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How Can Pakistan Reduce Infant and Child Mortality 
Rates? 

A Decomposition Analysis 
 

Shafqat Shehzad 
 
 
Abstract   
 
The study explores the determinants of infant and child mortality using aggregate data from the sources 
of the World Bank for sixty-five developing countries.  The objective is to identify the process through 
which certain developing countries have achieved enormous success in reducing mortality rates despite 
having lower per capita income than Pakistan.  The cross-country comparison estimates various 
functional forms and tackles the problems of heteroscedasticity and endogeniety.  A decomposition 
analysis shows the relative contribution of various factors responsible for Pakistan's higher than average 
infant and child mortality rates.  The results show that substantial reductions in infant and child mortality 
rates can be achieved through advancements in female education.  Although, there is a causal 
relationship between income and mortality, the significant impact of income becomes less important than 
female education when factors are decomposed.   
 
Key words: Infant and child mortality, decomposition analysis, income and education.  

JEL Classification: I12 
 
 
1. Introduction and Problem Statement  
 
The World Development Report (1993, pp.34) examines that "an initial index of child health is infant 
mortality rate and is taken to be a highly significant predictor of a country's economic performance.  
Over the past few decades, infant and child mortality fell everywhere in the world but the health 
outcome varied across countries and regions mainly because of income growth, improvements in 
medical technology/ public health and spread of knowledge."  Other empirical evidence suggests that 
the effects of the technological improvements in reducing mortality were most fruitful when 
accompanied by favourable public policies.  Whereas, most developing countries (e.g. Sri Lanka, 
Zimbabwe, China) managed to control high mortality rates, the situation in Pakistan remains 
neglected.  In Pakistan, unlike many other developing countries, child health record is poor with 
unacceptably high infant and child mortality rates and this indeed does not represent a good health 
profile of the country.  Pakistan experienced periods of rapid economic growth but was unable to 
translate this growth into compatible human development, (World Development Report, 1990, 
pp.180).  The problem in Pakistan is confounded by low female literacy rate that is among the lowest 
in the selected sample of sixty-five developing countries.  Although, high infant/ child mortality is 
result of many complex factors, at aggregate level, detailed evaluation of such factors is not possible 
due to lack of data availability.  Also, the process of development is multi-dimensional and many 
development-related indicators turn out to be highly collinear.  Hence, it is not possible to identify the 
effects of micro-level health measures across countries.  Therefore, to find out major factors 
responsible for high infant and child mortality rates in Pakistan, present study relies on aggregate data 
and explores major factors responsible for poor child health within and across countries. 
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2. Data Sources and Definition of Variables 
 
To carry out the cross-country comparison, following data sources have been used: 
1.  World Development Reports: Various published issues. 
2. STARS Version 3.0 World Bank Data on Diskette 1995 (a) Social Indicators of Development 

and (b) World Table 1995. 
3. World Tables: Various published issues. 
4. Human Development Reports: Various published issues. 
5. African Development Indicators.  United Nations Development Program, The World Bank. 

1994-95 1991-92. 
 
Definition of variables used in the models.  All data relate to year 1990 
• Dependent variables 

• Infant mortality = Infant mortality rate per thousand live births. 
• Under five mortality = Under-five mortality rate per thousand live births. 

 
• Explanatory variables 

• GNP = GNP per capita US$    
• Adult literacy rate = Adult literacy rate.  
• Secondary education (total): Percentage of age groups enrolled in secondary education  
• Primary education (female): Percentage of age group enrolled in primary education.   
• Primary education (male): Percentage of age group enrolled in primary education. 
• Number of doctors per thousand population.  
 

• Instruments used in the 2SLS 
• Urban population = Percentage of total population living in urban areas. 
• Age dependency ratio.   
• Education expenditure = Public expenditure on education as a % of GNP.   
 

• Endogenous variable 
• Number of doctors per thousand population. 

 
Table-2.1: List of Developing Countries in the Study: N = 65 
Countries Countries Countries 
Algeria Guatemala Niger 
Bangladesh Guinea Nigeria 
Benin Guinea Bissau Pakistan 
Bolivia Honduras Panama 
Botswana India Papua New Guinea 
Burkina Faso Indonesia Paraguay 
Burundi Iran Peru 
Cameroon Jamaica Philippines 
Central African Rp.  Jordan Rwanda 
Chad Kenya Senegal 
China Lao PDR Sierra Leone 
Colombia Lesotho Sri Lanka 
Congo Madagascar Tanzania 

Continued…
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Countries Countries Countries 
Costa Rica Malawi Thailand 
Coate d’ Ivorie Malaysia Togo 
Dominican Rp.  Mali Tunisia 
Egypt Mauritania Turkey 
El Salvador Morocco Uganda 
Ethiopia Mozambique Yemen PDR 
Ecuador Namibia Zambia 
Gambia Nepal Zimbabwe 
Ghana Nicaragua  

Source: Human Development Report (1993). 
 
Table-2.2: Summary Descriptive of Selected Developing Countries: 1990  
Variables Mean St. 

Dev
Minimum Maximum Number 

Infant mortality  
 

84.86 38.55 16.00  
(Jamaica) 

173.00 
(Mozambique
) 

65

Under five mortality 134.82 70.65 20.00 
(Jamaica) 

297.00 
(Mozambique
) 

65

GNP per capita 
 

743.23 606.10 80.00 
(Mozambique) 

2490.00 
(Iran) 

65

Adult literacy rate 
 

58.57 22.03 18.20 
(Burkina Faso) 

98.40 
(Jamaica) 

65

Female primary 
Enrolment 

76.05 29.85 17.00 
(Mali) 

129.00 
(China) 

58

Male primary enrolment  88.98 25.58 30.00 
(Mali) 

134.00 
(Togo) 

48

Secondary enrolment (total) 30.53 20.59 4.00 
(Malawi) 

82.00 
(Egypt) 

58

Doctors/1000 population 0.30 0.36 0.01 
(Nigeria) 

1.37 
(China) 

64

Age dependency ratio 0.86 0.13 0.50  
(China) 

1.10 
(Kenya) 

65

Education expenditure 4.25 2.00 1.10 
Lao PDR 

10.60 
Zimbabwe 

50

Urban population 
as  % of total  

36.10 16.42 6.00 
(Burundi) 

70.00 
(Columbia) 

63

Source: World Bank Data 
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Table-2.3: Pakistan’s Position Against the Average of Selected Countries 
Variables Mean Pakistan’s 

position 
Difference from 
Mean1 

Infant mortality  84.86 104 19.14
Under five mortality 134.82 158 23.18
GNP per capita 743.23 400 -343.23
Adult literacy rate 58.57 34.80 -23.77
Female primary enrolment  76.05 26.00 -50.05
Male primary enrolment  88.98 59.00 -29.98
Secondary enrolment (total) 30.53 22.00 -8.53
Doctors/1000 population 0.30 0.34 0.04
Age dependency ratio 0.86 0.90 0.04
Education expenditure  4.25 3.40 -0.85
Urban population 36.10 32.00 -4.1

Source: World Bank Data 
 
Table-2.4: Ranks by GNP for Infant Mortality, Under 5 Mortality and Literacy Rates 
Country GNP(PC)  Rank IMR Rank U5MR Rank Literacy Rank
Mozambique 80 1 173 54 297 59 32.90 10
Tanzania 110 2 102 37 170 40 65.00 37
Ethiopia 120 3 130 46 220 50 66.00 39
Nepal 180 4 123 44 189 45 25.60 5
Chad 180 4 127 45 216 49 29.80 8
Guinea Bissau 180 4 146 51 246 55 36.50 14
Uganda 180 4 99 34 164 37 48.30 22
Malawi 200 5 144 50 253 56 47.00 20
Lao PDR 200 5 104 39 152 34 54.00 31
Bangladesh 210 6 114 40 180 42 35.30 13
Burundi 210 6 115 41 192 46 50.00 25
Madagascar 230 7 115 41 176 41 80.20 51
Sierra Leone 250 8 149 52 257 57 20.70 2
Mali 280 9 164 53 284 58 32.00 9
Nigeria 290 10 101 36 167 38 50.70 27
Niger 310 11 130 46 221 51 28.40 7
Rwanda 310 11 117 42 198 47 50.20 26
Burkina Faso 330 12 133 47 228 52 18.20 1
Gambia 340 13 138 48 238 54 27.20 6
Benin 360 14 88 29 147 32 23.40 3
India 360 14 94 32 142 31 48.20 21
Kenya 370 15 68 20 108 23 69.00 41
China 370 15 30 5 42 7 73.30 45
Cent. African Rp 390 16 100 35 169 39 37.70 15
Ghana 390 17 86 28 140 30 60.30 36
Pakistan 400 18 104 39 158 35 34.80 12
Togo 410 19 90 30 147 32 43.30 19
Zambia 420 20 76 30 122 31 72.80 42
Nicaragua 420 20 56 13 78 14 81.00 53

Continued…

                                            
1  The values show the difference between Pakistan and mean of the selected countries calculated as  

(Υ Υi − ).  
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Country GNP(PC)  Rank IMR Rank U5MR Rank Literacy Rank
Guinea 440 21 140 49 237 53 24.00 4
Sri Lanka 470 22 26 4 35 6 88.40 60
Mauritania 500 23 122 43 214 48 34.00 11
Yemen Rp 540 24 114 40 187 44 38.60 17
Lesotho 540 24 95 33 129 28 78.00 48
Indonesia 560 25 71 23 97 21 81.60 54
Egypt 610 26 61 17 85 18 48.40 23
Bolivia 630 27 102 38 160 36 77.50 47
Honduras 640 28 63 19 84 17 73.10 44
Zimbabwe 650 29 61 18 87 19 66.90 40
Senegal 710 30 84 27 185 43 38.30 16
Philippines 730 31 43 9 69 13 89.70 61
Cote d' Ivorie 750 32 92 31 136 29 53.80 29
Dominican Rp 830 33 61 18 78 14 83.30 55
Papua new Guinea 850 34 56 14 80 15 52.00 28
Guatemala 910 35 54 12 94 20 55.10 33
Cameroon 960 36 90 30 148 33 54.10 32
Ecuador 960 36 60 16 83 16 85.80 57
Morocco 970 37 75 24 112 25 49.50 24
Congo 1000 38 69 21 110 24 86.60 34
El Salvador 1000 38 59 15 87 19 73.00 43
Peru 1020 39 82 26 116 26 85.10 56
Namibia 1080 40 102 38 167 38 40.00 18
Paraguay 1090 41 41 8 60 11 90.10 62
Colombia 1260 42 39 6 50 8 86.70 58
Jordan 1340 43 40 7 52 9 80.10 50
Thailand 1420 44 26 4 34 5 93.00 64
Tunisia 1450 45 48 11 62 12 65.30 38
Jamaica 1500 46 16 1 20 1 98.40 65
Turkey 1640 47 69 21 80 15 80.70 52
Panama 1900 48 22 3 31 4 88.10 59
Costa Rica 1900 48 18 2 22 2 92.80 63
Botswana 2230 49 63 19 85 18 73.60 46
Algeria 2330 50 68 20 98 22 87.40 35
Malaysia 2330 50 22 3 29 3 78.40 49
Iran 2490* 51 46 10 59 10 54.00 30
Source: World Bank Data.  * Iran’s GNP per capita shows last minute revision from GNP per capita $2450 (See: 

World Development Report (1992)). 
 
 
3. Method  
 
While carrying out cross-country comparison, the very first problem relates to an appropriate representation of 
health status.  Empirical studies show, at the macro-level, infant and child mortality rates represent the 
aggregate measures of initial index of child health.  To explore the effects of certain socio-economic and 
health-related factors on infant and child mortality rates, the following questions have been explored (i) What 
is the role of education (especially that of females) in affecting health? (ii) Does increase in income result in 
substantial decrease in mortality rates? (iii) What is the process that determines good health status of children 
across countries?  The study uses data from the World Bank for sixty five developing countries.  The data 
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represent trends and major differences across countries at a point in time but takes no measures to correct any 
prevailing differences. 
 
Economic literature suggests that the relationship between infant/ child mortality and per capita income may 
not be linear.  For example, Hicks and Streeten (1979) examine that as income increases, the standard of living 
increases less and less steeply until it reaches an asymptotic limit.  Non-linear relationship  capturing 
asymptotic nature of these variables has also been estimated by Rodgers (1979).  He used a number of 
different specifications for income variable (national income per head) including reciprocal, reciprocal 
quadratic and reciprocal logarithm.  His results show that income variable is a highly significant predictor of 
infant mortality.  Kakwani (1993, pp.323) estimated various functional forms to see the relationship between 
infant mortality and GDP per capita.  His estimation of functional forms gave peculiar results (the parameter α 
in the equation explaining infant mortality rate by means of logarithm of per capita GDP was negative and 
also there was a sharp discrepancy for maximum value of life expectancy for different functional forms.  
Because of these peculiar results, Kakwani dropped different functional forms and alternatively related an 
achievement index to the level of economic welfare.  His results showed that economic welfare had a positive 
and highly significant effect on improving the living standards.   
 
To estimate the relationship between infant/child mortality and income at the aggregate level, the present 
study estimates different functional forms as suggested by Rodgers (1979, pp.348).  To take care of the 
asymptotic nature of the health-related indicators, the following equations are estimated with the help of OLS.  
 
CHs = α + β  (1/GNP)   +   error (a)   
CHs = α + β  (1/GNP) +  β2  (1 / GNP2  )  +  error   (b) 
CHs = α + β  (1/log GNP) +  error  (c) 
 
To calculate the elasticity of infant and child mortality with respect to income, a double-log functional 
form has been estimated.  The advantage of this functional form is that slope coefficients give the 
respective elasticity estimates.  Anand and Ravallion (1993) obtain elasticity estimates of infant mortality 
with respect to GDP per capita and public health spending by using a double-log functional form.  To find 
out the relative responsiveness of mortality rates with respect to per capita GNP, the following equations 
are estimated:   
 
Log CHs = α +  β  Log (GNP) +  error  (d) 
 
In functional form (d), the dependent variables are log of infant and child mortality rates.  Two other 
variables (in log form) are added to equation d and these are literacy rate and medical facilities.  The 
functional forms (a-c) postulate that infant and child mortality fall as GNP increases and the relationship 
is asymptotic in nature.  In these specifications, the useful transformations of non-linear into linear 
function are (reciprocal) of GNP, GNP2 and log of GNP.  The advantage of double-log functional form as 
in (d) is that slope parameters present elasticity estimates and estimation by OLS result in unbiased 
estimates of βs.  Besides exploring the specific income-mortality relationship, the impact of various other 
socio-economic variables is evaluated.  This has been done by adding education and health-related 
variables in the bivariate regression models.  The following models are estimated.2   
 
CHs = α + β1 (1/ GNP) +  β2 F_prim +β3  M_prim + β4 Sec_tot  + β5 Doc+  ei (e) 
CHs = α + β1 (1/ GNP) + β2 (1 / GNP2  )  + β3 F_prim + β4M_prim +  β5 Sec_tot + β6 Doc +ei (f) 
                                            
2  For details of variables, see appendix i. 
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CHs = α + β1 (1/ log GNP) + β2 F_prim  + β3M_prim  +  β4 Sec_tot  +  β5 Doc + ei (g) 
Log CHs = α+  β1log GNP + β2  Log F_prim + β3  Log M_prim +  β4 Log Sec_tot  +  β5 Log Doc + ei (h) 
 
The method of ordinary least squares (OLS) assumes that the variance of the error term is constant for all 
values of the explanatory variables, e.g.  E(ui)2 = σ2u.  This assumption ensures that each observation in 
the sample is equally reliable.  However, for a cross-country comparison, this assumption seems doubtful.  
If violated, heteroscedasticity results in  unbiased but inefficient (larger than minimum variance) 
estimates of standard errors and thus incorrect statistical tests and inference.  To test for 
heteroscedasticity, the Goldfeld-Quandt (1965) test has been applied.3  The test assumes that observations 
in a sample can be divided into two groups.  Data are arranged from small to large values of the 
independent variable(s).  As a second step, one-fifth of the central observations (c = central observations) 
are omitted and the remaining observations are divided into two groups of (N - c) / 2 observations. 4   
After omitting the central observations, separate OLS regressions are estimated for the first and last (N-c) 
/2 observations.  The Goldfeld-Quandt test shows that the ratio of the error sum of squares (ESS) of the 
second to the first regression is significantly different from zero and the values are then referred to the F 
table with (N-c-2k)/ 2 degrees of freedom.  Here N is the total number of observations, c is the number of 
omitted observations and k is the number of estimated parameters.  Under the hypothesis of 
homoscedasticity, the disturbance variances shall be the same in the two groups and under the alternative; 
the disturbance variances shall differ significantly.  The test statistic is  
 
F (N1-k, N2-k) = ESS2 / ESS1.  The sample values referred to the F table show that a large value rejects the 
null hypothesis.  Gujrati (1988, pp.334) examines that if there are more than one explanatory variable in 
the model, ranking of observations can be according to any one of the explanatory variable.  OLS tests the 
hypotheses about the specific relationships between mortality and socio-economic variables.  To test the 
statistical significance of regression parameters, null hypothesis is "the parameters of regression are equal 
to zero against the alternative that they are not equal to zero".  The study uses bivariate and multiple 
regression models to explore factors affecting infant and child mortality across developing countries.  The 
goodness of fit in the models is represented by R2. 5  In a multiple regression, inclusion of each additional 
independent variable is likely to increase residual sum of square (RSS) for the same ∑ yi 2 that 
increases R2.  As each additional variable is added, there is a reduction in the degrees of freedom, see 
Gujrati (1988).  For this reason the adjusted R2 or R 2 is calculated.6   R 2  is useful to compare 
regressions as it shows that increase in R2  is not solely due to extra explanatory variables.  The overall 
significance of the regression is tested by the ratio of explained to the unexplained variance as is given 

                                            
3  Several other tests are available for testing heteroscedasticity.  For details of methods for estimation and 

description, see: Greene (1993, pp. 392-407) and Gujrati (1988).    
4  Gujrati (1988, pp. 334) examines that central observations are omitted to sharpen the difference between small 

and large variance groups.  In models having two variables, Monte Carlo experiments done by Goldfeld and 
Quandt suggest that c is about 8 if the sample is 30 and 16 for a sample of 60.  Judge et al (1982) show that c = 
4 if N =30 and c = 10 if N =60.  The choice is however, arbitrary in practice.   

5  The coefficient of determination, R2  is defined as the proportion of total variation in y explained by regression of 

y on x. R2 is unit free, 0<= R2 <= 1. R2 =1 -
∑

∑

ei

yi

2

2 . Source, Barrow (1988, pp.206).  

6  R 2 = 1-(1- R2) 
n

n k

−

−

1
, n number of observations, k= number of estimated parameters, source: Barrow (1988, 

pp. 222).  
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by the F distribution.7  Judge et al. (1985, pp.864) show that “R2 and  R 2  do not include a 
consideration of the losses associated with choosing an incorrect model.  Therefore, to avoid this 
problem, a criterion based on the mean squared errors is used.  The test for examining the goodness of 
fit of the regression models is Cp test as proposed by Mallows.8  Judge et al examine that “Cp values 
with small bias tend to cluster where Cp = K1.   In using the Cp criterion, the recommended procedure 
is to obtain a Cp value where Cp is approximately equal to K1.  Cp values less than K1 have a small 
prediction error”.  The formula for calculating the Cp test has been reported below and SPSS Program 
calculates the value of the Cp test for bivariate and multiple regressions.  The application of least 
squares to a single equation assumes that explanatory variables are truly exogenous.  Gujrati (1988, pp. 
75) shows that this means that there is one-way causation between the dependent variable and the 
explanatory variables.  However, if this assumption of independence of explanatory variables is 
violated, e.g. E(Xu) ≠ 0, then OLS may lead to biased and inconsistent estimates.  Auster et al. (1969) 
estimate the relationship between mortality, medical care and environmental variables in a regression 
analysis across different states in the US.  Their results show that health status and certain economic 
indicators may be determined simultaneously, therefore, the usual method of OLS may result in biased 
estimates of βs.  To overcome the problem of simultaneity bias and correlated errors, they use two stage 
least squares method.  A production function for medical services is specified in which medical services 
are produced with the help of inputs such as per capita number of physicians, paramedical staff, medical 
capital, drug expenditure, practising physicians and medical school.   
 
Auster et al employ a number of instruments in the two stage least squares9 and treat medical facilities as 
endogenously determined within the system.10  Grossman (1972, pp. 43) examines that the health 
production function may be subject to simultaneous equation bias because certain health inputs (e.g. 
medical-care) are correlated with the disturbance term.   

                                            
7  F k-1, n- k = R k

R n k
2

2
1

1
/( )

( )/( )
−

− −
.    If the calculated F ratio exceeds the table value of F at the specified level of 

significance and degrees of freedom, the hypothesis is accepted that regression parameters are not all zero and 
R2 is different from zero, Source: Barrow (1988, pp. 210).  

8  For the Mallows Cp test, Cp is expressed in terms of F (k2, T-k) random variable as   

Cp= 
( )( )T K R

R

− −

−

1 1

1

1
2

2
 + (2K1-T). K1 is number of variables in the equation considered as against the correct 

equation that has k variables, (Maddala, 1992, pp.498).  For a regression y = XB +e X=(TxK) matrix of 
constants of rank K. For further details, see Judge et al. (1985, pp. 857).   

9  The instruments used in the study include (percentage) of population more than 60 years old, birth rate, foreign 
born, health expenditure financed by health insurance, health expenditure in state and local government, rural 
population, population in areas of over one million, ratio of population of 1960 to 1950, total property income and 
labour force participation rate of females, source: Auster et al (1969, pp.417).   

10  In a cross-country comparison, there is a possibility that certain other variables as GNP per capita and 
secondary enrolments may also be determined within the system. However, the emphasis of the study is on the 
issue of exploring the health-determining factors and not on how GNP and secondary school enrolments are 
determined.  Also, the estimated models are single equations following Rodgers (1979).  The proposed model is 
not a simultaneous equation model that explores the issue of endogeniety among other variables.  Wheeler 
(1980) for example, estimated a simultaneous equation model of the relationships between life expectancy, 
GDP, adult literacy rate, calorie availability, population per doctor and nurse.  He treated GDP, literacy and 
calorie intake as endogenous variables.  The instruments used in the study were 1960 level of calorie 
availability, change in enrolment rates, and change in physical capital and labour input. His results showed poor 
fit of the models and imprecise estimates.  The present study does not use simultaneous equation model for 
exploring the issue of endogeniety in GNP and female literacy rates.  The main emphasis is to treat provision of 
medical facilities as endogenous as has been done in Auster et al. (1969).    
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To deal with the problem of endogeniety of health inputs, the study uses 2SLS, see illustrations in Gujrati 
(1988, pp. 603-620), Greene (1993, pp. 603-609), and Koutsoyiannis (1977, pp. 384-390).  Two stage 
least squares involves application of OLS in two stages.11  
 
In the first stage, endogenous variable is regressed on the predetermined variables (the reduced form 
equation).  In the second stage, predicted rather than actual values are used to estimate the structural 
equations of the model.  The predicted values are obtained by substituting the observed values of 
exogenous variables in the reduced-form equations and are assumed to be uncorrelated with the error 
term.  Thus, consistent 2SLS structural parameter estimates are obtained.  The formulas for estimated 
coefficients in 2SLS and their standard errors are given below from the above-mentioned references: Let 
Z be the matrix of values of the instruments.  Y is the dependent variable and X represents independent 
variables.  The coefficients and variance-covariance matrix are stated as 
 
b  = [X/ Z (Z/ Z) -1 Z/ X] -1 X/  Z (Z/ Z )-1Z/ Y 
V(b) = S2 [X/ Z (Z/ Z) -1 Z/ X] -1 
 
If the number of instruments Z is equal to the number of explanatory variables X, the classical 
instrumental variable estimator results:  b = [Z/ X]-1 Z/ y.  This follows from formula for b because four 
innermost matrices cancel each other.  
 
[X/ Z (Z/ Z) -1 Z/ X] -1 = (Z/ X)-1 (Z/Z) (X/ Z) -1 

 
In 2SLS, the sum of squared residuals is obtained after projection onto the instruments and is called the 
projection matrix.  For e/Pze,  Pz = Z (Z/ Z) -1 Z/ 
 
To test for specification error, Hausman Test (1978) has been applied.  Hausman tests for measurement 
errors that occur if the variable assumed to be exogenous in the system is not uncorrelated with the 
structural disturbances.  Greene (1993, pp. 287 & 619) examines that “under the hypothesis of no 
measurement error, b (OLS) and b* (instrumental variable) are consistent estimators of β but least squares 
is efficient and IV estimator is inefficient.  If the hypothesis is false, only b* is consistent.  The test 
examines the difference between b and b*. Under the hypothesis of no measurement error,  plim (b - 
b*)=0, while if there is measurement error, plim will be non-zero.  HT = (b - b*)/  [V -V*] -1 (b -b*) ~ χ2 

[k].  The Hausman test is then referred to the chi-squared distribution with number of degrees of freedom 
equal to the number of elements in β, and V, V* are the variances.  However, some empirical studies, for 
instance Alderman and Garcia (1994, pp.504) show that “Hausman test often lacks power and maybe 
unable to indicate a significant difference when one exists”.  The Hausman test uses instrumental 
variables for endogenous variables and is therefore sensitive to the choice of instruments.12  Pritchett and 
Summers (1996, pp.854) describe a rule for good instruments: the correlation among the instruments 
should be low so that each instrument provides independent information.  They show that "the 
consistency of an IV estimate depends on zero correlation of IV with the error term even when X/e ≠ 0. If 
instruments are perfectly correlated with X, this becomes impossible".  To obtain powerful instruments 
                                            
11  For estimation procedures, see SPSS Manual and TSP User's Guide Version 4.3.  Present study computes 

Hausman test with the help of TSP Program (1990). The test is pre-programmed in TSP. 2SLS estimates in 
SPSS and TSP are identical but SPSS does not calculate the Hausman test.   

12  Koutsoyiannis (1977, pp. 270-272) show that "in practice, the method of IV is difficult to apply because of the 
problem of finding appropriate instruments.  There is always a degree of arbitrariness, which affects the 
estimates, and the choice affects the results.  Therefore, the value of the Hausman Test is sensitive to the 
choice of instruments".     
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for medical care, present study uses a number of alternative variables that have low correlation with each 
other.  However, at aggregate level, choice has been restricted by data availability.13  Before applying the 
2SLS method, correlation coefficients have been obtained.  Three variables have been chosen that appear 
to be appropriate candidates for instruments.  These are education expenditure, urban population and age 
dependency ratio.  The correlation between education expenditure and urban population is 0.138, for 
education expenditure and age dependency ratio is 0.079 and for urban population and age dependency is 
0.353.  Other variables having a high correlation with each other or low explanatory power were dropped.       
 
4. Empirical Estimates and Results 
 
Results in table 4.1 show a significant negative impact of income on infant and child mortality.  When a 
squared term is added to the linear model, infant and child mortality fall and the decline is asymptotic in 
nature.  The results of model 3, table 4.1 need caution, as the intercept term for GNP per capita is 
negative.14  A possible explanation could be the bounded nature of dependent variable that needs be 
transformed.  Also, this negative intercept term emerges only when the regressors are expressed in a 
reciprocal-log form.  Thus, another specification has been estimated that is the double-log functional 
form.  In all models, significance of overall regressions is shown by the value of F statistic that exceeds 
the table value at the 99 percent level and hence implies a good model fit.  The value of R-squared 
represents adequate variation in the infant and child mortality rates as explained by the estimated 
regression equation.  Figures 4.1 and 4.2 graphically show the effect of income on infant and child 
mortality rates the. The average Child mortality rate across developing countries is 134, where as, for 
Pakistan this rate is 158. With increase in income, infant and child mortality rates fall but fall less and less 
steeply, hence implying the asymptotic nature of the relationship.  Therefore, it can be argued that income 
per capita is not the sole predictor of infant/child mortality rates, but certain other factors maybe 
important as well.  The issue has addressed by adding total literacy rate and results are reported in tables 
4.2 and 4.3.  To explore if Pakistan is an outlier in the sample of sixty-five countries, Pakistan's dummy 
variable is included in the bivariate model.  The results for infant and child mortality are given below:15 
 
IMR =  54.779*** + 11660.476 (1/GNP)*** + 20.069 (Pakistan) 
 (10.126)      (7.337)              (0.696)     
R2 = 0.466          R 2  = 0.449        F = 27.138*** 
 
For the under-five mortality rate, the results are as follows: 
 
U5MR = 79.946*** + 21339.730 (1/GNP)*** + 24.703 (Pakistan) 
    (8.039)             (7.304)                       (0.466) 
R2 = 0.463           R 2 = 0.446         F = 26.771***  
Results show that Pakistan is not an outlier in the sample of sixty-five developing countries.  The same 
results appear when a squared term of GNP per capita is added.  The results  are  substantiated by 
obtaining Cook's distance measure for Pakistan.  Cook's measure shows how much the residuals of all 
countries will change if Pakistan were excluded from the calculations of regression coefficients.  In two 
                                            
13  The variables considered to potential instruments that have been tried are direct foreign investment, currency 

outside banks, total labour force, expenditure on basic social services, aid flow, export of goods and services, 
population growth rate and long term capital inflow.  All these were dropped either because (1) these were not 
strongly correlated with the endogenous variables (2) highly correlated with each other (3) highly correlated with 
the exogenous variables in the models.    

14  The result is the same as that obtained in Kakwani (1993) where this specification gave the similar results.   
15  Figures in parentheses are t values.  *** represents significant at 99% level.  
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regressions, the value of Cook's distance measure for IMR for Pakistan is 0.00382 against the mean of 
0.02.  For child mortality, the Cook's distance measure for Pakistan is 0.0017 against the average of 0.06.  
The results therefore, suggest that although Pakistan is not an outlier, it is Pakistan’s has above-average 
infant and child mortality rates that are a cause of concern. Table 4.2 & 4.3 gives estimates of literacy rate 
on mortality.  The effect of literacy in affecting infant/ child mortality is highly significant and negative. 
This means that literacy is an important factor in reducing infant/ child mortality across countries.  The 
spread of literacy is associated with enhanced understanding of health-related activities that can reduce 
mortality.  The effect of income in reducing mortality works through ability to purchase more health-
related services for children.  Also, increase in income can reduce age-dependency burden of families and 
results in better health outcome.  However, results need to be interpreted with caution as mortality may 
vary with the overall development of a country.  For very low-income countries, increase in money 
income is associated with greater purchases of health and nutrition-related activities.   
 
Table- 4.1: Bivariate Regressions, Infant Mortality Rate: 1990 
Variables Model 1 Model 2 Model 3 
Constant 55.096*** 

(10.263) 
38.234*** 
(5.437) 

-127.963*** 
(5.391) 

1/GNP per capita 
 

11657.00*** 
(7.365) 

23996.374*** 
(6.176) 

- 

1/(GNP per capita)2 - -1273163.527*** 
(3.428) 

- 

1/Log GNP per capita - - 1316.694*** 
(9.047) 

R squared 0.462 0.548 0.565 
Adjusted R squared 0.454 0.533 0.558 
Cp 2.00 3.00 2.00 
F value 54.238*** 37.624*** 81.846*** 
df 1 2 1 
Number 65 65 65 

Note: Figures in the parentheses are t values.  *** represents significant at 99%,** at 95%. 
 
Table- 4.2: Bivariate Regressions: Under Five Mortality Rate: 1990 
Variables Model 1 Model 2 Model 3 
Constant 80.337*** 

(8.158) 
49.837*** 
(3.879) 

-254.850*** 
(5.852) 

1/GNP per capita 
 

21335.658*** 
(7.348) 

43654.629*** 
(6.109) 

- 

1/(GNP per capita)2 - -2302879.258*** 
(3.372) 

- 

1/ Log GNP per capita 
 

- - 2410.764*** 
(9.029) 

R squared  0.461 0.544 0.564 
Adjusted R squared 0.452 0.530 0.557 
Cp 2.00 3.00 2.00 
F value 53.996*** 37.125*** 81.530*** 
df  1 2 1 
Number 65 65 65 

Note: Figures in the parentheses are t values.  *** represents significant at 99%,** at 95%. 
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Figure-4.1: Effect of GNP per Capita on Infant Mortality Rate: 1990 

GNP per capita 1990

300025002000150010005000

In
fa

nt
 M

or
ta

lit
y 

R
at

e

220

200

180

160

140

120

100

80

60

40

20

 
 
Figure- 4.2: Effect of GNP per Capita on Under Five Mortality Rate: 1990 
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Table- 4.3: Multiple Regression for Infant Mortality: The Effect of Literacy 
Variables Model 1 Model 2 Model 3 
Constant 127.286*** 

(14.050) 
115.297*** 
(10.239) 

3.376 
(0.139) 

1/GNP per capita 
 

786.035*** 
(6.270) 

12534.764*** 
(3.949) 

- 

1/(GNP per capita)2 
 

- -498353.515* 
(1.742) 

- 

1/Log GNP per capita - - 842.343*** 
(6.895) 

Adult literacy rate 
 

-1.046*** 
(8.698) 

-0.0968*** 
(7.650) 

-0.933*** 
(7.646) 

R squared  0.757 0.769 0.776 
Adjusted R Squared 0.750 0.758 0.768 
Cp 3.00 4.00 3.00 
F value 97.086*** 67.861*** 107.786*** 
Df 2 3 2 
Number 65 65 65 

Note: Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% & * significant at 90%. 
 
Table- 4.4: Multiple Regression for Under Five Mortality: The Effect of Literacy 
Variables Model 1 Model 2 Model 3 
Constant 218.410*** 

(13.903) 
199.116*** 
(10.162) 

-1.046 
(0.025) 

1/GNPper capita 
 

13166.580*** 
(6.445) 

21452.434*** 
(3.884) 

- 

1/(GNP per capita)2 - -802000.767* 
(1.612) 

- 

1/ Log GNP per capita 
 

- - 1494.119*** 
(7.040) 

Adult literacy rate 
 

-2.001*** 
(9.594) 

-1.875*** 
(8.516) 

-1.803*** 
(8.506) 

R squared  0.783 0.792 0.798 
Adjusted R squared 0.776 0.781 0.792 
Cp 3.00 4.00 3.00 
F 112.033*** 77.478*** 123.118*** 
Df 2 3 2 
Number 65 65 65 

Note: Figures in the parentheses are t values. *** represents significant at 99%,** at 95% & * significant at 90%. 
 
Whereas, for more developed countries, higher income is associated with greater economic opportunities 
that results in quality health.  Anand and Ravallion (1993) explain two competing explanations of human 
development.  The income-centred approach proposes investment in human capital, including health and 
education.  The capabilities approach argues that even if the economic returns on investment in education 
and health care are zero, being healthy and literate should be taken as ends in themselves.  Their results 
show a significant effect of income and public health expenditure in reducing infant mortality in  
Sri Lank (1952-1981). 
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The present study estimates the relative magnitude of income, education and medical facilities across 65 
developing countries.  The estimates of double-log function estimated by OLSf or infant and child 
mortality rates are given below.16  For infant mortality rate, the effect of GNP is as follows:  
 
log (IMR) =     7.372***   -  0.486 Log (GNP per capita)*** 
           (19.239)      (8.075)      
 
R2  =  0.507   R 2 =  0.499   F = 64.913*** 
 
The effect of literacy rate and medical facilities is as follows:  
 
Log (IMR) = 9.799***  -   0.319 Log (GNP)*** - 0.621 Log (Literacy)*** 
         (21.797)     (5.534)                       (5.630) 
 
R2  = 0.674   R 2 = 0.663      F = 64.122*** 
 
Log (IMR) = 8.184*** - 0.277 Log (GNP)*** - 0.562 Log(Literacy)*** - 0.056 Log (Doctors) 
        (13.666)    (4.168)                        (4.799)                           (1.340) 
 
R2 = 0.683    R 2  = 0.667   F = 43.090*** 
 
For the child mortality rates (1990) the following results have been obtained.  Three equations are 
estimated as follows: 
 
Log (U5MR) = 8.357***  -  0.576 Log (GNP)*** 
                       (19.250)    (8.425) 
 
R2= 0.529  R 2 = 0.522      F= 70.978***  
Log (U5MR) = 10.096***  -  0.372 Log (GNP)*** - 0.757 Log (Literacy)*** 
              (23.011)          (5.943)                         (6.311) 
 
R2  = 0.713   R 2 = 0.704      F = 77.725*** 
 
Log(U5MR) = 9.159*** - 0.307 Log (GNP)***- 0.669Log(Literacy)*** - 0.086Log (Doctors)** 
       (14.294)       (4.315)                        (5.340)                        (1.925) 
 
R2  = 0.729    R 2  = 0.716   F =  54.068*** 
 
Pritchett and Summers (1996) show that the long-run income elasticity of infant and child mortality lies 
between -0.2 and -0.4.  Their results suggest that infant and child mortality can be attributed to poor economic 
performance in the developing countries.  Anand and Ravallion (1993) collected data relating to Sri Lanka for 
infant mortality, public health spending and average income for the period 1952-81.  They regressed a non-
linear transformation of infant mortality rate over this period and showed that income had a significant 
negative effect on infant mortality rates and elasticity with respect to income was  -0.79.  This paper explores 
the effect of income per capita on infant and child mortality rates in Pakistan.  To calculate elasticity estimates 
                                            
16  Note: Figures in the parentheses are t values.  *** represents significance of F  value at 99%.  N=65.  
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of infant and child mortality with respect to GNP per capita, a double-log functional form has been estimated.  
The results show that for sixty-five developing countries in 1990, elasticity with respect to income is -0.486 
for infant mortality and -0.576 for under-five mortality.  When literacy is added in the regressions, the effect 
of income remains significant at 99% level but elasticity estimate declines from -0.486 to -0.319.  For child 
mortality, the effect reduces to -0.372.  The results, therefore, confirm that in developing countries, there is a 
quantitative significance of literacy and education in reducing infant and child mortality.   
 
Table- 4.5: Reciprocal linear estimates of infant mortality: 1990  
Variables OLS 2SLS 
Constant 
 

126.530*** 
(8.960) 

130.807*** 
(7.063) 

Female enrolment  (primary) -0.650*** 
(2.836) 

-0.546* 
(1.814) 

Male enrolment 
(primary) 

0.200 
(0.801) 

0.152 
(0.462) 

Secondary enrolment 
 (total) 

-0.541** 
(2.086) 

-0.499 
(1.571) 

Doctors/1000 population a 
 

-18.731 
(1.517) 

-42.653** 
(2.102) 

1/GNP per capita 
 

4661.934*** 
(2.988) 

3788.045** 
(2.073) 

R2  0.772 0.775 
Adjusted R Squared 0.744 0.739 
F value 27.470*** 21.418*** 
Cp 6.00 - 
Hausman statistic  - 2.142 
Number 
df 

65 
(5) 

65 
(5) 

 
Table- 4.6: Reciprocal Logarithm Estimates of Infant Mortality: 1990 
Variables OLS 2SLS 
Constant 
 

39.238*** 
(1.152) 

55.337 
(1.305) 

Female primary  enrolment   -0.598*** 
(2.656) 

-0.502* 
(1.722) 

Male primary  enrolment  
 

0.168 
(0.689) 

0.125 
(0.395) 

Secondary (total) 
 

-0.453** 
(1.753) 

-0.444 
(1.423) 

Doctors/ 1000 population a -17.553 
(1.459) 

-38.349** 
(1.974) 

1/ Log GNP per capita 
 

590.339*** 
(3.421) 

505.727*** 
(2.466) 

R2  0.783  0.789 
Adjusted R Squared 0.757 0.755 
F value 29.738*** 23.278*** 
Cp 6.00 - 
Hausman statistic - 1.688 
Number df 65 (5) 65(5) 

Note: Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% and * significant at 
90 % level.   a:Endogenous variable 
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Table- 4.7: Reciprocal Quadratic Estimates of Infant Mortality: 1990 
Variables OLS 2SLS 
Constant 
 

117.378*** 
(7.061) 

123.387*** 
(5.433) 

Female primary  enrolment   -0.612*** 
(2.640) 

-0.529* 
(1.737) 

Male primary  enrolment  
 

0.177 
(0.706) 

0.152 
(0.459) 

Secondary (total) 
 

-0.480** 
(1.807) 

-0.458 
(1.395) 

Doctors/ 1000 population a 
 

-18.130 
(1.468) 

-41.597** 
(2.101) 

1/ GNP per capita 
 

8818.160** 
(2.057) 

6725.142 
(1.250) 

1/ (GNP per capita)2 -364450.83 
(1.041) 

-244085.298 
(0.581) 

R2  0.777 0.779 
Adjusted R Squared 0.744 0.735 
F value 23.344*** 17.674*** 
Cp 7.00 - 
Hausman statistic - 2.173 
Number  df 65  (6) 65 (6) 

 
Table- 4.8: Double-Log Estimates of Infant Mortality: 1990 
Variables OLS 2SLS 
Constant 
 

6.064*** 
(5.350) 

4.422*** 
(2.737) 

Log_Female primary     -0.664*** 
(2.412) 

-0.992*** 
(2.301) 

Log_Male primary   
 

0.574 
(1.406) 

0.816 
(1.435) 

Log_Secondary (total) 
 

-0.130 
(1.030) 

0.107 
(0.062) 

Log_Doctors (per/1000 pop) a -.0.101 
(1.649) 

-0.312*** 
(2.706) 

Log_GNP per capita 
 

-0.209** 
(2.198) 

-0.088 
(0.660) 

R2  0.659 0.646 
Adjusted R Squared 0.618 0.589 
F value 15.908*** 11.335*** 
Cp 6.00 - 
Hausman statistic - 4.125 
Number  
df 

65 
(5) 

65 
(5) 

Note: Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% and * significant at 
90 % level.   a:Endogenous variable 
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Table- 4.9: Reciprocal Linear Estimates of Child Mortality: 1990 
Variables OLS 2SLS 
Constant 
 

225.526*** 
(9.549) 

235.046*** 
(7.716) 

Female primary  enrolment   -1.181*** 
(3.081) 

-1.090** 
(2.201) 

Male primary  enrolment  
 

0.234 
(0.559) 

0.243 
(0.448) 

Secondary (total) 
 

-1.064*** 
(2.451) 

-1.082** 
(2.071) 

Doctors/1000 population a 
 

-29.962 
(1.450) 

-63.897* 
(1.914) 

1/ GNP per capita 
 

7902.231*** 
(3.028) 

6096.632** 
(2.028) 

R2  0.808 0.815 
Adjusted R Squared 0.785 0.786 
F value 34.707*** 27.487*** 
Cp 6.00 - 
Hausman statistic - 1.693 
Number 
df 

65 
(5) 

65 
(5) 

Note: Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% and * significant at 
90 % level.   a:Endogenous variable. 

 
Table- 4.10: Reciprocal Logarithm Estimates of Child Mortality: 1990 
Variables OLS 2SLS 
Constant 
 

79.159 
(1.387) 

114.176 
(1.630) 

Female enrolment   
(primary) 

-1.096*** 
(2.904) 

-1.021** 
(2.117) 

Male enrolment  
(primary) 

0.181 
(0.442) 

0.200 
(0.381) 

Secondary enrolment  
(total) 

-0.920** 
(2.123) 

-0.996* 
(1.932) 

Doctors/1000 population a -27.995 
(1.389) 

-56.968* 
(1.775) 

1/Log GNP per capita 992.041*** 
(3.431) 

810.984** 
(2.395) 

R2  0.818 0.826 
Adjusted R Squared 0.796 0.798 
F value 36.934*** 29.577*** 

 
Cp 6.00 - 
Hausman statistic - 1.267 
Number , df 65  (5) 65 (5) 

Note: Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% and * 
significant at 90%.   a:Endogenous variable 
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Table- 4.11: Reciprocal Quadratic Estimates of Child Mortality: 1990 
Variables OLS 2SLS 
Constant 
 

212.456*** 
(7.614) 

226.125*** 
(6.015) 

Female enrolment   
(primary) 

-1.127*** 
(2.896) 

-1.067** 
(2.117) 

Male enrolment  
(primary) 

0.200 
(0.476) 

0.242 
(0.442) 

Secondary enrolment  
(total) 

-0.977** 
(2.190) 

-1.025* 
(1.887) 

Doctors/1000 population a 
 

-29.102 
(1.404) 

-63.678* 
(1.943) 

1/GNP per capita 
 

13837.781** 
(1.923) 

9583.907 
(1.076) 

1/(GNP per capita)2 

 
-520476.456 
(0.885) 

-289777.957 
(0.417) 

R2  0.812  0.817 
Adjusted R Squared 0.784 0.780 
F 28.901*** 22.381*** 
Cp 7.00 - 
Hausman statistic - 1.834 
Number 
df 

65 
(6) 

65 
(6) 

 
Table- 4.12  Double-Log Estimates of Child Mortality: 1990 
Variables OLS 2SLS 
Constant 
 

6.848*** 
(5.590) 

5.102*** 
(2.921) 

Log_Female primary -0.757*** 
(2.546) 

-1.070*** 
(2.470) 

Log_Male primary 0.627 
(1.422) 

0.928 
(1.510) 

Log_Secondary enrolment  
 

-0.167 
(1.219) 

-0.026 
(0.140) 

Log_Doctors per 1000 popa 
 

-0.126** 
(1.907) 

-0.342*** 
(2.742) 

Log_GNP per capita 
 

-0.232*** 
(2.260) 

-0.100 
(0.690) 

R2  0.703 0.684 
Adjusted R Squared 0.667 0.633 
F 19.458*** 13.436*** 
Cp 6.00  
Hausman statistic - 3.577 
Number df 65 (5) 65 (5) 

Note:  Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% and * significant at 
90 % level.   a:Endogenous variable 
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Table 4.13: Test for Heteroscedasticity: Reciprocal-Linear Estimates of Infant Mortality 
Variables Regression 1 Regression 2 
Constant 
 

148.870*** 
(8.589) 

-65.505 
(1.140) 

Female enrolment   
(primary) 

-0.794*** 
(2.405) 

-1.902*** 
(2.674) 

Male enrolment  
(primary) 

0.176 
(0.521) 

2.677*** 
(3.441) 

Secondary enrolment  
(total) 

-0.588 
(1.050) 

0.110 
(0.188) 

Doctors/1000 population  
 

-8.658 
(0.405) 

-22.540 
(1.301) 

1/ GNP per capita 
 

2595.029 
(1.335) 

35759.986 
(1.153) 

R2  0.766 0.744 
Adjusted R Squared 0.676 0.627 
ESS 4626.237 3075.526 
F = (65-15-2(5)) /2 df 0.664 - 
Number &df 25 (5) 25(5) 

 
Table 4.14: Test for Heteroscedasticity: Double-Log Estimates for Infant Mortality 

Variables Regression 1 Regression 2 
Constant 
 

6.821*** 
(5.405) 

-7.653 
(1.669) 

Log_Female primary) -0.470* 
(1.800) 

-4.095*** 
(3.009) 

Log-Male primary 0.199 
(0.561) 

6.734*** 
(3.600) 

Log_Secondary total 
 

-0.06 
(0.624) 

-0.301 
(0.622) 

Log_Doctors/1000 population  
 

-0.081 
(1.242) 

-0.173 
(0.938) 

Log_GNP per capita 
 

-0.215 
(1.339) 

-0.034 
(0.076) 

R2  0.663 0.729 
Adjusted R Squared 0.534 0.606 
ESS 0.901 1.543 
F = (65-15-2(5)) /2 df  1.712 - 
Number & df 25(5) 25(5) 

Note:  Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% and * significant at 
90%.    

 
Table 4.15: Test for Heteroscedasticity: Reciprocal-Linear Estimates of Child Mortality 
Variables Regression 1 Regression 2 
Constant 
 

265.298*** 
(8.765) 

-113.638 
(1.176) 

Female enrolment   
(primary) 

-1.366*** 
(2.371) 

-2.697*** 
(2.256) 

Male enrolment  
(primary) 

0.138 
(0.234) 

3.936*** 
(3.009) 

Secondary enrolment  
(total) 

-1.274 
(1.302) 

0.139 
(0.142) 

Continued…
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Variables Regression 1 Regression 2 
Doctors/1000 population  
 

-5.350 
(0.143) 

-41.017 
(1.408) 

1/ GNP per capita 
 

4440.108 
(1.308) 

66225.633 
(1.270) 

R2  0.790 0.731 
Adjusted R Squared 0.709 0.609 
ESS 14107.216 8694.538 
F = (65-15-2(5)) /2 df 0.616 - 
Number &df 25(5) 25(5) 

Note: Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% and  * significant at 
90%.    

 
Table 4.16: Test for Heteroscedasticity: Double-Log Estimates of Child Mortality 

Variables Regression 1 Regression 2 
Constant 
 

7.507*** 
(5.675) 

-7.405 
(1.481) 

Female enrolment   
(primary) 

-0.491* 
(1.793) 

-4.213*** 
(2.838) 

Male enrolment  
(primary) 

0.172 
(0.463) 

6.987*** 
(3.425) 

Secondary enrolment  
(total) 

-0.094 
(0.803) 

-0.290 
(0.549) 

Doctors/1000 population 
 

-0.103 
(1.509) 

-0.221 
(1.098) 

Log_GNP per capita 
 

-0.215 
(1.277) 

-0.125 
(0.255) 

R2  0.708 0.736 
Adjusted R Squared 0.596 0.616 
ESS 0.990 1.835 
F = (65-15-2(5)) /2 df 1.853  
Number & df 25(5) 25(5) 

Note:  Figures in the parentheses are t values.  *** represents significant at 99%,** at 95% and * 
significant at 90%.    

 
The previous results show that the significant effect of medical facilities disappears when literacy is 
added as an explanatory variable.  Thus, suggesting the possibility that education effect picks up the 
effect of medical facilities in case of infant mortality.  The results in tables 4.5-6  show a significant 
positive impact of female education in reducing mortality but for male primary education, the effect is 
positive and insignificant.17  The possible explanation can be multicollinearity with other education-
related variables.   
 
The effect of income on mortality turns out to be asymptotic in nature.  This implies that after a certain 
point, increase in income adds less to its effect on mortality and education-related variables become more 
important.  OLS estimates show a negative effect of medical facilities on mortality rates.  When only this 
variable is included, the effect is significantly negative, but when other variables are added, the effect of 
medical facilities becomes insignificant.  At aggregate level, endogeniety of medical facilities can cause 
this insignificant effect on mortality.  To address this issue, a two-stage estimation procedure is adopted.  

                                            
17  The effect of male primary enrolment was negative when only this variable was added with GNP per capita 

variable. 
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Number of doctors is expected to be influenced by urban population, age dependency ratio and education 
expenditure.  Therefore, they are used as instruments for doctors.18  
 
Doctors = 0.739*** + 0.012 (U_Pop)*** - 0.974 (Age_Dep)*** - 0.009 (Ed_Exp) 
    (2.499)        (5.280)          (3.263)                                 (0.565)  
 
R2  = 0.566    R 2 = 0.536     F= 19.157*** 
 
Besides these instruments, other variables used in the 2SLS equation are female primary, male primary, 
secondary total and GNP as instruments for themselves.  Results show that the effect is now more 
negative and significant as compared to OLS estimates.  The two stage least squares provides consistent 
estimates for the endogenous variable and the value of R2  is also reasonable.  Gujrati (1988, pp.606) 
shows that in a similar case, value of the endogenous variable is close to the actual value and is less likely 
to be correlated with the disturbance term.  To further test for endogeniety and correlated errors, Hausman 
Test (1978) has been applied to all models 4.5 - 4.11.  The value of test statistic is low in  all  models.  
However, the test does not reject at the 5% level that OLS and IV estimates are equal.   Results therefore, 
need to interpreted with caution and may be attributed to weak instruments at the aggregate level.  The 
results are therefore, inconclusive about confirming the hypothesis that 2SLS gives consistent estimates of 
the endogenous variable.   
 
In cross-country comparison, heteroscedasticity can be another problem.  To check this, two separate 
regressions are run for lower and higher values of GNP.  Fifteen middle observations have been omitted 
to strengthen the explanatory power of the test.  The ratio of the error sum of squares of the two 
regressions (ESS2/ESS1) is then tested to see if the ratio of the error sum of squares is significantly 
different from zero.19  The F distribution is used for this test with (N - c -2K) / 2 degrees of freedom, 
where N=65, c = 15 and K = number of estimated parameters.  The results of Goldfeld-Quandt test are 
presented for four models.20  The models test the critical assumption of the regression estimates that the 
disturbances (ui) have the same variance.  If this assumption is not satisfied, unbiasedness and 
consistency of OLS estimators are not destroyed but estimators do possess minimum variance.  The 
results show that in the present analysis, heteroscedasticity is not a serious problem.   
 
5. Decomposition Analysis 
 
This section provides a decomposition analysis to identify the relative contribution of various factors that 
account for Pakistan’s poor performance in child health.  The selected indicators are infant and child 
mortality rates.  Table 2.3 shows that in Pakistan, infant/child mortality rates are very high as compared to 
those prevailing in sixty-five developing countries.  The positive difference from mean for infant 
mortality rate is 19.14 and for child mortality rate it is 23.18.  Therefore, a decomposition of these factors 
is carried out and for bivariate regression of infant mortality can be written as follows:21  
 
 
 

                                            
18   The figures in the parentheses are t values.  *** is significant at 99% level.   
19  The test for heteroscedasticity was carried out for all specifications results showed no presence of 

heteroscedasticity, hence the results are not reported.  
20  For entire sample results, see tables 4.12-13 for infant mortality and 4.14-15 for child mortality.  
21  For calculations, see table 4.1 for infant mortality and table 4.2 for child mortality. 
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(Υ Υi − ) = βi
∗  ( Χ Χi − ) + εi 

 
(19.14) = 11657.00 (1/400 - 1/743.23) + εi 
 
(19.14) = 23996.374 (1/400 -1/743.23) - 1273163.527 (1/4002 -1/743.232) + εi 
 
For child mortality, this is written as 
 
(Υ Υi − ) = βi

∗  ( Χ Χi − ) + εi 
 
(23.18) = 21335.658 (1/400 -1/743.23) + εi 
 
(23.18) = 43654.629 (1/400 -1/743.23) - 2302679.258 (1/4002 -1/743.232) + εi 
 
A decomposition of bivariate regression analysis shows that income is highly associated with infant/child 
mortality.  Pakistan’s low income per capita ($400) as compared to ($743.23) contributes to explaining 
the positive difference from mean of the selected countries.  The results show that squared term for GNP 
turns out to be important factor in explaining mortality but is less so than GNP.  For k variables, the 
equation for decomposition can be written as  
 
(Υ Υi − ) = β1

∗  ( Χ Χ1− ) + β2∗   ( Χ Χ2 − )  + β3
∗  ( Χ Χ3− )+ ......... + βk

∗  ( Χ Χk − ) + εi 
 
Table- 5.1 Effect of Income on Infant Mortality 
Infant mortality 1/GNP per capita 1/GNP2 
19.14 13.458 - 
19.14 27.704 -5.653 

 
Table- 5.2 Effect of Income on Child Mortality 
Child mortality 1/GNP per capita 1/GNP2 
23.18 24.632 - 
23.18 50.399 -10.225 

 
Table-5.3 Decomposition of Factors on Infant Mortality 
Infant 
Mortality 

F_Primary 
 

M_Primary Secondary 
total 

Doctor
s 

1/GNP  1/GNP2 1/log 
GNP  

19.14 27.327 -4.557 4.256 -1.070 4.373 - - 
19.14 26.476 -4.556 3.906 -1.663 7.764 -0.976 - 
19.4 25.125 -3.748 3.787 -1.534 - - 7.910 

 
Table-5.4 Decomposition of Factors on Child Mortality 
Child 
mortality 

F_Primary M_Primary Secondary 
total 

Doctors 1/GNP  1/GNP2 1/log 
GNP  

23.18 55.554 -7.285 9.229 -2.556 7.285 - - 
23.18 53.403 -7.255 8.743 -2.547 11.064 -1.287 - 
23.18 51.647 -5.996 8.496 -2.279 - - 12.685 
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The first term tells how much of the difference between Yi and Υ is due to Xi being different from Χ  and 
this is true for all other terms.22  The results in tables 5.1 & 5.2 show how much of the positive difference 
between infant and child mortality rates is explained by male, female primary education secondary 
education (total), number of doctors/1000 population, GNP per capita, and GNP squared.  The clear 
results are that it is Pakistan’s very low female primary school enrolment that is mostly responsible for 
Pakistan’s existing high mortality rates.  This is shown by its relative magnitude of effect on infant and 
child mortality rates.  The decomposition analysis enables to derive what Pakistan's infant/child mortality 
rates would have been if it had female primary enrolment rate equal to the average of sixty-five countries. 
For calculations, see tables 2.3, 4.13& 15 and the following method: 
 
(Υ Υi − ) - β1

∗  ( Χ Χ1− )  = β1
∗  ( Χ Χ1− ) + β2∗   ( Χ Χ2 − )  + β3

∗  ( Χ Χ3− )+ .........  
+ βk

∗  ( Χ Χk − ) + εi - β1
∗  ( Χ Χ1− ) 

 
19.14 - 27.327 =  - 8.187 
 
Yi - 84.86 = - 8.187 
 
Yi = 84.86 - 8.187 
 
IMR (Pakistan) = 76.67   
 
Pakistan's IMR could have been 76.76 as contrast to 104 if Pakistan had a female primary enrolment rate 
equal to average of other countries.  The child mortality could have been  
 
23.18 - 55.555 = - 32.375 
 
Yi -134.82 = - 32.375 
 
U5MR (Pakistan)  = 102.44  
 
Other important factor is Pakistan’s low level of GNP per capita but is less important than female 
education.  The main factors responsible for Pakistan’s poor child health are low female education and 
low GNP per capita that mostly explains the effect on infant and child mortality rates. 
 
 
6.  Summary and Conclusions 
 
The study explores the determinants of infant and child mortality across countries in a production of 
health context.  Theoretical background relating to health, Grossman (1972), explains that health is 
produced with the help of inputs: health inputs are converted into health outcome by some production 
technology.  This study however, also includes the effect of income on child health: effect of income 
works through increased use of health and medical-care inputs that produce good health.  Therefore, the 
inclusion of income variable suggests that the estimated relationship is hybrid in nature.  The effect of 
education on infant and child mortality is expected to be negative because education increases health 
productivity.  Results show a strong negative effect of female education on mortality rates across 

                                            
22  For infant mortality see table 4.5-4.7 and for child mortality see tables 4.9 - 4.11.  
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countries.  The results support Grossman's efficiency hypothesis: more educated parents are able to 
produce better child health outcome as compared to the less educated.  More educated parents are able to 
prevent deaths by using the available inputs more sensibly or may require fewer health inputs and time 
effort to produce a better health outcome.  The results also support the Chicago-Columbia hypothesis: 
increase in education increases female productivity in child health production, Becker and Lewis (1973).  
Results show a significant negative effect of female education on infant and child mortality rates.  More 
educated mothers are better able to assimilate information on health-related issues that prevents infant and 
child mortality.  The effect of income is also significantly negative.  Increase in income results in an 
increase in purchasing power and parents tend to spend more on health and medical-care facilities.  The 
Pennsylvania School, Behrman et al (1982) asserts that with increase in income, parents are able to invest 
more in child quality (health and education).  Present results lend support to the hypothesis that with 
increase in income, more infant and child deaths can be prevented through increase in spending on health-
related activities or better diet.  In health production theory, Grossman (1972) examines that medical-care 
is an input in producing health.  A greater use of medical-care results in better health output or reduced 
infant and child mortality.  In a cross-country, it may be expected that medical facilities across counties 
are correlated with the disturbance term.  However, test of endogeniety turns out to be inconclusive.  The 
value of Hausman test is insignificant although, the effect of medical-facilities turns out to be more 
negative and significant in the 2SLS.  The possible explanation can be choice of weak instruments that is 
difficult to overcome due to lack of data availability.   
 
The study presents estimates of elasticity for infant and child mortality rates with respect to income, 
education and medical facilities.  Elasticity of infant mortality with respect to income is -0.486 and -0.576 
for child mortality thus, suggesting a strong negative relationship between the two.  The results are 
compatible with other studies, e.g. Anand and Ravallion (1993) and Pritchett and Summers (1996).  The 
decomposition analysis identifies the relative contribution of various factors responsible for Pakistan's 
poor child health record.  Results show that it is Pakistan's low female school enrolment rate that is 
mostly responsible for high infant and child mortality rates.  Pakistan's mortality rates would have been 
far less if Pakistan had a female primary enrolment rate equal to the average rate prevailing in the selected 
developing countries.  In Pakistan, high mortality rates root in low income, lack of health-care facilities 
and poor female education.  The World Development Report (1993, pp.35) explains that success of public 
policies for improving child health depends a lot on education because better-educated individuals acquire 
and use new information more quickly.  This acquisition of knowledge helps to explain large differences 
in child mortality by levels of mother's education in most developing countries.  Similarly, traditional 
demographic transition theory, Bulatao and Lee (1983) found that sustained declines in infant and child 
mortality preceded the long-term declines in fertility.  As child survival prospects increase, parents scale 
back fertility realising that fewer births are required to achieve a desired family size.  This leads to 
parents’ appreciation of the value of education and they tend to substitute quality for quantity of children. 
Thus, education directly contributes to lowering infant and child mortality because of parents’ awareness 
of disease causation and prevention and increased utilisation of medical services when children are sick.  
This leads to better survival prospects or child quality in terms of improved health.  Results show that if 
Pakistan plans to reduce mortality rates, the identified routes turn out to be better income, improved 
female education and health-care facilities.  Improvements in health require that families become aware of 
disease causation (through increased education) and also have the means to act on that information 
(increased income).  Therefore, in Pakistan, success in reducing mortality may depend on expansion of 
peoples' access to opportunities. 
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