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Sex ratio at birth (SRB) is the ratio of live male births to live female births.
Historically the human SRB is close to 1.05 (Chahnazarian 1988). In recent years,
Bangiadesh, China, India, and South Korea have reported SRBs significantly higher
than 1.05 (Coale 1992; Hull 1990; Johansson and Nygren 1991; Das Gupta 1987;
Park and Cho 1995). Among the consequences of high SRB, perhaps the most
obvious is imbalance in the future marriage market. From the SRB of 1.14 in China
in 1989, Tuljapurkar et al. (1995) projected about 8% “excess” males in the years
around 2015, and this was confirmed (Zeng et al. 1997).

The rise of SRB has been attributed to sex selection (Bennet 1983), a process that
ensures that a couple will have a son. Infanticide and induced abortion of females are
the two techniques most widely understood to result in sex selection. In almost every
study of sex-ratio bias, two factors were thought to lead to sex selection: fertility
decline and son preference. Fertility decline may be evaluated by the change in
demographic indicators, such as total fertility rate (TFR), net reproductive rate
(NRR), etc. There are also some suggestions for how to measure son preference with
respect to SRB. The desire to have a son rather than a daughter may be referred to as
son preference, and son preference may be assessed, for example, in terms of
attitudes reflected in questionnaires (Cleland et al. 1983; Coombes 1979; Westoff
and Rindfuss 1974). These attitudes may also translate into action with the result that
son preference could also be indicated by a high SRB or rate of contraceptive use at
different birth orders (Poston et al. 1997; Coale and Banister 1994; Park 1983).

How desire for a son is transformed into action is an important problem. At least two
measures are required to understand this transformation: the first is the strength of
the desire, and the second is the strictness with which further births are limited. A
simple suggestion was given by Li et al. (1997), who described the limit on further
children in terms of the sex-selection situation, which occurs when a woman has no
son and is able to have only one more child. For a woman at the youngest fertile age,
the occurrence of the sex-selection situation is a random event, Y. The sex-selection
pressure, y, is defined as the probability of the occurrence of Y. The son-preference
potency, p, is defined as the probability that a woman has a sex-selected son, given
that she is in the sex-selection situation. The relationship between SRB, y, and p was
developed by Li et al. (1997) under the assumption that fertility remains constant for
a long time. They showed that the value of y can be estimated approximately from
fertility data for a given population. Under the assumption that it is the same for all
ages, p can be estimated from an observed SRB using the relationship between SRB,
y, and p.

The values of y and p for China in 1990 estimated by Li et al. (1997) were about 0.58
and 0.17, respectively. It is intuitive that the more children a woman is able to have,
the more likely it is that she will not be in the sex-selection situation and the smaller
the value of y. The total fertility rate (TFR) for China in 1989 was 2.25, whereas in
1970 it was about 6. The value of y in 1989 was 0.58, but its value for China in 1970
was only about 0.03. Under such weak sex-selection pressure in 1970, even if the
son-preference potency were unity, the SRB would be only 1.06, very close to
normal. Based on the these estimates, it is clear that the primary cause of the high
SRB in 1989 was fertility decline, which increases y. These estimates also show that




if the son-preference potency were to reach its greatest value, 1, then the SRB would
be as high as 1.73. That is, the SRB is more sensitive to the son-preference potency
when fertility is low.

We may summarize the work of Li et al. (1997) as follows. A pronounced decline in
China’s fertility caused a significant increase in y, which, in turn, caused a
significant rise in SRB, given the existence of son preference. However, when
fertility stops changing, or after the fertility transition, y will be constant, and change
in SRB will then depend on change in son preference, which is measured by p.
Fertility decline not only elevates y but also causes SRB to be sensitive to p. That is,
in a low-fertility population, a small change in p brings about a significant change in
SRB.

Recent data from China suggest that attention should be paid to change in p. For
China in 1995, the sex ratios for ages 0 to 5 were 1.17,1.21, 1.21, 1.19, 1.15 and
1.14, respectively (State Statistics Bureau of China, 1996). Relative to its value of
1.14 in 1989, the SRB shows an increasing trend between 1989 and 1995. Because
China’s TFR remained around 2 in the 1980s (although its TFR might have
decreased slightly after 1990), it is possible that the increase in SRB between 1989
and 1995 may not have been entirely due to an increase in y (which is caused only by
a decrease in TFR) but may be at least partly due to an increase in p.

Son preference seems to play a key role in determining SRB in low-fertility
populations. There are optimistic projections that son preference tends to diminish in
response to economic development (Warren, 1985; Poston et al. 1997). However,
counterexamples to this intuition have been observed. For example, in 1989, the per
capita gross national product of China was $360 and that of South Korea was $4,400
(World Bank, 1991), a remarkable economic gap. But there was no notable
difference between the SRBs of China and South Korea; the values of SRB of South
Korea in 1989, 1990, 1991, and 1992 were 1.12, 1.17, 1.13, and 1.14, respectively
(Park and Cho 1995). One of the reasons that economic development may have only
indirect effects on son preference may be that the development directly elevates only
the status of adult women, while not directly increasing the value of daughters to
families (Das Gupta et al., 1997). It is the difference between the values of a son and
of a daughter to the family that determines the level of son preference. Furthermore,
development alone was deemed insufficient to explain the fertility transition, and
Bongaarts and Watkins (1996) suggested that it would be fruitful to investigate the
communication of ideas about fertility and fertility control among individual
members of a group (see also Carotenuto et al. 1989). With respect to son preference,
such an investigation should focus on the exchange of ideas about having or not
having a son among the members of a population.

Our goal here is to investigate the evolution of son preference, that is, change in the
value of p over time, under conditions where economic development seems to have
only indirect effects. The probability p of having a sex-selected son for a couple in
the sex-selection situation is a measure of son preference, which may be regarded as
a cultural trait, z. The decision to have a sex-selected son for a couple in the
sex-selection situation may be regarded as the result of exchanges of ideas with their
parents or neighbors, or acquisition of information from outside the community,



about why a son is necessary. This is an example of the general theory of cultural
transmission provided by Cavalli-Sforza and Feldman (1981). In terms of this theory,
individuals from a younger generation may acquire a cultural trait z from their
parents at a vertical transmission rate C,, given that their parents have trait #. They
may also acquire 7 from the non-parental members of an older generation at an
oblique transmission rate C, or from the mass media at a rate M,, given that their
parents do not have trait x. A demographic model with cultural transmission of son
preference was constructed by Li et al. (1998), in which the dynamics of the
population and the evolution of the trait 7 can be calculated from the values of
population parameters and the rates of cultural transmission. The population
parameters may be obtained from standard population data. In this paper, we
estimate the rates of cultural transmission from a survey carried out in China. Our
analysis not only yields parameter estimates for rates of cultural transmission, but
also provides insights into the historical transmission of son preference.

AN ESTIMATE OF SON-PREFERENCE POTENCY

In the model of Li et al. (1998), the trait of no preference, 7 ,, was used, since the
SRB among children of such individuals is normal, and hence the dynamics of a
population with trait z, are easier to trace. Correspondingly, the measure py of trait
7o in a population is the probability that a woman does not carry out sex selection
given that she is in the sex-selection situation,

pyv=1-p. ()

An estimate of py from observed population data including SRB was given in Li et
al. (1997) as

= 1 _ TFR(SRB-s,)
PN = 1 y(1+SRB) ° (2)

where s, is the normal value of SRB (i.e., the value in the absence of any
preference).

In fact, trait 7, applies only to women in the sex-selection situation and py refers to
those in this situation who do not carry out sex selection. Thus, px should not be
~ affected by the SRB among the children of women who have not been in the
sex-selection situation. However, the SRB in (2) refers to all women including those
who have not been in the sex-selection situation and, with a large sample, we can
expect that the SRB of the latter women would be close to normal so that (2) is
useful. With a small sample, however, we cannot guarantee that this SRB will be
close to the normal vaiue. Therefore, we develop below a procedure for small
samples that does not involve the SRB among the children of women who have not
been in the sex-selection situation.



An Estimate of py from a Small Sample Survey

The sex-selection pressure, y, describes the probability that a woman has no son and
is able to have only one more child. The total number of children that a woman may
have is the TFR and, before sex selection, the expected SRB of her children is
normal. Thus the estimate of y is

y=(=)" @)

and the probability that a woman has no sons is

T YPN = AP, 4
where x = (1 + 5,)"TFX.
Now consider N women and random variables X, which take the value 1 if the ith
woman has no son and the value 0 if she has sons. The chances of a woman being in
the sex-selection situation and having trait z, are y and py. Given that a woman is in

the sex-selection situation and has trait 7,, she has a son with probability s,/(1 + 5,).
Let E(X;) be the expectation of each X;. Then

EX) =1egoypn+0«p(1-px)+(1-»]=xpn.  (5)

Let the random variable R be the ratio of women who have no sons to the number N
of women in the whole population:

R= 43V X. (6)

Then, obviously

ER) =+ TN EX) =xpy. (D)

Let the observed number of women who have no sons be x#. Then the observed value
of R in the survey, r, is

r= . (8)

Since the expectation of R is xpy, we obtain the moment estimate for py, namely py,
with

pv=~. 9

This estimate of py applies directly to women who have stopped childbearing, under



the condition that there is no systematic difference between the number of children
born to women who have no sons and other women in the population.

Adjustment When Women Who Have No Sons Have a
Different Number of Children from Others

The following variables are useful in our analysis:

¢(1) — the number of women,

¢(2) — the number of children of women in ¢(1),

¢(3) — the number of women who have stopped childbearing (older than age 45 or
she or her husband has been sterilized),

¢(4) — the number of children of women in ¢(3),

¢(5) — the number of women who have stopped childbearing and have no son,

¢(6) — the number of children of women ¢(5).

From these variables, the TFR, or average number of children that a woman has in
her lifetime, is

TFRy = i(g)l (10)

while for a woman who has no son, this index becomes

TFRi = 5. (11)

If there is no systematic explanation for the difference between TFRy and TFR), then
it can only be due to sampling, and attempts should be made to eliminate it. It is
clear that a woman without a son has the trait 7,. We assume that her trait z,will not
change if she has either fewer or more children. Suppose that a number of z¢
(positive or negative) additional children should be had by women without sons in
order to eliminate the difference between TFRy and TFR,. Then we require

c(6)+zp _  c(dyzo (1 2)

(5) «3)
which gives
— £B3)e(6)—c(4)(5)
20= “Gam o (13)

Hence the adjusted TFR for all women is,

6(6)+ <3 Bc 6}—;c_c54!cgii
(5)—(3) . ( 1 4)

TFR, = ——



Since the number of children for women without sons has been adjusted, this
adjustment will change the number of women who have no sons from ¢(5) to z; with

21 = ¢(5)(ag) FRTFRD. - (15)

Hence the probability x, that a woman with 7, has no son, is adjusted to become

xo = () e, (16)

Therefore r, the estimated value of R, is adjusted to become

ro = =5, (17

and the adjusted estimate of py for women who have stopped childbearing becomes

PN = x&. (18)

Adjustment for Women Who Have Not Stopped Childbearing

Here we need assumptions on the behavior of women who have children but have
not stopped childbearing. That is, how many more children would they have before
childbearing ceases, and how many of them would have no son in their lifetime.
Relevant assumptions should be based on the conditions of a specific survey. Denote
by z; the number of additional children they would have had when childbearing is
completed and z3 the number of them who would have no son in their lifetime. The
final-adjusted TFR, corrected to take account of those women whose childbearing is
incomplete, is

TFR; = —@*(’*’;;A (19)

Hence, the final-adjusted probability that a z,woman has no son is

xr = ()R (20)

The final-adjusted estimate of R is

re= ZC'(T; s (21)

and the final estimate of py is

pv=%. (22



Since the value of py for married women without children can be assumed to be the
same as in (22), this final estimate of py can be regarded as applicable to all women
in a given group.

ESTIMATES OF RATES OF CULTURAL
TRANSMISSION

In Li et al. (1998), the fertile female population is divided into three age groups:
0-14, 15-29, 30-44. There is no trait # for a woman younger than age 15, the
youngest fertile age, since the decision to have a sex-selected son does not make
sense for her. Trait z, (or ) is assumed to be formed between ages 15 and 29 and to
remain fixed for ages older than 30.

The Estimate of C, for a Given Group

Let W) be the set of women, numbering w;, whose mothers have trait 7,. Also
define w; as the number of women in #; who have trait 7,. From which source do
these women receive their trait 7,7 In fact, they may acquire z, as a result of any of
three transmissions (vertical, oblique, and mass media), as described by Feldman and
Cavalli-Sforza (1976; Cavalli-Sforza and Feldman, 1981). For a woman who has
been in the sex-selection situation and has made the decision not to have a
sex-selected son, the problem is to what extent her decision is influenced by her
mother, neighbors, and mass media. In rural China, since the most important reason
for having a son is to guarantee economic support at older ages, which is a
within-family consideration, it is reasonable to claim that influences from inside the
family, via the mother or vertical transmission, would be dominant. If a woman is, or
was, a daughter of a family without sons and where older parents live with a
daughter, she may feel that it is (or is not) necessary to have a sex-sclected son. In
this case, the influence of neighbors and mass media might be much less than that of
her family in forming her opinion. If we ignore the small influence from outside the
family, then we can assume that women whose mothers have 7, may only adopt «,,
(by vertical transmission) from their mothers. Using this assumption, and denoting
C, the rate of vertical transmission of x,, we have

wi = Cowi, (23)
That is,
Cy = wi- =py(H1), (24)
where py(W1) is the value of py for women in 1. For example, the value of C,

between year (f — 15) and year ¢ is the value of py for women whose mothers have
7, and who are aged 15-29 at year ¢.



How can we identify a woman in a survey whose mother has trait 7,7 It is obvious
that the mothers of women without brothers must have trait z,. However, some
women who have only a youngest brother may also be daughters of mothers with 7,
if their brothers were not the result of sex selection. Since there is no way to tell
whether a brother is a sex-selected son, we cannot identify all daughters of mothers
having trait z,. Therefore, women who have only a youngest brother are ignored in
estimating C,. This results only in a decrease in sample size; it does not introduce
bias into the estimation.

For an interpretation of the rates of cultural transmission, consider a couple in the
sex-selection situation who must decide whether or not to have a sex-selected son.
This decision is based on the comparison of advantages and disadvantages of being a
family without a son. If the advantages are not perceived to be less than the
disadvantages, the couple would not have a sex-selected son and their py will be
close to one. If disadvantages overwhelm advantages, their py would be close to
zero. From this point of view, the rate C,, which is the px of women who have no
brothers, can be regarded as the result of this comparison. The important difference
between C, and other transmission rates, which we discuss later, is that this
comparison is based on the direct experience of women who have no brothers, since
a wife is most likely to be familiar with her mother’s level of satisfaction with her
life-style.

Estimates C, and M, for a Given Group

In Cavalli-Sforza and Feldman (1981), oblique transmission of a cultural trait 7,
occurred from members of an older generation with trait 7, to a member in a
younger generation. In our special case, women whose mothers have z, adopt 7,
only from their mothers; this oblique transmission occurs only to members of a
younger generation whose parents do not have trait 7,. The strength of this
transmission, as measured by its rate C,, depends on the potency of trait 7, in the
older generation, py2, and as a result of this transmission a proportion Copx2 of the
younger generation will have trait 7,. A proportion (1 — Copy2) of the women in the
younger generation, whose mother do not have 7, and who have not received x,
from oblique transmission, may also acquire 7, from mass media at the rate M,.
Therefore, let W be the set of women, numbering w2, whose mothers do not have
trait 7 ,, and let w2 be the number of women in #> who have trait z,. Then we have

wa1 = Copnawa + Mo(1 — Copna)wa, (25)
or

Mo+ Co(l = Mo)pna = 55 = pv(W2) = pva,  (26)
where py(W2) = pu,1 is the value of py for women in #>.

The critical difference between C, and M, is that C, is vsed to measure transmission



related to the value of py in the older generation. In this sense, we may define C, as
the result of a comparison based on observations of life-style satisfaction of older
couples who have no son, in their local community. Similarly, we may also define
M, as the result of a comparison based on public opinion and is independent of the
current life-style of older couples who have no son in their community. Such public
opinion may derive from the history of the local community, stories from outside the
community, or some socioeconomic change that may affect the advantages and
disadvantages of having no son.

In rural local communities where people tend to know each other rather well,
assessment of the advantages and disadvantages of being a family without a son
based on opinions transmitted within the family should agree closely with that based
on observing nonfamily members in the population. That is, the within-family
transmission rate C, should be close to the oblique transmission rate C,. We
therefore assume that

Co = Cv. (27)

This assumption leads to

M, = ZEome - (28)
Since we cannot identify all women whose mothers have trait z,, we use women
who have brothers as a substitute for those whose mothers do not have trait x,. This
substitution will produce bias in the estimation, since some women whose mothers
have trait ©, are also included. Because these women whose mothers have trait z,
make up only a small fraction of all women who have brothers, this bias should be
small.

ESTIMATION OF py FROM A SURVEY IN TWO
COUNTIES OF CHINA

In 1997, the Population Research Institute at Xi’an Jiaotong University of China
(PRI), with technical assistance from the Morrison Institute for Population and
Resource Studies at Stanford University of the United States (MIPRS), conducted a
survey of transmission of son preference in Lueyang county and Sanyuan county of
Shaanxi province, China. The reason for choosing these two counties is that, in
1990-1996, the value of SRB for Lueyang was about 1.05, the normal level, while
this value for Sanyuan was about 1.17, close to the average for China. The survey
was conducted in rural areas, with 1,581 couples sampled in Lueyang and 1,866
couples sampled in Sanyuan.

At the time and in the places the survey was conducted, the family-planning policy
allowed couples with a daughter to have a second child (Greenhalgh et al. 1994). We
may therefore first suppose that women who have not stopped childbearing and have



only one daughter would have another child. Their number, ¢(7), can be caiculated
from the survey. It is also acceptable to suppose that their behavior is the same as
that of women who have had two children, the first of which is a daughter. Let the
number of women who have only two daughters be ¢(8), and the number of women
who have two children with the first a daughter and the second a son be ¢(9). Then,
among the women who have not stopped childbearing and have only one daughter,

the number who will have no son at the end of childbearing is c(7)ﬁ%.

Further, since the family-planning policy also allows couples with a son to have a
second child if their son dies or becomes disabled, and since the policy cannot be
strictly implemented, the number of extra children that women who have not stopped
childbearing are going to have, which we denoted earlier by z2, should be larger than
¢(7). If no one may have more than two children and all couples with a son will have
a second child, then there will no systematic difference between the number of
children of women who have no sons and other women, that is,

z2 =2¢(7). (29)

Some women with a son will not have a second child and some women who have
only daughters, but more than one, will have more children and it is almost certain
that at least one will be a son, and among these there will also be no systematic
difference between the number of children born to women who have no son and
other women, if (29) holds. We denote the number of women who have only
daughters, but more than one and have not stopped childbearing, by ¢(10), and
suppose the fraction among them who will have no son after their childbearing

ceases is also Té% Then the number of women who have not stopped
childbearing and would have no son after stopping childbearing, z3, is

z3 = [e(T) + ¢(10)] c(gggsg@. (30)

Therefore the final estimate of py can be obtained from

TFR; = “&erz - (31)

xr = (a5 ), (32)
rr= _zclaz; ) (33)

Pn = +, (34)

where

10



_e(3)elB)-e(Dc(5)
g = 5)—<(3) ) (35)

e(3e(6)—c(4)e(5)
7| = 0(5)(_]_)(157) N0, (36)

z3=2e(7), (37)

z3 = [o(7) + c(10)] 2. (38)

In summary, our estimation of py is based on descriptions of childbearing behavior.
However, the behavior of women who have not stopped childbearing cannot be
predicted exactly. Equations (29) and (30) describe the projected behavior based on
our best conjecture for a special survey, and these yield the final estimates,
{31)—(38), for this special survey.

RESULTS FROM THE SURVEY

The two counties in which the survey was conducted are Sanyuan and Lueyang.
Sanyuan county is in central Shaanxi. Since it is an area only 30 kilometers from
Xi’an, an ancient capital of China for about 1,000 years, this county is believed to
have strong son preference under the influence of traditional culture. Another
county, Lueyang, located in the Qin mountains of south Shaanxi, is relatively
isolated from the center of the province, rich in natural resources and poor in income
(see Table 1).

Table 1. Comparison of two counties in 1996, with reference to Shaanxi province
and China

Item Lueyang Sanyuan Shaanxi  China
Per capita income 548 1205 1165 1926
for farmers (yuan)

Per capita arable land (mu) 2.1 1.4 1.4 1.2
Per capita woodland (mu) 14.2 0.3 35 1.6

It is the abundance of natural resources and lower income of residents that led
Lueyang to accept unmarried male migrants. This has made living with one’s
son-in-law instead of living with one’s son acceptable, and as a result, son preference
is weaker. Applying our procedures to the data collected by PRI, the results are
presented in Table 2.
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Table 2. The data and estimated py

Lueyang Sanyuan

c(1) 1329 1527
c(2) 3097 3791
c(3) 1095 1224
c(4) 2817 3415
c(5) 23] 148
c(6) 464 340
e(7) 106 102
c(8) 147 93
082)) 171 2?2
c

TFRy 2.6 2.67
x5 0.15 0.15
re 0.14 0.08
P 0.92 0.56

As can be seen in Table 2, son preference in Sanyuan is greater than in Lueyang.
That is, in 1997, for a couple that had no son and was able to have only one more
child in Sanyuan, the chance that they would have a sex-selected son was about 44%,
while this chance for a couple in Lueyang was only about 8%. The value of

p = (1 — pn) for China in 1990 was estimated by Li et al. (1997) as 0.17. We see that
the value of p for Sanyuan in 1997 was significantly higher than that for China in
1990, while the value of p for Lueyang in 1997 was lower than that for China in
1990. The TFR for China was for the “period” 1990; the TFRs for Sanyuan and
Lueyang were for the “cohort™ and refer back from 1997. If the values of TFR for
Lueyang and Sanyuan and also the probability of having the next child (Li et al.,
1997) were that for China in 1990, then we should have the SRB for Lueyang as 1.09
and for Sanyuan as 1.31.

The difference between the extent of son preference in the two counties and its effect
on SRB are significant. Future SRBs of the two counties depend on the evolution of

their son preferences. The historical changes of their son preference can be estimated
by applying the same procedures to each of our age groups. The results are shown in
Table 3.

Table 3. Historical changes in son preference in Lueyang and Sanyuan

Lueyang Sanyuan

Age group 15-29 3044 45+ 15-29 3044 45+

bn 094 097 080 0.50 0.60  0.65

12



For those aged 45 and older, the difference between the estimates of py in Lueyang
and Sanyuan was smaller than that in Table 2. It appears that the transmission of trait
7, is quite different in the two counties. The trait 7, was decreasing quickly in
Sanyuan, while in Lueyang its frequency first went up and then down slightly. This
difference in transmission between the two counties caused the difference in their
values of py in 1997 seen in Table 2. The significant difference in the values of py
entails that there must be very different transmission rates. To estimate C,’s we must
use the small sample of women without brothers, for whom data and estimated C,’s
are reported in Table 4.

Table 4. Data and estimated C,’s

Lueyang Sanyuan

Age group Total 15-29 30-44 Total 15-29 30-44

(1) 216 90 126 98 34 64
o(2) 430 143 287 188 43 145
c(3) 172 52 120 65 8 57
c(4) 384 104 280 148 16 132
() 35 13 22 9 1 8
<(6) 73 25 48 18 2 16
«(7) 20 16 4 10 8 2
c(8) 30 12 18 9 1 8
(9) 37 14 23 18 5 13
¢(10) 0 0 0 0 0 0
TFRy 221 196 237 215 174 237
X7 021 025 0.8 021 029 0.18
rr 0.18 022 0.17 0.11 007 0.1
Co=pn 089 088 092 0.50 024 059

In order to estimate C, and M, a larger sample is used than that for C,, so we list
only the relevant results in Table 5.
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