S.Krishnamoorthy

Effects of Sex Preference and Mortality
on Family Sze

MARR]ED couples prefer certain minimum family size and alse want to

have specified number of sons and daughters within a fixed number
of trials. It is shown by Sheps (1963) that for parents who want to bave
« sons and P daughters, the probability that they will end up with
(¢ + B 4+ h) children, k > 0, is _

R B (N P AT

where p and ¢ are the probabilities of the birth being male and female
respectively. This expression is derived with the assumption that
couples can give birth to any number of children until they get the
desired number in each sex. Expressions have also been derived by
Sheps (1963) when couples stop once they get the desired number in
each sex or stop at k-th child regardless of their distribution by sex.
Mitra (1970) has derived expressions when the strategy is to have a
‘minimum of « sons and B daughters in more than L trials. Assuch, a
couple stops at (k — D) {{ > 0, (« + B} < (k — I)} children if the couple
achieved the desired number in each sex once the (¢ — I)-th child is born
or if the sex of the (k — I)-th child makes it impossible to reach the goal,
In these works, mortality among children born is not considered. Once
mortalily is considered the preference to sex will be among the living
children. That is, couples will stop further conception when they
achieve the mimimum number of male and female surviving babies.
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Extending the works of Sheps (1963) and Mitra (1970), in the first part of
the paper the probability distributions under different stopping rules have
been derived when the couples decide to achieve their goa within a finite
number of tridls and aso want to have certain minimum number of
children. The second pat of the paper deals with the probability
expressions derived by introducing the infant and early child mortdlity in
it. This measures the combined effect of sex preference and child
mortality on completed fertility.

1. Family Szeunder Minimum andMaximum Limits

For couples who adopt the drategy of having a minimum of children and
would like to stop as soon as the first son is born within a maximum of k
trials, the probability that they will give birth to exactly r childrenisgiven by

P (r, 80 = 0 ' r<i
= 1—g, r=1

= ¢ p; I<r <k
=grpL g r==k
= (), r>k

The average number of children that will be born in the one son case
is given by '

k
Eisk (P‘, Si) = (1_41) [+ ?+1 rqr—l P + qu
H
=i+La-¢ ¥
which compares with 1/p when [ = 0 and k = oo,

In the case of two sons

_ ; |
e (52 =1+ ¢ (0 — k™) + 2—3(1 — g, 6)
In the case of one son and one daughter '
i 1
B (r, s, d) = 1+ f;’;ﬂ (1 — g+ -f;— (1 —p. @)

In the case of three sons
T
Eue (ry 8) = 1 + 373— (- + 24 (I~ kq*")
L% .
+ 58 0 -k =1) . ®
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In the case of two sons and one daughter
T
Eii(r,s0,d) =1 + % (1~p*) + g~ (I — kg

-29 A—g+-) ®)

Under the condition that couples want a spec1ﬁed minimum number
of children and want to have some desired number in each sex when
there is no maximum limit the expressions can be obtained by substit-
uting oo in the place of k. The expressions thus obtained can be seen

in Tabie 1.

1.1 PROBABILITY GENERATING FUNCTION AND MOMENT GENERATING  ~
FUNCTIONS :
The probability generating function for total children 4 2» (= + £) under
no restriction for minimum and maximum children, is shown by Sheps
(1963, see also Keyfitz, 1968). The probability of (¢ 4 B - hA)=n children
h 32 0 is the cocfficient of 5™ in the generating function

Gls) = [1 ?-sp ] + [l - qs:l | 0

where terms of lower power than 5 are disregarded. For finite / and
k the generating function in the case of one can be shown as
I+l
G (s) = (—¢") s +‘i’gqu {1—(gs)-%} + g ®)
Average number of children in one son case can be obtained by
differentiating equation (8) with respect to s and putting s = 1. There
does not seem to exist a general form as equation (7) under the condi-
tion of { and & for any « and .

The variance can be obtained as below ;

ar = [—3% Gr,x (5) 1_1 + [ g}- G, (5) :L.: - [{3‘% Gc,k(s)}s-i]? )

The moment generating function for the one son case with / and * as
the lower and upper limits is

k
M(I) = U_qz) et 4- z e!f qr—_lp -4 qk o't

= (1—g" " _l_ﬁ’(Q;e“"'l:) {1— (qe‘)k’"}-l- (ge'). (10)
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TABLE 1 —AVERAGE NUMBER OF CHILDREN PER COUPLE UNDER DIFFERENT CONDITIONS

- Desired number
and sex of #o limit lower limic 1 upper Hmir k fower fimit | and upper limit k
children
1 2 3 4 5
1 q! i qk qI
Cne son — i (_) —_— Ty —gr-t
2 + I p P + P U=g*"h
2 - 29 2 - 2q . - - 24
Two sons —_ i 11(1 _) = gk 1(;; __.) o F b= 1] o fogk— 1 =
7 +9q +3 e +5 teT iUkt T+
(1 -85
One son and 1 i gt ] 1 pk g® _ p ~
one daughter ‘p"“'?_l 3+—+— *;-\-—q——l-ﬁ?w—- !+ (1-qk o £ (1 —pk-t)
—1 § z
Three sons % I+*3-q'+214’"1 %—k(kz ) gk-2p !+3ﬂ(1—qk—c)+2q;-1
+ =1 a2 x
e —2ket == kg + -
—«k(kwl)q’"“}_
2 2 fd 1
Two sons and l-{J—’— 1+ 2 +q!~l(1+z_q_ _2_+£__£_._qk.-1 I+ —pr-ly 4 gt -1
one daunghter P q r p q q q

k=t + 1 —gi -y

(k+2.i) =
P




The average from the moment generatin g function is
P =gy L (1— a2 ' (i)

The second moment from the origin is

" =P+l Dk + g + @D g Ch +3) n

(12}

The variance thus obtained is

var=q‘(2f+]*%) (“I+1 p) (ZI:3) 1

QCk+3) 4, 20 2% 1 e
_— + Hpm — T — o (gP—g*P, 13
- For values of I =1 and % = oo, theabove expression for variance
reduces to gfp®. There does not seem to exist simple expression of MGF
for any = and B.

1.2  AVERAGE FAMILY SIZE

The averages of family size obtamable under preferred number of
children in each sex and under different conditions is given in W”T
The second column of the table provides the expected number of
chiidren under no restriction on the minimum and maximum children.
The third column gives the expected number of children under the
condition of minimum children desired by the couples (! >» « 4 B). Itis to
be noted that for / = « + £ and for / = « + 8 — 1 the expressions under
column 3 reduce to the expressions under column 2. The expected
number of children under the restriction of maximum children is given
under column 4 for values of X > « + B, The expected number of child-
ren under the restriction of both minimum and maximum number of
children is given under column 5. It is to be noted that the expressions
under column 5 can be obtained by adding the corresponding ex-
pressions under columns 3 and 4 and substracting the expression under
column 2. The expressions under column 5 can also be independently
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derived and compared. It can dso be verified that the expressons under
odum 5 reduce to aher eqressons under cdumrs 23 ad 4 by proper
subdtitutionsfor / and k .

Under the assumption that the probability of birth to be a boy is 0.5,
the mean family sze works out to 3 with the stopping rule of one boy
and one girl when thereis no lower and upper limit. For the same stoppang
rde the men numbe o dhlden ude dffeat codtios is gven in
Table 2. From the table it can be observed that the upper limit does not
influence the mean family sze markedly unless it is very cdose to the
lower limit. On the other hand, any increase in the lower limit redits
inasidtantid inoreeseinthemeen family sze

TABLE 2—MEAN NUMBER OF CHILDREN WITH A STOPPING RULE
OF ONE SON AND ONE DAUGHTER UNDER DIFFERENT
LOWER AND UPPER LIMITS FOR CHILDREN

ona Timit Upper Timit

1 2 3 4 5 6 7 -
1 2.000 2500 2750 2875 2038 299 3.000

3 3000 3250 3375 3438 3469 3500

4 4000 4125 4138 4219 4250

5 5000 5063 504 5.125

6 6.000 6.031 6063

7 7000 7.031

2. Effect of Sex Preferenceand Early Child M ortdity on Family Sze
The following are assumed in developing the probability functions
represanting the completed fatility and achieved living dhildren
@ Goylesaefdtile;
(b) Birth contral iscomplete;

(0 Sxd eechdhldisindgoendat of thesxesof theather dhildren
born in the family ;

(d) Awomencanooncaveasmary timesasthecoupledesres;
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(e} Infant child mortality occurs in the first two years of life and later
- no death occurs among the children until the couples complete
their fertility;

(f) Couples take decision in going in for the next baby when the
age of the previous baby born is aged two (i.e. the survival of
the baby born is established).

Assumptions {e) and ( f) are not far fetched since the mortality afier
two years of life is comparatively low and that temporary methods of
contraception are available to postpone the next pregnancy.

Let 3 be the probability of death among male babies in the first two
years of life and € be the probability of death among female babics,

p= p(l —3)
ps = pd

= ¢(1 — ¢
g = (€.

For parents who want to have « living sons and § living daughters, the
probability that they will end up with (= + B + &) births, # » O is

u+ﬂ+h—1))Pl[(ﬁ+h

Py(a+ B+ hyo, B) =( : )gl (pa + 2

x—1
+(E :}-l—;lz)ql (g + @t + L+ qB-u ]
+(a+ B+ h 1 j’[t&—‘-& m o+ 0
+(«i?)1’1 (ps + g™ + ... +.v‘f+h] (14)

and the probability that they will end up with (« + B -+ k) living childrea
k>0,is | :

e+ B+ k-1 4 o4 B+ k-1
E_l )p Ak q1+( a—1 )P1 ‘hl
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+(u-]—{3-];k 1)(m+[i+k)(p2+g2)pa+k
PRI R g gt
+(a+[3+k l)(ocwl-ﬁ;—k“l)(pg_{_qe)g s B
TN Yk arat
I S P S W St L

A= + F BT T g FOFE

It can be seen that expressions (14) and (15) reduce to expression (i)
whenps =g, =0 ie, d=1¢€=0.

2.1 PROBABILITIES UNDER DIFFERENT SET OF SEX PREFERRNCE RULES
2.1.1. The case of preference for two living sons

The probability that couples will end up with r (= 2 + %) birth is

-1
Pb (P,Z,O) = (rl )(P2 + QI + q2)f_2pi +
The probability generating function is
pi s

PGF = E Py(r,2,0) 5" = [I—(p: + 9. + q2)sF

and the mean completed fertility is

Mean = 2/p,
and variance = 2 (1 — p,)p}

The probability that couples Will end up with L = (2 + k) living
children under this stopping rule is

- L -
PUL2 0. == al* A+ () ot ) E-Dg' 1
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The probability generating function is
ns
T4 5—(p: T @IF

The mean and variance of the achieved number of living children can be
obtained from the PGF as

Mean = 2(p, + P

% P(L,2,0)s" =
=2

Variance = 2¢,{p: + qin}

2.1.2 The case of preference for one living son and one living daughter

The probability that couples will end up with » (= 1 + 1 -+ &) births
under this rule is

Pr,1,1) = {pr + po + ) — (pe + g 'l
TP+ a+ @) — (o + @i

== . 18 Fih
PGF ,ll_“'(pl -+ Pe + Q'e)S} t+ {l"“(pg -+ a1 + qﬁ)s}
_ (g
{l_(p2 + Q2)S}
_ 4.1 1
Mean = P + . (p—-—l T ) |
Variance = (I_zp‘) + (1—q) __ {3—(p. + @)}

P qi (P1 + (h)z

The probability that couples will have L (= 1 + 1 -+ k) living children
under this rule is

P(E, 1,1 = Pf—léh + (Ii ) (Ps + Qs)Pf_l%

+ ( L; L )(Pz + ) P1L441
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+.. 4t qf"p1+(f)(pe+qg)qf"pl

L
+( ;_ I ) (Pz + g7 prrp1 + .

I-1 -1
h g1 M
{t—(p. + gNF (1 — (po+ @)}*
PGF | P 32 1 1

== (s + @) LU= T a=ps}  (I=at a0 =5}
Mean = (p//q)) + (gu/py) + 1

. 3 Y
Variance = 1_ [ip_;.q_%.{__&_g__f_l_-pl_ql]
(gl g "

q P

The expressions for the probability, moment generating function,
mean and variances in the case of different other combinations of sex
preference can easily be derived from (14) and (15).

12, MORTALITY CHANGES AND 1TS EFFECTS ON COMPLETED FERTILITY AND
LIVING CHILDREN

22.1. The case of preference for two living sons

When the probability is 3 among the male births and it is the same for
female births, the mean completed fertility is MF = 2/p (1-—~3). When 3
reduces to &' the mean fertility is reduced to MF = 2/p(1 — &), The
proportion of reduction is
MF—MF 35 —%

R="MF =13

It can be verified that mean completed fertility is affected only by the
teduction in mortality among male births and not by reduction in morta-
lity among female births. This suggests that when there is reduction in
mortality among the preferred sex of children, there will be reduction in
the total number of births occurring to couples.

The mean number of living children that couples will have under this
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stoppmg rule, with 3 bemg the mortality among the children born, is
given by . \
___2{p(l—-8)+q(1—8)}=
MLC =5 2ip.

Since this is free from 3, it can be understood that the mean number of
living children achieved by couples will remain unaffected by any re-
duction in mortality among the births,

2.2.2. The case for preference for one living son and one living daughter

The mean completed fertility under this rule and when the mortality
is 8 among both male and female births is

1 1 I
ME= -5 " -5 ~ -3
when 3 is reduced to & the mean completed fertility is reduced to
l - I L T

p(i 5 q(_1~3')_"_(1~8’)‘_
The proporticnate declme is . LT

58
R_l apo

The mean number of achieved living children under these conditions is
given by

A8 | g(1—d)
MLC = g(1~8)-+p(1~8)*"“

pig b

- _P2 .1
q+P+1

Since this is free from 8, it can be understood that mean number of
living childsen achieved by couples remains unaffected by any simul-
taneous reduction in mortality from 8 to 8’ among malie and female births.

2.3, Table 3 provides the mean and variance of the distributions of
completed fertility and living children for the stopping rules (a) two living
sons and (b) one living son and one living daughter. The three morta-
lity conditions (0.15, 0.10 and 0.05) among male and female births are
considered here. It is also assumed that p = g =0, 5 The following
conclusions may be drawn from the table. -~~~ =< v o e

130 T3 ool S Pemggraphy Indig . VelHU



TABLE 3— COMPLETED FERTILITV AND ACHIEVED NUMBER OF LIVING CHILDREN UNDER
TWO PREFERENCE RULES AND DIFFERENT MORTALITY CONDITIONS

Mortality Preferenceis for two living sons Preferenceisfor oneTiving son and oneliving
daughter
Male Female Completed fertility Living children Completed fertility Living children
Mean Variance Mean Variance Mean Variance Mean Variance
.15 .15 471 637 4.00 400 3.529 3.391 3.000 2.000
.15 .10 471 637 412 436 3.432 3.124 3008 2.016
.15 .05 471 637 4.23 473 3347 2.918 3012 2.062
.10 15 444 543 389 367 34 3.124 3008 2016
10 .10 444 5.43 400 4.00 333 2840 3.000 2.000
.10 .05 4.44 543 411 434 3246 2.618 3008 2015
.05 15 421 465 379 339 2347 2.918 3012 2.062
.05 .10 421 465 389 369 3.246 2.618 3008 2.015
.05 .05 4.21 4.65 400 400 318 2.382 3.000 2.000
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1. Disproportionate preferencefor sex increases the completed
fatility andliving ldren
2. In the case of preference to one sex;

(a) any reduction in mortaity among births of the preferred sex
reduces the tota children born to the couples and dso the
ahieved numbe o Iiving dilden;

(b) any reduction in mortaity among the births of the unpreferred
sex does not affect the completed fertility of the couple but
inoreesestheachieved number of living children ; and

(c) amultaneous reduction in mortdity among mde and femae |
hirthsdoesnat dfect theadhieved living dhildren

3. Incesedf equd preferencefor both sexes

(@ any reduction in mortaity in only one sex reduces the comp-j
|leted fertility but incressssthe achieved living dhilcran;
(b) dmultaneous reduction in mortdity for mde and femae

births reduces the completed fertility faster than the reduction)
in mortdity in any onesex only ; and

(0 the gmutaneos redudion inmotdity anong mde ad fardg
hirthsdoesnat efect theachieved living children
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