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ABSTRACT. This paper estimates linear structural models using LISREL and
employs MIMIC models to find out factors determining child health in Pakistan. A
distinction has been made in permanent and transitory health states that lend support
to Grossman’s (1972) stock and flow concepts of health. The paper addresses the issue
of health unobservability and finds out that latent variables using MIMIC models best
represent underlying child health states. To overcome problems of poor income data,
factor analysis is applied to extract measures of housing and durables as indicators of
socio-economic well-being of children in Pakistan. The results of the study show that
child health states, both permanent and transitory, are affected significantly by factors
such as parental education, socio-economic conditions, and health care variables.

KEY WORDS: child health, latent variables, MIMIC models, stock of health,
unobservability
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INTRODUCTION

This paper explores factors determining child health in Pakistan and
estimates a special case of structural relations as presented by
Joreskog (1971). Such structural relations are known as Multiple
Indicators-Multiple Causes (MIMIC) models and are estimated with
the help of (LISREL (Linear Structural Relations). Joreskog and
Sorbom (1989, p. 142) show how the issue of health unobservability
can best be captured by employing MIMIC models in which unob-
served (latent) variables are caused by several observed x-variables
and indicated by several observed y-variables.
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THEORETICAL UNDERPINNINGS

Grossman (1972) presented a model of health determination where all
individuals are born with an initial “stock of health capital”” and has
two important features (i) it depreciates overtime and (ii) it can be
increased by acts of investment in health. The main parameters in
Grossman’s model are depreciation rate (represented by age), cost of
health investments (e.g. price of medical care), wage rate and educa-
tion. Grossman (1972, p. 45) explains that “‘the stock of health ... is a
theoretical concept, one that is difficult to quantify empirically” but
that in contrast to difficulty in measuring health capital, ““healthy time
output produced by health capital... could be measured easily.” He
estimated gross investment production function by employing two
stage least squares (2SLS) and the main explanatory variables were
medical care, education, gender and income per household member.
The reduced form demand function for health was estimated by OLS
and included wage rate, education, gender and family size as the
explanatory variables. His results showed that a change in model’s
parameters (age, education, wage rate and prices of medical care)
changes the optimal level of health. Hence, an increase in income,
holding prices and other production activities constant, results in more
health output. The income effect operates through more use of health
inputs that produce good health output. On the other hand, the effect
of education is that education increases technical efficiency: educated
people are able to produce a better health outcome for a given use of
health inputs or use fewer inputs for producing the same level of health
output. A change in the price of medical care also brings changes in
health: a fall in price of medical care results in more utilization of
medical and health care services and results in better health outcome.

Empirical Issues

The inherent problem of health unobservability resulted in different
estimation techniques for determining health. For example, Wagstaff
(1986, 1993), Van Doorslaer (1987), Behrman and Wolfe (1987) and
Shehzad (2004) estimated structural equation models employing
latent variables. These studies also used multiple health indicators to
represent underlying unobservable health states. Van Doorslaer
(1987, pp. 49-64) distinguishes between different health states by
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employing latent variables techniques. He estimates Grossman’s
stock and flow concepts using MIMIC models and explores if a
causal relationship exists between different health states. For this
purpose, he assumes that initial permanent health is predetermined
and has a significant and positive impact on transitory health devi-
ations. Van Doorslaer explored the possibility of differentiating
between health states at the empirical level, however, his results
relating to transitory health turned out to be peculiar. The coefficients
of determinants were mostly of the opposite sign, thus casting doubt
about a causal relationship between permanent and transitory health
states. However, more recent work by Shehzad (2004) shows that at
the empirical level, Grossman’s stock and flow concepts of health
states can be estimated and differentiated successfully. Children who
have better permanent health state are able to overcome temporary
health distortion relatively more quickly. Hence, permanent health
state has a positive and significant impact on transitory health state.
This paper specifies equations in LISREL to explore a causal
relationship between a set of explanatory variables and child’s
unobservable health states (permanent and transitory). A mixed
demand-production function is estimated due to the nature of inde-
pendent variables in the study.

DATA

This study uses the only available micro-level data, Pakistan
Demographic and Health Survey (1990-1991), collected by IRD/
Macro-International Inc. as part of an international exercise to
conduct DHS in more than 60 developing countries. The major
characteristics of data are presented in Table I. In PDHS (1990—
1991), information about income is missing. To overcome this
problem, factor analysis is carried out to extract measures of housing
and durables as reflecting household access to opportunities for
health and health care. As a second measure, information on income
earned from the occupations reported in the PDHS has been obtained
from a secondary source. Pakistan Household Income and Expen-
diture Survey (1990-1991) contain full information relating to income
from occupations and the occupational codes used in the two surveys
are standard international codes. Therefore, it has been decided to
attach this information to the PDHS households.
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TABLE 1

Description of variables

Variables Description Mean S.D Skewness

Explanatory variables
Household Income  Income from occupations  129.03 304.67 -2.15
per head of husband and wife

divided by the household

size

Household size Total number of household 8.725 4.032 1.489
members
Housing Factor 1 -0.280  0.982  0.658
Durables Factor 2 —-0.058 0.845 2.776
Hospital beds facility No of hospital beds/1000 7.586  9.159  1.091
in the area population of province
and type
Mother’s schooling  Total number of years 1.570 3268 1.952
of schooling
Father’s schooling Total number of years 4.176  4.528 0.539
of schooling
Mother’s age Mother’s age in years 29.027 6.556  0.567
Provinces
Sindh 0.214  0.410 1.393
NWFP 0.134  0.341 2.149
Punjab 0.613  0.487 -0.462
Type Urban=1 Rural=0 0.307  0.461 0.837
Age Child’s age in months 30.168 17.865 0.114
Gender Male=1, Female=0 0.52 0.50 0.062

Source: PDHS (1990-1991).

Data and Definition of Variables

Total household income is computed for both parents and where
mother is not working; only father’s income is reported. Household
income is computed for all regions and type of residence and deflated
by the relevant household size to get average income per household
member. Medical and health care facilities are represented by an area
level variable (hospital beds per thousand population). Information
on total number of hospital beds is available only for provinces and
by urban/rural area for 1994-1995 and is obtained from the Annual
Report of the Director General of Health (1993-1995, p. 114). The
population for the same year in thousands is the projected population
taken from the Economic Survey of Pakistan (1994-1995) based on
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TABLE II

Extracted factors, loading and eigen values

Variables Factor 1: Housing Factor 2: Household Communality
characteristics durables

Car/Van/Tractor —-0.138 0.679 0.480
Room cooler 0.192 0.672 0.488
Motor cycle 0.232 0.600 0.414
Water pump 0.315 0.547 0.399
Refrigerator 0.536 0.541 0.581
TV 0.700 0.319 0.592
Concrete roof 0.686 0.161 0.497
Electricity 0.670 0.009 0.449
Toilet 0.780 0.245 0.670
Piped water 0.763 0.106 0.594
Eigen values 3.939 1.229 -
Percentage of variance 39.4 12.3 -
Cumulative percentage 39.4 S51.7 -

Kaiser—Meyer—Oklin measure of sampling adequacy 0.88161
17784.942 Significance =0.000
Bartlett test of sphericity

Source: PDHS, 1990-1991.

the 1981 Census. For each household, respective information was
attached to each child according to his/her location (rural/urban and
province).

Household size represents average number of persons living in a
household. Pakistani households tend to be large with an average of
eight persons living together in a single household. Large household
size is expected to have an adverse effect on child’s health through
congestion and over-crowding. Therefore, large household size not
only affects child’s permanent health but also contributes to transi-
tory health deviations. When household size is large, children are
more prone to communicable diseases.

To overcome problem of poor income data in PDHS, household’s
living characteristics and access to durables are used as indicators of
economic well-being (Table III). Factor analysis using principal
components and varimax rotation has been used to estimate the effects
of housing and durables on child health. The choice of variables has
been made on the basis of access to facilities determining quality of life
and social status. They broadly include household possessions, such as
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TABLE III

Principal extracted factors

Factor 1: Housing characteristics Factor 2: Household durables
1. TV 1. Car/van/tractor

2. Concrete roof 2. Room cooler

3. Electricity 3. Motor cycle

4. Piped water 4. Water Pump

5. Toilet 5. Refrigerator

Source: PDHS (1990-1991).

ownership of TV, refrigerator, washing machine etc. and household
facilities such as toilets, concrete roof, walls and piped drinking water.
Factor analysis provides information about interdependence among
selected set of variables, see details in Dillon and Goldstein (1984, pp.
53-63). Data set is reduced to form a new set of variables that are
fewer in number than the original set of variables.! Following Dillon

and Goldstein, define a set of variables X;, Xz,..cooe.... X,
p=lo..... 10 which load on certain unobservable common factors.

The variables having high correlation with one another define the first
factor and so on. A number of variables have been generated (by using
the dummy variable technique) which are assumed to be linear com-
binations of the underlying variables. The analysis has utilised vari-
ables relating to ownership of durable items and living environment
conditions including information on dwelling material, water and
sanitation facilities. It uses characteristics pertaining to household
durables, dwelling structure and electricity supply by creating dummy
variables. The groupings are made based on the criterion of promi-
nence in frequency in each category. Those variables were excluded
that had a high correlation coefficient of above 0.5 with one or more
variables. Other variables were retained to capture variability and
analysis was carried out with 10 variables. To test the hypothesis that
the correlation matrix is an identity matrix, for data that are based on
a multivariate normal population, Bartlett’ test of sphericity is ap-
plied.> The hypothesis is rejected, thus justifying the use of factor
analysis. The Kaiser—Meyer—Olkin (KMO) measure of sampling
adequacy gives an index for comparing the magnitude of the observed
correlation coefficients to the magnitude of the partial correlation
coefficients. A very good value of 0.881 was obtained. Similarly,
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measures of sampling adequacy (MSA) for each variable from anti-
image correlation matrix varied between 0.813 and 0.895 indicating
reasonable strength of relationship among chosen variables. In
deciding the number of factors to represent data, percentage of total
variance explained by each factor is examined and total variance is the
sum of each variable’s variance. Total variance explained by each
factor is named as Eigen value. Table II and Figure 1 gives Eigen
values and explained variance for all the principal factors. The table
shows that 51.7% of the variance is explained by 2 factors out of 10
variables and these have Eigen values greater than 1. Communality
value provides squared multiple correlation coefficients between one
variable and all other variables and is another indication of the
strength of linear association among variables. A model with two
factors seems adequate to represent the data as 51.7% variance is
explained by these two factors. The first factor explains 39.4% of
variance in the data and has five variables. All variables have positive
loading and indicate the affordability of households. The second
factor comprises of household durables. It has positive loading for all
factors and represents well-off households. The two identified factors
are broadly labelled as housing and durables.

EIGEN VALUE

1 2 3 4 5 6 7 8 9 10
Factor Number

Fig. 1. Factor scree plot. Source: PDHS (1990-1991).

MIMIC MODELS FOR CHILD HEALTH:

One Latent Variable Case

MIMIC models estimate the effects of multiple explanatory variables
on child’s permanent health state. The model can best be understood
by means of a path diagram for one latent variable case.® In Figure 2,
the unobservable n variable is enclosed in a circle and the observed
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Fig. 2. MIMIC Model for child health.
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servable variable on the indicators. The strength of the effects of
bles is indicated by A coefficients in the measurement model. Using

the LISREL terminology, the model is as follows .

Empirical Estimates of MIMIC Models: One Latent Variable Case

Tables IV-VI present estimates of MIMIC models for child health in
Pakistan. The tables present estimates of MIMIC models that depict
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MIMIC model for child health in Pakistan

One Latent Variable Case

A. Measurement Model

y=A,n+e e~N(0, 6.,)
(3x1) 3x1) (3x1)

Assumptions:

E(y)=E(£)=EM)=E()=0

E(em)=0

E(,e)=0

B. Structural Equation Model

n=vx+{

N=71X1+Yax2 T y3X3+ Yaxg T ysxs+...... +yi3xi3+¢

the direct effect of the explanatory variables on child’s permanent
health. Models 4-6 are individual models estimating parental char-
acteristics, area of residence, household’s characteristics, and two
factor analytic variables as shown by housing and durables. Model 5
is an overall model and model 6 is its variant including both income
and factor analytic variables of housing and durables. The results
show that the overall fit of all models is very good as indicated by
adjusted goodness of fit index (AGFI), root mean squared residual
(RMR), and the value of y? in all other models, overall fit of the
models is very good. A very high AGFI and significant y* and low
RMR suggest that all models fit the data very well. Signs in the
measurement models are in the expected right direction and their
effects are significant. In structural equations, mother’s schooling,
mother’s age and age squared have significant effect on child’s
permanent health status. The effect of father’s education is positive
but not significant in model 2. The effect of household income and
hospital beds is positive and significant at 99% level. Urban area
residence and three provinces have a significant and positive effect on
child health. Housing characteristics and household durables also
positively affect child’s permanent health state. Models 1-4 suggest
that child’s permanent health is affected positively by mother’s edu-
cation and age. More educated mothers demand more child health
output and as income increases, more child health is demanded.
Model 5 report results of all variables taken together and include area
of residence, parental characteristics, income, household size and
medical facilities. Results show that overall fit of the model is very
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TABLE V

Maximum likelihood LISREL estimates for child health: international standard, one
latent variable case

Model 5
Measurement model: Indicator relations Coefficients TE
Standardised height 1.00* 1.61%** (31.80)

Standardised weight

St. arm circumference
Structural equation model:
Father’s schooling
Mother’s schooling
Mother’s age

Mother’s age squared

Type (Urban)

Punjab

Sindh

NWFP

Household size

Household income per head
Hospital beds/1000 population
System estimates

1.26%** (11.38)
0.66%** (10.50)

0.03*** (3.06)
0.10%** (7.84)
0.01 (1.03)
0.01 (0.56)
0.04%** (3.07)
0.20%** (3.93)
0.10%* (2.09)
0.17 (3.44)
-0.01 (1.01)
0.01 (1.41)
~0.01 (0.53)

1.37%%* (21.71)
1.83%%* (41.01)

PSI 0.35%** (8.74)
x? and df 55.78%** (22)
R 0.12

Root mean square residual 0.024
Adjusted goodness of fit index 0.99

#Normalised to be equal to 1.

Note: Values in the parentheses are ¢ values, *** represents significant at 99% level,
** significant at 95 % and * at 90% level. When no ¢ value is reported, this means
that the parameter is equal to a fixed value.

good; AGFI is 0.99 and v is highly significant. In the measurement
model, all signs are in the expected right direction and are significant.
As regards parental characteristics, parental education has positive
significant impact on child’s permanent health status. This implies
that an increase in parental education significantly enhances child’s
permanent health state.

Educated parents take keen interest in child’s health-related
activities. They also adopt long-term measures needed to secure child’s
permanent health status by taking care of hygiene, proper food and
nutrition that positively contribute to gains in weight, height and arm
circumference of children. The effect of mother’s age is positive:
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TABLE VI

Maximum likelihood LISREL estimates for child health international standard: one
latent variable case

Model 6

Measurement model: Indicator relations Coefficients TE
Standardised height 1.00* 1.60*** (31.90)
Standardised weight 1 .26%** (11.49) 1.38%** (21.97)
St. arm circumference 0.66*** (10.54) 1.83*** (41.01)
Structural equation model

Household size —-0.01 (1.18)

Household income per head 0.01 (1.29)

Hospital beds/1000 pop. —-0.01 (0.63)

Type (Urban) 0.04%* (2.54)

Punjab 0.19%** (3.83)

Sindh 0.09** (1.99)

NWFP 0.17*** (3.32)

Housing characteristics 0.02* (1.69)

Household durables 0.02** (2.19)

Father’s schooling 0.03%** (2.73)

Mother’s schooling 0.10%** (7.31)

Mother’s age 0.01 (1.03)

Mother’s age squared 0.01 (0.56)

System estimates

PSI 0.35%** (8.79)

x* and (df) 56.12%%% (26)

R 0.13

Root mean square residual 0.022

Adjusted goodness of fit index 0.99

“Normalised to be equal to 1.

Note: Values in the parentheses are ¢ values, *** represents significant at 99% level,
** significant at 95 % and * at 90% level. When no ¢ value is reported, this means
that the parameter is equal to a fixed value.

mothers gains more experience with age and child’s permanent health
status enhances due to maturity and experience. The effect of urban
area residence is strongly positive, suggesting greater opportunities in
terms of health-care facilities, clean water, sanitation and education.
In order to see the impact of area of residence on child health, dummy
variables of the four provinces of Pakistan have been generated. The
reference category is the province of Balochistan, which is though
biggest in area, is the least developed province. Punjab is the most
populated and developed province. The effect of residence in the
provinces of Punjab, Sindh and NWFP has a positive and significant
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impact on child health. Three other variables have been added in the
model. These are household income per head, household size and
hospital beds. The effect of income earned from being engaged in
different occupations is positive but not significant. In model 2, the
effect of father’s education was not significant but when all the vari-
ables are included the effect of father’s education is positive and sig-
nificant. Hence, father’s education seems to substitute the effect of
household income. In Pakistan, the role of father’s education in child
health is not as significant as that of the mother. The main reason is
that, child-care is the primary responsibility of the mother, whereas,
fathers are responsible for breadwinning and earning. However, an
increment in father’s education has a positive effect on child’s per-
manent health. Therefore, an emphasis on parental education for
improvements in child health should be integrated in the overall health
system development. The effect of average household size on child’s
permanent health status is negative. The effect of household size on
child’s permanent health is negative because of congestion effects and
lower income per member. Table shows the results of model 6 and
shows the effect of all factors taken together. It adds in VI model 5
variables relating to housing characteristics and household durables
and the effect turns out to be positive and significant. This is an
important finding and confirms earlier results in literature. Permanent
health enhances as a result of improved household facilities, proper
sanitation and piped water. On the other hand, household durables as
refrigerator and water pump may be related to nutrition enhancing
variables and positively affect child’s permanent health.

MIMIC Model for child health

Two Latent Variables Case

A. Measurement Model

y=A, n+te e~(0,0,)
(6x1) (6x2) 2x1) (6x1)

Assumptions:
E(y)=EQQ)=EM)=E()=0

E(em)=0

Ele)=0

B. Structural Equation Model
n=n+Ix+¢

(2x1) (2x2) 2x1) 2x15) (15x1) (2x1)
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The MIMIC model for child health in Pakistan (two latent vari-
ables case) is represented by means of a path diagram in Figure 3. In
this diagram, unobservable 1 variables are enclosed in circles and the
observed x-variables are represented in the rectangles. The error
terms are not enclosed. The arrows leading from x variables to the
latent variable(s) indicate their hypothesised direct effect on ns. The
arrows leading from m variables to the indicators on the right hand
side represent hypothesised impact of latent variable on the child’s
health indicators. The strength of the effects of variables is indicated
by the A coefficients in the measurement model. In two latent vari-
ables case, following Van Doorslaer (1987, p. 59) permanent child’s
health state is assumed to have a direct positive effect on transitory
health as depicted by 21. In the two latent variables case, two other
zero restrictions on y11 and y21 have been imposed for their effect on

Path Diagram

€2

X10 Vi
V111/V102
X11 Y112

Y121 ,
47122

Y131

Fig. 3. MIMIC Model for child health.
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nl. This is because child’s permanent health indicators are age and
gender standardised. However, for other health indicators, no such
restriction has been imposed on ys and the effect of age and gender is
also explored for transitory health.

The following matrices/ vectors have been specified in the MIMIC models estimated
in LISREL

1. A, (pxm) is the matrix of coefficients, or loading, relating indicators of
endogenous variables to latent exogenous variables (1).

2. A, (gxn) is the matrix of coefficients, or loading, relating indicators of
exogenous variables to latent exogenous variables (§).

3. p (mxm) is a matrix of coefficients of the effects of latent endogenous
variables on latent endogenous variables.

4. T" (mxn ) is the matrix of coefficient of the effects of latent exogenous

variables on latent endogenous variables.

. @ (nxn) is a variance—covariance matrix of the latent exogenous variables (&).

. ¥ (mxm) is a variance—covariance matrix of the residuals ().

. Pe (pxp ) is a variance—covariance matrix of errors of measurements of y’s.

. Pd (¢x1) is a variance—covariance matrix of errors of measurements of x’s.

.M (mx1) is a vector of endogenous variables.

10. & (nx1) is a vector of exogenous variables.

11.  (mx1) is a vector of error terms.

12. y (px1) is a vector of indicators.

13. ¢ (px1) is a vector of error terms.

14. x (nx1) is a vector of exogenous variables.

03 N D

Ne)

Here p is the number of y variables, m is the number of n
variables, n is the number of £ variables and ¢ is the number of x
variables. LISREL uses the following terms in estimating the models;
s is observed covariance matrix of measured variables and T is model
implied covariance matrix. The following assumptions hold (1) cov
€ &€)=0(2)cov(em)=0(3) cov (6 =0 (4) cov (L 0)=0 (5) cov
(Ce)=0(6)cov(oe)=0C, ¢, 0 are mutually uncorrelated and (7) I-
is non singular. For details, see LISREL (1989, p. 143), A Guide to
the Program and Applications.

RESULTS: CHILD HEALTH MODELS WITH TWO LATENT
VARIABLES

Tables VII-XI present MIMIC models results for two latent child
health variables. In these models, a distinction has been made in
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TABLE VII

Maximum likelihood LISREL estimates for child health: two latent variables case

Measurement model Model 1
PH TH Oc
P2 - 0.32*%** (10.97) —
Standardised height 1.00* - 0.74*%* (31.96)
Standardised weight 2.01%*%* (14.55) - —0.06 (0.85)
St. arm circumference 0.64%** (20.00) — 0.89%%* (43.21)
Fever - —0.68*** (11.41)  0.71%** (24.21)
Cough - —0.61%%* (11.18)  0.77*** (28.93)
Diarrhoea - -1.00° 0.37%%* (6.74)
Structural Equation Model PH TH
Gender (male) - —-0.02* (1.59)
Child age - 0.17%** (11.57)
System Estimates
PSI 0.26%** (11.79)  0.57*** (10.36)
R’ - 0.09
x> 245.40%** (17)
RMR 0.11
AGFI 0.79

4 Normalised to be equal to 1. ® Normalised to be equal to minus 1.

Note: Values in the parentheses are 7 values, *** represents significant at 99% level,
** significant at 95 % and * at 90% level. When no ¢ value is reported, this means
that the parameter is equal to a fixed value.

child’s permanent and transitory health states. Both these health
states are unobservable, hence a two latent variables model. The
indicators for permanent health status are as before, (standardised)
height, weight and arm circumference. For transitory health, these
include, fever cough (acute respiratory infections, ARI) and
diarrhoea. The results show that being male has negative effect on
transitory health state. This may be true as male children are more
exposed to the outer environment and therefore, may become more
prone to illnesses. A study conducted by Kurz and Johnson-Welch
(1997) for the BASICS project, provides evidence from the develop-
ing countries for gender differences in health and nutrition among
children under 5 years of age. Although, there are no conclusive
results for the direction of gender bias, it is clear that girls are not as
often taken to the health care facilities as boys and receive less
attention from their parents. Present results also confirm that
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although, boys are more prone to temporary health illnesses due to
more outer exposure, they may have better access to health care
facilities as compared to girls to overcome temporary health devia-
tions. In the World Health Report (2003), it is reported that countries
like China, India, and Pakistan have higher mortality rates for girls as
compared to boys. Hence, showing preferential treatment for boys as
compared to girls. Present results complement these findings for
preferential treatments for male children and besides the fact that
boys are more prone to temporary illnesses due to outer exposure,
such deviations are overcome through timely treatment for boys.
Child’s age has a significant positive effect on transitory health status
implying that with age, transitory health deviations improve. Smaller
children are likely to be more affected by fever, cough and diarrhea as
compared to older children who develop some immunity with age.
The effect of child’s permanent health state as represented by B21 has
a positive and significant effect on child’s transitory health. This
means that children with better permanent health can cope with
transitory health deviations. Four other separate models have been
estimated for parental characteristics, household income per head,
household size and medical facilities, area of residence, housing
characteristics and household durables. The separate models are then
put together to estimate two variants of the overall models, with and
without housing and durables. The results show that the effect of
household size has a significant negative effect on child’s transitory
health state and the effect of medical facilities is positive. The effect of
household income is positive and significant on permanent health but
negative on transitory health. This is a peculiar result but this
peculiarity is removed when total effects were estimated for this
variable. In Pakistan, more health care facilities are located in urban
areas and are well equipped with quality health services. In rural
areas, health care facilities are mostly basic health units, or rural
health centers that lack qualified or trained staff. In Pakistan, urban
area residence and provision of medical facilities are closely related.
Similarly, per head household income is closely related to household
size. The larger the size of the household, the lower is the per head
income and vice versa. A big household size has a negative effect on
child health because resources get distributed over a large family and
hence, and less is available for an individual’s needs. However, if
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household size is small, more resources are available for child’s health
and education. The significant effects of these variables are evident
but sometimes, may result in collinear effects. In structural equations
models, a very high multi-collinearity is unlikely to happen (is
assumed absent) as this will result in singular covariance matrices that
cannot perform certain calculations (matrix inversion) and prevent
SEM solution. However, in present results, multi-collinearity is not a
significant problem. The results of estimates are unbiased, value of R
squared is low and ¢-tests of coefficients are significant. However, in
some cases, assessments of the relative strength of related variables
(medical facilities and urban area residence) can be weak. The results
of model 3 show that all coefficients have the expected right signs.
Model 4 present results for area of residence that turns out to be
positive and significant. In all models, the overall fit as represented by
x*> and AGFTI is very good. The measurement models are not affected,
in their effect on child health indicators. All the measurement models
have significant effect and expected right signs. The effect of perma-
nent health on transitory health (B21) is positive and significant in all
models. R-squared is the proportion of variance in the dependent
variable predicted from the independent variables. In model 7, value
of R squared predicted from the independent variables is 0.13.
Although, the value is low, for an overall measure of the strength of
association, it does not reflect the extent to which one particular
independent variable is associated with the dependent variable. In
present regressions, the powerful predictors turn out to be parental
education, area of residence, and household’s socio-economic con-
ditions. These results have implications for social policy, where
improvements in education and household’s living conditions are
positively linked to improvements in child health.

DISCUSSION

To explore the determinants of child health in an economic frame-
work, it is important to see how decisions of households affect child
health for given prices, assets and community endowments. Parents
derive utility from good child health and disutility from ill-health or
morbidity. In an economic framework, utility from health is maxi-
mised under two sets of constraints, e.g. (i) resource constraint and
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(i) production function constraint. The production function for
health is a technical relationship and shows that health output is
produced with the help of certain inputs. Grossman (1972, p. 2)
shows that the arguments of the gross investment production
function include medical care, time input and education. However,
Behrman and Deolalikar (1988, p. 642) examine that ““it is important
to realise that our knowledge of the technical relations determining
health...is quite primitive”. This is because health output may be
greater if productivity is greater in a production function context.
A review of empirical work relating to health and child health reveals
that three types of relationships can be explored: demand function,
health production function and hybrid functions. Behrman and
Deolalikar (1988, p. 646) examine that ‘“reduced form demand
relations do not provide much information about the structural
coefficients (e.g. education, time inputs, birth control efforts, etc.), but
provide a consistent framework within which to examine the impact
of changes in market prices and endowments on health”.

The present paper estimates a mixed demand-production relation
for child health in Pakistan. This is because child health is assumed to
be determined by some inputs from the structural production function
(such as family size and medical care) and some variables from the
reduced form demand relations such as income and household dura-
bles. The results show significant determinants of child health from
both the relations. The results are not only compatible with other work
but add to the understanding of the determinants of child health in
Pakistan by using new techniques. Structural equation models have
been estimated with unobservable variables. Such techniques have
been successfully used among others by Wagstaff (1986, 1993), Van
Doorslaer (1987), Behrman and Wolfe (1987) and Shehzad (2004).
However, LISREL modelling is still believed to be very complex and
not quite often taken up by the researchers. Joreskog and Sorbom
(1989) show that LISREL uses confirmatory factor analysis and
structural equations typically associated with econometrics to explain
latent (unobservable or theoretical) variables. A special case of these
relations is MIMIC models that links the two parts of structural
relations estimated in LISREL (i) the measurement part and (ii) the
structural part. The estimation of MIMIC models for child health
enables to capture complex relations in the measurement model and
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see how their validity is affected after the introduction of the structural
equation model. The method of estimation is maximum likelihood
(ML) that provides consistent estimates of parameters under the
assumption of multivariate normality and is quite robust against
departures from normality, see Cuttance (1987). Results of MIMIC
models show that unobservable child health states can be represented
by several observable health indicators. The measurement model
uncovers complex and diverse relationships that exist between
observable health indicators but unobservable health states. Other
studies that estimate child health for example, Thomas et al. (1991),
Barrera (1990), Alderman and Garcia (1994) use a single health indi-
cator as height or weight for age as the dependent variable. However,
as Behrman and Deolalkar (1988, p. 650) observe, ‘‘the measures differ
significantly in regard to their costs and measurement errors and may
represent different dimensions of health status”. Hence, they urge the
need to use multiple indicators to represent health status in an
empirical analysis. Present results show that the use of MIMIC models
lead to a more comprehensive understanding of the determinants of
child health as compared to other studies that rely on single health
measures. As results are based on standardised measure, they can now
be compared across populations. The unobservability of child health
can be overcome successfully with the use of latent variables. PDHS
contains rich information on relevant child health indicators and re-
sults identify significant effects of family size, household income, and
housing characteristics on transitory health distortions. Child illnesses
such as diarrhoea, acute respiratory infections and fever are affected by
family size, housing and parental education. Results imply that inci-
dence of these illnesses can be reduced by improving housing charac-
teristics (piped water, sanitation and electricity etc.). Child’s
permanent health has a significant positive impact on child’s transitory
health deviations. A good permanent health status enables the children
to overcome morbidity and helps in quick recovery. However, factors
like family size can produce more respiratory infections through in-
creased person-to-person contact. The results support the view that
children from large families have deteriorated permanent health and
the effect operates through lower per head income; see Birdsall (1988,
p. 497). The effect of family size is expected to be negative for child’s
permanent health and positive for transitory health.
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Present results lend support to Grossman’s technical efficiency
hypothesis: education acts as an efficiency increasing factor in
producing health. This is because more educated parents are able to
produce more health output for a given level of use of health inputs.
Educated parent produce better child health because of their
improved awareness of health related matters. They are more capable
of using the medical advice when children are sick and can help in
quick recovery by taking care of nutrition and food intake of chil-
dren. Similarly, results lend support to the Chicago-Columbia school
for the productivity effects of education. More educated mothers are
better producers of child health. The effect of education works
through increased awareness and scientific understanding of disease
causation. Better-educated mothers appear to demand fewer high
quality (healthy) children as compared to more unhealthy children.
Demand for child quality is therefore, positively related to parental
education. However, the schooling effects of parents do not show the
taste formation effect as in the Pennsylvania school. The effect can be
captured indirectly by area of residence (urban/rural) that influences
taste formation of parents but no real measure (as community
endowments) is available to confirm taste formation hypothesis.

The income effect works through increased use of health inputs.
More income enables parents to spend more on health-related and
other consumption opportunities. The results confirm the Chicago—
Columbia school that child quality is a normal good: as income
increases, parents demand more child health services. Parents tend to
invest more in child quality when income increases. Economic theory
suggests that if more income is available to spend on child quality
(health), this can result in lower fertility. Birdsall (1988, p. 501)
observes a “‘strong association between low parental income and high
fertility and that high fertility is then associated with lower parental
spending on children’s human capital”. She further notes “it is
possible to imagine a syndrome of poverty and large family size
extending from one generation to the next, producing a kind of
underclass...that would become ever-larger and poorer”. Therefore, a
strong positive effect of income reveals that in a country like
Pakistan, increase in income can be taken to discourage child

quantity and encourage parent to demand more child quality in terms
of better child health.



THE DETERMINANTS OF CHILD HEALTH IN PAKISTAN 555

NOTES

' The present exercise uses SPSS Program for carrying out factor analysis. For
details of tests and method see SPSS User’s Manuals.

2 It requires that value of the test statistic is large and associated significance level is
small, meaning that it is unlikely that the population matrix is an identity.

3 For useful introduction to path diagrams see: Sorbom and Joreskog (1981) and
Joreskog (1982).

REFERENCES

Alderman, H. and M. Garcia: 1994, ‘Food Security and health security: explaining
the levels of nutritional status in Pakistan’, Economic Development and Cultural
Change 42(3), pp. 485-507.

Barrera, A.: 1990, ‘The role of maternal schooling and its interaction with public
health programs’, Journal of Development Economics 32(1), pp. 69-92.

Behrman, J. R. and A. B. Deolalikar: 1988, Health and nutrition, in H. Chenery,
and T. N. Srinivasan (eds.), Handbook of Development Economics (North Hol-
land, Amsterdam).

Behrman, J. R. and B. L. Wolfe: 1987, ‘How does mother’s schooling affect family
health, nutrition, medical care usage, and household sanitation?’, Journal of
Econometrics 2, 185-204.

Birdsall, N.: 1988, ‘Economic approaches to population growth’, in A. Chenery and
T. Srinivasan (eds.), Handbook of Development Economics, pp. 477—442.

Cuttance, P.: 1987, ‘Issues and problem in the application of structural equation
models’, in P. Cuttance and R. Ecob (eds.), Applications in Educational, Socio-
logical and Behavioural Research (Cambridge University Press), pp. 241-279.

Dillon, W.R. and M. Goldstein: 1984, Multivariate analysis: methods and Appli-
cations. Wiley series in Probability and Mathematical Statistics. JohnWiley and
Sons.

Grossman, M.: 1972, The Demand for Health: A Theoretical and Empirical
Investigation (Columbia University Press for NBER, New York).

Joreskog, K. G. and D. Sorbom: 1989, LISREL 7. A Guide to the Program and
Applications. 2nd edn. (SPSS Inc.).

Joreskog, K. G: 1971, ‘Statistical analysis of sets of congeneric tests’, Psychometrica
36, pp. 109-133.

Kurz, K. M, and C. Johnson-Welch: 1997, “Gender differences in the health and
nutrition of under-fives show prevalent bias against girls”. Basic Support for
Institutionalizing Child Survival (BASICS II), USAID.

Pakistan, Government of; 1990-1991, Pakistan Demographic And Health Survey
National Institute of Population Studies.

Sorbom, D and K. G. Joreskog: 1981, ‘The use of LISREL in sociological model
building’, in E. Borgatta and D. J. Jackson (eds.), Factors Analysis and Mea-
surement in Sociological Research: A Multidimensional Perspective (Beverly Hill,
Sage).

Shehzad S.: 2004, A Measurement Model of Child Health: Latent variables
approach, Journal of Health and Population in the Developing Countries.
University of North Carolina. Chapel Hill, USA.



556 SHAFQAT SHEHZAD

Van Doorslaer, E. K. A.: 1987, Health, Knowledge, and Demand for Medical Care:
An Econometric Analysis (Van Gorcum, Maastricht/Wolfeboro, Hampshire).
Wagstaff, A.: 1986, ‘The demand for health: Theory and applications’, Journal of
Epidemiology and Community Health 40, pp. 1-11.

Wagstaff, A.: 1993, ‘The demand for health: An empirical reformulation of the
Grossman model’, Econometrics and Health Economics 2, pp. 189-198.

World Health Organization (2003). World Health Report: Shaping the Future
(Geneva, Switzerland).

Sustainable Development Policy Institute
No. 3 UN Boulevard, Sector G-5
Islamabad

Pakistan

E-mail: shafqat@sdpi.org




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


