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Abstract
Parental investments in children's cognitive and noncog-
nitive outcomes are deeply important to policymakers. 
However, because parental investments are arguably 
endogenous, estimating their importance empirically poses 
a challenge. To address this challenge, this paper exploits a 
rich and novel dataset, the China Family Panel Studies, and 
proposes a culture-specific instrumental variable based on 
the Chinese zodiac. By comparing the outcomes of chil-
dren born just before and just after the cutoff for a “lucky” 
(or ‘unlucky’) zodiac sign, we find that parents' invest-
ments have significant effects on offspring's development 
of both cognitive and noncognitive skills.
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1  |  INTRODUCTION

Early investments by parents play an important role in shaping cognitive and noncognitive skills in their 
offspring. It has been postulated that early life investments generate higher returns than investments 
made later in the child's life (Anger & Schnitzlein, 2017; Carneiro & Heckman, 2005; Kirchsteiger 
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& Sebald, 2010; Shonkoff & Phillips, 2000).1 However, a major challenge in the empirical literature 
is to properly identify the economic returns on early childhood educational investments because such 
investments are arguably endogenous. Parental investment decisions are based on their own private 
knowledge about their children, which are often not observable by the econometrician. For example, 
parents may know something about the differences in innate motivation among their children and may 
allocate scarce resources among their children to maximize the children's overall outcomes based on 
this knowledge.2

Using data from the China Family Panel Studies (CFPS), this paper employs a particular 
culture-specific determinant of parental investment behavior as a source of exogenous variation to 
identify and consistently estimate the returns on early parental investments. Specifically, this analysis 
employs the child survey module in the 2010, 2012, and 2014 waves of the CFPS which includes 
direct measures of both cognitive (word recognition and mathematical ability) and noncognitive (curi-
osity, organization, optimism, mistake tolerance, and anger control) skills for children.

The proposed set of instrumental variables (IVs) for parental investments are specific to Chinese/
Asian culture. The Chinese zodiac is a traditional categorization scheme that assigns an animal to 
each lunar year in a repeating 12-year cycle.3 The 12 zodiac signs are Rat, Ox, Tiger, Rabbit, Dragon, 
Snake, Horse, Sheep, Monkey, Rooster, Dog, and Pig. It is well known that some parents plan the 
birth of their children to coincide with the “lucky” signs. For example, because positive characteris-
tics are associated with the Dragon zodiac sign, some parents plan their children's birth to fall in the 
year of the Dragon (Lim, 2012). This phenomenon exists even among Asian immigrants to the United 
States (Johnson & Nye, 2011). Based on established beliefs in Chinese culture, we categorize the 
zodiac signs into (1) “lucky” signs: Tiger and Dragon, (2) “unlucky” signs: Snake and Sheep, and (3) 
“neutral” signs: all others.

The zodiac signs may impact parental investments through the following two channels.4 The first 
channel is superstition, a purely cultural mechanism that is specific to the Asian (Chinese, in this 
case) context, whereby some parents hold strong beliefs about children born under particular (e.g., 
“lucky”) signs. Their beliefs in turn drive their decisions about investments in their children. Mocan 
and Yu (2020) posit that parents have higher expectations for children born under the Dragon sign, 
which leads them to invest more in such children, thereby improving their educational outcomes and 
chances for success ⸺hence, generating a self-fulfilling prophecy.

The second channel arises from rational responses to the superstition-based behavior of other 
parents. If some parents believe in the mysterious power of zodiac signs and invest more in their 

1 The literature on the economic return of parental investment includes Heckman and Rubinstein (2001), Heckman 
et al. (2006), Borghans et al. (2008), Chetty et al. (2011), Heckman et al. (2013), Cadena and Keys (2015), Hanushek and 
Dennis (2000), and Hanushek and Woessmann (2008). See also Heckman and Mosso (2014) for a comprehensive survey.
2 Heckman and Mosso (2014) explained how parents' decisions to either reinforce or compensate for a child's disadvantages 
rely critically on both the parents' preference for equality of outcomes across their children as well as the curvature of the 
human capital production function.
3 Lunar zodiac signs (as opposed to the solar signs common in Western cultures) originated in China and spread to other 
Asian countries. But there are minor differences in practices across those countries. For example, in Vietnam, zodiac signs 
are combined with the five essential elements (Do & Phung, 2010). People in China generally know and care only about the 
zodiac signs, not their interactions with other astrological constructs.
4 Other works in the literature have explored how zodiac-related factors affect economic outcomes. However, establishing 
causality has been a serious issue. For example, in the context of Hong Kong, Vere (2008) employed variations in fertility 
across different lunar years as an instrument to estimate the effect of fertility on female labor supply. Do and Phung (2010) 
and Johnson and Nye (2011) found that children born in the year of the Dragon have longer schooling in Vietnam and among 
Asian immigrants to the United States. In contrast, Wong and Yung (2005), using Hong Kong census data, found no evidence 
that children born in the year of the Dragon have better earnings.
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children accordingly, other non-superstitious parents may feel compelled to follow suit by increasing 
their own investment in their children. This response can be thought of in terms of social interaction 
effects (Blume et al., 2011; Durlauf & Ioannides, 2010), whereby the actions of some parents (in this 
case, the rational ones) are dependent upon the optimal choices of other (superstitious) parents. Under 
the assumption that sufficient numbers of parents are superstitious about zodiac signs, the combi-
nation of the channels justifies the potential relevance of zodiac-related IV's in influencing parental 
investments.

The validity of the IV approach, however, relies on the assumption that zodiac signs are randomly 
assigned to children. If parents purposefully choose their children's birth dates to favor lucky zodiac 
signs, then selection bias will arise when comparing children's outcomes. Therefore, we need to 
exclude the children born to parents who have intentionally planned for their children to be born under 
a particular (e.g., “lucky”) sign.

Our strategy for excluding such children is based on the assumption that parents who are intent 
on achieving a particular zodiac sign for their child would be very unlikely to plan for their child to 
be born close to the margins of the targeted lunar year. This is because they would want to avoid the 
risk of their child being born in the “wrong” lunar year. Instead, they would plan for their child's birth 
date to be somewhere in the middle of a lunar year, away from the margins of the preferred zodiac 
sign. We assume that parents whose offspring are born within a small window around the end of one 
lunar year and the beginning of the next lunar year, that is, a window across two signs (one of which is 
‘desirable’  and the other ‘less desirable’), are not engaging in sign selection. Their child just happens 
to be born under one sign as opposed to the other (adjacent) sign. Specifically, we define the signs of 
children born within such a window as being born under “random zodiac signs.”

We assume that children born, within this window, under lucky signs and those born under adja-
cent neutral or unlucky signs (together, the ‘non-lucky’ signs) are otherwise exchangeable in terms of 
their unobserved characteristics. Thus, the random assignment of zodiac signs across children born 
within the window between two lunar years provides a source of exogenous variation in culturally 
induced differences in parental investments, allowing us to identify the effects of these investments on 
children's cognitive and noncognitive outcomes. These random zodiac signs form our IVs for paren-
tal investments. The proposed IV approach is therefore closely related to a regression discontinuity 
design approach. We further restrict our comparison to children from pairs of adjacent zodiac signs 
who are in the same schooling cohort and would be therefore facing the same (future) market for jobs 
and educational opportunities.

We first show that parents invest differently between children with lucky (unlucky) random zodiac 
signs and those with adjacent neutral random zodiac signs, supporting the choice of the IV. In the 
second stage of the IV regression, we find that (i) a 10% increase in total education costs can improve 
the word recognition test score by 0.712 (9.5% of its standard deviation) and math test score by 0.387 
(9.3% of its standard deviation). These are economically large magnitudes of improvement. (ii) a 10% 
increase in total education costs can improve the assessment scores for children's curiosity, organi-
zational skills, the ability to cope with or tolerate others' mistakes, and the ability to control anger or 
anxiety by between 0.022 (2.5% of its standard deviation) and 0.054 (5.8% of its standard deviation). 
Alternative specification and a variety of checks confirm our results are robust.

Our work contributes to the literature about the impact of parental investment on child develop-
ment. Heckman and Mosso (2014) summarize that parental investment, especially at the early stage, 
is a critical determinant of human capital development. Moreover, human capital accumulation helps 
economic agents to improve their labor market performance (Heckman et al., 2006) and contributes 
to economic growth (Hanushek & Woessmann,  2008). However, identifying the causal impact of 
parental investment on child skills is difficult due to parents' private information on children and the 
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resulting endogeneity in investment choice (Do & Phung, 2010; Vere, 2008; Wong & Yung, 2005; 
Zhang et al., 2014). Our work not only provides new direct evidence of the positive impact of paren-
tal investment on children's cognitive and noncognitive skills (Chuan et al., 2010, 2022; Cunha & 
Heckman, 2008), but also proposes a new identification strategy by exploiting the relatively random 
assignment of Chinese zodiac signs around narrow birth windows.

Our paper is also related to an emerging literature that employs exogenous shocks toward initial 
endowments to investigate the effects of early investments on children's cognitive and noncognitive 
outcomes. For example, Tan et al. (2023) examined the impact of in utero famine exposure on later-
life cognitive outcomes in the context of the Great Chinese Famine of 1959–1961. Leight et al. (2015) 
exploited early rainfall shocks to study how children's cognitive and noncognitive skills develop over 
time, finding that parents invest to reduce the impact of negative shocks. Other studies have used policy 
experiments to study the impact of childhood investment, such as Adhvaryu and Nyshadham (2016) 
on pre-birth exposure to iodine, Ludwig and Miller (2007) on a discontinuity in Head Start funding, 
and Chetty et al. (2011) on the random assignment of teachers and students to classrooms. Our paper 
differs from this body of literature by looking at the impact of parental investment in the absence of 
exogenous shocks.

Finally, our paper also speaks to the literature on the role of hope/aspirations in development 
(Beaman et  al.,  2012; Sen,  1999) and the role of parental belief in their investment (Boneva & 
Rauh, 2018). A growing body of literature shows that inaccurate parental beliefs can reduce investment 
in children and that differences in parental beliefs can explain their investment choices (Cunha, 2014; 
Cunha et al., 2013; Dizon-Ross, 2019). This paper shows culture-specific belief can affect parental 
investment, which in turn explains children's skill development.

The rest of the paper is organized as follows. Section 2 describes the data and the details of the 
methodology. Section 3 discusses the findings, and Section 4 concludes.

2  |  DATA AND METHODOLOGY

2.1  |  Data

Our main dataset is from the CFPS surveys conducted in 2010, 2012, and 2014. The CFPS is a nation-
ally representative, annual longitudinal survey of Chinese communities, families, and individuals 
funded by the Chinese government and conducted by the Institute of Social Science Survey of Peking 
University, China. The CFPS was formally launched in 2010. All individuals in families surveyed 
in 2010 are followed up in every subsequent survey, which takes place every two years. The CFPS 
includes four questionnaires: community, family, adult, and child. Our data are constructed using the 
child questionnaires for 2010, 2012, and 2014, complemented by the corresponding adult and family 
survey questionnaires. Because the CFPS provides a unique identification number for each individual, 
we are able to combine information from the three waves. The CFPS also provides direct measures of 
children's cognitive and noncognitive skills, parents' investments, and family background information. 
We can obtain the exact birth dates for children surveyed in CFPS surveys in 2010, 2012, and 2014, 
which is essential for us to define children's zodiac signs.5

The child module includes all children with age 15 and below from 2010 core households and 
children with the same age range from the new households added in the later two waves. In the child 

5 CFPS has updated the data privacy policy so that only birth year and month of each child are released to the public in later 
surveys. Because the exact birth date is no longer available, we cannot use CFPS data in later waves in this research.
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survey, parents answer all questions for children with age below 10. For children aged 10 and above, 
both parents and children answer questionnaires.

CFPS enumerators mainly conduct face-to-face interviews. For example, the ratio of face-to-face 
interviews in CFPS 2014 child survey was 93.68%. They also conducted interviews by phone if inter-
viewees physically reside in another residence rather than the one in which they were registered. All 
interviews are recorded for cross-checking. If the interviews were interrupted by unpredictable factors, 
enumerators complemented the initially unfinished questions with a second interview. However, some 
variables such as gestational age and birth weight may be missing if information was not known. 
Overall, the work by CFPS data collectors guarantees the completeness and accuracy of the survey 
information.

2.2  |  Defining key variables

2.2.1  |  Cognitive skills

Cognitive skills are related to general intelligence (e.g., IQ, g-factor). The literature has measured 
cognitive skills in largely two ways; using psychometric cognitive assessment tests (e.g., Ampaabeng 
& Tan, 2013) including word-based episodic memory/recall tests, and employing achievement tests. 
An example of the latter is Heckman et al. (2006) who employed tests for arithmetic reasoning, word 
knowledge, paragraph comprehension, mathematical knowledge, and coding speed based on the 
Armed Services Vocational Aptitude Battery. Our measures for cognitive skills are based on achieve-
ment tests. The CFPS 2010 survey includes word recognition and math tests as measures of cognitive 
skills.

The word recognition and math tests have 34 and 24 questions, respectively, ordered from the 
easiest to the most difficult. The starting point from which a respondent answers questions depends on 
his or her education level. The ultimate test score is the number (rank) of the most difficult question 
that the respondent is able to answer correctly. If a respondent fails to correctly answer any question 
among those for his or her education group, the score is the lowest for that education level minus 1. For 
example, in the word recognition test, children with 7–9 years of education start at the 9th question. If 
the most difficult question a child answers correctly is the 11th, his or her test score is 11. If the child 
starts at question 9 but fails to answer questions 9, 10, and 11 correctly, his or her score is 8.

CFPS 2014 survey generally follows the word recognition and math tests in CFPS 2010 but adjusts 
the setup of the starting point for respondents.6 It allows the respondents with a high starting point to 
re-start with a lower one if they answer three consecutive questions incorrectly. Nonetheless, CFPS 
2014 survey also computes the scores for respondents assuming the fixed starting point, in order 
to make scores comparable with 2010 tests. We use comparable scores in CFPS 2014. We further 
compare the mean and standard deviation of scores with and without the fixed starting point and find 
that these two are almost identical, indicating that the fixed starting point design has little impact on 
children's test scores.7

6 CFPS 2012 survey did not include word recognition and math tests.
7 The mean (s.d.) of word test with/without the fixed starting point for all children in 2014 is 21.399 (7.462) versus 21.382 
(7.499); The mean (s.d.) of math test with/without the fixed starting point for all children in 2014 is 10.517 (4.514) versus 
10.432(4.558).
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2.2.2  |  Noncognitive skills

Noncognitive skills are associated with the “big five” noncognitive skills: openness to experience, 
conscientiousness, extroversion, agreeableness, and neuroticism versus emotional stability (OCEAN); 
see, Cunha and Heckman (2008). The CFPS includes questions regarding noncognitive skills for chil-
dren in the 2010, 2012, and 2014 surveys. We derive five measures corresponding to the “big five”. 
Specifically, the proxy variables for OCEAN are the survey questions that ask parents, respectively, 
whether the child is curious, whether the child is organized, whether the child is optimistic, whether 
the child can tolerate others' mistakes, and whether the child can control his or her anger. These five 
noncognitive skill variables, based on parents' survey answers, take values of 1 for “strongly disa-
gree,” 2 for “disagree,” 3 for “neutral,” 4 for “agree,” or 5 for “strongly agree.”

2.2.3  |  Parental investments

We measure parental investments as total education expenditures for the child in the previous year.8 
These expenditures are deflated to 2010 Chinese renminbi (that is, to real values).

2.2.4  |  Children's and parents' characteristics

Using demographic and household information from the CFPS, we can control for a set of family char-
acteristics including the child's gender, whether the family lives in a city, the number of siblings for the 
child, the father's and mother's age and education, and family income (in thousands of 2010 renminbi).

2.3  |  Random zodiac signs

2.3.1  |  Defining random zodiac signs

In this sub-section, we discuss the importance of zodiac signs in Chinese culture, show evidence of 
parents' birth planning for lucky zodiac signs, and then formally define random zodiac signs.

Zodiac signs are deeply rooted in Chinese culture. In the recurring 12-year cycle, each zodiac 
is believed to have distinct attributes, and children born with different zodiac signs are believed to 
have these attributes. In particular, children with the more auspicious Tiger or Dragon zodiac signs 
are thought to have good fortune and to have higher achievements in education and careers (Mocan 
& Yu,  2020; Vere,  2008; Wong & Yung,  2005). In contrast, children with Snake or Sheep signs 
are believed to have relatively bad luck (Wan, 2014; Wang, 2014). This cultural superstition and its 
variations remain popular in East Asian and Southeast Asian countries, such as Japan, South Korea, 
Vietnam and Singapore, and among immigrants from these countries.

We identify the zodiac signs for children born between 1997 and 2010 in the CFPS surveys 2010 
to 2014 based on their birth dates. A new zodiac sign starts on each Lunar New Year and continues 
throughout the lunar year. The zodiac signs form a recurring 12-year cycle. We categorize these 12 

8 Parental investments are measured per child in the survey.
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signs into three groups according to common culture superstitions: Tiger and Dragon as lucky signs, 
Snake and Sheep as unlucky signs, and the others as neutral signs.

There is certainly ambiguity about which zodiac signs are actually viewed positively and which 
are not in the Asian context. In our reading of the literature, there is consensus that the Dragon sign 
is universally viewed as positive, and there is a sizeable literature investigating the impact of the 
Dragon birth sign on outcomes, such as educational attainment, labor market outcomes, and fertility 
outcomes, in a range of settings including Vietnam (Do & Phung, 2010), Hong Kong, Singapore, 
Taiwan (Johnson & Nye, 2011), and China. Snake and Sheep signs are generally viewed negatively 
in China, with people born in those years believed to be followers, have failed marriages, or end 
up with unsuccessful businesses (Lu & Hunt, 2015). The Tiger sign is generally viewed as positive 
in mainland China and Hong Kong, but, not in Taiwan, for example, where it is viewed negatively 
(Cima, 2015). In non-Chinese cultures, for example, Korean culture, the Horse sign is viewed as posi-
tive for males but not for females.

The exact classification of signs as lucky or otherwise is not critical to our identification strategy. 
From the perspective of establishing relevance for the IVs that we will be employing (see Section 2.5 
below), all we require is that parents respond to zodiac signs in terms of their investment decisions for 
the first stage findings to be valid. Here, Yang (2014) suggests that parents born after the 1970s still 
believe in the cultural superstitions related to their children's zodiac sign.

As discussed in the Introduction, our identification strategy relies on a child's zodiac sign being 
effectively randomly assigned within a window around the threshold of a zodiac sign. We define a 
child's zodiac sign as randomly assigned only if his or her birth date falls within the first two or last 
2 months of the sign,9 as illustrated in Figure 1. Therefore, we keep in the sample only children who 
were born within the first two or last 2 months of each lunar year, treating these children's zodiac signs 
as if they were randomly assigned.

Before formally defining the random zodiac signs, we provide some supporting evidence for our 
key identifying assumption that parents plan their children's birth dates to fall within the middle 
portions (i.e., away from the boundaries) of lucky zodiac years. This assumption implies that chil-
dren's birth dates are more likely to fall into the middle months of a lucky zodiac year in comparison 
with other years. Conversely, parents plan their children's birth dates to avoid unlucky zodiac years. 
Consequently, children's birth dates are less likely to fall into the middle months of an unlucky zodiac 

9 We normalize 2 months as 60 days in our definition, in order to avoid any inconsistency in the number of days of a month. 
Results are consistent if we define the window length using the actual months.

F I G U R E  1   Lunar years and random zodiac signs.
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year. We check the validity of the assumption using the 2005 mini-census survey by National Bureau 
of Statistics of China, which has the most complete coverage of people's birth years and months.

The 2005 mini-census survey covers 2.5 million people born between 1895 and 2005. We select 
two sub-samples that include the most recent three zodiac cycles (from 1972, the year of the Rat, to 
2005, the most recent year) and the most recent five zodiac cycles (from 1948, the year of the Rat, to 
2005) respectively. We cannot use the entire sample of people's birth dates because the survival bias 
becomes severe among elderly people.

We define the birth ratio in the middle months of a lunar year as the percentage of people born in 
those months. In Panel A of Table A1, we test the null hypothesis that the birth ratios in the middle 
months of lucky zodiac years are not different from those born in other lunar years. We reject the 
hypothesis for both Tiger and Dragon. Take Dragon as an example, the birth ratio in the middle eight 
months of the Dragon years in the recent three zodiac cycles (1976, 1988, and 2000) is 0.697, signif-
icantly higher than 0.675, the birth ratio in the middle eight months of other lunar years. In 2000, a 
Dragon year, approximately 391,000 more children were born in the middle eight months than in 
other years.10 As a robustness check, we also compare the birth ratios in the middle 10 months of the 
Dragon years (0.868) versus other years (0.836), which are statistically significant at the 1% level. 
Additionally, the differences in the birth ratio between Tiger and other zodiac signs are also statisti-
cally significant in the most recent three and five zodiac cycles, no matter whether the interval is eight 
or 10 months.

Panel B in Table A1 presents the difference in birth ratios between unlucky zodiac signs and other 
signs. In the most recent three zodiac cycles, the birth ratios in the middle eight months of the Snake 
years (1977, 1989, and 2001) versus other years are 0.673 versus 0.677, with the difference being 
significant at the 5% level. In the recent five zodiac cycles, the birth ratios in the middle 8 months 
between Snake and others are 0.673 versus 0.676, and in the middle 10 months 0.841 versus 0.841. 
However the difference in the middle-ten-month birth ratio is not significant. By comparison, the birth 
ratio in the middle months for the years of Sheep is significantly smaller than that in other years in all 
tests, regardless of whether the middle months are measured as eight or ten.

In summary, our exploration of the 2005 mini-census survey confirms that some parents 
do plan their children's birth time according to the lucky or unlucky zodiac signs. Therefore, if 
parents who want to select signs for their children plan ahead and aim for the middle months of 
their preferred zodiac signs, then it is conceivably the case that children born within a (small) 
window across two zodiac signs can be credibly viewed as having been “randomly” assigned their 
zodiac signs.

Defining random zodiac signs. We are now ready to define the random zodiac signs. Due to 
the data availability of children's birth dates, cognitive skills, and noncognitive skills, we define 12 
pairs of late/early “random” zodiac signs as the last/first two months of a lunar year. Take children 
born in 1997 as an example: The Lunar New Year was on February 7th. Children born between 
January 1st and February 6th are “late Rat”11 and children born between February 7th and April 
7th are “early Ox,” as shown in Figure  2. Similarly, using this nomenclature, the remaining 11 
pairs of random zodiac signs are late Ox versus early Tiger (1998), late Tiger versus early Rabbit 
(1999), late Rabbit versus early Dragon (2000), late Dragon versus early Snake (2001), late Snake 
versus early Horse (2002), late Horse versus early Sheep (2003), late Sheep versus early Monkey 

10 China's population in 2000 was 1,267,430,000. Given the birth rate in 2000 was 0.01403, 1,267,430,000*0.01403* 
(0.697–0.675) = 391,000. Data resource: Bureau of National Statistics of China.
11 We do not have birth date data for children born in 1996 and consequently the late Rat includes children born from 1 
January 1997, onward. In the definitions of other late random zodiac signs, we include 2 months whenever data are available.

 25776983, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ecot.12405 by U

niversity O
f Science, W

iley O
nline L

ibrary on [18/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



TAN et al. 885

(2004), late Monkey versus early Rooster (2005), late Rooster versus early Dog 2 (2006), late Dog 
2 versus early Pig 2 (2007), and late Rat 2 versus early Ox 2 (2009). Too few children born in 2008 
took noncognitive skill tests.12 Children born in 2010 have noncognitive skill measures only and 
no information on other control variables. Therefore, we do not define random zodiac signs for 
children born in 2008 or 2010.

We further define the indicators of lucky and unlucky zodiac signs in each sample, assuming 
other neutral zodiac signs as the reference group. Specifically, the lucky dummy includes children 
with early Tiger (1998), late Tiger (1999), early Dragon (2000), and late Dragon (2001) and the 
unlucky dummy incorporates early Snake (2001), late Snake (2002), early Sheep (2003), and late 
Sheep (2004). Details regarding the definitions of the above five groups of variables are in Appen-
dix Panel A of Table A2.

2.3.2  |  More on random zodiac signs

As random zodiac signs are the key identification strategy for our specification, we further exam-
ine whether parents “manipulate” their children's birth dates within the random birth windows. 
Even if parents may not purposely plan their children's birth date into the middle of a lucky year, 
after they find out due date and realize that their children may be born either with a lucky/unlucky 
zodiac or a neighbor zodiac around the lunar new year, parents may choose early birth inductions 
or birth delays in order to get their offspring past a threshold into a preferred zodiac sign. This is 
a key concern and possible violation of our identification. However, both strategies are risky from 
the point of view of the health of both the child and mother. Standard medical advice is not to 
induce labor until at least 39 gestational weeks has been reached (normal gestation is 40 weeks). 
In terms of birth delays, the literature mainly deals with delaying birth (after labor has occurred) 
for preterm babies. On top of the health risks, tocolytics may delay labor for just a few days. The 
key point is that the ability of parents to select their child's zodiac signs outside of planning ahead 
is limited.

We further test whether children are more (less) likely to be born in the random lucky (unlucky) 
zodiac window part rather than the neighbor zodiac window part to examine the possibility of parents' 
intervention in children's birth date distribution around the lunar new year. Imagine that parents real-
ize their children's birth dates fall in the end of a neighbor year or in the beginning of a lucky year (for 
example, the due date is the last day of the Rabbit year or the first day of the Dragon year), parents may 

12 Only 22 Children born within the random zodiac window of 2008 took noncognitive skill tests, in comparison with 
206 children born within the window of 2007. Moreover, values of associated control variables (family income, parents' 
information, etc.) are missing for these children born within the window of 2008. Therefore, we do not include these children 
in the sample.

F I G U R E  2   Late rat and early ox in 1997. [Colour figure can be viewed at wileyonlinelibrary.com]
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TAN et al.886

employ medical technique to guarantee that their children are born in the lucky year. Parents may also 
“manipulate” birth dates for pairs of late lucky versus neighbor signs, early unlucky versus neighbor 
signs, and late unlucky versus neighbor signs in similar scenarios.

Thus, we define the random birth rate as the probability that a child's birth date falls into a 
specific random window part in a lunar year. Then we compare two birth probabilities of the lucky/
unlucky sign and its neighbor sign. Continuing with the pair of late Rabbit and early Dragon, if 
parents can “control” children's birth dates to some degree, we would observe the probability of a 
child's birth date in the last 2 months of the Rabbit year is different with the probability of a child's 
birth date in the first 2 months of the Dragon year. Results in Table A3 show that we do not observe 
a statistically significant difference in birth probability between early lucky versus neighbor signs, 
or between late lucky versus neighbor signs. Similarly, the t tests for birth probability comparison 
between early unlucky and neighbor signs and between late unlucky and neighbor signs are again 
statistically insignificant.

Alternatively, we will address the issue of birth induction/delays by further modifying the window 
around the threshold of the zodiac sign in a robustness check (see Section 3.4.2 below).

We note two additional points regarding our definition of random zodiac signs. First, Chinese 
zodiac signs depend on the lunar year, not the month, of birth. We can control for the effect of 
birth months that have potential influence on children's skills, such as duration of exposure to 
sunshine. Second, because of the window of months around which our random zodiac is defined, 
all children in this sample were born from December through April. As the cutoff birth date in 
China for primary school entrance is September 1, the children within each pair of late and early 
zodiac signs are in the same grade. Hence, we automatically control for all schooling cohort fixed 
effects.

2.4  |  Summary statistics of the sample within the “window”

Panels B and C of Table A2 display the summary statistics for the two window samples: children with 
the measures of cognitive skills and noncognitive skills. There are 1098 and 1257 observations for 
cognitive skills (Panel B) and noncognitive skills (Panel C), respectively. The relatively small number 
of observations in two samples results from the identification strategy that we analyze parents' invest-
ment and children's performance within the birthdate falling in the window of random zodiac signs, 
not all the birth months.

In the sample for cognitive skills, the average scores on the word recognition and math tests are 
approximately 21.3 and 10.4, respectively. On average, parents spent 2051 renminbi (RMB) on each 
child's education over the previous year, and the average family income is RMB 31,263; in other 
words, a representative family spent approximately 6.6% of its income on each child's education. 
51.7% of children are male. A typical child's father is 41.0 years old and has 7.3 years of education, 
whereas his or her mother is 39.1 years old with 5.9 years of education.

In the sample for noncognitive skills, average scores on the five survey questions for noncognitive 
skills—curiosity, organization, optimism, mistake tolerance, and anger control—are 3.8, 3.5, 3.9, 3.6, 
and 3.4, respectively. These values indicate that parents, on average, evaluate their child's noncogni-
tive skills to be between “neutral” (3) and “agree” (4) for these questions. Approximately 54.3% of 
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TAN et al. 887

children are male. Because children that have measures of noncognitive skills are younger than those 
with measures of cognitive skills, their parents are also younger.

2.5  |  Methodology

We estimate the impact of parental investments on children's cognitive and noncognitive skills using 
a two-stage model, whereby parental investments are instrumented by the random zodiac signs. The 
first-stage regression takes the following specification:

pin𝒗𝒗𝒊𝒊 = 𝒄𝒄 + 𝒓𝒓zodiac𝒊𝒊𝜹𝜹 +𝑿𝑿𝒊𝒊𝚪𝚪 + 𝒗𝒗𝒊𝒊,� (1)

where pinvi is the investments by the parents of child i; c is a constant; rzodiaci is child i's 1 × k 
random zodiac sign vector; δ is a k × 1 coefficient vector; Xi is a 1 × m vector of control variables that 
include the child's gender, the number of siblings, the father's and mother's age and educational attain-
ment, family income, and the survey year dummies; Γ is a m × 1 coefficient vector; vi is the residual.

The second-stage regression is given by

skill� = � + �p̂in�� +��� + ��,� (2)

where the dependent variable, skilli, is a measure of the cognitive or noncognitive skills of child i; α is 
a constant; p̂in�� is the fitted parental investment from the first stage and β is its coefficient; Θ is the 
m × 1 coefficient vector for the control variables in the second stage; εi is the residual. Standard errors 
are clustered at the level of the birth year and month. In addition to our benchmark specifications, we 
also conduct a series of robustness exercises that we discuss below.

3  |  FINDINGS

3.1  |  Simple ordinary least squares results

Before we present the estimation results for Equations  (1) and (2), we show simple ordinary least 
squares (OLS) regression results. Specifically, we regress children's cognitive or noncognitive skills 
on parental investments, after controlling for the children's gender, the number of siblings, father's and 
mother's age and education, family income, children's birth year-month dummies, and the survey year 
dummies. Parental investments and family income are logged.13 Chetty et al. (2011) points out that 
child and parent demographic characteristics may affect their skill development.

In Panel A of Table 1 we find that parental investments (as measured by education costs in the 
previous year) have statistically significant impacts on children's word recognition and math test 
scores. As shown in Panel B, parental investments are positively correlated with a child's level of 
optimism and mistake endurance. These OLS results reveal a positive relationship between parental 
investments and children's cognitive and noncognitive skills. However, these preliminary results do 
not account for the potential endogeneity of parents' investments.

13 To avoid the missing observation problem caused by the value of zero, we use log (1 + parental investment) and log 
(1 + family income).
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TAN et al.888

3.2  |  Benchmark results

We next estimate a standard two-stage least squares regression, as described by Equations (1) and (2). 
The control variables include children's gender, the number of siblings, parents' age14 and education, 
logged family real income, and the survey year dummies. Note that random zodiac sign dummies 
already contain information on children's age. For example, in the sample for cognitive skills that 

14 Alternatively, we have used parents' zodiac signs that are defined by parents' birth dates to control for the possible parents' 
selection of children's zodiac signs due to the cultural superstition on the zodiac match between parents and children. Results 
are qualitatively and quantitatively consistent.

Variable

Panel A: Cognitive skills Panel B: Noncognitive skills

Word 
recognition 
test Math test Curiosity Organization Optimism

Mistake 
endurance

Anger 
control

(1) (2) (1) (2) (3) (4) (5)

Log (Education cost 
last year + 1)

2.109*** 1.244*** 0.043 0.027 0.075*** 0.067* 0.016

(0.334) (0.249) (0.045) (0.056) (0.030) (0.037) (0.067)

Gender −1.796*** −0.058 0.055 −0.207*** 0.058 −0.003 −0.024

(0.353) (0.234) (0.079) (0.045) (0.045) (0.044) (0.049)

No. of siblings −0.472 −0.104 −0.003 0.023 −0.004 −0.021 0.016

(0.290) (0.088) (0.008) (0.025) (0.023) (0.033) (0.028)

Father's age −0.017 −0.045 −0.001 0.003 0.002 0.009 −0.010

(0.062) (0.035) (0.012) (0.010) (0.008) (0.008) (0.012)

Father's education 0.251*** 0.127*** 0.011 −0.006 −0.011 −0.003 −0.009

(0.060) (0.030) (0.010) (0.013) (0.007) (0.012) (0.012)

Mother's age 0.047 0.087** −0.001 0.016 0.011 0.003 0.026**

(0.056) (0.038) (0.010) (0.012) (0.007) (0.010) (0.012)

Mother's education 0.147*** 0.099*** 0.011 −0.001 0.017 −0.001 0.001

(0.060) (0.036) (0.010) (0.010) (0.007) (0.009) (0.009)

Log (Family 0.681*** 0.293*** −0.003 0.005 −0.020 −0.001 0.026

Income+1) (0.215) (0.120) (0.020) (0.021) (0.016) (0.024) (0.037)

Birth year-month Yes Yes Yes Yes Yes Yes Yes

Survey year Yes Yes Yes Yes Yes Yes Yes

R 2 0.254 0.283 0.094 0.044 0.064 0.112 0.108

Observations 1098 1098 1257 1257 1257 1257 1257

Note: Panel A displays preliminary results on the impacts of parental investments on children's cognitive skills, in the sample of 
children born within the last 2 months or the first 2 months of a lunar year. Panel B displays preliminary results for the impacts of 
parental investment on children's noncognitive skills, in the sample of children born in the last 2 months or first 2 months of a lunar 
year. Appendix Table A2 provides detailed explanations for all variables. All regressions are clustered at birth year-month levels.
***, **, and * denote significance at 1%, 5%, and 10%, respectively.

T A B L E  1   The impact of parental investments on children's cognitive skills: Ordinary least squares regressions.
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TAN et al. 889

includes children born between 1997 and 2004, if a child was defined as a late Rat, we know that the 
child was born in 1997 and was 13 years old during the 2010 survey.

Table 2 Panel A displays the first-stage regression for children whose cognitive skill scores are 
available. We run the regression of parental investments on random zodiac signs and other control 
covariates,15 and cluster standard errors at the level of children's birth year and month. We also list 
the category (lucky, neutral, or unlucky) of each random zodiac sign. The Kleibergen-Paap Wald F 
statistics show that the random zodiac signs are not weak instruments. As children born in 2004 are 
set as the reference, the coefficient for each random zodiac sign indicates the magnitude of parental 
investment in comparison with the reference group. For example, parents invest 47.7% more on “late 
Rat” children born in 1997 than those born in 2004.

How do we explain the difference in coefficients for the random zodiac signs? Recall that parents 
may invest differently for children with random lucky/unlucky signs and their neighboring signs due 
to the superstition channel and the social interaction channel. Continuing with the example of “late 
Rabbit” versus “early Dragon”, parents may invest more in the early Dragon children due to their 
belief on Dragon children's bright fate, or invest more in the late Rabbit in order to help Rabbit chil-
dren compete with Dragon children. It is ultimately an empirical question, and we find that parents do 
invest more in early Dragon children.

In Figure  3, we further depict a graphical comparison in parental investments between lucky 
(unlucky) and their neighboring random zodiac signs. We observe that parents, on average, invest 
more (less) on children with random lucky (unlucky) zodiac signs, and the differences are statistically 
significant.16 Parents may invest more (less) in children with random lucky (unlucky) signs simply 
because they believe that their children are more (less) likely to succeed. The induced different paren-
tal investments generate exogenous variations and enable us to examine the effect of parental invest-
ments on children's skills.

Panel B summarizes the second-stage results on how parental investments affect children's cogni-
tive skills. Increased education expenditure significantly improves children's word recognition and 
math test scores. The magnitude of the effect of parents' investments on cognitive skill development 
is quantitatively large. For example, a 10% increase in education expenditure raises a child's word 
recognition test score, on average, by 0.712, or 9.5% of the standard deviation of this score (7.510). 
Similarly, a 10% increase in education expenditure raises the average math test score by 0.387, or 9.3% 
of a standard deviation of this score (4.182).

Our estimation results are comparable with findings in other scenarios that also examine the impact 
of parental investment on children's skills. Chuan et al. (2022) finds that a 50% increase in parental 
investment can raise English score of a child between 8 and 14 years old by 0.2 standard deviation in 
a survey conducted between 2010 and 2014 in Chicago.

Next, we examine the two-stage least squares regression results for noncognitive skills. Panel A of 
Table 3 summarizes the first-stage results.17 The Kleibergen-Paap Wald F statistics confirm that the 
random zodiac signs are not weak instruments. As with the case of cognitive skills above, the coef-
ficients here are also different between a lucky (unlucky) zodiac sign and its neighboring group. We 

15 We have considered the interaction between lucky (unlucky) zodiac signs and children's gender, as there are superstitions 
that Tiger girls or Sheep girls may have a different fate with their male counterparts. However, we do not find statistically 
significant differences between males and females and thus do not include the interaction in the benchmark results.
16 In Figure 3 (the sample of cognitive skills), the t-statistics for the comparison in logged education cost between the lucky 
and neighboring groups, and between the unlucky and neighboring groups are 1.984 (significant at the 5% level) and −1.852 
(significant at the 10% level), respectively.
17 There are no observations for children born in the random zodiac window of 1998. Due to missing values in control 
variables, children born in the random zodiac window of 2000 are dropped from regressions.
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also show the comparison in parental investments between lucky (unlucky) and neighboring random 
zodiac signs in Figure 4. Again, we observe that parents invest differently between the children with 
random lucky (unlucky) signs and the children born in the neighboring sign windows.18

In the second-stage regressions displayed in Panel B, we find that for all pairs of random zodiac 
signs, parental investments (as measured by total education costs in the previous year) improve a 
child's curiosity, organization, tolerance of others' mistakes, and anger control, except that the coef-
ficient of logged education cost is not significant in the regression for optimism. The magnitudes of 
the impacts are substantial and important. For example, a 10% increase in parents' investment has an 
effect on the score for being organized of 0.022, or 2.5% of the standard deviation (0.882). Columns 4 
through 5 of Table 4 show that a 10% increase in parents' investment can increase a child's scores on 

18 In Figure 4 (the sample of non-cognitive skills), the t-statistics for the comparison in logged education cost between the 
lucky (unlucky) and neighbor groups, and between the unlucky and neighbor groups are 2.835 (significant at the 1% level) 
and −2.088 (significant at the 5% level), respectively.

F I G U R E  3   Random zodiac signs and parental investment: In the sample for cognitive skills. This figure depicts 
the average parental investments measured as mean log (education cost last year + 1) between lucky random zodiac 
signs and their neighboring signs, and between unlucky random zodiac signs and their neighboring signs, in the 
sample for cognitive skills. The bars are means of logged education costs, and the lines on bars indicate plus/minus 
two standard deviations from the mean. The lucky random zodiac signs include early Tiger (1998), late Tiger (1999), 
early Dragon (2000), and late Dragon (2001); their neighboring signs include late Ox (1998), early Rabbit (1999), late 
Rabbit (2000), and early Snake (2001). The unlucky signs are early Snake (2001), late Snake (2002), and early Sheep 
(2003); their neighboring signs are late Dragon (2001), early Horse (2002), and late Horse (2003).
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mistake tolerance and anger control, respectively, by 0.041 (4.8% of the standard deviation, 0.852) and 
0.054 (5.8% of the standard deviation, 0.930).

Our estimation results provide further supporting evidence on the impact of parental investment 
on children's non-cognitive skills as documented in Cunha and Heckman (2008) based on a dynamic 
factor model.

3.3  |  An alternative specification

The benchmark specification employs random zodiac signs as IVs. Alternatively, we may group these 
zodiac indicators into lucky signs (Tiger and Dragon) and unlucky signs (Sheep and Snake) to instru-
ment parents' investment. Then the alternative first-stage regression becomes:

pin�� = �� + ��� lucky� + ���unlucky� +���� + ��� + ��� ,� (3)

F I G U R E  4   Random zodiac signs and parental investment: In the sample for noncognitive skills. This figure 
depicts the average parental investments measured as mean log (education cost last year + 1) between lucky random 
zodiac signs and their neighboring signs, and between unlucky random zodiac signs and their neighboring signs, in 
the sample for noncognitive skills. The bars are means of logged education costs, and the lines on bars indicate plus/
minus two standard deviations from the mean. The lucky random zodiac signs include late Tiger (1999), early Dragon 
(2000), and late Dragon (2001); their neighboring signs include early Rabbit (1999), late Rabbit (2000), and early 
Snake (2001). Early Tiger (1998) and its neighboring sign late Ox (1998) are not included due to no observations. The 
unlucky signs are early Snake (2001), late Snake (2002), early Sheep (2003), and late Sheep (2004); their neighboring 
signs are late Dragon (2001), early Horse (2002), late Horse (2003), and early Monkey (2004).
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where c a is a constant; luckyi and unluckyi are indicators for lucky or unlucky random zodiac signs and 
the neutral zodiac indicator is absorbed; 𝐴𝐴 𝐴𝐴

𝑎𝑎

1
 and 𝐴𝐴 𝐴𝐴

𝑎𝑎

2
 are coefficients to be estimated; Xi is a 1 × m vector 

of control variables that include the child's gender, the number of siblings, the father's and mother's 
age and educational attainment, family income, and the survey year dummies; Γa is a m × 1 coefficient 
vector; FEi is a vector of fixed effects with each component denoting a birth window for adjacent 
zodiac pairs; 𝐴𝐴 𝐴𝐴

𝑎𝑎

𝑖𝑖
 is the residual. Since we control for the fixed effects of birth windows, the first stage 

specification evaluates whether, within each of the birth windows, lucky/unlucky zodiac signs jointly 
lead to higher/lower parental investment than neutral zodiac signs.

We next estimate a two-stage least squares regression employing the alternative specification (3) as 
the first stage regression and keeping the second stage specification (2) unchanged. Panel A of Table 4 
summarizes the first-stage regression results in the sample for cognitive skills. The Kleibergen-Paap 
Wald F statistics again show that lucky/unlucky dummies are not weak instruments. Moreover, the 
coefficient for the lucky dummy is statistically positive and that for the unlucky dummy is statistically 
negative, namely parents invest more on children with lucky zodiac signs. Parents with random lucky 
sign children invest 9.4% more than those with neutral sign children, and parents with random unlucky 
sign children invest 17.7% less than those with neutral sign children. Note that in this alternative speci-
fication, we compare parental investment in children with lucky (unlucky) signs and those with neutral 
(signs) jointly, not just between lucky (unlucky) signs and their neighbor signs. The induced different 
parental investments generate exogenous variations and enable us to examine the effect of parental 
investments on children's skills.

Panel B of Table 4 displays the second-stage results, showing that increased education expenditure 
significantly improves children's word recognition and math test scores. Parents may invest more in 
children with lucky zodiac signs by 19.5% than children with neutral signs but statistically indifferent 
on children with unlucky signs in comparison with neutral sign children. The magnitude of the effect 
of parents' investments on cognitive skill development is consistent with the benchmark estimation 
results in Table 2. A 10% increase in education cost increases a child's word test score by 0.737, and a 
10% increase in education expenditure raises the average math test score by 0.386.

We further show the two-stage least squares regression results for noncognitive skills in Table 5. 
Panel A displays the first stage results, confirming that the lucky/unlucky signs are not weak instru-
ments in the sample for noncognitive skills either. In the second-stage regressions displayed in Panel 
B, we find that parental investments help to strengthen a child's curiosity, organization, tolerance of 
others' mistakes and anger control, quantitatively comparable with the benchmark results in Table 3.

3.4  |  More robustness checks

We now consider a range of robustness checks. The first check verifies whether control covariates are 
statistically indifferent across neighboring zodiac signs. The second check examines an alternative 
definition of the random zodiac window, the third check invalidates an alternative explanation from 
children's self-consciousness, and the fourth check restricts the sample size to minimize the measure-
ment error. The last check explores whether there are other channels for parents to affect children's 
skill formation.
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3.4.1  |  Covariate balance

The first robustness check is on the assumption of the estimation method. The identification strategy 
relies on the underlying smoothness of the forcing variable (time, in this case) across the threshold. 
This smoothness may be violated if, for example, parental characteristics that determine offspring's 
skill formation are systematically different across the zodiac cutoff. In Table 6, we check whether 
control covariates are differentiated across late and early zodiac signs using t tests. We concisely 
report only the mean values and t statistics if the tests reject the null hypotheses. In 96 t tests (8 control 
variables × 12 birth years), only 7 tests reject the null hypotheses of equal means of the control varia-
bles. Therefore, there is no systematic difference in personal, parental, or family characteristics among 
children with different random zodiac signs.

3.4.2  |  Birth induction/delay

The second robustness check addresses the issue of birth induction or delays by using different window 
periods to designate the random zodiac signs.19 We consider two alternative random zodiac sign desig-
nation strategies: an asymmetric window period design and 1-month window period design. We first 
consider an asymmetric window period design, which is based on the medical fact that a baby can be 
delivered as early as the 28th week of pregnancy with a relatively high survival rate (but not without 
significant health risks), but can only be delivered as late as the 41st to 42nd week of pregnancy.20 We 
design the asymmetric random zodiac window as the first 3 months and the last month of a lunar year, 
in order to cover the unexpected early or late delivery. Take Dragon children as an example, given the 
medical fact, parents plan their children's birth between the fourth and eleventh month of the year of 
the Dragon to avoid the extreme early delivery (three months earlier) or the extreme late delivery (one 
month later) that may make their children's zodiac into Rabbit (by early delivery) or Snake (by late 
delivery). In Panel A of Table 7, we designate as random the zodiac signs of children born in the first 
3 months or last month of the lunar year, and then repeat the two-stage least squares regressions for 
cognitive and noncognitive skills, as in the benchmark cases. The new results are both qualitatively 
and quantitatively consistent with the benchmark results.

As an additional check, in Panel B of Table 7, we randomly assign the zodiac signs of children 
born in the first or last month of the lunar year (i.e., we move away from an asymmetric window and 
just use the first and last months of the zodiac months). We then run the same two-stage least squares 
regressions for cognitive and noncognitive skills. The results are again consistent with the benchmark 
results.

We have conducted another robustness check: Exclude the first and the last weeks in each lunar 
year in the random zodiac sign window to rule out the possibility that parents may choose the child's 
zodiac sign through induced early or late delivery. The results are almost identical to the benchmark, 
so we omit them for brevity.

19 We thank Octasiano M. Valerio Mendoza for suggesting this robustness check.
20 https://www.mayoclinic.org
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3.4.3  |  Children's self-consciousness/confidence

In the third robustness check, we investigate whether the outcomes from zodiac signs are a result of 
the child's innate self-consciousness of her zodiac sign rather than because of her interactions with her 
parents. We cannot directly control for children's self-consciousness about their zodiac signs because 
the CFPS does not have survey questions on it. To address this, our first approach is to limit the sample 
to the set of younger children, specifically those no more than 12 years old when taking the survey.21 
The assumption is that younger children are more strongly shaped in their worldviews by their parents, 
and therefore have a purer response to parental investments, whereas older children may develop their 
identity and “self-consciousness”, taking into account broader extraneous influences. As shown in 
Table 8, the benchmark results hold qualitatively. Interestingly we find that parents' investments have 
a quantitatively smaller effect on young children's cognitive skills but a quantitatively larger effect on 
their noncognitive skills.

The second approach we take is to control for children's self-confidence, which is closely related 
with children's self-consciousness. Moreover, self-confidence itself may affect children's cognitive 

21 Children who took word recognition and math tests were between 10 and 15 years old. Therefore, 12 is a reasonable cutoff 
age for the robustness check.

Variable

Cognitive skills Noncognitive skills

Word 
recognition 
test

Math 
test Curiosity Organization Optimism

Mistake 
tolerance

Anger 
control

(1) (2) (1) (2) (3) (4) (5)

Panel A. An alternative window

  Log (Education cost 
last year + 1)

7.757*** 4.527*** 0.098 0.215*** −0.045 0.313*** 0.483***

(1.770) (1.038) (0.108) (0.083) (0.067) (0.098) (0.098)

  R 2 0.131 0.163 0.033 0.010 0.016 0.014 0.050

  Observations 1105 1105 1190 1190 1190 1190 1190

Panel B. One-month window

  Log (Education cost 
last year + 1)

8.674*** 5.186*** 0.188* 0.281** 0.101 0.229** 0.351***

(1.342) (0.03) (0.111) (0.122) (0.088) (0.117) (0.129)

  R 2 0.156 0.161 0.031 0.007 0.016 0.004 0.007

  Observations 645 645 625 875 725 725 725

Note: In Panel A, the sample for cognitive skills includes all children for whom cognitive skill test results are available and who were 
born within the last month or the first three months of a lunar year; the sample for noncognitive skills includes all children for whom 
noncognitive skill test results are available and who were born within the last month or the first three months of a lunar year. Children 
born in 2004 and in 2010 are used as the reference in regressions for cognitive skills and noncognitive skills respectively. In Panel B, 
the sample for cognitive skills includes all children for whom cognitive skill test results are available and who were born within the 
last month or the first month of a lunar year; the sample for noncognitive skills includes all children for whom noncognitive skill test 
results are available and who were born within the last month or the first month of a lunar year. Children born in 2004 and in 2011 are 
used as the benchmark in regressions for cognitive skills and noncognitive skills respectively. Appendix Table A2 provides detailed 
explanations for all variables. All regressions are controlled for children's gender, number of siblings, parents' age and education, 
family income, and the survey year dummies, and are clustered at children's birth year-month levels.
***, **, and * denote significance at 1%, 5%, and 10%, respectively.

T A B L E  7   The impact of parental investments on children's skills: Different windows.
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TAN et al. 907

and noncognitive skills, in addition to parents' investments induced by random zodiac signs, because 
children with random lucky zodiac signs have more innate confidence in themselves by virtue of their 
birth sign. CFPS provides a number of measures on children's self-confidence including “I feel that I 
am on an equal plane with others” (Equal), “I feel that I have a number of good qualities” (Quality), “I 
am able to do things as well as most other people” (Do well), “I take a positive attitude toward myself” 
(Positive), “I am satisfied with myself” (Satisfy), “I wish I could have more respect for myself” 
(Respect), and “I am in control of whatever happens to me” (Control). All seven variables take values 
of 1 for “strongly disagree,” 2 for “disagree,” 3 for “neutral,” 4 for “agree,” or 5 for “strongly agree.”

To address this concern, we control for all seven self-confidence variables in the second stage of 
the benchmark regressions for the cognitive skill tests. The results, reported in Table 9, are qualita-
tively consistent with the benchmark results, showing that self-confidence has no effect on children's 
cognitive skills. However, only 15% of children answered the self-confidence questions in the popula-
tion data, so sample size for this analysis (reported in Table 9) is reduced to 430. Furthermore, only 55 
observations in the sample of noncognitive skills have non-missing values for self-confidence, hence, 
we could not perform the robustness check for children's noncognitive skills. Nevertheless, our find-
ings suggest that parental investments, rather than any innate response of children to their birth signs, 
are responsible for our benchmark findings.

3.4.4  |  Falsified birthdates

The fourth check verifies that our results are robust to possible “man-made” birth dates. Huang 
et al.  (2016) find that parents may manipulate children's birth dates under pressure due to the one 
child policy. For example, parents may change the birth dates of their two children into the same day 
on their birth certificate, creating a “man-made” twin and avoiding fines of having children beyond the 
quota. In this scenario, children's birth dates may not be accurate. To prevent our results from possible 
contamination by manipulated birth dates, we restrict our sample to single children. Table 10 reports 
the results. Only 429 and 519 children that satisfy the criteria are in the samples for cognitive skill 
and noncognitive skill regressions, respectively. In Panel A, parental investment induced by children's 

Variable

Panel A: Cognitive skills Panel B: Noncognitive skills

Word 
recognition 
test Math test Curiosity Organization Optimism

Mistake 
tolerance

Anger 
control

(1) (2) (1) (2) (3) (4) (5)

Log (Education cost 
last year + 1)

2.856** −0.255 0.260*** 0.304*** 0.001 0.467*** 0.592***

(1.360) (0.684) (0.096) (0.930) (0.109) (0.110) (0.102)

R 2 0.147 0.120 0.008 0.032 0.015 0.047 0.100

Observations 653 653 1090 1090 1090 1090 1090

Note: The sample includes all children who were born within the last 2 months or the first 2 months of a lunar year and were no more 
than 12 years old when taking the survey. Children born in 2004 and in 2010 are used as the reference in regressions for cognitive 
skills and noncognitive skills respectively. All regressions are controlled for children's gender, number of siblings, parents' age and 
education, family income, and the survey year dummies, and are clustered at children's birth year-month levels. Appendix Table A2 
provides detailed explanations for all variables.
***, **, and * denote significance at 1%, 5%, and 10%, respectively.

T A B L E  8   The impact of parental investments on children's skills: Young children.
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TAN et al.908

random zodiac signs exerts a positive influence on children's cognitive skill measures, consistent with 
the benchmark results. In Panel B, parental investment has positive effects on children's organization, 
mistake tolerance, and anger control, while its effects on children's curiosity and organization are not 
statistically significant. Overall, due to the reduced sample size, parental investments have weaker 
positive effects on children's skills. Nevertheless, the findings here are still qualitatively consistent 
with the benchmark results.

3.4.5  |  Other parental investments

The last check considers the role of other parental investments beyond pecuniary education cost. 
Specifically, we discuss two questions: (1) whether the random assignment of a “lucky” or “unlucky” 
zodiac sign triggers parents to invest in non-pecuniary forms such as time and attention; (2) whether 
education cost still has explanatory power after controlling for other dimensions of parental invest-
ments. The first question examines the assumption of the exclusion restriction in the first stage of IV 
regression, that is, whether the random zodiac sign triggers parents to change their education cost only. 
If the first examination shows that parents do not have differentiated non-pecuniary investments, the 

Variable

Word recognition test Math test

(1) (2)

Log (Education cost last year + 1) 8.777*** 5.892***

(1.689) (0.998)

Equal −0.426 −0.047

(0.564) (0.277)

Quality 0.216 −0.351

(0.523) (0.259)

Do well 0.658 0.342

(0.860) (0.459)

Positive 0.014 0.200

(0.299) (0.225)

Satisfy −0.462 −0.158

(0.651) (0.303)

Respect 1.095* 0.360

(0.655) (0.349)

Control 0.370 0.038

(0.456) (0.186)

R 2 0.049 0.025

Observations 430 430

Note: The sample includes all children who were born within the last 2 months or the first 2 months of a lunar year. Children born in 
2004 are used as the reference in regressions. All regressions are controlled for children's gender, number of siblings, parents' age and 
education, family income, and the survey year dummies, and are clustered at children's birth year-month levels. Appendix Table A2 
provides detailed explanations for all variables.
***, **, and * denote significance at 1%, 5%, and 10%, respectively.

T A B L E  9   The impact of parental investments on children's skills: Children's self-confidence.
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TAN et al. 909

Variable

Panel A: Cognitive skills Panel B: Noncognitive skills

Word 
recognition 
test Math test Curiosity Organization Optimism

Mistake 
tolerance

Anger 
control

(1) (2) (1) (2) (3) (4) (5)

Log (Education cost 
last year + 1)

5.957*** 3.162*** 0.122 0.314*** 0.013 0.250** 0.385***

(2.254) (0.762) (0.102) (0.119) (0.101) (0.115) (0.119)

R 2 0.049 0.051 0.018 0.042 0.040 0.001 0.017

Observations 429 429 519 519 519 519 519

Note: The sample includes all children who were born within the last 2 months or the first 2 months of a lunar year and were the only 
child in the household. Children born in 2004 and in 2010 are used as the reference in regressions for cognitive skills and noncognitive 
skills respectively. All regressions are controlled for children's gender, number of siblings, parents' age and education, family 
income, and the survey year dummies, and are clustered at children's birth year-month levels. Appendix Table A2 provides detailed 
explanations for all variables.
***, **, and * denote significance at 1%, 5%, and 10%, respectively.

T A B L E  1 0   The impact of parental investments on children's skills: One Child Only.

second question focuses on whether there are additional channels for other parental investments to 
affect children's skill development in the second stage regression.

CFPS provides rich measures of non-pecuniary parental investments. In our sample, we exploit 
three measures that have the highest response rate and reflect parents' time and attention investment 
on children: average frequency per week for a child to meet parents, frequency of intimate talks with 
parents last month, and average frequency per week to have dinner with parents. In the limited subsam-
ples for cognitive and noncognitive skills, respectively, a child on average meets his or her parents 
3.85 (3.91) times per week, has heart-to-heart talks with parents 2.53 (2.84) times last month, and has 
dinner with parents 5.68 (5.35) times per week.

We first explore whether random lucky (unlucky) zodiac signs are correlated with parental invest-
ments in time and attention. Table 11 summarizes the results of regressing each non-pecuniary invest-
ment on children's random lucky (unlucky) zodiac signs. These results demonstrate that the random 

Variable

Panel A: In the sample for cognitive skills Panel B: In the sample for noncognitive skills

Meet with 
parents

Talk with 
parents

Dine with 
parents

Meet with 
parents

Talk with 
parents

Dine with 
parents

(1) (2) (3) (1) (2) (3)

Lucky 0.484 −0.144 0.465 0.167 1.849 1.670

(0.367) (0.563) (0.291) (0.644) (1.233) (0.922)

Unlucky −0.030 0.084 0.030 0.089 1.260 0.376

(0.494) (0.490) (0.250) (0.626) (1.041) (0.574)

R 2 0.107 0.030 0.030 0.190 0.099 0.017

Observations 417 530 532 305 290 104

Note: The sample includes all children who were born within the last 2 months or the first 2 months of a lunar year. All regressions 
are controlled for children's gender, number of siblings, parents' age and education, family income, and the survey year dummies, and 
are clustered at children's birth year-month levels. Appendix Table A2 provides detailed explanations for all variables.
***, **, and * denote significance at 1%, 5%, and 10%, respectively.

T A B L E  1 1   Other parental investments.
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TAN et al.910

realization of lucky (unlucky) zodiac signs does not induce parents to have statistically different 
non-pecuniary investments. Due to relatively low response rate, we can explore the second question 
in the sample of cognitive skills only. We run the benchmark instrument variable regression with 
non-pecuniary parental investments as additional control variables. Table 12 shows that non-pecuniary 
investments have no additional explanatory power on children's cognitive skill development besides 
education cost in a limited sample of 220 observations.

4  |  CONCLUSION

The literature faces a great challenge in properly identifying the potential impact of parental invest-
ments in education on children's cognitive and noncognitive development because parental invest-
ments may be endogenous. That is, parents may make investment decisions in their children accord-
ing to their own private information about their offspring, but not observable to outsiders. This 
paper proposes a culture-specific IV based on the Chinese zodiac as a source of exogenous varia-
tion influencing parental investments in their offspring and thereby impacting their cognitive and 
non-cognitive skills formation. By defining a window around the boundary of a zodiac sign, and 
assuming that observations are randomly assigned across this boundary, we establish, using a regres-
sion discontinuity approach, that parental investments matter to children's cognitive and noncognitive 
skill development.
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Variable

Word recognition test Math test

(1) (2)

Log (Education cost last year + 1) 7.483*** 5.089***

(2.039) (1.332)

Meet with parents 0.301 0.199

(0.258) (0.136)

Talk with parents 0.150 0.150

(0.132) (0.063)

Dine with parents 0.113 0.092

(0.273) (0.144)

Observations 220 220

Note: The sample includes all children who were born within the last 2 months or the first 2 months of a lunar year. All regressions 
are controlled for children's gender, number of siblings, parents' age and education, family income, and the survey year dummies, and 
are clustered at children's birth year-month levels. Appendix Table A2 provides detailed explanations for all variables.
***, **, and * denote significance at 1%, 5%, and 10%, respectively.

T A B L E  1 2   The impact of parental investments on children's skills: Other parental investments.
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Zodiac signs Mean t

Random early lucky signs versus .random neighbor signs

  Random early lucky signs (tiger and dragon) 0.174 1.028

  Random neighbor signs (ox and rabbit) 0.163

Random late lucky signs versus .random neighbor signs

  Random late lucky signs (tiger and dragon) 0.159

  Random neighbor signs (rabbit and snake) 0.156 0.319

Random early unlucky signs versus .random neighbor signs

  Random early unlucky signs (snake and sheep) 0.172

  Random neighbor signs (dragon and horse) 0.183 −0.536

Random late unlucky signs versus .random neighbor signs

  Random late unlucky signs (snake and sheep) 0.194

  Random neighbor signs (horse and monkey) 0.175 −1.234

T A B L E  A 3   Random zodiac signs.
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