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Abstract
This paper examines the long-term effects of birth cohort size on life outcomes. Using
administrative data from Singapore, we study the outcomes of large birth cohorts created by the
Chinese superstitious practice of zodiac birth timing, where parents prefer to give birth in the
year of the Dragon. This practice is followed exclusively by the Chinese majority, with no
similar patterns detected among non-Chinese minorities, allowing us to differentiate cohort size
effects from confounding year of birth effects. Despite the government’s efforts to increase
public educational resources for these cohorts, Chinese Dragons are less likely to gain admission
to national universities and earn lower income. There is also evidence of negative externalities
on non-practicing populations who happen to enter the labour market at the same time as
Chinese Dragons. Our analysis suggests that the adverse life outcomes are not due to selection,

but rather reflect the aggregate resource implications of birth cohort size.

Keywords Cohort Size, Cohort Effect, Fertility, Education, Income, Superstition

Conflict of Interest The authors declare that they have no conflict of interest.

Data availability The data that support the findings of this study are available from the

corresponding author, PLT, upon reasonable request.



1. Introduction

A substantial literature suggests that birth cohort size generally has a negative impact on
wages and employment (e.g., Welch 1979; Smith and Welch 1981; Berger 1985; Bloom,
Freeman and Korenman 1988; Wright 1991; Korenman and Neumark 2000; Brunello 2010).
Intuitively, individuals from a larger cohort face greater competition for limited resources, which
hurts their economic well-being. Welch (1979)’s seminal work estimates that U.S. baby boom
cohorts entering the labour market in 1970 had 10% lower lifetime earnings than cohorts
entering in 1962. Beyond labour market outcomes, belonging to a large birth cohort also has
implications for social behaviour and psychological well-being. Ahlburg and Schapiro (1984)
find higher suicide rates among younger workers from larger cohorts in the U.S. Cohort size is
also linked to higher probability of committing property crimes, possibly due to lower relative
income and lower levels of adult supervision and care (O’Brien 1989; Savolainen 2000).
Moreover, a recent body of research suggests that early life experiences can also significantly
influence beliefs, perceptions of risk and future consumption and financial decisions
(Malmendier and Nagel 2011; Malmendier and Nagel 2016).

While this question has motivated a large body of work, especially given the observed
variation in birth cohort sizes in recent history and the associated macroeconomic and
sociological implications, previous research has been hindered by various identification
challenges. Most prominently, cohort effects are perfectly multicollinear with age and period
effects, including a plethora of concurrent macroeconomic and sociological changes such as the
rise in female labour participation, significant changes in population educational profiles and
technological changes, and omitted variable bias, such as offsetting market and policy responses.

In addition, birth cohort size is potentially endogenous to the relative income of preceding



generations (Easterlin 1961), resulting in the possibility of reverse causality bias. Moreover,
cohort size influences a multitude of outcomes, but data limitations in existing studies restrict the
scope for a comprehensive assessment.

This paper adds to the existing literature by employing an empirical strategy to clearly
differentiate the cohort size effect from confounding year of birth effects. We exploit cohort size
variation created by the superstitious practice of zodiac birth timing in the city-state of
Singapore, which provides an ideal research setting due to its multi-racial composition with a
Chinese majority and large Malay and Indian minorities. Chinese parents prefer to give birth in
the year of the Dragon which occur once every 12 years, with the belief that children born under
this sign are noble, long-lived and bound for success. Moreover, zodiac birth timing is practiced
exclusively by the Chinese, with no evidence that parents from other races seek to either target or
avoid the year. Using a difference-in-difference model which controls fully for year of birth
fixed effects, we examine the impact of cohort size on a range of socio-economic variables,
including individuals’ family background, human capital acquisition, adult income and
employment status, as well as consumption choices. We also look into whether the impact of
zodiac birth timing spills over to other groups, including non-Chinese and other Chinese cohorts,
who do not practice birth timing but are nevertheless exposed to the increased cohort size.

We estimate a significant spike in the number of Chinese births by 9.7% in the year of the
Dragon, with no significant patterns detected among non-Chinese minorities. Consistent with
previous literature, our difference-in-difference results show that socioeconomic selection into
zodiac birth timing is generally weak. Nevertheless, the large birth cohorts are associated with
statistically and economically significant negative effects on educational outcomes. Chinese

Dragon babies are 2.3 percentage points less likely to be admitted to national universities,



especially for less competitive college majors, suggesting that cohort size disproportionately
affects marginal students. These effects persist despite evidence that the government anticipated
and consciously attempted to accommodate the large Dragon cohorts through the public
educational system, suggesting limited capacity of such measures to accommodate the surge in
demand for resources.

We also estimate that Chinese Dragon babies earn 6.3% lower incomes than other Chinese
cohorts in the labour market, relative to the difference among the non-Chinese. The effects are
largely due to a disproportionately high proportion of low-income earners, rather than a lower
proportion of high-income earners. We find no significant effect on probability of
unemployment, likely due to the loose labour regulatory regime in Singapore. Instead, Chinese
Dragon babies are less likely to be hold higher-paid professional occupations in the formal
sector, and more likely to be in the lower-paid self-employment sector.

Moreover, we find significant negative spillover effects on non-practicing groups who
happen to enter the labour market at the same time as Chinese Dragons, which support the
hypothesis that the adverse life outcomes are due to birth cohort size effects. First, non-Chinese
individuals born in Dragon years also earn significantly lower incomes than other non-Chinese
cohorts. The negative income effect is weaker, possibly due to the partially segmented labour
market for different races in Singapore. Second, we exploit variation caused by the exogenous
national service mandate, which strictly requires all Singaporean males to perform two and a half
years of national service, commonly between the ages of 19 and 22. Hence, even though
Singaporean men and women born in the same calendar year attend primary and secondary
school together, the men enter the labour market with women who are two years younger (born

in the year of the Horse). We find that this group also has significantly lower labour income,



whereas there are no effects for their male counterparts (who do not enter the labour market with
the Dragon cohort).

Finally, we document that while Chinese Dragons spend a higher fraction of their
incomes on necessities (and hence have relatively low savings rates), they do not cut down on
status-seeking consumption on luxurious items such as jewellery and beauty salons, consistent
with literature on the effects of cohort size on conspicuous consumption. Hence, belonging to a
large birth cohort may also has implications for consumption and financial decisions.

The structure of the rest of the paper is as follows. Section 2 provides a historical
overview of zodiac birth timing in Singapore and other Confucian-influenced societies, and
discusses relevant background information on Singapore’s demographic, educational and civil
institutions. Section 3 presents the data sources and empirical methodology. Section 4 presents
evidence on the impact of birth cohort size on life outcomes of Chinese Dragons and negative
externalities on other groups. Section 5 presents robustness tests and looks at the consumption

behavior of Dragon babies. Section 6 summarizes and concludes.

2. Background
2.1 Zodiac birth timing in East and Southeast Asia

The superstitious belief that an individual’s personality, abilities and luck depend to some
extent on the positioning of the constellations and astrological phenomena at the time of birth is
rooted in multiple cultures around the world. In the U.S. and European countries, astrological
readings and predictions are primarily based on the Greek zodiac, which has twelve signs based
approximately on month of birth. The Chinese zodiac (sheng xiao) also has twelve signs, but

signs are based on year rather than month of birth. Each twelve-year cycle is assigned one of five



elements (wood, water, fire, earth or metal), so that the full zodiac cycle takes 60 years to
complete.

Among the twelve animal signs in the Chinese zodiac, the Dragon commands a special
allure as the only mythical creature. Unlike the Western notion of the Dragon, which is typically
associated with the serpent from the Garden of Eden and portrayed as man-eating and
destructive, the Chinese conception is overwhelmingly positive and associated with benevolence,
intelligence, might and potency (Goodkind 1991; Yip, Lee and Cheung 2002). Traditionally, the
Dragon is used as a symbol for the Chinese emperor (usually depicted in imperial yellow, the
color of royalty), while ordinary Chinese may sometimes refer to themselves as “descendants of
the Dragon”. Accordingly, children born under this sign are believed to be blessed with good
fortune, longevity and nobility, and the men, in particular, are seen as bound for great things.

In the wake of the profound cultural and social changes in the past century and
importance of science as a mainstay of public education curricula in East and Southeast Asia, it
may seem surprising that modern Chinese populations pay credence to an unfounded traditional
superstition. In fact, zodiac birth timing is a modern day phenomenon as cultural prescriptions
surrounding fertility shifted from having as many sons as possible (duo zi duo fu or “the more
sons, the more fortunate™), to viewing childbearing as a conscious choice where child quality,
including ensuring that the child is born under the most auspicious zodiac sign, became
increasingly important (Goodkind 1996). The shift was heavily pushed by local governments
through national family planning programs which provided family counselling and access to
contraceptives, sterilization and legal abortion, and generally embraced by people as a way to

secure a better life for their families.



While the practice of zodiac birth timing has been documented among Chinese
populations across East and Southeast Asia, including Hong Kong, Malaysia, the Philippines,
Singapore, Taiwan and Thailand, it did not make an appearance in mainland China until recently,
due to state-led condemnation of traditional superstitious beliefs during the 1966-76 Cultural
Revolution. With the opening up of China, there is some evidence that zodiac birth timing is
beginning to catch on among younger cohorts, especially in higher income areas (Nye and Xue
2014; Mocan and Yu 2017), although the superstitions take on a differing form in some respects,
including a view of the year of the Sheep as an unlucky year for childbearing (Lee and Park
2006; Lu et al. 2020). Although the Japanese and South Koreans follow very similar zodiacs,
birth timing mainly takes the form of avoiding the year of the Horse for having daughters (Kaku
and Matmoto 1975; Lee and Park 2006). However, there is no marked preference or aversion
towards children born in the year of the Dragon. Hence, the Dragon seems to be a uniquely
Chinese obsession.

Several papers have examined motivations and forces of selection underlying zodiac birth
timing (Goodkind 1991; Goodkind 1996; Yip, Lee and Cheung 2002). In Singapore, the
biodemographic proximate determinants explaining the rise in births during Dragon years
include timing of marriage and increased coital frequency. There is evidence that selection into
zodiac birth timing is generally weak or positive: the phenomenon was observed across all
family sizes smaller than five in Singapore, and across all age, education and urbanization
categories in Malaysia, with larger effects in low-fertility districts (Goodkind 1995; Goodkind
1996). Analyses using individual-level data suggest that parents who engage in zodiac birth
timing have similar or higher socioeconomic profiles, compared to parents who give birth in

other years (Johnson and Nye 2011; Mocan and Yu 2017). Other unobserved attributes may also



favour children born in Dragon years, since more conscientious parents may be more willing to
“play safe” by adhering to the dictates of superstitious lore with regard to childbearing.

Only a handful of studies have examined the long-term consequences of belonging to a
large Dragon cohort. The most closely related study is Sim (2015), which uses the nationally
representative National Youth Survey to study the impact on probability of university admission
among Singaporean men. He finds that men born in the year of the Dragon are less likely to enter
university, and that the effects persist after controlling for parental income. This paper’s research
question and methodology differ from Sim (2015) by modelling cohort size as a determinant of
labour market outcomes, rather than as an instrument for educational attainment, using a
difference-in-differences approach which controls fully for cohort fixed effects. In addition, we
present evidence of negative externalities on other races and zodiac groups. Both papers find
similar negative consequences of being born in a Dragon cohort on educational outcomes. On the
other hand, Mocan and Yu (2017) provide evidence from Chinese microdata that Dragons have
higher university entrance scores and are more likely to attend university; similarly, Lau (2019)
and Wong and Yung (2005) estimate that Dragons have better school performance, completed
slightly more schooling and received slightly higher wages after controlling for education and
work experience in Hong Kong. Taken together, the literature suggests that competition arising
from increased cohort size leads to competing influences on students’ performance: it may boost
individuals’ motivation and effort, while simultaneously diluting communal resources available
to each individual. Under non-identical institutional contexts, the former effect may dominate the
latter in some cases, while the latter may outweigh the former in other cases.

A couple of studies have also studied the impact of astrological beliefs in non-Chinese

societies: Johnson and Nye (2011) show that Asian children in the United States (excluding



immigrants from mainland China or India) completed more education if they were born in the
1976 year of the Dragon, and attribute their finding to positive selection into zodiac birth timing.
Finally, Do and Phung (2010) document that Vietnamese children born under auspicious signs
according to the Vietnamese horoscope (which include non-Dragon years) complete slightly
more schooling, likely due to higher probability of birth intendedness. This paper adds to this
body of research by using a multi-racial setting to examine a more comprehensive range of
cohort outcomes, including human capital acquisition, income and employment status, and

consumption choices.

2.2 Background on Singapore

Singapore is a multi-racial island nation with a land area of 719 square kilometres,
approximately the same size as New York City, with a population size of 5.54 million in 2015, of
which 3.90 million are citizens or permanent residents. The bulk of the population comprises of
three main ethnic groups: 74.3% Chinese, 13.3% Malay and 9.1% Indian (Ministry of Health
2016). Although Singapore is a highly westernized society, with English as the medium of
primary instruction from primary school to university, the public school curriculum also includes
mother tongue classes (Standard Mandarin, Malay or Tamil) under the Bilingual Policy, in order
to preserve the identities and values of the three main ethnic groups. While the government
provides public fair employment practice guidelines, historically there were no legal penalties
against employers who expressed race- or language-based preferences in hiring — instead, ethnic
communities were encouraged to provide in-group assistance and support, including training for
job seekers, through the establishment and funding of race-based self-help groups (Moore 2000;

Adzahar 2014). A recent survey found that around half of minorities (51.6% of Malays and



4.7.0% of Indians) report facing racial discrimination when applying for a job, compared to only
12.2% of Chinese (Mathews, Lim and Selvarajan 2019). Currently, it is still not unusual to see
job advertisements citing racial or language needs or preferences (Supplementary Appendix
IA.1).

The formal education system in Singapore consists of two years of kindergarten at ages
5-6, six years of primary school at ages 7-12 and four years of secondary school at ages 13-16.
By far the three most common routes to post-secondary education are: a) two-year junior college
programs, considered the elite track for university aspirants, b) three-year polytechnic courses,
which award diplomas, and c) Institute of Technical Education (ITEs), which award vocational
certificates. These three routes account for 27%, 45% and 26% of all final year secondary school
students in 2013 (Ministry of Education 2015). Historically, the two national universities in
Singapore are the National University of Singapore (NUS) and Nanyang Technological
University (NTU), which were established in 1980 and 1981 respectively. Although most men
apply for university in the same year as female members of their birth cohort, they are usually
two years older than the women when they enter university and their first job, due to a strict
mandate that all Singaporean males must perform two and a half years of national service,
commonly between the ages of 19 and 22.

Singapore has undergone drastic demographic change in the past five decades since
independence. Immediately after independence in 1965, the government established a Family
Planning and Population Board Act to reduce the national fertility rate. As baby boom cohorts
reached childbearing ages in the early 1970s, the birth rate spiked, leading to re-doubled efforts
to control population growth. Abortion and sterilization was legalized in 1970, and the

government launched one of the most comprehensive anti-natalist programs in the world, under
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the “Stop at Two” campaign from 1969 to 1972. By the mid-1970s, the fertility rate had fallen
from above four in 1965 to below replacement levels, and by the late 1980s, the low rates
became a matter of national concern, causing the government to reverse its policies under the
slogan “Have Three or More (If You Can Afford It)”. Currently, with high levels of urbanization,
economic development and education, the fertility rate in Singapore is one of the lowest in the
world, and families are now offered a package of pro-natalist incentives, including paid parental

leave, tax reliefs and childcare subsidies.

3. Data and Descriptive Statistics
3.1 Data

Our analysis employs three sources of administrative data. First, we use monthly birth
data from Singapore Statistics for four Chinese zodiac cycles (48 years) between Jan 1960 and
December 2007, for both sexes and four races (Chinese, Malay, Indian and Other). We exclude
birth data from the current zodiac cycle to obtain a balanced dataset. The sample size is 4,608.
Most of the results are presented following the western or Julian calendar, which is used by
Singaporean educational institutions, since the school entry cutoff birthdate is January 1. We
compare these results using the lunar calendar beginning in February and ending in January of
the following year, as the Chinese New Year usually falls between late January and mid-
February (Goodkind 1996).

There are relatively few sources of individual-level survey data on income in Singapore.
Our second dataset is a large and rich administrative dataset of a random and representative
sample of all customers at a leading bank in Singapore. All data were collected between April

2010 and March 2012. The dataset contains information on customer income, occupation,
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monthly financial transactions, and background demographic information such as age, race,
gender and type of residence. We exclude accounts which have been transferred, closed or active
for fewer than three months, and limit our sample to Singaporean citizens born between 1960
and 1990, where 1960 is the first year for which we have birth data and 1990 is the last birth
cohort for customers aged 20 and above. The sample size is 102,472. We compute average
monthly income reported over the sample period of April 2010 to March 2012, winsorised for
the top and bottom 1% to remove outliers and adjusted to January 2014 Singapore dollars. We do
the same for individuals’ total monthly credit card and debit card spending, measured as a ratio
of spending to monthly income to reflect personal financial budgeting. Finally, we use data on
self-reported employment status and type of occupation, excluding individuals who are currently
students, national servicemen or retired, and type of residence (whether public or private) for
customers with valid local addresses, as a proxy for wealth.

One important issue associated with using administrative bank data is that even though
card spending constitutes an important medium of consumption and checks and direct deposit are
widely used for recurring mortgage, rent, and auto loans payments (Agarwal and Qian 2014),
lower-income groups may be less likely to use formal banking services. Hence, the dataset may
not be nationally representative. The underrepresentation of lower-income groups is unlikely to
produce negative income effects unless low-income Dragons are more likely to use more
banking services compared to low-income non-Dragons. We find no indication that banking use
is correlated with being born in the year of the Dragon: on average, Chinese Dragons open their
bank accounts at age 21.4, very similar to 21.5 for non-Dragons. Instead, to the extent that birth
cohort size has a negative impact on earnings in Dragon cohorts and produce a higher proportion

of low-income individuals who are not captured by the dataset, the results in this paper may
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understate the true effects of cohort sizes. Nevertheless, the estimates are still valuable, since
lower bounds of the effects can be used to provide evidence of long-term consequences of zodiac
birth timing. An important advantage of the dataset is that unlike most survey datasets, individual
monthly income and employment status information are measured with high accuracy, since all
personal information submitted to banks is by request accompanied by copies of identification
cards/passports and proof of income, e.g., employer pay stubs or tax returns.

Third and finally, we use individual-level university admissions data for the two main
national universities, National University of Singapore (NUS) and Nanyang Technological
University (NTU), between 1981 and 2015. Before 2000, these are effectively the only
universities, which enrol over 98% of all university students in the country. Between 1989 and
2003, NUS and NTU conducted joint admissions; in all other years, the dataset contains
applications to NUS only. Our sample consists of 466,173 Singaporean applicants born between
1960 and 1996. We consider applicant scores and admission outcomes. Applicant scores are
computed by the university admissions offices based on classified metrics, and are not generally
comparable across different years or academic tracks. To allow for comparability across time, we
generate each applicant’s Z-score within the same application year and academic track. We
consider applicants from two major academic tracks: junior college and polytechnic, which
account for 85.44% and 14.56% of applicants respectively, and measure applicant scores in
terms of standard deviations within the same admission year and academic track. Applicants
apply for admission to specific university departments, where the minimum admission criteria
for each department are usually announced prior to application deadlines. Departments are
classified into three tiers based on mean applicant score of admitted students: the top third (mean

score is above 0.7 of a standard deviation), middle third (mean score is between 0.3 and 0.7 of a
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standard deviation), and bottom third (mean score is below 0.3 of a standard deviation), which
account for 32.84%, 30.55% and 36.61% of admitted students respectively. Finally, the dataset
contains information on whether applicants applied for need-based financial aid (based on
household income).

Panel A of Table 1 shows that even though the Chinese make up almost three-quarters of
the population in Singapore, the number of Chinese annual births is only around twice that of the
non-Chinese (slightly over 32,000 compared to around 14,000), pointing to their lower fertility
rates. On average, the number of annual births rises by around 4,000 or 12% in Dragon years
relative to other years for the Chinese, while the corresponding figures are around 450 or 3% for
the non-Chinese, with large spikes observable in 1976, 1988 and 2000 (Supplementary Appendix
Figure 1A.1 Panel A). Panel B shows Chinese individuals are also more likely to gain admission
to one of the two local national universities (around 60% compared to slightly over 40%). The
admission outcomes correspond to their higher applicant Z-scores. Both Chinese and non-
Chinese individuals born in the year of the Dragon have lower admission chances, with
differences generally larger for the Chinese themselves (a decline in probability of admission by
around 5 percentage points compared to around 2.5 percentage points), and non-Chinese
individuals born in the year of the Dragon tend to have higher Z-scores, an artifact of the larger
relative decline in admission scores among the Chinese. Consistent with their stronger
educational backgrounds, Chinese individuals tend to have higher monthly incomes than their
non-Chinese counterparts (around S$5,500 compared to around S$4,000), with similar levels of
unemployment (around 5.5%) (Panel C). Both Chinese and non-Chinese individuals born in the
year of the Dragon have significantly lower average monthly incomes, although unlike birth

cohort sizes in Panel A where age is not a factor, income effects are more difficult to distinguish
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visually due to the collinearity between age, period and cohort effects (Supplementary Appendix
Figure 1A.1 Panel B). The raw differences are even larger for the non-Chinese (around S$400
compared to around $150), suggesting significant spillover effects on other races. Below, we
discuss how our difference-in-differences model allows us to differentiate the impact of cohort
size from confounding year of birth effects.

[INSERT TABLE 1 ABOUT HERE]

3.2 Empirical Specification

While the Chinese may favour giving birth in Dragon years, especially for sons, there are
no such views in the Malay and Indian cultures. This institutional setting allows us to use a
difference-in-differences model for distinguishing birth timing effects from the effects of
business cycles, social or technological changes, by fully controlling for race, month and year of

birth fixed effects.

Byt = Bo + B1*Dragon, + B, x ChineseDragon;, + B3 * Xy + 6; + &4 (1)

where Byt is the dependent variable representing the log of number of births born in a given
month-year t to race j and gender g. Dragon; is a dichotomous variable for whether the month-
year t is in a Dragon year. ChineseDragon; is a dichotomous variable for whether the race j is
Chinese and the month-year t is in a Dragon year. Hence, f- is a difference-in-differences
estimator for the percentage change in number of Chinese births born in the year of the Dragon.

Xg,jt denotes a vector of controls for gender, race, year of birth and month of birth fixed effects,

15



0 captures race-specific quadratic trends in the number of births, and &g, represents robust
standard errors.

To examine the effects of being born in a Dragon year on life outcomes, we use
individual-level data and a difference-in-difference model which fully controls for cohort fixed

effects:

L; = By + B1*Dragon; + B, * ChineseDragon; + 3 *X; + 6; + ¢ (2)

where ChineseDragoni is a binary variable equal to one if the individual is Chinese and born in a
Dragon year. X; denotes a vector of controls for race, gender, year of birth and month of birth
fixed effects. In addition to fixed effects by year of birth, which follow a similar general trend
(Supplementary Appendix Figure 1A.1 Panel B), 6; allows for race-specific quadratic age trends
in the case of labour market outcomes and consumption behavior, and race-specific quadratic
time trends in the case of university admissions since most Singaporeans apply for university
admissions within a narrow range of ages from 19 to 21. Our results are qualitatively similar
whether we include or exclude race-specific age and time trends, and are statistically significant
at the same levels. All errors are clustered by residential location, measured using the postal
sector.

While the difference-in-difference specification fully controls for time trends, the
estimates are lower bounds due to potential spillover effects on non-Chinese races who may also
be affected by changes in cohort size. To check for spillover effects on other races, we conduct

the analysis for the Chinese and non-Chinese separately using the following model:
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L; = By + Py *Dragon; + f3*X; + 0; + ¢ 3)

where Li is the dependent variable representing labour market outcomes. Dragon; is a binary
variable equal to one if the individual was born in a Dragon year. X; denotes a vector of controls
for gender, and month of birth fixed effects, and 6; captures quadratic age trends. All errors are

clustered by postal code.

4. Main Results
4.1 Impact on Average Cohort Size
Using the difference-in-differences model, we estimate that the number of monthly births
spikes by 9.7% in Dragon years (exp(0.093)-1 = 0.097) (Panel A of Table 2). The effect is
statistically significant at the 1% level. By contrast, the coefficient of the non-Chinese Dragon
variable is insignificant when we do not fully control for year and month fixed effects (which
absorb this coefficient due to perfect multicollinearity), suggesting that there is no effect on non-
Chinese births. Figure 1 plots the difference-in-difference estimate for each zodiac sign, and
shows that the upward spike in birth is unique to the year of the Dragon. (On other hand, there is
a significant dip in births during Tiger years, which we discuss in detail below.)
[INSERT FIGURE 1 ABOUT HERE]
[INSERT TABLE 2 ABOUT HERE]
Panel B provides further evidence that the spike in births follows the Chinese zodiac,
which is based on the lunar rather than the Julian calendar. The January of Dragon years tends to
fall under the preceding Rabbit zodiac sign, and our estimates indicate that the number of births

during this month is not especially high or low (0.103-0.106 = -0.003); on the other hand, there is
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a significant and large impact on births in February (0.103-0.008 = 0.095). Similarly, we find
that there are more births in the January of Snake years, which fall under the Dragon sign (-
0.006+0.090 = 0.084), but not in February (-0.006+0.031 = 0.025). Hence, there is strong
evidence that parents deliberately practice zodiac birth timing, and that the behavior is unique to

Singaporean Chinese.

4.2 Selection Effect

Next, we examine whether parents who engage in zodiac birth timing differ in terms of
socioeconomic characteristics from parents who give birth in other years. One potential
hypothesis is that couples who have lower levels of formal education may be more likely to
adhere to traditional non-scientific superstitious beliefs; on the other hand, those with more
education or resources may be more motivated or have higher ability to control timing of
childbearing. As noted in the literature review, previous studies suggest that selection effects are
generally either weak or positive (Goodkind 1996; Johnson and Nye 2011; Mocan and Yu 2017).

To look empirically into this issue, we use two sources of administrative data. First, we
use indicators of parental background available from the university admissions dataset, namely
whether applicants requested for need-based financial aid, and type of residence (whether public
or private) at the time of university application. Second, we obtain another random sample of
accounts from the same bank, restricted to customers aged 25-54 who report having at least one
child, and the child’s year of birth. The additional dataset was collected in December 2017.
Similar to our main dataset, we use income data, winsorised for the top and bottom 1% to
remove outliers and adjusted to January 2014 Singapore dollars, employment status, occupation

and residence type. The sample size is 37,561.
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Using the same difference-in-differences framework employed for the above birth
analysis, we find no significant differences in parental income levels, employment status or
occupation (Table 3). While the coefficient for parental income levels is small and negative,
differences are not consistent (Supplementary Appendix Figure 1A.1 Panel C) and the coefficient
for parental professional occupation is small and positive, suggesting an overall mixed picture.
Chinese Dragons are no more or less likely to apply for need-based financial aid than non-
Dragons, and evidence from both data sources indicates that their families have similar
probabilities of residing in public housing. Consistent with past literature, the results suggest that
selection effects are weak and unlikely to explain cohort differences in life outcomes.

Although the indicators of parental background available in the administrative datasets
are not significant, we acknowledge that this balancing test is not sufficient in itself to prove that
there are no unobserved differences in background characteristics between Chinese Dragons and
non-Dragons. Reassuringly, our study conclusions remain the same when we control for
residential location, the only individual-level proxy for socioeconomic and demographic
characteristics available in the administrative data. Moreover, in the rest of the paper, we provide
other pieces of evidence that strongly suggest that birth cohort size do indeed have long-term
effects on life outcomes.

[INSERT TABLE 3 ABOUT HERE]

4.3 Educational Outcomes
Despite the lack of significant differences in family backgrounds, does belonging to a
larger birth cohort hurt Dragons’ prospects of gaining admission to national universities?

Consistent with Sim (2015), we estimate that, on average, Chinese Dragons are 2.3 percentage
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points less likely to be admitted than other Chinese, relative to the difference between their non-
Chinese counterparts (Table 4). The effect is significant at the 5% level. When we consider the
results separately for Chinese and non-Chinese, we find lower probability of university
admission among Chinese Dragons but not non-Chinese Dragons, although the results are not
statistically significant for these smaller samples (Supplementary Appendix Table 1A.1). The
difference-in-difference effect of 2.3 percentage points is not large, representing a decline of
4.0% in the baseline admission rate for the Chinese and appears to be driven by lower
probabilities of admission to the middle and bottom third of departments, especially the latter,
suggesting that cohort size affects marginal applicants more.

[INSERT TABLE 4 ABOUT HERE]

We consider two possible explanations for the result: first, the larger cohort size may
increase the applicant pool, making it more difficult to get in; and second, cohort size effects
may also affect Chinese Dragons’ ability to prepare for tertiary education, resulting in their
significantly lower applicant scores by around 0.06 of a standard deviation. To look into the first
explanation, we compute ratios of applicants to birth cohort size by race for each year. On
average, applicant ratios are marginally higher in Dragon years by 6 and 4 per 1,000 among the
Chinese and non-Chinese respectively. The differences are statistically insignificant, suggesting
that Dragons have similar probabilities of graduating from secondary school, though with lower
school performance. Hence, each Dragon applicant faces more competition simply due to the
larger base population. Second, we check whether the lower probability of admission can be
explained by differences in pre-tertiary preparation, and find that coefficient sizes decline

substantially and are no longer statistically significant once applicant scores are controlled for
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(Supplementary Appendix Table 1A.2). Hence, the results appear to be primarily driven by the
second explanation.

Our findings are consistent with administrative evidence and anecdotal observations that
the local educational system anticipates and prepares for the fluctuations in cohort sizes,
including opening nine new primary schools in preparation for the 1988 Dragon year cohort.
More recently, the Minister for Education announced that an additional 2,600 places have been
prepared for the incoming 2012 Dragon primary school cohort, noting that “[t]he planning of
school places are also considered both at the national and local levels to ensure there are
sufficient vacancies” (Channel NewsAsia 2018). Indeed, there is little evidence that Dragon
cohorts were disadvantaged by higher student-teacher ratios in primary or secondary schools,
based on annual aggregate statistics on teacher and student populations between 1985 and 2015
(Supplementary Appendix Table 1A.3). Similarly, the national universities appear to adjust the
number of available places in response to the larger Dragon cohorts: on average, universities
admit 7.2% more Chinese applicants in Dragon years than in non-Dragon years. Taken together,
the evidence suggests that Chinese Dragons are less likely to gain admission to a national
university, largely due to lower pre-tertiary preparation, rather than a lack of educational

facilities.

4.4 Labour Market Outcomes

The impact of cohort size on labour market outcomes tends to be contextualized by
regulatory regimes (Korenman and Neumark 2000; Brunello 2010). In markets with more
protections for labour, including a number of European economies and Japan, increases in cohort

size led to stable youth wages but higher unemployment. By contrast, in the U.S. where markets
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are more flexible with fewer employment protection rights for older workers, youth wages
declined while the impact on unemployment was mitigated by movement to a wider set of non-
youth intensive industries (Bloom, Freeman and Korenman 1988).

Panel B of Table 4 shows that on average, the incomes of Chinese Dragon cohorts are
lower by around 6.3%, statistically significant at the 1% level. The effect is driven by a
disproportionately high proportion of low-earning individuals making less than SGD2,000 a
month, rather than a lower proportion of high-income earners (those earning SGD6,000 a month
or more) (Supplementary Appendix Figure 1A.2). Given our estimate of a 9.7% surge in Chinese
birth numbers in Dragon years, the elasticity of income with respect to cohort size is fairly large,
on the order of -0.65.

Consistent with the literature, the impact on probability of unemployment is statistically
small at 0.1% and insignificant, reflecting Singapore’s relatively low levels of labour regulation.
While Chinese Dragons are not less likely to be working, they are 3.4 percentage points less
likely to be employed in the formal sector, and 1.1 percentage points more likely to be engaged
in self-employment or other types of income generating activities (Supplementary Appendix
Table 1A.4). The effects are statistically significant at the 5% level. Since self-employment tends
to be lower paying than professional occupations (Supplementary Appendix Figure 1A.3), our
evidence is consistent with previous literature suggesting that cohort size increases the
probability of underemployment (Slack and Jensen 2008). Hence, competition for scarce formal

work is likely to be an important mechanism behind the lower incomes of Chinese Dragons.

4.5 Externalities on non-Chinese Dragons
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We also examine whether spillover effects exist for other groups who do not engage in
zodiac birth timing. First, we consider the labour market performance of non-Chinese born in
Dragon years, relative to other non-Chinese. After controlling for gender fixed effects, month of
birth fixed effects, as well as quadratic age trends, we find that these cohorts earn incomes that
are 3.6% lower on average (Table 5), largely due to a disproportionately high proportion of low-
income earners (Figure 2, Panel B). Similar to the difference-in-difference analysis, we do not
find a significant impact on unemployment status. Our estimates suggest that the impact of birth
cohort size is greater for the Chinese themselves than for the non-Chinese, and that the
difference-in-differences estimate is a lower bound. One plausible explanation is that in
Singapore, demand for labour is not perfectly substitutable across races since workers from
different races tend to have different language skills and thus face partially segmented labour
markets (Supplementary Appendix 1A.1).

[INSERT TABLE 5 ABOUT HERE]

Next, we examine another group subjected to spillover effects due to a unique
institutional feature: the National Service mandate required of all Singaporean males, so that men
are usually two years older than female members of their birth cohort when they start their first
job. Hence, even though Dragon men and women share similar early life experiences (and apply
for university admission in the same year), the men enter the labour market with women who are
two years younger, who were born in the year of the Horse. (Similarly, Dragon women enter the
labour market with men who are two years older, born in the year of the Tiger. However, as
discussed later, Tiger birth cohorts tend to be smaller. Hence, we focus on the subgroup of Horse
birth cohorts for greater clarity of interpretation.) We hypothesize that women born in Horse

years earn lower income due to their exposure to the Dragon cohort, whereas the men, who are
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not exposed, do not. The difference-in-differences results support our hypothesis: while Chinese
Horse women have incomes that are 3.2% lower on average, statistically significant at the 1%
level, Horse men do not have significantly different income levels (-0.033+0.052 = 0.02 which is
statistically insignificant) (Panel B of Table 5). The results for Horse cohorts cannot be explained
by differences in human capital outcomes, which are not statistically different from those of
other birth cohorts (Supplementary Appendix Table IA.5).

The presence of negative externalities on other groups suggest that birth cohort size has a
long-lasting, large impact on the economic well-being of a significant portion of the population,
including those who do not practice this superstition. Furthermore, it provides additional
evidence that the poor labour outcomes of Chinese Dragons are caused at least in part by
differential economic conditions arising from cohort size, rather than purely due to differences in

background socioeconomic characteristics.

5. Extension and Robustness
5.1 Credit Access, Consumption and Private Residence

Unsurprisingly given their lower income levels, Chinese Dragons are 2.6 percentage
points less likely to hold a credit account. Moreover, among those who do hold at least one credit
account, the total credit limit across all accounts is on average lower by 10.4% (Supplementary
Appendix Table 1A.6). The effects are statistically significant at the 1% level. We also find that
they spend a higher fraction (and thus save a lower fraction) of their incomes, particularly on
necessities such as groceries and utilities.

Perhaps surprisingly, we do not find that Dragons spend a lower proportion of income on

conspicuous consumption on luxurious items such as jewellery and beauty salons.® They are also
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no less likely to reside in private housing, an important status symbol in Singapore. To interpret
these results, we note that conspicuous consumption may be viewed as a form of social status
signalling (Ireland 1994; Corneo and Jeanne 1997). Hence, our results suggest that the larger
cohort size of Dragons may also influence their consumption choices and propensity to engage in

status signalling behaviour.

5.2 Robustness Tests
5.2.1 Lunar Calendar Year

Although zodiac birth timing closely follows the lunar calendar (Panel B of Table 1), we
expect the effects on human capital and income to be slightly weaker under this cohort
definition, since the Singaporean educational system follows the Julian calendar. The data
analysis supports our expectations: under the lunar calendar, the estimated impact on monthly
births in Dragon years is larger at 10.6% (compared to 9.7% under the Julian calendar), but the
effects on probability of admission to a national university and average monthly income are
slightly weaker (-2.1 percentage points and -5.9% respectively, compared to -2.3 percentage
points and -6.3% under the Julian calendar) (Supplementary Appendix Table IA.7). The effects

are significant at the 5% level.

5.2.2 Restricting the Sample to Surrounding Cohorts

Our difference-in-differences research design fully controls for year of birth fixed effects
in addition to race-specific quadratic time trends. To further check that our results are not driven
by these effects, we repeat our analysis with the sample restricted to birth cohorts born within

three years of the Dragon cohorts, i.e. Singaporeans born in 1973-79 and 1985-91. When we use
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this restricted sample, we continue to find a 6.3% decline in average incomes in Dragon years,
significant at the 5% level (Supplementary Appendix Table 1A.8), identical to when we include

the full sample.

5.2.3 Evidence from Malaysian Chinese Dragons

We also consider the case of Malaysian Chinese as an interesting comparison group.
While the two countries share strong cultural affinities, there is a large difference in the
proportion of Chinese residents. In Malaysia, Chinese are the minority group, accounting for
23% of the total population (while Malays make up close to 52% of the population). As
previously noted, the Chinese population in Malaysia also engages in zodiac birth timing — in
fact, Chinese racial identity and cultural influences may be even stronger in Malaysia, due to
ongoing state-sponsored discriminatory educational and taxation laws against the relatively
wealthy Chinese minority (Goodkind 1995). Nevertheless, the practice has a smaller impact on
aggregate birth cohort size due to their minority status.

We repeat our difference-in-differences analysis, using data on Malaysians who hold
Singaporean bank accounts from our administrative dataset. We note that this is a selected
sample, since most Malaysians do not use Singaporean banking services; nevertheless, we note
that the ratio of Dragons is 9.53% among the Malaysian Chinese and 9.74% among the
Malaysian non-Chinese, a difference which is not statistically significant. For this sub-sample,
being born in a Dragon year is not associated with lower income; if anything, Malaysian Chinese
Dragons have higher incomes on average, although again the difference is not significant
(Supplementary Appendix Table 1A.9). The results suggest that selection is likely to be weak and

possibly even positive, consistent with our discussion above.
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5.2.4 The Case of Tiger Women

At the opposite spectrum from Dragons, Tiger babies are less desired by Chinese parents,
due to the association of Tigers with rebelliousness and ferocity (Goodkind 1996). In particular,
daughters are thought to be unsuitable for marriage or even for attending others’ weddings, as
they may “eat up the good luck at weddings if invited” (Goodkind 1991). We estimate that
monthly births are on average 7.8% lower in Tiger years than in other years among Singaporean
Chinese, significant at the 1% level (Supplementary Appendix Table 1A.10).

We find statistically significant positive effects on probability of university admission for
both Chinese and non-Chinese Tigers (Supplementary Appendix Table 1A.11). The effects are
larger for the non-Chinese than for the Chinese, and we discuss potential explanations for these
results in conjunction with the results for Dragon cohorts in the discussion section below.
However, we do not find that women born in the year of the Tiger have significantly higher
income levels, possibly due to asymmetric effects of cohort size effects on income
(Supplementary Appendix Table 1A.10). (While the results are insignificant for both women and
men, we focus on the outcomes of the former, since the latter enter the labour market with
Dragon women, and are hence less likely to benefit from belonging to a smaller cohort.) For
example, employers may be less willing to increase wages with a temporary decline in cohort
size than workers are to accept lower wages with a discontinuous jump in number of job seekers.

We leave this interesting question for future research.

6. Discussion and Conclusion
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Chinese parents prefer to give birth in the year of the Dragon, under the belief that
children born under this sign are noble, long-lived and bound for success. Using data from the
multi-racial setting of Singapore, and a difference-in-differences model which controls fully for
year of birth effects, we estimate that monthly births increase by around 9.7% in Dragon years
among the Chinese majority, with no similar patterns detected among non-Chinese minorities.
Contrary to (and ironically, because of) superstitious lore, Chinese Dragons face daunting future
economic prospects, including lower probability of admission to a national university, especially
among marginal applicants, and lower average incomes and probability of holding a higher-paid
professional occupation in the formal sector.

Moreover, there is evidence that impact of zodiac birth timing spills over to non-
practicing populations. We find a significant negative impact on non-Chinese Dragons, although
the effect appears to be smaller, possibly due to the partially segmented labour market for
different races in Singapore. In addition, using variation caused by the exogenous national
service mandate, which strictly requires all Singaporean males to perform two and a half years of
national service, we show that women born in the year of the Horse, who enter the labour market
at the same time as Dragon males, also have significantly lower earnings, whereas there are no
effects for their male counterparts. The significant spillover effects suggest that Chinese
Dragons’ ill economic fates are caused at least in part by cohort size, rather than to differences in
background socioeconomic characteristics.

The long-lasting negative life outcomes of being born in larger cohorts persist even
though the Singaporean government anticipated and consciously attempted to accommodate
larger cohorts through the public educational system, pointing to limited capacity of policy

measures to accommodate sudden surges in demand for resources, such as finding experienced
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teachers for larger classes. Moreover, the effects tend to be larger for Chinese Dragons than for
non-Chinese Dragons. We consider two alternative explanations. One, there may be increased
race-specific competition for schools specializing in certain mother tongues as well as limited
educational resources in the private educational market, i.e. shadow education, so that a spike in
Chinese cohort size has a disproportionate impact on the educational outcomes of the Chinese.
Two, although local universities do not have official affirmative action policies, similar quality
applicants from an ethnic minority background may offer more attractive admission applications,
by bringing with them different experiences which bring cultural and intellectual diversity to
campus. As a result, these applicants may be relatively shielded from increased competition. Our
results for the smaller Tiger cohorts, where the positive effects on admission chances tend to be
larger for the non-Chinese, are consistent with the second explanation which predicts that
minorities would disproportionately benefit from increased educational opportunities, while the
first explanation would predict the opposite: that the Chinese would benefit more from a race-
specific decline in cohort size. In either case, to ameliorate the negative impacts of zodiac birth
timing, one possible response is to reduce the level of common exposure (and competition for
resources), such as adjusting school entry laws to reduce the overlap between school (and labour
market) cohorts and zodiac cycles.

There are several limitations of this paper. First, our administrative bank dataset may not
be nationally representative if lower-income groups are less likely to use formal banking
services, since the evidence strongly suggests that being born in the year of the Dragon has a
negative impact on income. Hence, the estimates in this paper provide evidence of long-term
consequences of zodiac birth timing, but may understate the true magnitude of these effects.

Second, although we test for and do not detect significant differences in parental background
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characteristics, it is nevertheless possible that parents treat Dragon children differently, by
reinforcing their perceived natural advantages through increased resource allocation and/or
higher parental expectations (see, e.g., Do and Phung 2010; Mocan and Yu 2017). The
implications of positive selection in unobserved parental characteristics and preferential parental
treatment again suggest that our results, if anything, understate the impacts of being born to a
large cohort. Third, we are unable to account for the impact of zodiac birth timing on number of
siblings, which has implications for dilution of parental resources and may help to explain effects
such as lower educational achievement. We note, however, that the evidence of negative
externalities on non-practicing populations strongly suggests that birth cohort size plays a causal
role in determining economic well-being. Finally, while we interpret Dragons’ equal propensity
to engage in conspicuous consumption despite substantially lower incomes as status signalling
behavior, we cannot rule out alternative explanations, including the impact of internalized
stereotypes on self-esteem and consumption preferences, or poorer financial knowledge and

management skills resulting from lower acquisition of human capital.
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Table 1: Summary statistics, by race and year of the Dragon

Notes: Birth statistics are computed using mid-year population estimates for 1960 to 2007 from Singapore
Statistics. ***, ** and * correspond to statistical significance at 1%, 5% and 10% level respectively.
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Table 2: Differences in birth patterns in the year of the Dragon

Notes: The dependent variable is the natural logarithm of monthly births between 1960 and 2007. All
estimates control for gender and race fixed effects, year and month of birth fixed effects, and race-specific
quadratic time trends, unless otherwise specified. All specifications use robust standard errors, ***, **
and * correspond to statistical significance at 1%, 5% and 10% level respectively.
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Table 3: Differences in parental characteristics in the year of the Dragon

Notes: Panels A and B control for parental race and gender fixed effects, year and month of birth fixed
effects and race-specific quadratic age trends. Panel C controls for child race and gender fixed effects,
race-specific quadratic time trends, repeat applications and the 1989-2003 university joint admission
exercise. All estimates control for child year of birth fixed effects. Standard errors are clustered by
residential sector. ***, ** and * correspond to statistical significance at 1%, 5% and 10% level
respectively.
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Table 4: Educational and labour market outcomes of Singaporeans born in the year of
the Dragon

Notes: Panel A controls for race-specific quadratic time trends, repeat applications and the 1989-2003
university joint admission exercise. Panel B controls for race-specific quadratic age trends. All estimates
control for race and gender fixed effects, and year and month of birth fixed effects. Standard errors are
clustered by residential sector. ***, ** and * correspond to statistical significance at 1%, 5% and 10%
level respectively.
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Table 5: Externalities on other Singaporeans’ labour market outcomes
Notes: All estimates control for gender fixed effects, month of birth fixed effects and race-specific

quadratic age trends. Standard errors are clustered by residential sector. ***, ** and * correspond to
statistical significance at 1%, 5% and 10% level respectively.
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Figure 1: Difference-in-difference estimates by zodiac sign

Notes: All estimates control for gender and race fixed effects, year and month of birth fixed effects, and
race-specific quadratic time trends. 95% confidence intervals are represented by error bars. Birth data from
1960 to 2007 are obtained from Singapore Statistics.
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