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*4. Variances of rand r

The frequencies of events in the numerators of (2.6) and (2.8) and of

those in the denominators in these expressions come from different sources:

#(G) and #(M) are obtained from death certificates t while #(B
O)

and #(B
l)

are

taken from birth certificates. We write (2.6) in the form

r =
#(G) + (/(M)

(/(B
O

) + #(B
l

)

(I(B
O

) + +(B
l

)

(I(B
l

) •

The first factor is the binomial estimate of the probability pi" given by

(1.6)t while the second factor is a number computed from birth certificates.

If one considers #(BO) and #(B
l)

as numbers of individuals at risk t among whom

the events G and M occur t then one has

var (r) =
p" '(l-p' , ')
-1 1

#(B
O

) + #(B
l

)

[#(B
O

) + #(Bl ) ]2

[(/Bli

(4.1) (I(B
O

) + (I(B
l

)
=

[f/(B
l)

i

*To derive the variance of r t we observe that #(G) is the number of infant

deaths occurring in (Otl) among those born in (Otl)t while #(M) is the number

of such deaths among those born in (-ltO). The random variables #(G) and #(M)

are therefore independent3~ Using the notations

we have therefore t from (2.8)

(4.2) *var (r ) =
P11 (l-P11)

(I(B
I)

+
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In practice one will have to replace in (4.1) and (4.2) the probabilities

p' " Pll and PlO by their binomial estimates1 '

I(G) + I(M) I(G)
A, , , A A

PI = Pu = Pl O =
II(BO) + I(B

l) I(B
l)

I(M)

I(BO)

*to obtain approximate values of var(r) and var (r ).

5. Some conclusions and an illustration.

Our discussion shows that neither the unadjusted IMR. r nor the adjusted

arguments, or any of the other probabilities (1.4) - (1.6). Assumptions which

would assure consistency, such as assuming E = 0, are close to assuming period-

icity from year to year.

*The difficulty in assuring consistency is due to the fact that in r or r

one does not use data corresponding to region H in Fig. 1., that is information

from death certificates for the following year. By using this information when

it is available and defining the infant mortality rate as the statistic

(5.1) **r = [#(G) + R(H)J/#(B l)

one would avoid this difficulty, since (7.1) is the usual binomial estimate of

PI mentioned already in (2.1).

The main reason why infant mortality rates are used instead of the unbiased

estimate of PI given by (5.1) appears to be that mortality data are usually ,

published in a form which yields for each year the total number of infant deaths

occurring in that year, i.e. R(M) ~ hrr.), but does not allow to separate that

total into H(M) and R(G). Shryock and Siegel [3J illustrate several computa-

tions on data for Venezuela, one of the countries for which there are avail-

able mortality data grouped by the year of death and the year of birth.
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Using the same source r4] for the years 1957 to 1963, we obtained the entries

in the first four lines of Table 1. We shall not concern ourselves with pos-

sible sources of error which may be inherent in the original demographic data,

but use those data only to carry out the calculations presented in the remainder

of Table 1.

The following observations on the contents of our table may be of interest:

*a) The rates rand r change from year to year in the same direction as

*PI and the annual changes of r are larger than those of r.

*b) The biases band b may go in opposite directions (as in 1958), and

greater than that of the conventional IMR.

*c) The standard deviations of PI' rand r for each year are nearly equal.

*d) band b are often high multiples of a(P l ) .

*e) Using r , one would conclude that infant mortality has substantially

increased from 1958 to 1959, while PI did not show a significant increase.



TABLE 1

Venezuela Infant Mortality Data

Year i 1957 1958 1959 1960 1961 1962 1963

tI (Bi ) 284,080 291,747 324,739 335,199 344,989 341,324 353,546

tI (Gi) 13,866 11,059 14,152 13,592 13,812 12,183 12,997

tI (Hi) 5,516 5,615 4,628 4, 3,847 13,953

tI (Mi) ==11 (HI-i) 4,823 5,516 5,615 4,628 4,434 3,847 3,953

A .06823 .05715 .05783 .05330 .05119 .04727PI
annual change of A -.00515 .00068 -.00453 -.00211 -.00392PI

r .06579 .05681 .06087 .05289 .04696

annual change of r -.00899 .00406 -.00700 -.00098 -.00593

r* .05732 .06283 .05444 .05315 .04684 .04834

annual change of r* .00551 -.00839 -.00129 -.00631 .00150

b -.00244 -.00034 .00304 .00057 .00170 -.00031

b* .00017 .00500 .00114 .00196 -.00043

a(P1) .00047 .00043 .00041 .00039 .00038 .00036

a(r) .00043 .00043 .00039 .00039 .00038

a(r*) .00044 .00044 .00040 .00039 .00036

b/a(P1) - 5.19 - .79 7.41 1.46 4.47 -.86

b'O(P1) .40 12.2 2.92 5.16 -1.19


