).

Table 1 presents the results for the additive model. (The matrix of

correlations is presented in Appendix B.) We see that the degree of dis
ability is influenced by eight major variables, in the following order:

1. Walking difficulty (x1y)  0.43.

2. Diseases of the nervous system (x_)  0.38.

3. Receiving welfare assistance (x?)  0.35.

4. Mental disorders (x?)  0.33.

5. Attitude to disability (x1Q)  0.29.

6. Having family problems (xo)  0.27.
o

7. Physical ability to work (x. ,)  0. 25.

8. Motor activities (x1o)  0.25.lo

The interpretation of these results is that the team considered that
walking difficulties (x.. 7) affected the degree of disability more than any

other single factor. Hence, persons6 suffering from this handicap received,

on the average, 43 percentage points of disability more than persons who

had no difficulty in walking. The other motor difficulties (x. R) were just
below the significant level.

One of the limitations of the simple additive model is that it involves

serious problems of multico linearity. Thus, high correlations between the

variables may explain the non significant effect of some of the variables.
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TABLE 1

Results of the Simple Additive Model

Coefficient n Average Marginal Effect
Variable bi tValue '* P(lP)b.

Constant 1 .4606 1 .3204
x 1 0.2995 0.6095 0.07
* 2 1 3837* 2.7975 0.33
* 3 1 .5876* 2.8270 0.38
* 4 0.6562 1 .2326 0.16
x 5 0.5644 1.1711 0.13
* 6 0.2449 0.4173 0.06
x 7 1 .kkki* 2.9765 0.35
* 8 1 .1305* 3.0618 0.27
x 9 0.5301 1 .2658 0.13
x10 12296* 3.0863 0.29
xn 0.6687 1 .8601 0.16
x12 0.7319 1.8181 0.18
x13 1.0245* 2.4288 0.25
x/4 0.5544 1 .4000 0.13
x15 0.8415 1 .6809 0.20
x16 0.3429 0.9797 0.08
x17 1 .7736* 2.9566 0.43
8ו* 1 .0576 1 .8085 0.25
X1g 0.0152 1 .1661 0.0036

R2 = 0.492) (1P)f= 0.24

* Variables that are significant at a level of ^\ at least.
1) ^t =  ; although this ratio does not have its usual property

/ Var b. of the t distribution in the logistic model, it has
an asymptotic normal distribution similar to the t
distribution. Thus, for convenience we shall call
this ratio 1t value1.

2) See Appendix C for explanation.
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For instance, motor difficulties (xlg) were found to be correlated with

walking difficulties (x1?) (r = 0.4). Indeed motor difficulties, by

definition, include many walking difficulties and their separate contribution,

independent of that of walking difficulties, is small. It is interesting to

note that there is a correlation of r  0.22 between motor difficulties and

education O12)> a relationship already observed by Bowen and Finnegan.*

The improvement in one's physical ability to work(x ) reduces the

severity of disability by 25 percentage points. Of all four types of

diseases, only 'mentaldisorders' (x2) and 1diseases of the nervous system and

sense organs' (x3) were found to be significant; suffering from mental dis

orders raised the degree of disability by 33 percentage points and suffering

from diseases of the nervous system and sense organs raised it by an average

of 38 percentage points. On the other hand, 'circulatory diseases' (x ) and

'diseases of movement organs' (x5) did not have a significant influence on

the team's evaluation. The reason may be related, in part, to the correlation
between these diseases and the first two types of diseases, since it was found

that 'mental disorders' (x2) and 'circulatory diseases' (x4) were correlated

at a level of 0.21 and 'nervous system' (x3) and 'bones and movement organs'
(x5) were correlated at 0.22.

Twenty five per cent of the respondents received welfare assistance

(x?) . Recipients of welfare were given, on the average, 35 percentage points

of disability more than persons not receiving welfare. The rationale seems

*) W.G. Bowen and A.T. Finnegan, The Economics of Labor Force Participation
(Princeton University Press, 1969(.~^
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to be that persons receiving welfare would have a weaker motivation to

rehabilitate and return to work. This assumption is confirmed, to some

extent, by the correlation between 'motivation to work1(x ) and 1receipt

of welfare1(x?) : (r = 0.22). To strengthen this assumption, we examined

whether National Insurance benefits had a similar effect on the team's

decision. However, we were unable to obtain significant results, because

only 150* of the respondents received National Insurance benefits and most

of these received child allowances, which have nothing to do with the degree

of disability. In any event, it is questionable whether receipt of welfare
is an appropriate measure of the degree of disability, since its relationship
with the disability is not at all clear. Some of the welfare beneficiaries
might have been eligible regardless of their disability, while some non

beneficiaries may not qualify because they have income from property or

support from another family member, such as the husband.

The results reveal that another consideration which influenced the

team's decision was the respondent's attitude toward his disability,
according to the social worker's impression (x1()). Thus, the team considered

that persons who found it difficult to accept their disability have ^ifki
chances to rehabilitate than persons who are realistic about their condition.
The disabled person's attitude appears to have been related to his social

relationships; a high correlation was found between the disabled person's

attitude to his disability and his relationship with his family members

)xg) and social environment. The better his relationship with his social

environment, the more he accepts his state. The question about the disabled' s

attitude to his disability was asked twice, once by the social worker (x )
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and once by the vocational councelor(xlif) . Surprisingly, the correlation
between these variables was low. The explanation emerges from the

correlations of these factors with other variables. While the social

evaluation was correlated with the respondent's social relationships, the
vocational evaluation was related mainly to his ability to work and was

correlated with the 'motivation to work (x14) and 'mental ability to work'.

It seems that in their interviews with the vocational councelor the

respondents tended to overstate the severity of their handicap out of

reluctance to return to work. In conclusion, we see that the disabled

person's attitude to his disability and his relationship with other family

members together represent the social factors affecting the degree of dis

ability. It follows that if his family problems were to be alleviated, the

disabled person's condition might improve substantially.

Another variable which was almost significant was 1education1 (x ),
whose marginal contribution was 0.18 on the average. The low effect is
probably related to the low educational level of all the persons in the

sample. Were people with no education compared with people with consider

able education, it stands to reason that 'education1 would have had a

significant effect on the degree of disability. Furthermore, we would have

expected 'education' to be negatively related with the degree of disability,
so that the higher the level of education, the slighter the handicap.

Strangely, the coefficient of correlation was positive. A possible

explanation is that persons with more education (4 years of schooling in

our sample) were more capable of describing their condition than those with

no education, and therefore the team got the impression that their disability
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was more severe. However, this is no more than a guess.

'Appearance' (x, .) was also almost significant, on the other hand

it was in high correlation with several variables describing the mental

state and environmental disability of the disabled person, which were not

included in the model. Hence, 'appearance' may be seen as representing the

general physical and mental impression of the disabled.

Thenon significance of the work variable (x1 ;.) is probably related to

the small number of workers in the sample. In addition, this variable was

highly correlated with 'motivation to work' (x .) and 'income from work1

)x^), and all three variables were correlated with 'receipt of welfare' (x )

and 'physical ability to work' (Xj), which were all highly significant.
The interactions between these variables explain why neither 1motivation to

work' nor 'having income from work' nor 'working' (x1 ,.) were significant in

determining the degree of disability.
The nonsignificance of 'overdependency' (xQ) is explained by the

relationship of this variable to 'receiving welfare assistance' (x7),

'family problems' (x") and 'the disabled person's attitude to his disability
according to the social worker' (x1n).

The non significant effect of 'age' (x,g) is due in part to multi

colinear relationships with other variables, such as ' sex'(x.. ) and ' ability
to work'(x.. _) . However , another reason for its insignificant effect is the

relatively low average age of the sample (42.3 years). Indeed, other

studies have revealed that age begins to assume a significant role in

disability at the age of 55. Thus, had the average age in our sample been

55 or more, age is likely to have been significant.
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We tried to feed into the model several other variables, including
the physical status as determined by the physician and a number of socio

economic factors, but the results obtained were not significant, because of

inter correlations between these variables and other variables already included

in the model. It is important to note that any additional variable reduces

the degrees of freedom of the model, which is undesirable when the sample is
small.

'Population group' (Jews 1 / Arabs 0) was also nonsignificant, but we

found correlations between this variable and other variables: 1family relation
ships' (r= 0. 23) , ' social relationships' (r = 0. 25) , ' education' (r  0.2) ,

'motivation to work' (r = 0. 21) ; i.e., disabled Arabs have better family and

social relationships, but Jews have more education and stronger motivation

to work. However, none of these correlations is particularly strong, and it
is doubtful whether they can explain the non significant effect of 'population

group'. On the other hand, had the sample included a wider range of educat

ional levels, the difference between Jews and Arabs may have been greater, due

to the correlations between population group and education and between education

and occupation. In any event, we calculated the model separately for Jews

and Arabs. The results obtained were poor (Table 2). Table 3 summarizes

the significant results. Variables which are significant are marked +, and

results which are just below the significant level are marked (+).

Table 3 shows which variables contributed to the effects reported in

Table 1. The effect of 'bone and organ diseases' (x) was not significant
because this variable worked in opposite directions for Jews and Arabs.

While suffering from these diseases increased the disability among Arabs,



TABLE 2
Results of the Simple Additive Model, by Population Group

JEWS (125 observations) ARABS (139 observations)

Variable Coefficient b. t ValueD Average ^8j™1 Coefficient b. t Value15 tlfT^Tl\Tl
1 Effect P(lP)b. 1 Effect P(lP)b.

Constant '1 .0500 0.5726 1.1966  0.6798
x 1.2808 I .5053 0.31 0.31*99 0.4762 0.08
* 1 .4163 1 .7702 0.34 2.3519* 2.4999 0.56
* 2.3753* 1.9748 0.57 1.5047* 2.0477 0.36
* 0.5934 0.5853 0.14 0.8960 1.1765 0.22
x 0.5246 0.6345 0.13 1 .2670 1 .8998 0.30
x 0.4846 0.5085 0.12 0.7277 0.7708 0.17
o

x 3.4963* 3.2752 0.84 0.7128 1 .0349 0.17
' 1

x 0.0171 0.0260 0.004 1.5508* 2.7907 0.37 ,_,

xg 0.2130 0.2831 0.05 0.9500 1 .3698 0.23 ,

x 0.9505 1 .4356 0.23 1 .2896 1 .8241 0.31
x 1 .2980* 1 .9798 0.31 0.1732 0.3154 0.04
x 1 .4425 1 .8759 0.35 0.2905 0.4468 0.07
x 1.9053* 2.2377 0.46 1.0290 I.6724 0.25
*/4 0.8414 1 .1072 0.20 0.5206 0.8299 0.12
x^ 0.9062 1 .0568 0.22 1 .3410 I .7526 0.32
x 0.5344 0.8695 0.13 0.3088 0.5766 0.07

1 o
x^ 2.9097* 2.6839 0.70 1 .5187 1 .7082 0.36
x 0.0022 0.1062 0.001 0.0332 1.6297 0.01
x^ 1 .6145 1 .3981 0.39 1.1582 1 .3909 0.28

R2 = 0.54 P(lP) = 0.24 R2 = 0.62 P(lP) = 0.24
*) Significant at Sos at least.
1) See Table 1, Footnote 1.
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TABLE 3

The Significant Variables by Population Group

Both
Jews Arabs (Table 1)

Mental disorders x + +

Diseases of the nervous system x_ ++ +
and senses

Diseases of bones and movement x (+)
organs

Receiving welfare assistance x? + +

Having family problems Xo + +
8

Attitude to disability x1n (+) +

Appearance Xjj + (+)

Education x12 (+) (+)

Physical ability to work x + +

Difficulty in walking x1 _ ■(. +

Other motor difficulties x r+\
1 o ^
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with Jews it tended to have a negative though nonsignificant effect. The

main factors determining the degree of disability among Jews were 'diseases
of the nervous system1, 'income from welfare', 'appearance', 'education',

1physical ability to work' and 'walking difficulty1. For Arabs the

determining factors were 'mental diseases', 'diseases of the nervous system',

1diseases of bones and movement organs', 'family problems' and 'the disabled

person's attitude to his disability according to social evaluation1. We see,

therefore, that the results in Table 1 are the result of tradeoffs between

the two population groups.

The Predictive Model Using the Simple Additive Analysis

The predictive model is a formula designed to represent the consider

ations guiding the mutli disciplinary team in determining the degree of

disability. In other words, this formula is purported to do the work of

the multiprofessional team and to answer the question  what degree of dis
ability would the team have given to a person with a certain combination

of characteristics. Obviously, such a model can only contain variables

whose effect on the degree of disability is clear and significant.
Thus to obtain the predictive model we employ our original model but

feed into it only variables found significant in the first stage of the

analysis. In addition to the 8 significant variables (see p. 6 ) , we

included 3 other variables which were almost significant : 'appearance'

)x.^), 'education' (x^) and ' work ' (x."). As explained above , the non

significance of 'education' and 'work' is related to the limitations of the

sample investigated, i.e. , to the low educational level of all respondents
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and to the very small number of workers. It stands to reason that if the

sample were more diversified, these factors would play a greater role.
Table 4 shows the relative effects of the 11 variables included in

the predictive model. Some changes, though minor ones, may be noted in

the relative importance of the variables for predicting the degree of dis
ability. Their order of importance is now as follows:

1. Difficulty in walking (x )  0.40

2. Receiving welfare assistance (x")  0.37

3. Diseases of the nervous system (x )  0.31

4. Mental disorders (x?)  0.30

5. Having family problems (x0)  0.30
o

6. Motor difficulties (x1o)  0.29
10

7. Attitude to disability (x )  0.26

8. Education(x )  0.24

It appears that removing the variables 1motivation to work' (x ) and

'income from work' (x,) reduced the weight of 'physical ability to work*

)x^ ) . Taking out two of the diseases(x. , X;.) increased the weight of

'receiving welfare assistance1 (x_) relative to the weight of the diseases.
Two other variables which increased their importance are 'motor difficulties'
)x1 o) and 1having family problems' (xo) . On the other hand, 'attitude tolo o

disability' (x1Q) decreased in importance. However, all these changes are

fairly smal1.

After determining the effects of the various variables, we constructed

personal profiles and computed the degree of disability predicted for them.

The table of profiles tells us what degree of disability the multiprofessional



 17 

TABLE 4

The Predictive Model on the Basis
of the Simple Additive Analysis

1 , Average Marginal
Variable Coefficient t Value J Effect

b. . PClP)^

Constant 2.0037* 3.2872

x2 Mental diseases 1.2643* 3.0731 0.30

x, Diseases of the , ._.^^ nm
3 Nervous System 12952* 2.6107 031

x7 Receiving welfare 1 5395* 3 2875 0 37assistance כ^כב.1 s.ta/s a'J/

xg Family problems 1.2374* 3.5649 0.30

x Attitude to disability , n",8*9 Q111; n 0,
10 (social evaluation) 1O818 29115 0.26

x^ Appearance 0.7353* 2.2016 0.18

x12 Education 0.9874* 2.7827 0.24

"^ t"^1 3"11^ 0.7776 20307 O.!9

x15 Employed 0.8820* 2.6243 0.21

xJ7 Walking difficulties 1.6797* 2.9543 0.40

xlg Motor difficulties 1.1963* 2.1116 0.29

R2 = 0.46 (lP)P = 0.24

*) Significant at 5^0 at least.
1) See Table 1, footnote 1.
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TABLE 5

Table of Profiles and Corresponding Degrees of Disability Based on the Simple Additive Model

Physically fit, working Physically fit, not working

/*\ Disease Mental . Nervous System Other Diseases ^"^ Diseases Nervous System Other Diseases
\. causing ■ . '^\disability Education Education Education Education Education Education

^\^ no has no has no has n0 has no has no has\ m (2) (31 (4) (5) (6) (7) (8) (9] (10) (ID (12)

Does not receive8. 4^ IQ.6% S.5%20. U 2.5<k6. 4"* 17.9* 37.3*, 18.5* 38.0*, 5.8* U.3%
welfare (1)

Receives welfare (2) 29.8*, 53.2* 30.4"* 54.0* 10.7*24.4$50. 5"^ 73.3*51. 30^ 73.9* 22.4"^43 .8^

Does not receive
welfare, has walking32. 80^ 56.7*, 33^ 57 . 5* 12.1* 26.9"* 54.0"^76. 0%55. 0%76 70* 25■0^47 .3^
difficulties (3)

^afwalki^nf"6' 69.4*85. 9". 70.1". 86.3* 39.1* 63.2*84. S 93.6*85. 0". 94.3". 60.8". 80.73
difficulties (4)

Receives welfare,
walking difficulties88. 60*95. 40. 89.0* 95.6". 68.9". 85.5". 95.0* 98.0". 95.2?98. I0. 84.2*a93 .5^
and family problems

)5)

walking difficulties, 95.9* 98.4*, 96.0".98. 4". 86.7*94. 6< 98.2* 99.3* 98.3^" .4^ 94.1"^98 .0'
family problems and
accepts disability

)6)

Receives welfare,
walking difficulties,
family problems, 98 0\ 99.2% 98.0^1 99.3".93. 2% 97 . 4". 99.2^199. 7% 99.3s99. 70. 97.1". 98.9'
accepts disability,
appearance not
good (7)

Receives welfare,

famUy'probS!'165 99.4". 99.8^ 99.4". 99.8* 97.8* 99.2". 99.6* 99.9* 99.7*0 99.9". 99.2*" 99.6
accepts disability,
appearance not good
and has motor
difficulties (8)
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Table 5 (Contin.)

Physically unfit, not working

\. Disease MentalDiseases Nervous System Other Diseases
\^ causing

X^disability Education Education Education
\^ no has no has no has\ (13) (14) (15) (16) (17) (18)

Does not receive 32.3*0 ^>i>.2\33. 2% 57 . 2* 11. 9s 26.7*
welfare (1)

Receives welfare (2)69. (H 85.5"* 69 . 6* 86.1"* 38.7"* 62 . 7*

Does not receive
welfare, has walking 71.9*, 87.3* 72.5"^ 87.7"*42.U 66.1*0difficulties (3)

Receives welfare, has
walking difficulties92. 6%97. 0%92. 6% 97. 1"*77. 2$ 90 U

)4)

Receives welfare,
walking difficulties 98 . 0"*99. l% 98.0* 99.20u92. U96. 9%
and family problems

)5)

Receives welfare,
walking difficulties, 99.21 99.7$ 99.3*5. 99.7*0 97 . 2*0 98 . 9*0

family problems and
accepts disability

)6)
I

Receives welfare,
walking difficulties,
family problems, 99.6% 99.9^>99. 7% 99 . 9* 98 . 6* 99.4^5
accepts disability,
appearance not
good (7)

Receives welfare,
walking difficulties
family problems, 99.8*0 99.9?! $99.8 99.9^> >5י99.4 99.8^,
accepts disability,
appearance not good
and has motor
difficulties (8)
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team would have given to a person with a certain profile. The degrees of
disability associated with each profile are computed through the logistic
model. (The table of profiles is presented in Table 5.) We see, for example,

that to a person suffering from nervous diseases the team would have

attributed disability of 33.2^ if his physical condition is poor, he is not

working, has no education and receives welfare support (Profile 15/1). A

similar degree of disability(33. 4^) would be attributed to a person suffer
ing from the same disease, is physically fit, is working and does not receive

welfare, but on the other hand has difficulty in walking (Profile 3/3).
Hence these two persons were considered to be equally disabled. In this
way, we could, of course, construct additional profiles, using different
combinations of characteristics.
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B. PRINCIPAL COMPONENT ANALYSIS

The multiprofessional team, assigned to assess the degree of disability,
based its evaluation on three questionnaires: a physical status, social

status and vocational questionnaire. In the simple additive analysis we

were compelled to ignore many of the variables included in the questionnaires
to avoid multicolinearity. This problem can be resolved to a great extent,
by combining all the variables into a few principal components.*

While in the simple additive analysis, each variable was fed into the

model separately, in the principal component analysis the variables from

each questionnaire were combined into components by means of a factor analysis.
The components found to have a greater effect on the degree of disability
were then fed into the model. In addition to medical, social and

vocational principal components, we included in the analysis 5 variables

relating to the disease from which the disability originated and 4 demo

graphic variables as follows:

Xj Alergic, endocrinous, metabolic and nutritional diseases
x^ Mental diseases and personality disorders

x^ Diseases of the nervous system, sense organs and brain
x. Circulatory diseases

x^ Diseases of bones and movement organs

x6 Sex: male (0) , female (1)

*) Donald F. Morrison, Multivariate Statistical Methods (New York
McGrawHill).
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x_ Population group: Arab (0), Jewish (1)

x" Family status: nonmarried (0), married (1)

xg Age, continuous variable

Medical Components

We included 26 medical variables in the analysis (see definitions,
Table 6). These 26 variables describing the disabled' s physical status
yielded 6 principal components, which we shall call the medical components.

The correlation matrix presented in Table 6 shows the correlations between

each of the variables and the principal components.* The 6 principal

components derived account for77. 7% of the variance in the 26 variables.

Note that each of the components is composed of all 26 variables, and the

difference between them is in the relative weights of the various variables
within the components. The results for the physical status components are

summarized in Table 7.

The 6 principal components obtained may be regarded as medical indices,
defining the disabled person1s physical status. The correlation matrix shows

that each component has a small number of variables with which it is highly

correlated. These variables determine the nature of the component. The

second column in Table 7 summarizes the dominant variables in each component

and the third column reports the relative contribution of each of the

components to the77. 7% variance.

*) We performed a factor analysis on the 26 variables, according to
the principal component method,and then carried out an orthogonal
rotation (varimax). For explanation, see Appendix C.
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TABLE 6

Correlation Matrix of Physical Status Variables and the Medical Components

Impairment^ FM1 FM2 FM3 FM4 FM5 FM6

M Sight 0 1 4391 0. I 1009 0.04767 0.04166 07T8459 0.Q0143
M Hearing 009309 0.07970 00931 3 0.053*15 0*48804 0,04007
M3 Speech 0.01856 0.03643 0.23599 0061 10 0.58410 0.04163 *

M Dental Status 0.07458 0.04088 0.02179 0.07246 0.05371 0.02547 ■

Mg Head 0.QQ369 0.02128 0.01 42 7 0.011 7 6 0.01 545 0.07060
Mif Skin 0.Q6447 0.04787 0.05471 0.01615 0.20103 0.00474
My Muscles 0.17418 0.03479 0.50685 0.02487 0.00651 0.01AO8

Mg Articulation 0.56636 0.05087 0.16400 0.01937 0.06915 0.00404
Mg Spine 0.26843 0.06621 0.09456 0.00946 0.01273 0.01435
M1Q Right hand 0.09222 0.04808 0.69786 0.03384 0.00483 0.01553
M^ Left hand 0.31631 0.08466 0.39457 0.09081 0.00057 0.035Q0
M^ Right leg 0.77663 0.03362 0.25528 0.10118 0.08027 0.04551
M.^ Left leg 0.80751 0.03361 0.06534 0.00210 0.07605 0.00805
M14 Heart 0.06121 0,03777 0.02643 0.00580 0.04463 0.60553
M^ Lungs 0.13922 0.04782 0.11932 0.00981 0.01403 0.22680
M Abdomen 0,02922 0.05658 0. 10182 0.04630 0.05458 0.5401 5

M Gastro intestinal tract 0.01596 0.03225 0.06808 0.02383 0.00008 0.00332
MJg Liver 0.00657 0.00955 0.00075 0.65617 0.025930.1 3662

Ml 9 Genital urinary 0,02463 0.05312 0.08649 0.04445 0.06065 0.03479
M Anal region 0.03010 0.04910 0.40765 0.03632 0.01611 0.05263

M^ Oriented in place 0.02904 0.84059 "0.01241 0.01612 0.010^ 0■0h5s7
M22 Oriented in time 0.01848 0.81903 00^369 0.0"ot3 0.08352 00A873
M Excitable 0.02979 0.06153 0.09464 0.00406 0.06561 0.07593
M Depression 0.02890 0.14075 0.04308 0.23047 0.31182 0.03676
M^ Unrealistic about his 0.03923 0.16528 003471 0.0"39 0.02551 0.02"78

condition
M Alcoholic 0.04036 0.04204 0.01473 0.63041 0.02873 0.09380
26

1) Each disabled person was examined in each of these 26 areas, in order to detect impairments.
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TABLE 7

The Medical Components by their Contribution
to the Total Variance in Physical Status

No. of Dominant Percentage Cumulative
Component Variables of Variance Percentage

yf L^ (M12' M13) and 23.5", 23.5".
articulation (Mo)

o

Fw Orientation in time ,_ _M2and place(M^, M^) 1?.3 408

FM Hands (M1Q, Mn) and

muscles(M ) and 10.4 51.1
anal region (M2Q)

FM4 LiV6r ^ and 10.0 61.1
alcoholic(M_ ,)

FM5 S?eeCh ^3^ and 8.7 69.8
hearing(M )

FM6 Heart (M14) and 7.9 77.7
abdomen (M,,)

16
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The first component(FM ) makes the greatest contribution and it
accounts for21. S\ of the total variance. The variables which are in highest

correlation with this component are impairments of legs(M and M ) and of

articulation (Mg) . We see that these impairments are more important in

determining the physical status than are, for example, diseases of the heart
and abdomen (FM ). These results correspond to the fact that in the first

6
model 'difficulties in walking' (x1?) had the greatest effect on the degree

of disability. The third most important component is dominated by diseases

of the hands and muscles and it is largely parallel to 1motor difficulties'
)*18) in the simple additive model. From Table 6 we see that an impairment

of the right hand (M1Q) is more significant than an impairment of the left
hand (Mn). On the other hand, there seems to be little difference between

the left and right leg (M^, M^). Likewise, we find that speech (M ) has

more importance than hearing (M ).

Social Components

The factor analysis of the social status variables yielded 4 principal
components which account for 83.5* of the total variance in social status.
The correlation matrix between the social variables and the principal social

components is presented in Table 8. Table 9 summarizes the results for the
4 principal components.

It is interesting that social and family relationships are much more

important in determining the disabled person's social status than is his

economic position. We also see that family relationships are more important

than social relationships and that the subjective impressions of the



TABLE 8

Correlation Matrix of Social Status Variables and Principal Components

PS § FS FSVariable I b2 y 4

S, Economic condition according to disabled 0.08642 0.05938 0.64865 0.01926
S~ Economic condition according to social worker 0. 14762 0. 1 1598 0.69013 0.00739
S_ Participates in family income 0.02277 0.05147 0.13937 0.36897
S. Participates in family earnings 0.13046 0.08231 0.12008 0.84226
Sg Receives welfare 0.01367 0.20197 0.39470 0,21681
S, Receives national insurance 0.04810 0.03321 0.00577 0.04824
ס
S_ Participates in family income from other sources 0.05145 0.09303 0.05355 0.00804
SQ Inappropriate dwelling conditions 0.04458 0.27041 0.22073 0.13231
8

S Family problems 0.38934 0.18497 0.41398 0.04805 1

S n Relationships with family members 0.81494 0.00334 0.1 1041 0.13665 ^
S Over dependent 0.19248 0.81149 0.03782 0.03796
S " Family's attitude to disabled 0.76822 0.09267 0.18467 0.12286
S Overprotected 0.15079 0.84564 0.05096 0.03004
S . Social relationships 0.45600 0.19577 0.17714 0.07691
SJS Medical insurance 0.04939 0.01301 0.02073 0.12359
S , Registered at welfare bureau 0.04479 0.06919 0.43597 0.05314
S Registered at labor exchange 0.15669 0.04007 0.07783 0.43580
S1O Disabled' s attitude to disability 0.42409 0.17356 0.03309 0.04061
10

S Wants to alter his condition 0.37015 0.20080 0.05399 0.06239
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TABLE 9

Principal Social Components by their Contribution
to the Total Variance in Social Status

No. of Dominant Variables . Percentage Cumulative
Component of Variance Percentage

F Relationships with family (S1Q), 34.0 34.0
J family's attitude (S12) ,

social relationships (Sj .)
anddisabled' s attitude(S )

18

Fg Overdependent (sn) 20.4 54.4
and overprotected (S _)

F Economic position according to 16.7 71.1
3 disabled (S ) and social worker (S"),

registered at welfare (S )

and has family problems (S )

F Has income from work (S ) 12.4 83.5
A

and is registered at labor
exchange (S17)
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TABLE 10

Correlation Matrix of Vocational Status
Variables and Principal Components

F F FR
Variable 1 2 3

R Appearance 0.15161 0.055350. 47565

R Impression of mental state 0.00937 0.11686 0.66760
R Environmental disability 0.02877 0.17756 0.39283
R Mental state 0.03142 0.49299 0.28689
R Education 0.15544 0.08303 0.17865
R^ Vocational training 0.07017 0.00980 0.12435
6

R Physical ability to work 0.43251 0.29366 0.13266
R Mental ability to work 0.14120 0.65303 0.1'680
R Environmental influence on 0.01909 0.30938 0.21223

attitude to work
/?J{? Motivation to work 0.18794 0.60583 0.01046
R Working/not working 0.28745 0.37486 0.09163
R Able to reach work 0.73640 0.17324 0.08631

independently
R Attitude to disability 0.01096 0.23037 0.08519
R Realistic about rehabil 0.05712 0.37438 0.20486

itation programs
R Walking difficulties 0.65327 0.00013 005897
R, , Motor difficulties 0.56811 0.07788 0.25086
16
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TABLE 11

Principal Vocational Components by their
Contribution to the Total Variance in

Vocational Status

1

J?0. of Percentage Cumulative
Component Dominant Variables of Variance Percentage

FR Walking and motor 49. \\ 49_ _^

difficulties (R15, R16),
ability to get to work (R )

and physical ability to work(R )

FR Mental ability to work(R ), 22.0 7! 1
motivation to work (R )

and mental state (R.)

FR Impression of mental state (R ) , 13.9 85.0
appearance [R )

and environmental disability (R )

~ ~ ~ ■ ! ■
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disabled person's economic position, according to the social worker (s9) ן

and the disabled person himself (S ) are more important than his being

registered at the welfare bureau (S ) .

Vocational Status Components

The 16 vocational variables included in the analysis yielded three

principal components, accounting for 85!*; of the variance in vocational

rehabilitation status (Tables 10 and 11). The results show that the physical

state of the disabled person played a far more important role than his mental

state in determing his vocational status. It is also noteworthy that the
possibility to get to work unassisted was attributed greater importance than

the actual physical ability to work.

Calculation of the Model on the Basis of the Principal Component Analysis

Having identified the principal components affecting the medical

physical, social and vocational statuses of the disabled, we put the 9

variables and the 13 principal components into the additive model in order

to compute their effect on the degree of disability(y) . The results of

the model are reported in Table 12.

The factors found to be significant are:

1. Sex (x6)

2. Mental disorders(x )
3. Nervous diseases (x_)

4. Medical component dominated by walking and articulation
difficulties (F )
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TABLE 12

Results of Model on the Basis of the Principal Component Analysis

The Variable Coefficients b. t Value13
Constant 1.50660 2.0825
x^ Allergic, endocrine, metabolic, 0.93189 j 4818

nutritional diseases
x2 Mental, psychoneurotic, 1.60230*2 5596

personality disorders
x3 Nervous system, sense organs 1.76310* 2 7385

and cerebral diseases
x4 Circulatory system disorders 0.43685 0.6395
x5 Bones and movement organs 0.85406 1>4107

X6 Sex 1.40810* 3.4670
X7 Religion 0.20708 0.5759
X8 Marital status 0.29654 0.6605
xg Age (continuous variable) 0.02703 1.7409
FM Legs and articulation 0.48425* 2 1335
FM Orientation in place and time . 0.58587 1.0704
F^ Hands, muscles and anal region 0.54664* 2 Q226

FM4 Liver and alcoholic 0.29317 1.0908
FM5 SPeech and hearing 0.65628* 2.0679
FM Heart and abdomen 0.84297* 2.7701
Fg Family and social relationships and 0.07482 0 3694

1 attitude to disability
Fg Dependency on others 0.47728* 2>1740

Fg Economic position according to the 0.56086* _2 7075
3 social worker and the disabled, known

at welfare bureau § family problems
Fg Income from work and known at labor 0.38730 _j 7195
4 exchange

FR Motor activity and possibility to 1.08120* _3 7397
1 reach work independently

FR Mental ability to work, motivation 0.12950 0 5245
2 to work and mental state

FR Impression of mental state, 0.34805 1 2275
3 appearance § environmental disability

R2 = 0.48

*) Significant at a level of S§ at least. 1) See Table 1, Footnote 1.

/

/
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5. Medical component dominated by difficulties in hands and
muscles (Fw )

M3

6. Medical component dominated by speech and hearing difficulties (F )
M5

7. Medical component dominated by diseases of the heart and abdomen (F )
6

8. Social component dominated by overdependency and overprotection (F" )

9. Social component dominated by subjective economic position (F J

S3
10. Vocational component dominated by motor difficulties (F )

Rl

As in the simple additive analysis, we find that of the six diseases,

only mental disorders and diseases of the nervous system had a significant
effect on the degree of disability. However, in contrast to the findings

of the simple additive analysis, the sex of the disabled person did have

a significant effect here. Its effect is negative. This is because men

were coded as 0 and women 1. The negative sign designates that the passage

from males to females reduces the degree of disability. Indeed, it seems

reasonable that the team should give a higher degree of disability to a man

as compared to a woman suffering from the same disease, since the man is
considered to be the main earner of the family and his work is therefore
more important than that of the wife. Age again was not significant at a

level of Si, but at a level of 8!i; it was significant and its contribution
negative. Hence, the older the person, the lower the degree of disability
attributed to him.

From Table 12 we also see that only four of the six physical status
components were significant. The nonsignificant effect of 'orientation
in time and place1 (F" ) may be due to its correlations with 1mental
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diseases' (x_) (r = 0. 26) , 1dependency on others' (F) (r = 0.26) and
2 S2

'environmental disability (FD ) (r = 0.3). With regard to F , it seems
R3 M4

reasonable that the team should not attribute too much importance to liver
diseases and addiction to alcohol.

In comparison to the simple additive model, we see that in the model

obtained by the principal component method less importance is attributed to

the disabled person1s attitude to the disability and to the receipt of
welfare assistance. More importance is attributed to the subjective
opinions of the disabled person and of the social worker on the disabled

person's economic position, and to the disabled person's registration at the
welfare bureau. This finding seems reasonable since receipt of welfare
assistance is merely a bureaucratic matter, whereas registration at the

welfare bureau reflects the person's feelings and state of mind. Thus, the

weight has moved from objective economic facts (receives or does not receive

income from work or welfare) to the subjective feelings of the disabled

person and social worker with regard to the disabled person1s economic

position.
Of the three vocational components, only that related to the physical

ability to work was significant, while the component representing the

disabled person's disposition to work was not significant. The reason may

be that most of the respondents were not working. Thus, the team may have

considered that their ability to get to work independently is more important

than their attitude toward work.

Education again was not significant. 1Mental ability to work' (F )
R2

was correlated with 'mental disorders' (x"), and 'income from work and
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registration at labor exchange' (Fc ); 1impression of mental state and
S4

environmental disability1 (F ) with 1orientation in time and place' fF ו
R3 M2

and 1family and social relations' (F ); however none of the correlations
Sl

were high (0.35 at the most).

The Predictive Model on the Basis of the Principal Component Analysis

To obtain the predictive mode we used only the significant variables.

Table 13

Results of Predictive Model on the Basis
of the Principal Component Method

Coefficients n Average Marginal
Variable .^ tValue j Effect P(lP)b.

Constant 0.6396* 2.3253

x2 Mental diseases 1.4689* 3.6471 0.35

*3 system" ^ ^ nGrVOUS 1.2384 2.4689 0.30

xtf Sex . 1.1169* 3.3500 0.27

S 5ic^""f le8 6

S Sir Of han"S * 0.5293

^5 K^g6'" of sPech 5 0.677S♦ 2.2492 0.16

F.. Diseases of heart S abdomen 0.6414* 2.6056 0.15
M6

F Overdependency 0.5396* 2.8267 0.13
b2

F Economic position 0.6134* 3.0957 0.15
S3

Fp Motor difficulties 1.0661* 4.0315 0.26
Rl

R2 = 0.43 (lP)P = 0.24
*) Significant at least at the 5% level.
1) See Table 1, Footnote 1.
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The relative effects of the variables are:

1. Mental disorders (x")  0.35

2. Diseases of the nervous system(x )  0.30

3. Sex (x6)  0,27

4. Motor difficulties (FD )  0.26
Rl

5. Speech and hearing (F )  0.16

6. Heart and abdomen (F )  0.15
6

7. Subjective economic position and family problems (F )  0.15
b3

8. Hands and muscles (F )  0.13

9. Dependency on others (F )  0.13
b2

10. Legs and articulation (F )  0.10

We observe some substantial differences between the principal

component and the simple additive model (Tab1e 4). The socioeconomic

factors have reduced their weight relative to the medical factors. The

importance of mental diseases increased slightly. There is a slight decline
in the effect of motor difficulties (0. 10 + 0.26 versus 0.29 + 0.40), which

may be explained by the emphasis placed upon other physical impairments

From the correlation matrixes between the variables and the principal
components and from Table 13, we see that all the contributions are positive,
except those of 'sex' (x.) and (FM ) and (F ). The negative

3 3
contribution of 1sex', as already explained, stems from the fact that men

were coded 0 and women 1. The negative effect of FM is rather surprising.
3

One possible explanation may lie in the negative correlation between this
component and motor difficulties (F ). The negative correlation may imply

Kl
that the positive contribution of F is somewhat overrated when these motor

Rl
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TABLE 14

Eleven Selected Disability Profiles

Number of Disabled 123456789 10 11

Fe Fe FeSex Male Male Male Male Male male male male Male Male Male
Variable "

Mental diseases + + + +

Nervous system + + + +

Other diseases + + +

Sight +

Hearing +

Dental status + + + + + + +

Muscles + +

Articulation + +

Left hand +

Left leg + +

Heart +

Abdomen + +

Liver +

Oriented in place ++++++ +++
Oriented in time ++++++ + +

Depressed + +

Unrealistic about his condition++ + +++++ +

Economic position not good
according to respondent++++ + + + + +

Economic position not good
according to social worker + +

Receives income from work +

Receives income from welfare + + + +

Inappropriate dwelling
conditions++ +

Family problems+++ + +++++ +

Relationship with family
not good + + +

Overdependent++ +

Attitude of family not
good

Overprotected +

Social relationships
not good + + +

No medical insurance +
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Table 14 (Continued)

Number of Disabled 1 2 3 4 5 6 7 8 9 10 11

Fe Fe FeSex Male Male Male Male Male male male male Male Male Male

Variable
Known at welfare bureau++ + +++ +

Known at labor exchange + + +

Does not accept disability
)social questionnaire)++ +++ + + +

Reluctant to alter condition + + + + + +

Appearance not good + + + +

Impression of low mental
condition + + + +

Environmental disability + + + +

Mentally unstable + + +

No education ++++ +

No vocational training++ ++ + + + + +

Physically unable to work + + + +

Mentally unable to work + + ++ +

Influence of family/ environment
on negative attitude to work + + + + + + +

Weak motivation to work + + + +

Not working++ + + +++ +

Possibility to reach work
independently

Does not accept disability
)vocational questionnaire)++ +

Unrealistic about rehabilitation++ +

Walking difficulties +

Other motor difficulties +
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difficulties are related to hand and muscles impairments. Thus, the

negative effect of F mitigates the strong contribution of F . Although
3 Rl

F also has a negative sign (b. in Table 13 is negative), its final
1 1

contribution is positive, as may be seen in Table 10; that is, F 1s value
Rl

for a person suffering from motor difficulties is negative (negative x

negative = positive). Similarly, F has a positive final contribution,
b3

in spite of its negative average marginal effect, because a bad subjective
economic position gives Fc a negative value.

b3
After obtaining the effects of the components and variables, we

constructed eleven selective profiles (Table 14) and computed the values

of the principal components for them. In the simple additive analysis,
each variable was given the value of 1 or 0. This enabled us to compute the

degree of disability directly, by multiplying those variables whose value

was 1 for a particular profile by their coefficients b.. In the principal
component method, on the other hand, we have first to compute the value of

the principal components for each of the profiles. These values and x ,

x_ , x, are presented in Table 15.

Table 16 compares the predicted degrees of disability for the eleven

profiles, on the basis of the principal component and simple additive
models. We see that in five of the eleven profiles, there are substantial
differences between the two methods. In the case of Profiles 2 and 10, the

principal component analysis yields far higher degrees of d i s ab i 1 ity . The

reason is that persons with these profiles do not suffer from motor

difficulties nor do they receive welfare assistance, both highly signif
icant variables in the simple additive model. On the other hand, they have

other handicaps which are not included in the first model, but are highly



TABLE 15

The Values of the Principal Components and the Variables for the 11 Profiles

Profile \ FM3 FM5 FM6 FS2 FS3 yf X6 x2 x3

\ 0.4441 0.3362 0.1505 0.2935 0.2350 0.6116 0.6062 0 0 /

2 0.5012 0.2739 0.361 1 0.2775 1 .9092 0.4971 0.331 1 0 _ 0 0

3 0.5717 0.1260 0.2246 0.1994 0.4669 0.0335 0.2025 0 01 1

4 0.3898 0.3274 0.2601 2.2986 0.4427 0.4098 0.4085 0 0 1 ^
5 1.3710 0.9301 0.4358 1.8113 0.2618 0.5770 0.0080 0 0 /
6 0.6767 0.5606 0.5898 0.2692 0.3758 0.9719 0.5586 1 ן 0

7 0.5012 0.2739 0.3611 0.2775 0.7067 1.2195 0.7786 1 1 0

8 0.1422 0.1854 0.5051 0.3235 0.7725 0.6080 0.7000 100
9 0.3655 0.4859 0.1041 0.2665 0.6302 0.4225 0.6643 0 1 0

10 0.4088 0.4988 0.8378 0.3637 0.8585 0.5539 0.6626 0 1 0

11 0.6479 0.8929 0.1901 0.0665 0.4202 0.3980 1.2366 0 0 0
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TABLE 16

Comparison of Degree of Disability for the
11 Selected Profiles According to the
Principal Component Model and the Simple
Additive Model

Degree of disability Degree of disability
According to Principal According to Simple

Profile Component Method Additive Method

1 80.7!?95. 3**;

275. 5555 31.7"*

371. U78. 0o*

4 94.03; 71.9*0

5 9S.5<5;86. 0$

6 40.5^" 45.6^0

750. S5; go.4%

8 14. 4"* 35.2o1s

9 76.4^569. O5*;

10 ' 84.5^5 61.2*0

1163. 7%97. 50*
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significant in the second model, such as dependency on others (Profile 2),

hearing impairments (Profile 10), or inadequate economic conditions (Profiles
2 and 10). In the case of Profiles 7, 8 and 11 the degree of disability is

much higher in the simple additive model. In Profiles 7 and 11 the reason

is that these persons receive welfare assistance, a variable which has a

great weight in the first model. Profile 11 also includes motor difficulties.
With Profile 8 the degree of disability is low in both cases and the
difference is not significant.

r
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C. CONCLUSION

In this article, we have demonstrated two statistical methods of

multivariate analysis: the simple additive and the principal component

models. These methods were used to analyse the work of a multiprofessional

team, assigned to evaluate the degree of disability of 264 disabled persons

from rural areas in Israel. The purpose of the analysis was to build a

predictive model for determining the degree of disability of persons with

different medical, social and vocational profiles.
The analysis revealed some correspondence between the results of the

two 1™dels, but the emphasis and the crucial factors were somewhat different.
In the simple additive model, each variable was fed into the model independ

ently and the results obtained reflected the independent effect of each varia
ble. In the principal component analysis, we constructed out of an the

variables a small number of principal components, each comprising all the

variables, but differing in the weight of the different variables within

the component. Both methods have their advantages and disadvantages. The

principal component method enables us to take account of all the variables
included in the questionnaires, and may therefore give a more accurate

estimate of the degree of disability. On the other hand, it does not

allow us to calculate the independent effect of each variable on the

predicted degree of disability, since all the components contribute in an
cases, and the difference between one disabled person and another is only

in the value of the components. By contrast, in the simple additive model,

the average marginal effect of each variable indicates the variation in

f
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percentage points in the degree of disability of a person who has a

certain variable as compared to a person who does not have it.
The analysis presented here is merely a modest attempt to study the

causes of disability and to describe them in a systematic manner. However,

only by testing the model in practice, will we be able to ascertain whether

or not it is suitable for building a rehabilitation model based on

intervention in relation to those factors which were identified as greatly
affecting the degree of disability.

' 1
1
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APPENDIX A

Definition of Variables Included in the Simple Additive Model

No. of
Name of Variable Variable Denifition
Degree of disability Y severe j

moderate 0

Sex Xj male 0
female 1

Mental diseases and personality " suffers from disease 1
disorders 2 does not suffer 0

Diseases of the nervous system, sense X suffers from disease 1

organs and brain, impairments of sight <? does not suffer 0
speech

Circulatory diseases X4 suffers from disease 1

does not suffer 0

Diseases of the bones and movement Xg suffers from disease 1

organs does not suffer 0

Note: All the other diseases were put into an additional
dummy variable which entered as the base of the
regression.

Receiving income from work X yes j
no 0

Receiving welfare assistance X_ yes 1

no 0

Having family problems X yes 1

no 0

Overdependency on others Xq yes I
no 0

Disabled person's attitude to his X." accepts his diability 1
disability, according to social does not accept 0
worker's evaluation

Appearance Xn good 1
not good 0
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Appendix A (contin.)

No. of
Name of Variable Variable Definition

Education X12 has 1

does not have 0

Physical ability to work x has .
does not have 0

Motivation t0 work X14 reasonable j
weak 0

Being employed X15 Female
does house work 1
does not do 0

Male
emp1oyed 1
not employed 0

Disabled person's attitude to X,, accepts diability 1
disability according to vocational 0 does not accept 0
counselor's evaluation

Difficulties in walking X1? has j
does not have 0

Difficulties in other motor x has
activities 18 does not have 0

Age, continuous variable X
A19

3

(
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APPENDIX B

Correlation Matrix

 "' *  "♦

*, 1

x2 0.045 1

x3 0.123 0.245 1

^ 0.123 0.208 0.198 1

xg 0.042 0.236 0.225 0.19J 1

*, 0.289 0.117 0.053 0.101 0.157 \

x? 0.096 0.032 0.145 0.037 0.063 0.228 1

xg 0.114 0.149 0.004 0,049 0.101 0.085 0.073 1

xg 0.052 0.127 0.090 0.012 0.088 0.145 0.210 0.221 1

x^ 0.059 0.159 0.007 0.061 0.077 0.119 0.018 0.234 0.228

Xj , 0.128 0.013 0.046 0.007 0.012 0.090 0.067 0.006 0.084

x^ 0.364 0.076 0.037 0.120 0.006 0.264 0.219 0.042 0.029

x)3 "0*069 0.219 0.048 0.191 0.007 0.239 0.167 0.067 0.024

x^ 0.026 0.098 0.014 0.057 0.001 0.266 0.218 0.079 Cm
x^ 0.401 0076 0.154 0.037 0.131 0.451 0.302 0.129 0.134

6ן* 0.129 0.214 0.088 0.052 0.019 0.181 0.092 0.064 0.096

?ןא 0.041 0.170 0.267 0.001 0.109 0.121 0.174 0.057 0.010

8ף 0.017 0.072 0.206 0.064 0.009 0.173 0.172 0.013 0.186

x/g 0.123 0.328 0.018 0.249 0.070 0.234 0.179 0.165 0.186
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Correlation Matrix (Contin.)

*10 *11 12א "n "U *15 "16 "17 "18 "19

*1

*2

*3

x
4

x

*6

*7

י 8א
x
9

X 1

10

א 0.04^ 1

2ן* 0,005 0,160 ו

3ן* 0,040 0.092 0,204 1

x11f 0.005 0,107 0,208 0,267 1

*)5 0.091 0.132 0..020 0.220 0.3A8 1

6ן* 0,096 0.127 0,055 0.032 0,220 0.243 1

ך[* 0,076 0,114 0.130 0.220 0.162 0.223 0.001 1

8ן* 0.036 0,234 0,224 0.232 0,179 0.232 0.103 0.396 1

9ן* 0.045 0.056 0.280 0.406 0.267 0.093 0,009 0,190 0,046 1
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APPENDIX C

2Interpretation of R in the Multiple Logit Analysis

The hypothesis we have to test is:
H0:Bi . 0

i = 1 n
H1:gi^ 0

n  the number of variables.

The statistic which tests this is 2(lnX)'ux2' . , where X is the likelihood
ratio.

If we define ^ = 1_e2(lnX)'N (N  no. of observations), we call
it pseudoR square

R _ le[2(lnL0)/N]
m

Lo  the likelihood when all estimates of the coefficients, except the

constant are zero. j

We shall call it pseudoR square maximum.

Rx lnL = 0
Then there exists: ^ = 1 > { lnL0 , Q the relationship is

m '

linear.

And if ^ = 0 ► lnX = 0 then: L = Lo.
m

That is, the dependent variable is not dependent on the independent

variables, i.e. : B = 0 for all i.

2 \Therefore R =   the pseudo R square for the model, constitutes the
m

measure of goodness of fit of the linear equation, and this is what we

wrote in the text.

4
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APPENDIX ם

Stages in Finding the Principal Components

In the first stage we found the principal components by iterations.
That is, we replace the main diagonal elements of the original correlation
matrix with communal ity estimates, and by an iteration procedure we try
to improve these estimates. This stage yields orthogonal components

ranked by their order of importance.

In the second stage, we perform an orthogonal rotation of the

components, so that each component contributes in particular to one

single variable. This method is called varimax, since it is equivalent

to maximizing the variance of the squared loadings in each column of the

matrix that we got in the first stage.

The estimates presented in the paper are the final product of the
two stages.

4
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