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Sons and Daughters in China

by Bryant Robey

For centuries the Chinese have preferred sons to
daughters, for a mixture of social and economic rea-
sons. But as society and the economy in today’s New
China are changing—partly as a result of government
policies—so too are attitudes towards progeny. The
writer, public affairs director of the East-West Center
and adjunct population specialist in the Center’s '
Population Institute, attended the Symposium on Chi-
na’s One-Per-Thousand Population Fertility Sample
Survey held last October in Beijing. Here he describes
the impact of China’s ‘‘One-Child Family’’ program
on the attitudes—and growth—of China’s people.

Demographers from the East-West Population Institute
(EWPI) and the China State Family Planning Commis-
sion, jointly analyzing data from computer tapes of Chi-
na’s 1982 national fertility survey, have produced new
evidence of the extent to which families in China prefer
male children.

In almost every part of China, there is evidence that
couples prefer sons to daughters, researchers Fred
Arnold and Liu Zhaoxiang found. Only Beijing and
Shanghai are exceptions to this pattern. The persistence
of such attitudes in China demonstrates the difficulty of
overcoming deeply rooted Confucian traditions, say the
researchers. After the Chinese revolution, the govern-
ment guaranteed sexual equality in political, economic,
and cultural life, yet patriarchal attitudes still prevail,
particularly in the countryside.

Historically, couples have favored sons for a variety
of reasons, including to continue the family name, pro-
vide security for the parents’ old age, add to the family
labor force, and perform ancestral rites. Believing that
such attitudes hinder successful implementation of Chi-
na’s one-child family policy, the government has

launched a campaign to try to change them. Ubiquitous
and prominent family planning posters, for example,
nearly always feature a girl as the child in a one-child
family (see photograph).

While the 1982 fertility survey did not seek explicitly
to determine women’s attitudes, researchers Arnold and
Liu were able to infer the strength of boy preference by
examining measures of fertility behavior and family
planning practices. Their findings are based on analysis
of past fertility patterns, current contraceptive use, the
incidence of abortion, and the accteptance of one-child
certificates.

Arnold, a research associate at the East-West Popula-
tion Institute in Honolulu, and Liu, of the National
. Research Center for Science and Technology for De-
velopment in Beijing, presented their findings to the In-
ternational Symposium on China’s One-Per-Thousand
National Fertility Sample Survey held in Beijing,
October 14-18, 1985.

(continued on page 2)

“I’ve got a one-child certificate,”’ says the caption to
this poster. Note that the child is a girl.

Fred Arnold
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To Our Readers

With this issue of the Asian and Pacific Census Fo-
rum, Robert D. Retherford and I trade places as edi-
tor and associate editor, respectively. Our associate
editors continue to include fellow EWPI research as-
sociate Fred Arnold and Mr. P. Padmanabha. Mr.
Padmanabha, formerly Registrar-General of India, is
now Executive Director of the Family Planning Foun-
dation in New Delhi.

We would like to extend a warm welcome to our
new managing editor, Mr. David Ellis. David is a
former British government officer and newsletter edi-
tor. He brings considerable experience and enthusiasm
to the Forum and we look forward to his contribu-
tions. At the same time, we bid a fond farewell to
former managing editor Robert L. Hearn. Rob has
moved on to a new career in financial planning, in
which we wish him success and good fortune.

Change is impending also in the Forum’s overall
direction. In coming months we shall be assessing
fresh ideas to give the Forum a broader perspective
and to better serve the needs of population
policymakers, program administrators, and business
organizations concerned about demographic trends.

With the next issue of the Forum, we will be send-
ing you a questionnaire to assist us in planning this
new direction. I will personally very much appreciate
your response to this questionnaire. In the meantime,
if you have ideas or suggestions for the Forum 1 will
be delighted to hear from you.

Thank you very much. /4 !
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SONS AND DAUGHTERS (continued from cover)

The One-Child Certificate

At the time of the 1982 fertility survey, China’s one-
child certificate program had been in effect for three
years. The program provides incentives such as monetary
bonuses, preferential housing allocation, and special con-
sideration for the child in education and job assign-
ments, to couples who agree not to have a second child.

According to the survey, 37 percent of all one-child
couples had accepted the one-child certificate—ranging
from over 75 percent in such urban centers as Beijing,
Shanghai, and Tianjin, to under 10 percent in the rural
Jianxi and Qinghai provinces. Significantly, 60 percent
of all one-child certificate holders have a son, the
researchers found. Of couples whose first child was a
boy, 40 percent obtained the one-child certificate, versus
only 34 percent of those whose first child was a girl.

Despite penalties for renouncing the one-child certifi-
cate, about one out of every ten mothers in the program
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had given birth to a second child by the time of the sur-
vey. Arnold and Liu found that the first child of these
mothers was twice as likely to be a girl as to be a boy.

One-Child Chinese Families by Sex of Child, 1982

Sex of Child
Characteristics Girl Boy
Percent of one-child couples who have
received a one-child certificate 34.0 403
Percent of one-child certificate recipients who
have renounced the certificate by having a
second child 12.5 6.7
Percent of one-child couples using con-
traception 63.1 69.3

SOURCE: Fred Arnold and Liu Zhaoxiang. ‘‘Sex Preference for
Children in China.’ Paper prepared for International Symposium on
China’'s One-Per-Thousand National Fertility Sample Survey, Beijing,
China, October 1985.

The researchers’ study showed that son preference is
strongest in towns and rural farm villages, and weakest
in the cities—further evidence that traditional attitudes
have a strong impact on the preference for sons. Rural
couples apparently still value sons for their capacity for
heavy farm work and as old-age insurance, though to a
lesser extent in nonfarm villages, where it is common for
women to work in small factories and thus contribute
both to family income and to the local economy.

Son preference is also weaker among the more edu-
cated. Some degree of son preference is evident in every
educational group, Arnold and Liu discovered, but is
much less marked among women who have had more
than an elementary education. The decline will continue,
they predict, as educational attainment rapidly increases
among the younger generation, whose childbearing years
are yet to come.

Sex Preference, Contraception, and Abortion

Statistics on contraceptive use and abortion in China
also suggest a preference for sons, with 69 percent of
one-male-child couples using some form of contracep-
tion, compared to 63 percent of one-female-child cou-
ples. Among couples with two or more children, those
with only daughters also are much less likely to be using
contraception than those who have at least one son (see
figure 1).

Among one-fourth of all Chinese couples in which
the wife is in her childbearing years, either the husband
or the wife has been sterilized. However, sterilization is
rare for couples with fewer than two children. Couples
who do not have at least one boy are particularly averse
to the use of sterilization, survey results reveal.

Studying families with two children, the researchers
found that in only 17 percent of those with two daugh-
ters but no sons has the father or mother been steri-
lized, against 28 percent of couples with at least one
son.

For couples with three or more children, the differ-
ence is even greater, with sterilization more common
among couples with at least two sons than among those
with only one son. ‘‘Perhaps couples with one son are
reluctant to take the ultimate step of sterilization in case
something should happen to their only son)’ say Arnold
and Liu.

Pregnant women without a son are also noticeably
less likely to have an abortion than those with at least
one son. Of conceptions that occurred between January
1, 1979 and September 30, 1981 (and that did not end in
miscarriage or stillbirth), 26 percent were aborted in
one-child families with a son, versus 19 percent for simi-
lar families with a daughter. The differences are even
larger for families that have between two and five chil-
dren, the authors observe.

Other Evidence

Other studies reported at the Beijing symposium, using
different measures, confirm Arnold’s and Liu’s findings.
One study concludes that families in which boys are al-
ready present wait longer before having additional chil-
dren; another, that the proportion of couples who go on
to have additional children is higher for those with no
sons than for those with at least one.

James A. Palmore and Sophia Ho of EWPI, and Ma
YingTong of the China Population Information Center,
studied the interval between births, using data from the
1982 fertility survey. The dramatic decline in China’s fer-
tility in recent years is not simply because families are
smaller, they note, but also because couples are waiting
longer after a birth before having another child. But
they also found major differences in the interval between
births, according to whether women lived in urban or
rural areas, married late or early, had received an educa-
tion or not, belonged-to the Han nationality or to one
of China’s minorities—and according to whether they
previously had given birth to a boy.

No * No "+ No 1+ No L No 1+
Boys Boys Boys Boys Boys Boys Boys Boys Boys Boys
Two Children Three Children Four Children  Five Children  Six Children

Percent of Women Under Age 50 Using Contraception

Figure 1. Contraceptive Use among Currently Mar-
ried Women with at Least Two Children, by Family
Composition. (SOURCE: same as the table.)
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Perhaps not surprisingly, besides reducing the propor-
tion of couples who go on to have a second child, ac-
ceptance of a one-child certificate significantly lengthens
the interval between the first and second births (if there
is one). Notably, one-child certificate holders who even-
tually do have a second child and whose first child was
a boy wait a lot longer before having a second child
than those whose first birth was a girl.

These latter, according to Palmore, Ho, and Ma, are
considerably more likely than the former to have a sec-
ond birth within 23 to 28 months of their first. And the
likelthood grows as families acquire additional daughters
but no sons.

The researchers drew the same conclusions from their
study of birth intervals of different lengths. Even after
allowing for many of the other variables in the survey,
such as age at first marriage or educational attainment,
they found that the effect of having previous male births
strongly influences the frequency with which women in
China have additional children.

Griffith Feeney of EWPI, Yu Jingyuan of the Beijing
Institute of Information and Control, and Chi-Hsien
Tuan of EWPI have also shed new light on the prefer-
ence for sons by using ‘‘parity progression’’ methods of
analyzing the 1982 fertility survey data. (The parity
progression technique measures the proportion of
women who have a child, then of these women the
proportion who give birth to a second child, and of this
smaller group the proportion who have three children,
and so on.)

Before 1979, women whose first child was a daughter
were more likely to have a second child than those
whose first was a son, although the differences were
“‘small and erratic}’ the researchers say. In 1979,
however, when the one-child certificate program was in-
troduced, the differences became more pronounced. Af-
ter 1979, couples producing a son on the first try were
much less likely to have a second child.
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Figure 2. Progression from 1st to 2nd Birth by

whether 1st Birth is Son or Daughter. 1962-82.
(SOURCE: Griffith Feeney, Yu Jingyuan, and Chi-hsien Tuan. *‘Par-
ity Progression Measures of Fertility in China.' Paper prepared for
the International Symposium on China's One-Per-Thousand National
Fertility Sample Survey. Beijing, China. October, 1985.)

But as figure 2 shows, after 1979 there is also a sig-
nificant decline in couples whose first child was a girl
going on to have a second child. Given the Chinese
historical preference for sons, the researchers feel that
this decline demonstrates the effectiveness of the one-
child certificate program in countering traditional atti-
tudes and reducing the number of births.

Figure 3 also reveals that little difference exists be-
tween women with one son and women with two sons in
the likelihood of having a third child. ‘‘Families desire
at least one son, rather than as many sons as possible’’
suggest the researchers. However, a much higher share of
women who have no sons go on to have a third child
than do women who have at least one son among their
first two.
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Figure 3. Progression from 2nd to 3rd Birth by

Number of Sons among First Two Births. (SOURCE:
same as figure 2.)

Arnold and Liu’s analysis of contraceptive practice
supports this finding. Couples who have two boys, for
example, are no more likely to be using contraception
than couples who have one boy. Because infant mortal-
ity in China is low compared to other male-preference
societies, Arnold and Liu believe Chinese couples now
recognize that they do not need a second son because
the first one is likely to live to adulthood.

Implications for Policy

The results of studying birth order, the spacing of chil-
dren, and family size in China are particularly useful to
Chinese policymakers and program administrators, who
focus so much on these factors, because it provides feed-
back on the actual demographic effects of their pro-
grams and policies and thus is an important part of the
decision making process.
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The 1982 fertility survey shows that while son prefer-
ence still persists in China today, it is less likely than
one might expect to be a major barrier to the success of
the family planning program. Arnold and Liu estimate
that the use of contraception would increase only margi-
nally even if son preference somehow were completely
eliminated in China.

Feeney, Yu, and Tuan also found that the effect of
son preference on the overall level of Chinese fertility is
quite small. “‘A complete elimination of son preference
would reduce fertility by less than 10 percent at current
fertility levels;’ they estimate.

One reason that boy preference persists in China is
that despite government advocacy of equality between
the sexes, equality has not yet been achieved. ‘‘In most
son-preferring countries, sex preference for children is
closely linked to the low status of women,’ say Arnold
and Liu. “Although women in China enjoy a relatively
high status compared to women in many other coun-
tries, the gender inequalities that persist help to perpetu-
ate son preference attitudes.’

Nevertheless, Arnold and Liu are optimistic that Chi-
na’s modernization program will help to eliminate ine-
qualities in education, employment, and other areas, and
to overcome the ideology of male supremacy. ‘“The ef-
fectiveness of the family planning program, in turn,
should help to insure the success of the modernization
program,’ they conclude. O

Fred Arnold

About the 1982 Fertility Survey
in China

The survey proper began September I, 1982 and inter-
viewing was largely completed within half a month.
But that tells a mere fraction of the story of the lar-
gest fertility survey ever undertaken.

The survey sample included 1,017,574 people, amounting
to a sampling of 1.015 per thousand of China’s more
than one billion people. Its size, and the fact that the
task of tabulation of the results was done by hand,
makes the survey a remarkable feat. Hand tabulation is
labor-intensive and time-consuming, the thousandth ta-
ble requiring just as much time and effort as the first.

Computer processing also requires the up-front
expenditure of considerable time and labor, but the
result is the creation of a data set from which a great
many reports can be generated at relatively little expense.

This was one reason why in 1983 the China State
Family Planning Commission and the East-West Popula-
tion Institute agreed upon a project to transfer the sur-
vey data onto magnetic tape. This, too, was a
monumental task, given the amount of data, and the
collaboration itself was a bold step forward for a coun-
try still wrestling to shake off the isolationist legacy of
the Cultural Revolution,

According to “‘A Brief Account of the National One-
Per-Thousand Population Fertility Sampling Survey in
China;’ by Yu Wang and Xiao Zhenyu, prepared for the
October 1985 Beijing symposium to discuss the research-
ers’ preliminary findings, the accuracy rate of the survey
was very high.

Princeton demographer Ansley J. Coale and East-West
Population Institute director Lee-Jay Cho, in speeches at
the symposium, stressed the impressive accuracy of the
survey and applauded the openness with which the
Chinese government has treated the results.

The Beijing symposium was the first occasion for
researchers to report and discuss their coooperative
preliminary findings from the computer analysis, con-
ducted in the summer of 1984 using East-West Popula-
tion Institute facilities in Honolulu. The analysts
included researchers from Chinese agencies, several
mainland U.S. universities, and EWPI.

A compilete list of symposium papers is included in this issue, and
a report on the conference findings as a whole is being planned. Fur-
ther information can be obtained from the East-West Population Insti-
tute, 1777 East-West Road, Honolulu, Hawaii 96848, USA.

Earlier publications based on the 1982 fertility survey rely on
manual tabulations done in Beijing in 1983, following the survey. Ex-
cellent reports based on the earlier analysis are contained in two publi-
cations: “‘Analysis on China’s National One-Per-Thousand Population
Sampling Survey,” China Population Information Center, Beijing,
China, 1984; and ‘‘Rapid Population Change in China, 1952-1982;" by
Ansley J. Coale, Committee on Population and Demography, Report
No. 27, National Academy Press, Washington, D.C., 1984.
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CHINA SON PREFERENCE—LATEST FINDINGS

Following on from his earlier research, EWPI’s Arnold
has further refined the knowledge about the strength of
son preference. His latest results, currently being set out
in a paper to be presented at the annual meeting of the
Population Association of America in San Francisco in
April, 1986, have interesting implications.

First, they indicate that son preference is not as
strong in China as in some other countries—South
Korea, for example—that also retain Confucian tradi-
tions, and does not appear to be strong enough to sup-
port the allegations of widespread female infanticide.

Second, in analyzing the factors motivating pregnant
women in China to have an abortion, Arnold estimates
that the number of abortions in that country could in-

crease by more than half a million a year if there were
no sex preference. For a copy of Arnold’s paper, write to
him at the East-West Population Institute, 1777 East-West
Road, Honolulu, Hawaii 96848, U.S.A. O
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International Symposium
on China’s One-Per-Thousand
National Fertility Sample Survey
14-18 October 1985
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TECHNICAL NOTE

Estimating the Gross Reproduction
Rate Using a GMDH-Type Algorithm

by Subbiah Gunasekaran and James A. Palmore

There is a resurging interest in regression methods for
estimating fertility rates. Two cross-national projects
coordinated by the United Nations Economic and Social
Commission for Asia and the Pacific illustrate the de-
mand. One of these projects concentrates on describing
levels and trends in fertility for various subnational units
(provinces, districts, and the like) using regression
methods or the own-children method for the fertility es-
timates (e.g., Choi, 1985; Holla, 1985; Pacheco and En-
gracia, 1985; and Pejaranonda, 1985). The other project
is concerned with the impact and efficiency of family
planning programs and uses subnational fertility esti-
mates as important variables in areal assessments (e.g.,
Chamratrithirong et al., 1985, and Soeradji and Hat-
madji, 1985). For such projects, regression models for
fertility estimation are used most often when direct fer-
tility measures are not available because censuses usually
include tabulations of the child-woman ratio and age
distributions for subnational geographic areas but do
not provide the information needed for own-children es-
timation (see Hanenberg, 1983).

Rationale

The standard regression methods for fertility estimation
are all based on similar rationales. These rationales are
perhaps best understood by picturing a stylized graph of
a typical female age distribution, making the distribu-
tion linear and omitting the irregularities usual in such
distributions (Figure 1).
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Figure 1. Stylized Typical Female Age Distribution

Subbiah Gunasekaran is a Fellow at the Institute of Southeast Asian
Studies, Singapore. James A. Palmore is Professor of Sociology and
Director, Population Studies Program at the University of Hawaii and
Research Associate at the East-West Population Institute (Honolulu,
Hawaii 96848).

All of the regression methods use information from the
age distribution as their basic input data. The regression
methods devised by Bogue and Palmore (1964), Rele
(1967), and Palmore (1978) use as their basis the child-
woman ratio, which is simply the ratio of the population
at the beginning of the age distribution to the popula-
tion in the middle of the distribution (labeled ‘‘numera-
tor”’ and ‘‘denominator’’ respectively in the graph). This
ratio is, of course, the result of fertility rates in the re-
cent past subsequently affected by mortality and also in-
fluenced by migration as well as errors in the census.
The Bogue-Palmore, Rele, and Palmore methods all cor-
rect this ratio by adding adjustments for mortality and
the Bogue-Palmore and Palmore methods also adjust
for marriage ages in the population. A more recent
regression method devised by the present authors
{Gunasekaran and Palmore, 1984) not only introduces a
mortality correction but also uses information about the
whole female age distribution, the underlying assump-
tion being that problems with census coverage and age
misreporting may be minimized by including more infor-
mation about the age distribution than just the child-
woman ratio.

Our 1984 method estimates the gross reproduction
rate (GRR) using moments of the female age distribu-
tion. While that method compares well with the other
regression estimation methods, it has three significant
drawbacks. One is that it requires knowing the life ex-
pectancy at birth (or at least having a good estimate of
¢,). Clearly, life expectancy estimates are hard to obtain
for the very same populations that require fertility esti-
mates because they lack direct measures of fertility. A
second problem with the 1984 method is that one needs
data on the female age distribution by single years of
age. Third, the 1984 method has the difficulty that the
values of moments obtained are likely to vary with the
terminal age chosen for the age distribution which, in
turn, affects the GRR estimates!

The method proposed in the present technical note
attempts to remove these drawbacks. The new method
eliminates the need for life expectancy as an input
parameter. The new method also makes progress in
reducing the information required on the female age dis-
tribution and reducing the terminal age effects. It relies
on moments as in the 1984 method and also includes
variables related to the mean and harmonic mean of the
female age distribution, the choice of the latter
parameters making sense because their usual values are

1. Applying the 1984 method to data from the 1981 Census of India

shows that choosing a tetminal age of 99 lowers the GRR estimates
by 9 percent relative to estimates using 75 as the terminal age
regardless of the values chosen for life expectancy. To achieve con-
sistency with the data (from Keyfitz and Flieger, 1968) used to
derive the estimating equations, Paul Frenzen (personal communica-
tion) has suggested using 85+ as the final five year age group.
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in a range that approximates the numerator and denomi-
nator of a child-woman ratio (see Figure 1) and their
values incorporate information about the whole age dis-
tribution as well. Another new feature of the present
method is that the model was estimated using a GMDH
(Grouped Method of Data Handling)-type algorithm.
This method utilizes the enormous computational capa-
bilities of modern high speed computers and, in effect,
attempts an empirical solution to finding the form for
the model. The approach has been discussed in Farlow
(1984), and more rigorous treatments of the algorithm
and its applications are available in such sources as
Ivakhnenko and Ivakhnenko (1974) and Ivakhnenko et
al. (1976). Assessments of the new model, applying it to
populations with good data that were not used in the es-
timating process, suggest the model works well under
most conditions.

Choice of Parameters

Our original attempts to modify the 1984 method chose
what seemed the simplest course—eliminating the life ex-
pectancy measure, using truncated and grouped age dis-
tributions, and re-estimating the regression equations.
These attempts were not very successful and led to our
search for additional model parameters as well as a
more complex form for the estimating function.

One parameter that seemed very attractive for our
purposes, after studying the stylized graph, was the har-
monic mean. The harmonic mean is defined as the in-
verse of the mean of the reciprocals of the observed
values, i.e.,
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The harmonic mean by definition assigns a larger weight
to smaller values in the distribution. For an age distribu-
tion, this means that the age group 0-1 is given the larg-
est weight. This measure, hence, is likely to be more
sensitive to changes in fertility levels in the recent past.
Unfortunately, this same characteristic of the weights
makes the measure sensitive to undercounts in the young
ages. For this reason, instead of using the harmonic
mean directly we decided to use a measure called the
harmonic coefficient of variation (HCV) defined as:

Vi p

h

where ll'z,h is the second moment about the harmonic
mean and 4 is the harmonic mean.

In addition to the HCV and based on similar reason-
ing, two other measures of the coefficient of variation
were included as input variables—these later coefficients
representing age groups 0-14 and 15-49. We also decided
to retain many of the input variables included in our
1984 model, these being various moments of the age dis-
tribution including measures of skewness and kurtosis.
Hence, our final list of input variables included eight

measures. These were all calculated using the female age
distribution from age 0 through age 49 grouped as
shown below (with the midpoints of the groups shown
in parentheses):

0-1 (0.5), 1-4 (3.0), 5-9 (7.5), 10-14 (12.5), 15-19

(17.5), 20-24 (22.5), 25-29 (27.5), 30-34 (32.5),

35-39 (37.5), 40-44 (42.5), 45-49 (47.5).
The eight input measures were:

(1) Coefficient of variation (CV)

CV = o/u

where u is the mean and ¢ the standard deviation
of the entire female age distribution 0-49.

(2) Coefficient of variation for age groups 15-49
(CV1549)

CVIS49 = 5T

His-a9

where p;s-49 s the mean and 0;5-49 is the standard

deviation of the female age distribution in the

range 15-49.

(3) Coefficient of variation for the young age
group 0-14 (YCV)

Oo-14

Ho-14

where ug-4 is the mean and o¢,-,, the standard

deviation of the female age distribution 0-14.

(4) Harmonic coefficient of variation (HCV)

HCV = Vi p

YCV =

where A is the harmonic mean and uj j is the sec-
ond moment about the harmonic mean for the fe-
male age distribution 0-49.

(5) Harmonic coefficient of variation for young
age groups (YHCYV)

'
VH2,ho-14

Ho-14
where %, ,, is the harmonic mean and u3,5g- 4
is the second moment about the harmonic mean of
the female age distribution 0-14.

(6) K,

YHCV

K, = u;

the third moment about the mean of the female
age distribution 0-49.

(N B

B, = K;/aé,
A measure of the skewness of the distribution.
(8) B2

Bo = (Kalo*)+3,

a measure of peakedness of the distribution, where
K, = us—30* 1is the fourth cumulant for the age
distribution 0-49.
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Model Fitting Procedure

We considered using ordinary least squares regression
with these variables, following what has become conven-
tional practice in such work. We decided against this ap-
proach, however, for several reasons. First, we had
truncated the age distribution and grouped the data,
thereby limiting the amount of starting information
from which our summary measures were derived. Sec-
ond, known theory does not readily suggest a series of
exact functional forms that might be tried in setting up
ordinary least squares equations for the eight diverse
and complex statistical measures chosen. It seemed un-
likely that simple linear or logarithmic relationships
would be sufficient in a model incorporating measures
of higher order moments. Third, the number of data
points available for estimating the model is small, since
one needs data for countries and time periods where all
of the data are ‘“‘good?’

These considerations led us to believe that increasing
the complexity of the model was desirable. Fortunately, a
method for identifying an optimally complex model is
available in the heuristic method called the GMDH al-
gorithm.

The GMDH Algorithm

In a regression model, the root mean square error
(RMSE) determined using all of the data values
decreases monotonically when more and more variables
are included in the model. In fact, RMSE tends to zero
when the total number of coefficients in the model ap-
proaches the total number of observations. When too
many coefficients are included in the model, one faces
the problem of ‘‘overfitting!” The GMDH algorithm is
designed to overcome these problems and enables es-
timating a model with optimal complexity.

For our application of the GMDH techniques, we
selected 103 populations from Keyfitz and Flieger (1968)
based on the same criteria as those given in our 1984
paper. The algorithm was then implemented in our
model fitting effort in the following steps:

1. The data points were divided into two groups, one
called the ‘‘training set;” which contained two-
thirds of the observations, and the other group
called the ‘‘checking set;” which contained the
balance of the data points (Ivakhnenko, 1974).
There are several procedures for allocating the data
points to the two groups. We used a random sam-
pling procedure in which a third of the total num-
ber of observations was allocated to the ‘‘checking
set)’

2. With x,, x, . . . X, as the input variables and Y
the dependent or output variable, we began by es-
timating the regression equations ¥ = a + bx; +
cxj + dx} + exj + f x; x; for each pair of input
variables x; and x; from the ‘‘training set!” This
step results in m(m—1)/2 variables, which may be
called higher order variables, say:

215 %25 L3+ o - Am(m-1)/2

for predicting Y in place of the original m
variables.

3. These m(m—1)/2 estimates of ¥ were then evaluat-
ed on the ‘‘checking set”’ using RMSE as the
criterion.

4. The z variables were then ranked according to the
values for the criterion, RMSE, from the lowest to
the highest.

5. Only a small subset of z variables corresponding to
the lowest criterion values were retained and step 1
was then repeated in terms of the retained higher
order z variables and so on until a ‘‘deep mini-
mum’’ in the criterion value was reached.

What one ends up with after following these five
steps is an estimate of Y as a quadratic of two variables,
which are themselves quadratics of two more variables,
which are themselves quadratics of two more variables

. . which are quadratics of the original variables. In
other words, after making the necessary algebraic substi-
tutions, one arrives at a very complicated polynomial of
the form:

m m

m m m m
Y=a+ Zbixj+ Z Zcyxixjt 2 Z Z dipXiXjxpt...
i=1 i=1 j=1 i=1 j=1 k=1

—_
-

This is known as the Ivakhnenko polynomial (Farlow,
1984). In practice, many coefficients in the above equa-
tion are zeros. Thus, the model builder needs to specify
only the variables to be included in the model and the
criterion for evaluating each layer of the model in the
“‘checking set;” and the functional form of the model is
produced by the algorithm.

In our application of the algorithm, the eight varia-
bles mentioned above were used to predict GRR and
later 1/GRR (INVGRR) using a modified version of the
GMDH algorithm explained by Prager (1984). The modi-
fied version, written in SAS, uses the macro capabilities
of the SAS language, invoking the regression procedures
available in SAS (such as RSQUARE and SYSREG).
Only the “‘best’’ configuration of the terms in each
quadratic polynomial at each layer of the model fitting
procedure is included in the model. The ‘‘best’’ configu-
ration is selected using Mallows’ C,, (Daniel and Wood,
1980) which is calculated by the SAS RSQUARE proce-
dure. When the process converged, the terms to be in-
cluded in the model were determined after some simple
algebraic manipulations. Finally, the resulting variables
were analyzed using the RSQUARE procedure using all
the data points (i.e., the ‘‘training set’’ plus the ‘‘check-
ing set’’), and the best configuration was decided on the
basis of C,,.

The model thus estimated is given below:
1

== = —67.910938 (—3.063)
GRR +8.148273 x CV (6.579)
—12.791046 x CV? (—17.524)
—19.078384 x HCV? (-3.139)
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+1.035329 x HCV? (3.149)
+2126.348 x CV1549? (3.217)
—4478.449 X CV1549° (—3.234)
—-0.00276016 x HCV* (—3.545)
+2.133720 X [HCV x CV] 4.917)
- 192.609 X [HCV? x CV?] (—3.165)
+122.045 x [HCV? x CV1549] (3.169)
—5.063647 x [HCV?® x CV1549] (-3.245)
+1394.879 X [HCV x CV1549°] (3.253)

R* = (0.9588, SEE = 0.049.

Adj. R* = 0.9522.
(Figures in parentheses indicate the ¢ values of the
coefficients.)

Application of the Model

The model was then applied to the 53 populations with
reliable data used by Palmore (1978). The results of this
application are presented in Table 1. For most of the
populations in Table 1, the model generates close esti-
mates. The countries for which the estimate is off by
more than ten percent are El Salvador, Guatemala, Mex-
ico, Brunei, Sri Lanka, East Germany, and Fiji. For Fiji,
East Germany, and El Salvador, the model overestimates
the GRR. For the other countries, the estimate is lower
than the observed value. If the estimate is lower than the
observed value, the age distribution reported in the cen-
sus may be unusual because of migration or other fac-
tors. Overestimates may suggest that the vital statistics
registration system is incomplete. Looking at the coun-
tries involved, it seems likely that these explanations may
partly account for the apparent lack of fit of the model.

Another important point to note in Table 1 is that
even for countries with recent histories of fertility
decline (Singapore, Hong Kong, Taiwan, and Costa Rica,
for example), the model provides close estimates. This
finding alleviates misgivings on the validity of the new
model for nonstable populations.

Our testing of this new model is still underway, using
populations with less reliable data and also comparing
the results of this model with other models. These
results will be presented in subsequent papers.

Conclusion

To some extent, our new model appears cumbersome,
since the estimating equation is long and complex. It
should be remembered, however, that only three
parameters are involved in the final model:

(1) the coefficient of variation of the age distribu-
tion from age 0 through age 49 (CV);
(2) the harmonic coefficient of variation (HCV) for
ages 0-49; and
(3) the coefficient of variation for the reproductive
ages (CV1549).
Further, the model is necessarily complex to allow for
full use of the limited information taken from the age
distribution. Taking less information from the age distri-
bution allows wider applicability of the new method,

since less detailed census tabulations are required. In
fact, the new model appears to work surprisingly well
given how little information is needed to use it. (]

Table 1. Application of the Prediction Model to 53
Populations With Reliable Data

Country Year Predicted  Observed Ratio 3/4
1 2 3 4 5
Mauritius 1972 1.80 1.63 1.10
Reunion 1967 2.91 293 0.99
Tunisia 1966 3.66 3.50 1.04
Canada 1971 1.15 1.04 1.10
Costa Rica 1973 1.95 1.86 1.05
El Salvador 1971 3.37 2.95 1.14
Guadeloupe 1967 2.43 2.59 0.94
Guatemala 1973 2.56 3.05 0.84
Martinique 1967 2.41 2.49 0.97
Mexico 1970 2.76 3.18 0.87
Panama 1970 2.57 2.43 1.05
Puerto Rico 1970 1.55 1.54 1.01
USA, non-white 1970 1.46 1.48 0.99
USA, white 1970 1.19 1.16 1.02
Argentina 1970 1.36 1.42 0.96
Uruguay 1963 1.26 1.34 0.94
Brunei 1971 2.45 2.90 0.85
Hong Kong 1971 1.64 1.65 1.00
Japan 1970 0.99 1.01 0.98
West Malaysia 1970 2.34 2.45 0.95
Ryukyu Islands 1970 1.40 1.53 0.92
Singapore 1970 1.40 1.49 0.94
Sri Lanka 1971 1.75 2.04 0.86
Taiwan 1973 1.55 1.57 0.99
Austria 1971 1.13 1.07 1.05
Belgium 1970 1.16 1.09 1.07
Bulgaria 1965 0.95 1.01 0.94
Czechoslovakia 1970 1.05 1.01 1.04
Denmark 1970 1.04 0.96 1.09
Finland 1970 * 0.96 0.89 1.08
France 1968 1.22 1.27 0.97
Germany, Dem. Rep. 1971 1.01 0.90 1.12
Germany, Fed. Rep. 1970 1.04 0.98 1.06
Greece 1971 1.25 1.16 1.08
Hungary 1970 0.92 0.97 0.95
ireland 1971 1.74 1.93 0.90
Italy 1971 1.11 1.17 0.95
Luxembourg 1970 0.97 0.96 1.01
Malta 1967 1.07 1.10 0.97
Netherlands 1970 1.29 1.26 1.02
Norway 1970 1.29 1.21 1.07
Poland 1970 1.02 1.09 0.94
Portugal 1970 1.32 1.41 0.94
Romania 1966 0.90 0.83 0.97
Spain 1970 1.32 1.38 0.96
Sweden 1970 1.01 0.94 1.08
Switzerland 1970 0.98 1.02 0.96
England and Wales 1971 1.21 1.17 1.02
Scotland 1971 1.26 1.23 1.02
Yugosiavia 1971 1.10 1.16 0.95
Australia 1971 1.37 1.44 0.95
Fiji 1966 2.82 2.38 1.18
New Zealand 1971 1.55 1.55 1.00
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PUBLICATIONS THAT COUNT

by Alice D. Harris

Bryant Robey. The American People: A Timely Explora-
tion of a Changing America and the Important New
Demographic Trends Around Us. New York: E.P. Dut-
ton, 1985. 287 pp. US$22.50. ISBN 0-525-24296-1.

This is a readable and accurate profile of the American
population based upon statistical sources such as the
U.S. Census. It attempts to answer such questions as
who are the American people, and how and where do
they live. Author Bryant Robey acquired his background
in demography as editor of American Demographics,
and now resides in Hawaii where he is both director of
public affairs for the East-West Center and an affiliate
of the East-West Population Institute.

His book traces the changing nature of the American
people from 1947 to the 1980s, and explains how the
baby boom and bust, the new immigration, and the un-
precedented rise in the number of working women have
affected the population as a whole. As more and more
two-income families have become affluent, and more
single parent households (headed chiefly by women)
have dropped to lower income levels, the American mid-
dle class of the 1940s and ’50s has shrunk. The new im-
migrants no longer come from Europe but from Mexico,
Latin America, and Asia. They bring with them cultural
diversity as well as adjustment problems. These are just
a few of the economic, demographic, and social changes
of the past three decades dealt with in the book.

Robey also explains the impact of these changes on
the business world, particularly how they affect mass
marketing strategies and consumer buying habits. The
concluding chapter lists ten changes that will shape the
future American population, among them the aging of
the population, the greater number of women, a rise in
the educational level, the emergence of new living ar-
rangements, the decline of regionalism, and a trend
towards internationalism.

Robey has written for the general reader, but his book
will especially interest persons in business, government,
and education, and should prove useful to foreigners
seeking to understand the American people from a
demographic perspective. The book also contains a
statistical section concerning the nation’s 100 largest
cities. Available from the publisher or book dealers.

Alice Harris is Research Information Specialist of the com-
bined collections of the Environment and Policy, Population,
and Resource Systems Institutes at the East-West Center. This
Resource Materials Collection includes a sizable body of census
publications and serves as a training center for Asian and Pa-
cific population librarians. Review copies of new publications
of interest to readers of the Census Forum may be sent to Ms.
Harris at the EAPI/PI/RSI Resource Materials Collection, East-
West Center, 1777 East-West Road, Honolulu, HI 96848, USA.

Mobility and Identity in the Island Pacific. Guest editor:
Murray Chapman; General editor: Philip S. Morrison. A
special issue of Pacific Viewpoint, vol. 26, no. 1, April
1986. vi + 371 pp. ISSN 0030-8978.

This special issue contains the papers of an interdiscipli-
nary symposium on mobility, identity, and policy in the
island Pacific. The aim of the symposium was to open a
dialogue among scholars on the links between the move-
ment of people and their collective and personal identi-
ties. The symposium was part of the 15th Pacific Science
Congress held in February 1986 in Dunedin, New
Zealand, and was sponsored jointly by the International
Geographical Union and the East-West Center,
Honolulu. Dr. Murray Chapman, the issue’s guest editor,
is a research associate at the East-West Population In-
stitute.

The collection of essays in this issue is published as a
collaborative effort between Pacific Viewpoint, the East-
West Center, and the Institute of Pacific Studies, Univer-
sity of the South Pacific. The essays are revisions of
thirteen of the papers given at the Dunedin symposium,
plus one by Macpherson.

The collection ‘‘seeks to carry the free-flowing dia-
logue begun at Dunedin into a broader arena and a
wider audience’ (Preface). It brings into clearer focus
the links between the mobility behaviors and identities
of people in island situations.

Available from the Publication Sales and Distribution
Office, East-West Center, 1777 East-West Road,
Honolulu, Hawaii 96848, or from Pacific Viewpoint, In-
formation and Publications Section, Victoria University
of Wellington, Private Bag, Wellington, New Zealand.

Population Policies in Asian Countries: Contemporary
Targets, Measures and Effects. Edited by Hermann
Schubnell and others. Luebeck, W. Germany: The Drae-
ger Foundation; and Hong Kong: Centre of Asian
Studies, University of Hong Kong, 1985. 681 pp.
HK$180.00. ISSN 0378-2689.

In January 1984, the Centre of Asian Studies at the
University of Hong Kong, in cooperation with the Drae-
ger Foundation of the Federal Republic of Germany and
the Donner Canadian Foundation in Toronto, Canada,
held a symposium on ‘‘Population Policies in Asian
Countries!” The symposium was attended by a group of
international scholars and professionals, and the result-
ing papers and discussions are included in this volume
edited by Hermann Schubnell, the symposium’s
chairman.

Schubnell is also the author of the volume’s introduc-
tory overview: ‘‘Population Development in Industrial-
ized and Non-industrialized Countries and its Effects on
the Global Population Growth!’ This is followed by
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“‘Population Development in Asian Countries, Causes
and Effects’” by Mercedes Concepcion. Individual coun-
try assessments are presented by representatives from
Bangladesh, Indonesia, Malaysia, Thailand, Singapore,
China, India, Pakistan, the Philippines, and South Korea.

Other topics covered in the papers include health and
population, migration projections and growth, popula-
tion and socio-economic development, population poli-
cies, KAP studies, the family and society, and the role
of women. Symposium participants included Lincoln
Day, Paul Demeny, Nathan Keyfitz, Paul Kwong, Ashish
Bose, Hilde Wander, and others from the region.

The papers are well written and informative, and in-
clude charts, tables, and references. This is an excellent
volume of current information on the Asian population
situation. It can be ordered directly from the Centre of
Asian Studies, University of Hong Kong, or through
your local book dealer.

Nancy Vivitani. The Long Journey: Vietnamese Migra-
tion and Settlement in Australia. Carlton, Australia:
Melbourne University Press; and Beaverton, OR: Inter-
national Scholarly Book Seminars, Inc., 1984. 316 pp.
US$31.50. ISBN 0-522-84274-7.

There are now thousands of Vietnamese in Australia and
author Vivitani attempts to answer questions about their
settlement experiences. Her discussion is related to the
broader concerns of racial balance in Australia, unem-
ployment, and ‘‘ghettos’ The experiences of Australia’s
Vietnamese are set in the context of the larger exodus
from Indochina and the responses of Australia and
other receiving countries to this continuing problem.
This is a useful book for any collection on immigra-
tion, showing how one country handles a problem com-
mon to several nations. Order direct from the publishers.
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