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Abstract
We study the role of risk aversion underlying son preference in patriarchal societies, where sons serve as better insurance for old-age support than daughters. The implications of an insurance motive on son preference are two-fold. First, prior to the birth of their children, more risk-averse parents have a stronger preference for sons than for daughters. Second, after the birth of their children, parents with sons are more risk seeking, compared to parents with daughters. We adopt a within-twin-pair fixed-effects estimator with a weak identification assumption, which enables us to jointly identify these two effects. We further conduct an incentivized choice experiment to assess parental risk attitude in a sample of Chinese twins with children, and follow up with a second twin sample to examine the replicability of the findings. In both samples, we find that parents with greater risk aversion before the birth of their children are more likely to have sons through sex selection than parents with less risk aversion. Additionally, having sons significantly decreases parental risk aversion. These results contribute to the literature on the sources of son preference and help shed light on the nature of gender inequality.
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Introduction
One major form of gender inequality is son preference, in which parents favor sons over daughters. Despite modernization and rapid economic growth, this preference has been deeply rooted in human history for millennia, and persists in most modern societies (see, e.g., Gangadharan and Maitra, 2003). Son preference is present even among parents in the United States (Dahl and Moretti, 2008). Studies show that son preference is persistent among second-generation Asian migrants to the United States and Canada (Almond and Edlund, 2008; Almond, Edlund, and Milligan, 2013). With modern gender-selection technology, son preference manifests itself in terms of gender imbalance. Sen (2003) concludes that in the 2000s, about 100 million women were missing worldwide. In China alone, for instance, the sex ratio at birth rose from a biologically normal range of 1.03-1.06 to 1.11 in 1990, and further increased to 1.20 in 2000, resulting in 33 million excess men under the age of 20 (Ebenstein, 2011). Given the grave social and economic consequences, son preference has been widely explored in the literature, and the increasingly imbalanced sex ratio has raised public policy concerns at the global level.[footnoteRef:1] [1:  For the long-run socioeconomic consequences of gender imbalance, see Rao (1993), Angrist (2002), Chiappori, Fortin, and Lacroix (2002), Das Gupta (2005), Ebenstein (2010, 2011), Wei and Zhang (2011), Bethmann and Kvasnicka (2012), Das Gupta, Ebenstein, and Sharygin (2013), Edlund, Li, Yi, and Zhang (2013), and Hu and Schlosser (2015). ] 

The literature has extensively investigated the socioeconomic, institutional, and cultural factors underpinning the demand for sons.[footnoteRef:2] Studies suggest that low relative adult female earnings in traditional agrarian economies are an important factor in the persistence of son preference (Ben-Porath and Welch, 1976; Rosenzweig and Schultz, 1982; Ahn, 1995; Qian, 2008). Das Gapta et al. (2013) suggest that adult sons’ support of elderly parents contributes to the persistence in son preference in China, India, and South Korea. Edlund (1999) relates son preference to institutional factors such as the caste system in India. Alesina, Giuliano, and Nunn (2013) explore historical origins of cross-cultural differences in the role of women in society, and find that traditional agricultural practices, such as plowing, influenced the historical gender division of labor and the evolution of gender norms.[footnoteRef:3] [2:  Leung (1988, 1991) proposes the econometric method to detect son preference using fertility data.]  [3:  Oster (2005) suggests that the hepatitis B virus contributes to the missing women in China and India. The paper was scrutinized by Lin and Luoh (2008), and subsequently retracted by Oster et al. in 2010.] 

Our paper borrows insights from behavioral economics, and presents the first attempt in the literature to propose and test an insurance motive underpinning son preference. This approach is closely related to a broader literature linking economic preferences to economic outcomes (see, e.g., Dohmen et al., 2011; Sutter et al., 2013; Noussair, Trautmann, and Van de Kuilen, 2013; Dimmock et al., 2015). More specifically, compared to daughters, sons have higher agricultural productivity, and are additionally expected to shoulder more of the responsibility of caring for their parents. Hence, sons are perceived as a better source of insurance for old age in traditional societies in which environmental and social risks are pervasive.[footnoteRef:4] This notion has given rise to the Chinese proverb of “raising sons to insure against old age.” However, the literature has presented no rigorous analyses on the demand for sons being derived from a sense of security in the presence of risk. We link risk aversion and son preference, and investigate the following two-fold hypotheses. First, prior to the birth of the child, parents who are “endowed” with greater risk aversion (hereafter, endowed risk attitude)[footnoteRef:5] may have a stronger need for security, and thus show a stronger preference for sons by engaging in gender selection. Second, after the birth of the child, parents with sons feel more secure and are consequently less risk averse, compared to parents without sons.[footnoteRef:6] [4:  Our paper uses the term “son preference” interchangeably with “the demand for male children,” and does not distinguish among the different forms of son preference.]  [5:  The “endowed” risk attitude may include the genetic endowment of risk attitude and all other environmental factors affecting parental risk attitude before the births of children.]  [6:  We derive a simple utility-based theoretical framework based on source preference (Chew and Sagi, 2008) in Appendix I to link risk aversion and son preference.] 

	We empirically test our hypotheses. The ordinary least squares (OLS) estimate is generally biased in estimating the effect of having sons or the gender composition of children on parental risk attitude, because the endowed risk attitude is unobserved and potentially correlated with the demand for sons. To address this omitted-variable bias, we use a well-known within-twin-pair fixed-effects (FE) estimator but generalize this method by relaxing its identification assumption. In the standard twin FE method, researchers assume that the within-twin-pair differences in children’s gender composition are uncorrelated with the within-twin-pair differences in any unobserved variable. That is, twins have exact same risk attitude, implying the correlation coefficient of the endowed risk attitude between twin siblings is 1. We relax the identification assumption in our economic inference. We assume that the endowed risk attitude is more similar between twin siblings than between two random strangers, which could be due to either genetic or environmental factors. More specifically, a sufficient condition for our identification is the correlation coefficient of the endowed risk attitude between twin siblings equals or is larger than 0.5.[footnoteRef:7] With the weaker assumption, we show that relative to the OLS estimates, the FE estimates provide a tighter lower bound on the effect of the presence of sons on parental risk attitude in terms of absolute value. Furthermore, comparing the FE and OLS estimates helps us identify the sign of the behavioral effect of endowed risk aversion on the demand for sons. As a result, our twin-based design can be used to empirically analyze not only the effect of the gender composition of children on parental risk attitude, but also the effect of endowed risk attitude on parental demand for sons. [7:  See the detailed discussion in Section 2 below.] 

In addition to the methodological innovation, we also address the concern of replicability, which has received increasing attention across different scientific disciplines such as genetics, psychology, and laboratory experimental economics (Lawrence et al., 2013; Open Science Collaboration, 2015; Camerer et al., 2016; Maniadis, Tufano, and List, 2014). To address this issue, we use two separate data sets of Chinese twin parents. In the first data set—the Chinese Adult Twin Survey (CATS)—we assess the risk attitude of the twin using an incentivized experimental task. In the second data set—the Longitudinal Chinese Child Twin Survey (LCCTS)—we use a choice-based questionnaire to assess the risk attitude of twins.
	We have two main findings. First, the within-twin-pair FE estimates indicate that the presence of sons significantly decreases the revealed risk aversion of parents. This finding supports our second hypothesis that sons are perceived to provide better security and decrease parental risk aversion. Second, we compare the FE and OLS estimates, and find that parents with more endowed risk aversion are more likely to have sons than parents with less endowed risk aversion. This finding supports our first hypothesis that stronger endowed risk aversion leads to greater son preference and more gender imbalance. Our two identified effects suggest a loop from preferences to outcomes, and then from outcomes to preferences, when considering behavioral dynamics.
To further test the insurance motive of son preference underlying these two hypotheses, we explore the heterogeneous effects of sons on parental risk aversion. First, we show that the presence of sons decreases the degree of risk aversion more for mothers than for fathers. This heterogeneous effect is consistent with the notion that mothers are more likely to rely on sons’ support and security in their old age. Second, we find that the negative effect of children’s gender composition on parental risk attitude exists only for parents working in the private sector. Compared to employees in the private sector, those in the public sector have better public insurance and high-quality old-age pension, (Meng, 2012), and hence have less demand for sons’ support in their old age. Overall, these two heterogeneous effects are both in line with our hypotheses linking risk aversion and son preference.
	Our paper contributes to the understanding of the causes of sex-ratio imbalance, which has been a subject of extensive studies by researchers and policy makers worldwide (Rosenzweig and Schultz, 1982; Ahn, 1995; Edlund, 1999; Oster, 2005; Lin and Luoh, 2008; Qian, 2008; Ebenstein and Leung, 2010). We study the insurance motive as a cause of the persistent son preference from the perspective of behavioral economics. In particular, Ebenstein and Leung (2010), which is the closest study to ours, find that the old-age pension program in rural China mitigates the gender imbalance in areas with better access to the program. By contrast, our paper provides direct experimental evidence to identify the causal relationship between parental risk attitude and the demand for sons, in which the presence of sons is regarded as a proxy for insurance.
	We also contribute to the literature on development economics (Rosenzweig and Schultz, 1982; Rosenzweig, 1988a, 1988b, 1993). Credit markets in developing countries are generally far from perfect (Rosenzweig, 1988a, 1988b, 1993). Therefore, families in these countries usually rely on their (extended) family for risk sharing. For instance, Rosenzweig (1988a) provides an example of the insurance motive in arranging the marriage of a daughter. We complement Rosenzweig’s (1988a) analysis by demonstrating an insurance motive in the parents’ demand for sons.
	Finally, our research contributes to the literature on family economics (Rao, 1993; Angrist, 2002; Chiappori, Fortin, and Lacroix, 2002; Wei and Zhang, 2011). Davies and Zhang (1995) are the first to model son preference using a constrained utility maximization framework by distinguishing between two sources of son preference—the differential gender return from the budget constraint and the pure son preference from the utility function. Our paper is the first to use a utility-based model to analyze son preference in the presence of risk, based on Chew and Sagi (2008) which models distinct parental risk attitudes depending on whether the child is a son or a daughter. This framework gives rise to an experimental and empirical basis for testing the implications of the insurance motive for the persistence of gender imbalance.
	Our results have major public policy implications. We suggest that the persistence of son preference may result partly from the historically low coverage of insurance and old-age pension systems, particularly in rural areas where son preference has tended to be more prevalent. The implementation of large-scale social insurance and old-age pension programs should offer an effective way to alleviate the deterioration of gender imbalance in these areas.
The rest of the paper is organized as follows. Section 2 discusses the econometric identification strategy. Section 3 describes the data, and Section 4 presents the estimation results. Section 5 concludes.
Empirical Strategy
1.1 Research Questions
This paper studies two closely related research questions to understand the relationship between risk attitude and son preference. On the one hand, parents with sons, ceteris paribus, will have a reduced risk aversion than parents with daughters, because sons provide more security. On the other hand, because of the need for insurance from sons, parents who are more risk averse, ceteris paribus, may prefer to have sons rather than daughters. Appendix I presents a source-dependent expected utility model to formally investigate the relationship between son preference and risk attitude.








	To study the first question, we specify the following linear structural equation relating parental risk attitude () of the th () twin in pair  to the gender composition of the subject’s children (), the subject’s observed characteristics (), the subject’s endowed risk attitude (), and a random shock ():

.                         (1)



We use  to measure the degree of the subject’s risk aversion after the births of his or her children. Empirically, we conduct an incentivized choice experiment to assess the degree of the risk aversion (), where a higher value of  means greater risk aversion.


	We use  to denote the gender composition of the subject’s children. Specifically, we construct three variables to measure the gender composition of children: (i) a dummy indicating whether there is at least one son, (ii) a dummy indicating whether the first child is a son, and (iii) the ratio of the number of sons to the number of children. We use the vector  to denote the subjects’ observed characteristics, such as family income and parental education that might affect the subject’s risk attitude.


	We use  to denote the subject’s “endowed” risk attitude, which is a hypothetical variable. The endowed risk attitude is defined as the unobserved risk attitude before the births of the subject’s children. Thus, it may reflect the influence of both genetic endowment and environmental factors before childbirths. Notably, the endowed risk attitude is observed by subjects but unobserved by researchers. Finally,  is a random shock to the subject’s risk attitude.








	Our first research question seeks to identify  in equation (1). Because the endowed risk attitude (), a hypothetical term, captures all influences of both genetic endowment and environmental factors on parental risk attitudes before childbirths, , which measures the causal effect of children’s gender composition on the degree of parental risk aversion. In this sense,  is a sufficient statistic. That is, conditional on ,  is i.i.d., and thus  provides a causal interpretation. Because sons provide old-age support and security to their parents, we expect to be negative.
	In China, the sex ratio at birth is traditionally biased toward males. Prior to the introduction of ultrasound B machines in the 1980s, infanticide was one of the main means of exercising gender selection (Coale and Banister, 1994; Scharping, 2002). Since then, the widespread use of ultrasound B machines has led to gender-abortion as a means to select the gender of a child (Ebenstein, 2010; Li, Yi, and Zhang, 2011). At the same time, parental endowed risk attitudes can affect the demand for sons, e.g., because sons provide security or insurance, parents who are more risk averse may have greater incentive to practice gender selection (Ebenstein and Leung, 2010).
	This brings us to our second research question concerning the relationship between parental endowed risk attitude and the demand for sons. We specify the following behavioral equation:

,                         (2)







where  and  are defined as in equation (1) above, and  is a vector of observed variables affecting the parental gender-selection behavior.[footnoteRef:8] Finally,  is a random shock to the subject’s gender selection. Without gender selection, a biological process determines the child’s gender. Moreover, gender-selection technology is not perfect since gender-selective abortion cannot ensure the gender of the next birth. It follows that  measures all random shocks in determining the child’s gender, conditional on parental risk attitude () and observed parental characteristics (). [8:  Some elements may appear in  but are not included in . For example, the availability of ultrasound B machines in the nearby community hospital for the household. This variable affects the cost of gender selection, but it is plausibly exogenous to the household’s risk attitude.] 




	In equation (2),  measures the causal effect of the endowed risk aversion on the demand for sons. Therefore, our second research question concerns the identification of . Because sons provide insurance for parents, parents who are more risk averse have a greater demand for sons. We expect  to be positive.
1.2 Empirical Challenges
Equations (1) and (2) form a recursive structure. Specifically, our analysis contains two types of parental risk attitudes. The first type is risk attitude before the birth of a child, which is unobserved to the researchers and defined as endowed risk attitude in our paper. Endowed risk attitude affects son preference due to the need for insurance from sons. The second type is risk attitude after the birth of a child, which is measured by our experiment. If the child were a son, parents would feel more insured or exhibit less risk aversion than if the child were a daughter.





	One empirical challenge concerns the unobservability of . Had we observed the subject’s endowed risk attitude, both  and  could be easily identified. However, endowed risk aversion is usually unobserved. Therefore, the OLS estimate of  in equation (1) is generally biased if the individual heterogeneity of  is ignored by regressing equations, such as the following:

.                    (3)
Using equations (1) and (2), 
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where .[footnoteRef:9]  is the covariance between  and , and  is the variance of . Thus,  is a biased estimate of . The bias with  is , which is equal to . [9:  We ignore the covariates of  below to simplify our discussion. ] 





The instrumental variable (IV) estimation method is generally applied to identify  in equation (1). Hypothetically, if a variable, which is included in  (equation (2)) but excluded from  (Equation (1)), is found, it can be used as an IV to identify. The IV should be correlated with parental demand for sons but uncorrelated with parental risk attitude. Empirically, finding this IV is difficult, if not impossible.
2.3 Empirical Identification
Our twin-based data in which parents are twins enable us to perform the identification. A major methodological innovation of our study is to relax the strong identification assumption in the standard twin method. The standard within-twin-pair FE estimations require the assumption that the within-twin-pair differences in the independent variable of interest (i.e., the children’s gender composition in our context) are uncorrelated with the within-twin-pair differences in any unobserved variable. Despite using the within-twin-pair FE method, the economic inference in our paper is actually derived from a weaker identification assumption that allows the unobserved to be correlated with the children’s gender composition.
We take the within-twin-pair difference of equation (1),

,               (5)


where  is an operator of within-twin-pair difference. Because  is still unobserved, we can only estimate the following equation:

.               (6)

The within-twin-pair FE estimate in equation (6) becomes:

,                   (7)












where  is the covariance between  and , and  is the variance of . Generally speaking,  is also a biased estimate of . The bias with the within-twin-pair FE estimate is that , which is equal to . The literature on the twin method usually assumes that both twin siblings share identical endowments (); in this case, . In this extreme case, the within-twin-pair FE estimate is unbiased, such that .

This paper relaxes the strong assumption—common in the literature—that twin siblings share identical endowments. Conceptually,  in equation (1) measures not only the genetic endowment of risk aversion, but also the prenatal factors influencing parental risk attitude. The genetic endowments are not necessarily identical even between MZ twins. Furthermore, sibling-specific shocks to risk attitude, which may affect parental gender-selection decisions if they occur prior to the births of their children, may exist. Therefore, within-twin-pair FE estimation cannot completely eliminate the bias resulting from unobserved heterogeneity in the endowed risk attitude.



	We develop a weaker assumption than the conventional assumption in the literature to tighten the lower bound of  in terms of absolute value, and identify the signs of both  and .


Identification Assumption. The endogenous variation of the gender composition of children, induced by the endowed risk aversion within twin pairs, is smaller than that across twin pairs; that is, .














This assumption is unlikely to be violated. Specifically, we check the magnitude of the four terms, namely, , , , and . The latter two terms,  and , are observed, whereas the other terms,  and , are not. We first examine the two observed terms, namely,  and . Our variables of interest are (i) having at least one son, (ii) the first child being a son, and (iii) the fraction of sons out of all children. Based on our estimation sample described below,  equals 0.49, 0.50, and 0.46 in terms of the three variables used to measure the gender composition of children, respectively. By contrast,  equals 0.72, 0.81, and 0.73 in terms of the same three variables, respectively. Therefore, .


	We then examine the two unobserved terms, namely,  and . We note that

















If we assume that  and  are drawn from the same distributions for twin siblings, then  and . The endowed risk attitude is correlated with twin siblings because of the shared genetic endowments and family background. We use  to denote the correlation coefficient between  and . Therefore,  if and only if . Essentially, the standard within-twin-pair fixed-effects estimations in the literature assume that . Thus, , and  is always less than . Here, the identification assumption is automatically satisfied, and the within-twin-pair FE estimates are unbiased. By contrast, a sufficient condition for our identification assumption is  when , which is much weaker than the existing identification assumption in the literature.[footnoteRef:10] [10:  It would be a necessary condition if . Furthermore, the larger the difference (), the lower the correlation coefficient () is needed for our identification. Based on adult twin data,  and  when we use the variable of having at least one son to measure children gender composition. In this case, the necessary and sufficient condition for our identification is .] 





	We cannot directly observe the endowed risk attitudes of twin siblings, i.e.,  and . Zhong et al. (2009) show a similar risk attitude in twins. In both of our twin samples, the correlation coefficients in risk attitude between Chinese twins are above 0.75. Generally, the correlation in endowed risk attitudes should be higher than the correlation in the risk attitude measured in adulthood between identical twins, because the latter contains accumulated shocks to the risk attitude of an individual over a life cycle. Therefore,  should be larger than 0.5, and .


In summary, with respect to the inequality  in the identification assumption, the denominator on the left-hand side is large, and the numerator on the left-hand side is small. Hence, the identification assumption, , is unlikely to be violated.
We derive the following proposition based on this identification assumption:











Proposition. Under the identification assumption, the FE estimate can tighten either the lower bound or the upper bound of  in terms of absolute value, and identify the signs of both  and . Specifically, when  and , we conclude that (i) , (ii) , and (iii)  is a less biased estimate of  than , by providing a tighter lower bound of the negative effect of the gender composition of children on parental risk aversion.[footnoteRef:11] [11:  Other cases may be analyzed in a similar way. The case analyzed in the proposition corresponds to the empirical results presented in our paper.] 





The proof is presented in Appendix II. We can identify the signs of both structural parameters of (i) the effect of the children’s gender composition on parental risk attitude at the survey time (), and (ii) the effect of the endowed risk attitude on parental demand for sons (). We exercise caution in the indirect inference of the sign of  by comparing the OLS and FE estimates. In equation (1), we take the unobserved cross-individual heterogeneity to be the endowed risk attitude, which serves as a sufficient statistic.
Data
The data sets used in this study come from two sources. The first data set is based on the Chinese Adult Twin Survey (CATS) in 2002. We conducted an incentivized experiment on a subsample of the twins from the CATS in 2008. The second data set is based on the second wave of the Longitudinal Chinese Child Twin Survey (LCCTS) in 2013.
3.1 The Chinese Adult Twin Survey
The CATS was conducted by the Urban Survey Unit of the National Bureau of Statistics in June 2002 and July 2002 in the urban areas of five cities in China, namely, Chengdu, Chongqin, Harbin, Hefei, and Wuhan. The CATS is supported by the Research Grants Council of Hong Kong. The CATS covers a wide range of demographic, social, and economic information, and is based on existing twin questionnaires from the United States and other sources. The questionnaire was designed by one of the authors of this paper and Chinese experts at the NBS. The local statistical bureaus identified adult twins between the ages of 18 and 65. The questionnaires were completed through face-to-face personal interviews. Both the process of conducting the survey and the inputting of data were closely monitored by one of the authors of this paper. The CATS is the first socioeconomic survey on twins in China and perhaps Asia. For a detailed description of the CATS, see Li et al. (2007), Huang et al. (2009), Li, Rosenzweig, and Zhang (2010), and Li, Liu, and Zhang (2012), who use the CATS in their empirical analyses.
	We conducted an incentivized experiment in 2008 on a subsample of twins from the CATS to measure the subject’s risk attitude. The experiment was financially supported by a grant from the Hong Kong University of Science and Technology. Due to budget constraints, we conducted the experiments only in Hefei and Wuhan, the capital cities of Anhui and Hubei Provinces, respectively.[footnoteRef:12] Our sample was composed of 48 pairs (96 individuals) of monozygotic (identical) twins with children. [12:  Seventy-seven percent of the twins in CATS are sampled from Wuhan and Hefei.] 



One approach to measuring risk attitudes is through a simple experimental elicitation known as the price-list design (Holt and Laury, 2002), in which subjects make an ordered array of binary choices. We conducted a pilot study using the price-list design, and we observed a large proportion of subjects with multiple-switching behavior, which suggests that non-student subjects may have difficulties in understanding the task. We learned from the pilot experiment, and subsequently used a simplified version of this procedure in the present study to assess the subjects’ risk attitudes. More specifically, subjects chose between an even-chance lottery of receiving ¥40 and receiving zero, or receiving a guaranteed ¥20.[footnoteRef:13] Subjects were incentivized for their choice in this comparison.[footnoteRef:14] As their decisions reveal, a subject’s valuation of the gamble is categorized as risk aversion if he chose certainty ( in equation (1)), and risk seeking if he chose the lottery ().[footnoteRef:15] Chew et al. (2016) discuss the procedure and instructions of our experiment in detail.  [13:  The exchange rate in 2008 is USD1≈ ¥6.8.]  [14:  In these two cities, the minimum wage per hour for a full-time employee is ¥6.5, and the average wage per hour is ¥9.5 (NBS, 2009). The expected gain from this simple game is ¥20, which is much higher than their alternative hourly wage. This finding suggests that the participants have a non-negligible incentive to make decisions in the experiment.]  [15:  Should lotteries with smaller probabilities be used, the majority of subjects would be risk seeking. In this setting, we would need to go beyond the expected utility framework and consider the role of nonlinear probability weighting. We leave this issue for future studies.] 

	Columns (1)-(2) in Table 1 report the means and standard deviations of the main variables based on the experimental sample. The socioeconomic variables are derived from the CATS. As the table shows, 43 percent of the subjects chose the certain amount of ¥20 over the gamble. The sex ratio of children is 52 percent, which is biased toward sons, although only 49 percent of first-born children are boys. Moreover, 60 percent of the families have at least one son. After combining the three measures of the children’s gender, we find that gender-selection behavior tends to be focused on high birth parities. We use a relatively old adult-twins sample with a mean age of 52. The children were born before the one-child policy; thus, the issue of the use of fertility drugs on the occurrence of twins is not a concern. Most of the children of these adult twins were born before the one-child policy was implemented in 1979. Therefore, most of these adult twins have more than one child. Coale and Banister (1994) report on the five decades of missing women in China. They conclude that gender selection was prevalent in China even before 1979. Only one third of our subjects are males. Their educational attainments are categorized into three levels: middle school or below (omitted baseline group), high school, and technical school and college.[footnoteRef:16] The mean annual family income in our sample is ¥19,800. [16:  Because only four individuals finished technical school, we categorize technical school and college as one group.] 

	Because our experiment was conducted on a subsample of the CATS, columns (3)-(4) in Table 1 report the means and standard deviations of the main socioeconomic variables in the CATS. We include twin pairs with children as of 2002. Furthermore, for comparison, non-twin households in the five cities were taken from regular households with whom the UHS conducts regular monthly surveys. The summary statistics of the main variables for the UHS non-twin sample are reported in columns (5) and (6). Comparing the CATS sample with the UHS non-twin sample, the subjects in the experimental sample are older and more likely to be female. Due to budget constraints, we were only able to contact a small proportion of twins in the 2008. We invited these twins to participate in the experiment in hotels. The older and female twins were more likely to be contacted and to accept our invitations.
3.2 The Longitudinal Chinese Child Twin Survey
In additional to the CATS data, we use the LCCTS data. Compared to the CATS, the benefits of using the LCCTS are three-fold. First, the LCCTS sample size is larger. Second, the LCCTS includes twins from both rural and urban areas, whereas twins in the CATS come only from urban areas. Third, all children of twins in the LCCTS were born after the one-child policy.
	The LCCTS is the first census-type longitudinal household survey on twins conducted by the Urban Survey Unit of the National Bureau of Statistics. The first wave of the survey was conducted in late 2002 and early 2003 in Kunming, China.[footnoteRef:17] The twins were then between the ages of 6 and 18. A follow-up survey on the households surveyed in the first wave was conducted in 2013; the twins were now between the ages of 17 and 29. Some of the twins in the LCCTS had married and had had their own children by 2013. [17:  Kunming is the capital city of Yunnan and has a total population of approximately five million. Yunnan is a less-developed province located in the far southwestern corner of China.] 

	In the first wave in 2002, the households were initially identified by the USU based on the 2000 population census according to whether children had the same birth year and month, and whether children had the same relationship with the household head. The addresses of these households were then obtained from the census office, and a visit to the household verified the presence of twins. Therefore, the LCCTS is a census-type survey on twins. The survey covers an extensive range of information on demographic, social, and economic characteristics at both the household and individual levels. In our analysis, we restrict the LCCTS sample to both twin siblings who had married and had had their own children by 2013, for a total of 122 pairs of twins (224 individuals). For a detailed description, see Rosenzweig and Zhang (2009), Yi et al. (2015), and Yi (2016), who use the LCCTS in their empirical analyses.
	We have designed a survey question to measure the subject's risk attitude in the second wave of the LCCTS: “Suppose that there is a business to run; which of the following two options do you prefer? (a) A sure profit of RMB 10,000; (b) a 50% chance with a profit of RMB 20,000 and a 50% chance that you will earn nothing.” We categorize the subject as risk averse (in equation (1)) if he or she chose (a). Similar hypothetical questions are used in Kahneman and Tversky (1979), since “the method of hypothetical choices emerges as the simplest procedure by which a large number of theoretical questions can be investigated”. Recently, Dohmen et al (2011) compare various measurements of risk preference and their economic consequences. In particular, they include a hypothetical lottery question on investment decision of an endowment of €100,000, and show that the risk attitude elicited from hypothetical lottery predicts decisions in the financial domain. While we are aware that method of using hypothetical questions is not a perfect substitute for elicitation of risk preferences using incentivized experiments, we view it as a complement for our experiment with a real incentive in the CATS data.
	Columns (7)-(8) in Table 1 report the means and standard deviations of the main variables in the LCCTS. As shown in the table, 53 percent of subjects chose option (a). The statistics suggest that the sex ratio of the twin subjects’ children is biased toward boys. Specifically, the sex ratio of the twin subjects’ children is 53 percent; 54 percent of their first-born children are boys; and 56 percent of the twin subjects have at least one son. The average age of twin subjects in the LCCTS is 25, as shown in column (7); all of their children were born after the one-child policy. Li, Yi, and Zhang (2011) discuss the cause of the gender imbalance in China since 1979. Column (7) also shows that only 41 percent of the twin subjects are male. The reason for the low percentage is that females tend to marry earlier in China. Furthermore, 5 percent of the twin subjects are high school graduates, and 9 percent are college graduates. The reason for the low education of the twins is two-fold. First, the LCCTS encompasses both rural and urban twins. Second, less-educated subjects are more likely to get married earlier, and consequently to have children at younger ages.
Estimation Results
This section reports and discusses our estimation results. We first present the basic results of the OLS and the FE estimates. Subsequently, we conduct two heterogeneous analyses by examining the effects of children’s gender composition on mothers and fathers, respectively, and the insurance motive of the son preference. We finally discuss potential pitfalls and scientify validity.
4.1	Basic Results
The dependent variable is the measured parental risk aversion after having children. The independent variable is the gender composition of their children, for which we have three measures: (i) having at least one son, (ii) the first child being a son, and (iii) the ratio of sons to all children. These measures give rise to three regression specifications.
	Using the CATS data, Table 2 reports the OLS and the FE estimates of the effects of children’s gender composition on parental risk aversion. Given the small size of our sample, we report bootstrapped standard errors throughout the paper. Our regression results remain robust when we use a permutation method to correct for potential bias with standard errors arising from the small sample. Columns (1)-(3) of Table 2 present the OLS estimates. The estimated coefficients of these three variables are consistently negative but statistically insignificant. Risk aversion initially decreases and then increases with age. Males are more risk seeking than females. However, the estimates are statistically insignificant in all three specifications.
Columns (4)-(6) of Table 2 present the FE estimates, and are parallel to columns (1)-(3). All three estimates of the effects of children’s gender composition are statistically significant at the 10 percent level despite the relatively small sample size; these estimates are consistent across the three columns. We compare the three estimates and find that having at least one son has the largest negative effect on parental risk aversion. The differences between the FE and the OLS estimates are statistically significant. For example, given the null hypothesis that the FE estimate equals the OLS estimate with respect to having at least one son, the Wald cross-equation test statistic is significant at the 10 percent level.
Table 3 replicates Table 2 by using the LCCTS data. The results in Table 3 are qualitatively similar to those in Table 2. Columns (1)-(3) report the OLS estimates. The U-shaped relationship between age and risk aversion is more significant in Table 3 than in Table 2. The estimated coefficients of both age and age-squared variables are statistically significant, as shown in columns (1)-(3). Males are less risk averse than females, and the estimates are statistically significant at the 10 percent level in all three specifications. Finally, subjects with at least a college education are less risk averse than those with at most a middle school education. The estimates are statistically significant at the 5 percent level across all specifications in columns (1)-(3).
The FE estimates are reported in columns (4)-(6). Consistent with the results reported in Table 2, all three estimates of the effects of children’s gender composition are statistically significant at least the 10 percent level. The differences between the FE and the OLS estimates are also statistically significant in Table 3. The LCCTS used the survey question to measure risk attitude, whereas we conducted an incentivized experiment to measure risk attitude with the CATS data. Thus, we carry out Durbin-Wu-Hausman tests between Tables 2 and 3 with respect to columns (4)-(6). We find that the FE estimates are not statistically significant. The results suggest that soliciting risk preference through survey questions is also valid in our study.




Following the proposition in Section 2, we can identify the signs of the structural parameters of both  and  by comparing the FE estimates (columns (4)-(6)) with the OLS estimates (columns (1)-(3)) in both tables. Both the FE and OLS estimates are negative, but the FE estimates are more negative. We have three main conclusions. First,  is negative; that is, having sons significantly decreases the degree of parental risk aversion. Second,  is positive; that is, the endowed risk aversion increases the demand for sons. These two findings are consistent with our theoretical predictions. Finally, since the FE estimates provide a lower bound of the negative effect of children’s gender composition on parental risk aversion in terms of absolute value, they are thus less biased than the OLS estimates.
4.2	Heterogeneous Effects by Mothers and Fathers
This section examines the effects of children’s gender composition on maternal and paternal risk attitudes. We expect the presence of sons to have a greater effect on risk seeking for mothers than fathers, because mothers are more likely to rely on sons’ support and security in their old age. This reliance derives from mothers usually living longer than fathers, and from fathers generally being the main breadwinners in China. Men are more likely to be formally employed, and consequently to have pensions.
	The results reported in Table 4 are consistent with our prediction. Because the CATS sample is too small to divide into subsamples, we use only the LCCTS data only. Columns (1)-(3) report the estimates for mothers, and columns (4)-(6) for fathers. Relative to columns (4)-(6), the magnitudes of the estimated coefficients on children’s gender composition in columns (1)-(3) are bigger. Furthermore, the estimates in columns (1)-(3) are statistically significant at least the 5 percent level, whereas the estimates in columns (4)-(6) are statistically insignificant.[footnoteRef:18] Therefore, the effect of children’s gender composition on risk attitude is greater for mothers than fathers. The results support our hypothesis on the insurance motive for son preference. [18:  We exercise caution in the comparison, because the sample size of the male-twin pairs is smaller than that of the female-twin pairs.] 

4.3	Heterogeneous Effects by Public and Private Sectors
This section examines the insurance motive for son preference. The FE estimates in Tables 2 and 3 show that the presence of sons decreases the degree of parental risk aversion. Furthermore, compared to the FE estimates, the OLS estimates are positively biased. We interpret these results as an insurance motive for son preference. On one hand, parents with sons, ceteris paribus, are more risk seeking than parents with daughters, because sons provide more security. Thus, the FE estimates are negative. On the other hand, parents who are more risk averse before the birth of their child, ceteris paribus, may prefer to have sons. Thus, children’s gender composition and the endowed parental risk aversion are positively correlated in equation (1) above, leading to the OLS estimates being positively biased.
	We design a test for the insurance motive for son preference.[footnoteRef:19] Employees in the public sector in China have public insurance and high-quality old-age pension (Meng, 2012). By contrast, employees in the private sector do not have either public insurance or old-age pension. If the insurance motive is driving our results, the effect of children’s gender composition on parental risk attitude should be insignificant for parents working in the public sector. [19:  We appreciate an anonymous referee’s suggestion of testing the insurance motive for son preference.] 

	Columns (1)-(3) in Table 5 report the results using the CATS data. We conduct the FE estimation of equation (6) by adding two variables. One is a dummy variable equal to one if the subject is working in the public sector, and equal to zero otherwise. The other variable is an interaction term of the measure of children’s gender composition and the dummy variable for public sector. The estimation result is consistent with our prediction. The effect on parental risk aversion for those working in the private sector is measured by the estimated coefficients of the three measures of children’s gender composition. These three estimates are statistically significant. The effect for parents working in the public sector is measured by the sum of two estimated coefficients—the coefficient of the measure of children’s gender composition, and the coefficient of the interaction term. The coefficients of the interaction terms are positive across the three specifications. Thus, the negative effect of children’s gender composition on parental risk aversion is less severe for those working in the public sector. Furthermore, we conduct three F-tests, and find that the effect for parents working in the public sector is statistically insignificant, as shown in columns (1)-(3).
	We further conduct a test to distinguish the insurance-incentive hypothesis from another competing hypothesis, namely, a motive to see their sons married. Specifically, the competitive marriage market for males might drive the positive effect of sons on parental risk seeking. As the sex ratio increases, the competition in the marriage market becomes fiercer for sons. Therefore, parents of sons become more aggressive in order to enhance their sons’ chances in the marriage market. 
	To test the two hypotheses of insurance motive and the motive for sons’ marriage, we added two variables to the FE estimation of equation (6). One is a dummy variable equal to one if all children are married, and equal to zero otherwise. We then interact this dummy variable with the measure of children’s gender composition. Should our results be driven by the marriage motive, we predict a weaker negative effect of sons on parental risk aversion for parents whose children are married than for parents whose children are unmarried since parents have less worries about their children’s marriages once their children are married. Therefore, the marriage-motive hypothesis predicts that the coefficient of the interaction term is positive. On the other hand, should our results be driven the insurance motive, married sons are perceived to provide more security for their parents; hence the coefficient of the interaction term is negative. Columns (4)-(6) of Table 5 show that the coefficients of the interaction terms are negative across all three specifications. These results are consistent with the insurance-motive hypothesis, and inconsistent with the marriage-motive hypothesis. However, we note that the estimates reported in Columns (4)-(6) in Table 5 are statistically insignificant.
	Columns (7)-(9) in Table 5 replicate columns (1)-(3) using the LCCTS data. The results are consistent with the insurance-motive hypothesis. Specifically, the estimated coefficients of the interaction terms are positive and statistically significant, suggesting that the negative effect of children’s gender composition on parental risk aversion is muted when parents work in the public sector. 
We further analyze the effects of children’s gender composition on parental risk aversion by rural and urban subsamples using the LCCTS data. Given that rural residents do not usually have public insurance or old-age pensions, we predict a stronger effect for the rural subsample. Our empirical results confirm this prediction. Because the rural indicator and the public sector indicator are highly correlated, we report only the results using the latter indicator in columns (7)-(9). Finally, because all children of twins are young and unmarried in the LCCTS, we are not able to replicate columns (4)-(6) using this data set.
4.4 Potential Pitfalls
The within-sibling FE estimator, especially the within-twin-pair estimator, has been used to identify causal relationships in labor economics for some time, following Behrman and Taubman’s (1976) seminal study on the economic returns to education. Griliches (1979) was the first to provide a rigorous treatment of the sibling models and data in econometric research, but this method has received criticism in the literature. Behrman and Rosenzweig (1999) and Bound and Solon (1999) discuss twin-based estimators in a special issue of the Economics of Education Review.
	The literature proposes two major concerns with the within-twin-pair FE estimator. One concern is that the assumption of the within-twin-pair differences in the independent variable being uncorrelated with any unobserved variable between the twin siblings is too strong. Our identification strategy relaxes this assumption. The other concern is the possible effect of measurement errors with respect to whether the FE estimator is more fragile than the OLS estimator (Griliches, 1979; Bound and Solon, 1999). Unlike in other studies, such as studies on estimating the returns to schooling, measurement errors may not be an issue in our analysis. First, the quality of our twin data is high, as discussed below.[footnoteRef:20] Second, parents are less likely to misreport the number and gender of their children than to misreport schooling years. Finally, the magnitude of FE estimates is consistently larger than that of OLS estimates in terms of absolute values, as presented below. Therefore, the attenuation bias induced by measurement errors is likely not applicable to our study. [20:  See Li, Liu, and Zhang (2012) for a detailed description of the quality of CATS data. For example, the correlation between the self and the cross-twin sibling’s reported schooling years is 0.94, which is higher than that in other major twin survey data in economic research, such as the Twinsburg Data and the Minnesota Twin Registry.] 

4.5 Scientific Validity
Conducting experiments on twins is scientifically valuable because twins share similar genetic endowments and family background, thereby providing a unique natural experimental setting. The within-twin comparison removes the unobserved confounders to a large degree (Behrman and Rosenzweig, 1999). However, implementing experiments on a large sample, especially with twins, is difficult. Sample size has been a concern, particularly for studies involving controlled experiments (see, e.g., List, Sadoff, and Wagner, 2011 and Maniadis, Tufano, and List, 2014). For example, List, Sadoff, and Wagner (2011) suggest that the reliance on statistical significance as the sole criterion can lead to an excessive number of false positives. They further propose additional inferential information including the observed p-values, the power of the design, and the prior probability of the hypothesis. For instance, given the significance level of 0.05, the power of 0.80, and the prior change in the outcome variable of half a standard deviation, the sample size in each treatment cell should be at least 64. 
Although our study relies on two relatively small samples (the CATS sample with 48 pairs of twins and the LCCTS sample with 122 pairs of twins), we believe that the inference from our data is reliable. First, the sample size of the experimental CATS data, although small, is marginally acceptable with a significance level of 0.1 because the size of our estimated effect is about half a standard deviation of the outcome variable, as reported below.[footnoteRef:21] Second, the sample size of the LCCTS used in our analysis is sufficiently large based on the criteria in Maniadis, Tufano, and List (2014). Third, the twin design may be regarded as a within-subject design, because twin siblings share similar genetic endowments and family background. List, Sadoff, and Wagner (2011) show that fewer subjects are needed for a within-subject design if the individual fixed effects are uncorrelated with the treatment effect. Although a twin design is similar to a within-subject design, the twin design does not suffer from the disadvantages associated with the within-subject design, such as history and learning effects, and sensitization to perceived dependencies across trials.[footnoteRef:22] [21:  Using equation (5) in List, Sadoff, and Wagner (2011), the minimum number of observations in each treatment cell is about 49 if (i) the significance level is 0.10, (ii) the power is 0.80, and (iii) the prior change in the outcome variable is half a standard deviation.]  [22:  The concern with the twin design is that twin siblings are not identical, which we discuss above.] 

Replicability of scientific findings has been an increasing concern across different fields. For example, Open Science Collaboration (2015) conducted replications of 100 experimental studies published in three psychology journals, and showed that 97 percent of original studies had statistically significant results, whereas 36 percent of replications had statistically significant results. Camerer et al. (2016) replicated 18 studies published in two top journals in economics, and showed that the replication rate is about 67 percent to 78 percent. Relating to the difficulty in replication, List, Shaikh, and Xu (2016) discuss multiple hypothesis testing, and offer a powerful correction procedure that incorporates three common threats in the field experimental economics including jointly identifying treatment effects for a set of outcomes, estimating heterogeneous treatment effects through subgroup analysis, and conducting hypothesis testing for multiple treatment groups. In this regard, multiple hypothesis testing is less of concern in our study, as we test one single hypothesis that links risk aversion to son preference. Relatedly, Maniadis, Tufano, and List (2014) further demonstrated that the probability of false positives decreases with replication studies (see also Levitt and List, 2009). In our study, the LCCTS can be regarded as a replication of the CATS. Although the LCCTS and CATS were both conducted by the same principal investigators, the two samples were collected separately in different periods of time and for different research purposes. In addition, we carry out the analyses of the LCCTS after the initial findings using the CATS. In sum, the within-twin-pair FE estimator coupled with a replication enhances the scientific reliability of our empirical results.

Conclusion
This paper studies the relationship between parental risk aversion and son preference. On the one hand, parents with sons may be less risk averse than parents with daughters because sons provide support and security for their elderly parents in traditional patriarchal societies. On the other hand, families with greater endowed risk aversion may have a stronger demand for sons than families with less endowed risk aversion. Therefore, the OLS estimates are generally biased because of the unobserved heterogeneity in endowed risk aversion. We elicit the risk attitudes of Chinese twin parents together with a within-twin-pair FE estimator to address the concern relating to the omitted-variable bias. Assuming endowed risk aversion is similar across twin siblings, the FE estimates will be less biased than the OLS estimates in rendering a causal interpretation of our findings. In this sense, our FE estimates indicate that having sons significantly decreases parental risk aversion. Moreover, we compare the OLS and the FE estimates, and show that families with greater endowed risk aversion indeed have a stronger demand for sons.
The identified positive effect of endowed risk aversion on the demand for sons offers an explanation for the origin of son preferences and the increased sex ratios in East Asian countries such as China, India, and Vietnam, . in which pParents in traditional patriarchal societies tend to exhibit a demand more for sons than for daughters to protect them against  socioeconomic risksenvironmental, health, economic, and social risks. Furthermore, the positive effect of endowed risk aversion on the demand for sons implies that the increasing sex ratios in East Asian countries such as China, India, and Vietnam may in part be systematically related to the socioeconomic risks in these countries.On the other, the increase sex ratio may increase the bargaining power of females (Chiappori, Fortin, and Lacroix, 2002). For example, Bulte, Tu and List (2015) observe a positive correlation between sex ratios and female bargaining power in China. In this regard, increased sex ratio may increase the bargaining power of the daughter to support of her own elderly parents, which may in turn reduce son preference in long run.  More broodingly speaking, tThere is scope for future work on related issues with larger sample sizes, more complete social, economic, and demographic data, and more comprehensive measures of preferential traits elicited in incentivized choice experiments.
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Table 1: Summary Statistics of Main Variables Using the Chinese Adult Twin Survey (CATS) and Longitudinal Chinese Child Twin Survey (LCCTS)

	
	Experimental Sample
	CATS
	UHS
	LCCTS

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)

	Variables
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Risk-attitude measure
	
	
	
	
	
	
	
	

	Risk aversion
	0.43
	0.33
	
	
	
	
	0.46
	0.35

	
	
	
	
	
	
	
	
	

	Children’s gender composition
	
	
	
	
	
	
	
	

	Have at least one son
	0.60
	0.49
	0.58
	0.49
	0.55
	0.50
	0.56
	0.50

	The first child is a son
	0.49
	0.50
	0.52
	0.50
	0.51
	0.50
	0.54
	0.50

	Sex ratio (sons / all children)
	0.51
	0.46
	0.53
	0.46
	0.51
	0.48
	0.53
	0.49

	
	
	
	
	
	
	
	
	

	Covariates
	
	
	
	
	
	
	
	

	Age
	51.92
	9.07
	47.52
	3.95
	44.39
	7.81
	24.87
	2.91

	Male
	0.33
	0.47
	0.47
	0.50
	0.42
	0.49
	0.41
	0.49

	High school
	0.43
	0.50
	0.33
	0.46
	0.31
	0.46
	0.05
	0.23

	College and above
	0.27
	0.45
	0.21
	0.40
	0.38
	0.48
	0.09
	0.28

	Family annual income (RMB 1,000)
	19.80
	17.52
	18.00
	15.39
	17.64
	11.97
	35.20
	48.65

	Public sector
	0.42
	0.50
	0.36
	0.47
	0.46
	0.50
	0.11
	0.31

	All children married
	0.16
	0.36
	0.09
	0.29
	0.07
	0.25
	
	

	
	
	
	
	
	
	
	
	

	Observations
	96
	766
	1530
	244



Data source: Columns (1)-(2): the experimental sample is based on the CATS; Columns (3)-(4): both twin siblings have children in the CATS; Columns (5)-(6): adults have children in the UHS in the same cities as in the CATS; Columns (7)-(8): both twin siblings have children in the second wave of the LCCTS.


Table 2: OLS and Within-Twin-Pair FE Estimates of the Effects of the Gender Composition of Children on Parental Risk Attitude, Using the Chinese Adult Twin Survey (CATS)

	
	Dependent variable: Parents are risk averse

	
	
	
	

	
	OLS
	
	FE

	
	(1)
	(2)
	(3)
	
	(4)
	(5)
	(6)

	Have at least one son
	-0.087
	
	
	
	-0.203*
	
	

	
	[0.104]
	
	
	
	[0.118]
	
	

	The first child is a son
	
	-0.084
	
	
	
	-0.147*
	

	
	
	[0.101]
	
	
	
	[0.080]
	

	Sex ratio 
	
	
	-0.046
	
	
	
	-0.166*

	(sons / all children)
	
	
	[0.127]
	
	
	
	[0.091]

	Age
	-0.100
	-0.097
	-0.093
	
	
	
	

	
	[0.063]
	[0.068]
	[0.070]
	
	
	
	

	Age-squared (1/100)
	0.097*
	0.093
	0.089
	
	
	
	

	
	[0.058]
	[0.064]
	[0.063]
	
	
	
	

	Male
	-0.077
	-0.080
	-0.076
	
	
	
	

	
	[0.126]
	[0.102]
	[0.113]
	
	
	
	

	High school
	-0.016
	-0.006
	-0.017
	
	-0.132
	-0.147
	-0.145

	
	[0.154]
	[0.126]
	[0.129]
	
	[0.253]
	[0.237]
	[0.203]

	College and above
	0.019
	0.025
	0.020
	
	-0.192
	-0.218
	-0.212

	
	[0.169]
	[0.147]
	[0.156]
	
	[0.286]
	[0.267]
	[0.235]

	ln (Family annual 
	-0.044
	-0.043
	-0.042
	
	-0.116
	-0.13
	-0.117

	income)
	[0.075]
	[0.078]
	[0.085]
	
	[0.074]
	[0.101]
	[0.124]

	
	
	
	
	
	
	
	

	Observations
	96
	96
	96
	
	96
	96
	96

	Twin pairs
	
	
	
	
	48
	48
	48

	R-squared
	0.110
	0.110
	0.105
	
	0.137
	0.112
	0.114



Note: Bootstrapped standard errors are in brackets; * significant at the 10 percent level; ** significant at the 5 percent level; *** significant at the 1 percent level; a city dummy is included in each OLS estimation. Data source: the experimental sample based on the CATS.



Table 3: OLS and Within-Twin-Pair FE Estimates of the Effects of the Gender Composition of Children on Parental Risk Attitude, Using the Longitudinal Chinese Child Twin Survey (LCCTS)

	
	Dependent variable: Parents are risk averse

	
	
	
	

	
	OLS
	
	FE

	
	(1)
	(2)
	(3)
	
	(4)
	(5)
	(6)

	Have at least one son
	-0.019
	
	
	
	-0.177*
	
	

	
	[0.065]
	
	
	
	(0.0911)
	
	

	The first child is a 
	
	-0.056
	
	
	
	-0.235***
	

	son
	
	[0.065]
	
	
	
	(0.0881)
	

	Sex ratio 
	
	
	-0.041
	
	
	
	-0.214**

	(sons / all children)
	
	
	[0.066]
	
	
	
	(0.0894)

	Age
	0.207***
	0.202***
	0.205***
	
	
	
	

	
	[0.076]
	[0.075]
	[0.075]
	
	
	
	

	Age-squared (1/100)
	-0.376***
	-0.367***
	-0.373***
	
	
	
	

	
	[0.139]
	[0.136]
	[0.137]
	
	
	
	

	Male
	-0.120*
	-0.119*
	-0.120*
	
	-0.154
	-0.150
	-0.156

	
	[0.065]
	[0.065]
	[0.065]
	
	(0.101)
	(0.0995)
	(0.100)

	High school
	0.153
	0.160
	0.158
	
	-0.099
	-0.107
	-0.091

	
	[0.144]
	[0.143]
	[0.143]
	
	(0.268)
	(0.264)
	(0.266)

	College and above
	-0.278**
	-0.281**
	-0.279**
	
	-0.493***
	-0.482***
	-0.490***

	
	[0.108]
	[0.109]
	[0.109]
	
	(0.164)
	(0.161)
	(0.162)

	ln (Family annual 
	-0.001
	-0.000
	-0.001
	
	-0.003
	-0.004
	-0.005

	income)
	[0.018]
	[0.018]
	[0.018]
	
	(0.028)
	(0.027)
	(0.027)

	
	
	
	
	
	
	
	

	Observations
	244
	244
	244
	
	244
	244
	244

	Twin pairs
	
	
	
	
	122
	122
	122

	R-squared
	0.058
	0.061
	0.060
	
	0.114
	0.138
	0.129



Note: Robust standard errors are in brackets; * significant at the 10 percent level; ** significant at the 5 percent level; *** significant at the 1 percent level. Data source: both twin siblings have children in the second wave of the LCCTS.

Table 4: Within-Twin-Pair FE Estimates of the Effects of the Gender Composition of Children on Parental Risk Attitude, Using the Longitudinal Chinese Child Twin Survey (LCCTS) by Mothers vs. Fathers

	
	Dependent variable: Parents are risk averse

	
	
	
	

	
	Mother
	
	Father

	
	(1)
	(2)
	(3)
	
	(4)
	(5)
	(6)

	Have at least one son
	-0.337**
	
	
	
	-0.191
	
	

	
	[0.133]
	
	
	
	(0.234)
	
	

	The first child is a 
	
	-0.364***
	
	
	
	-0.279
	

	son
	
	(0.133)
	
	
	
	(0.206)
	

	Sex ratio 
	
	
	-0.354**
	
	
	
	-0.250

	(sons / all children)
	
	
	(0.133)
	
	
	
	(0.224)

	High school
	-0.293
	-0.291
	-0.292
	
	-0.198
	-0.198
	-0.215

	
	[0.373]
	(0.370)
	(0.371)
	
	(0.686)
	(0.650)
	(0.667)

	College and above
	-0.664***
	-0.633***
	-0.650***
	
	-0.696*
	-0.600*
	-0.654*

	
	[0.218]
	(0.214)
	(0.216)
	
	(0.529)
	(0.519)
	(0.523)

	ln (Family annual 
	0.038
	0.0394
	0.0388
	
	0.0537
	0.0559
	0.0582

	income)
	[0.043]
	(0.0427)
	(0.0429)
	
	(0.0878)
	(0.0798)
	(0.0836)

	
	
	
	
	
	
	
	

	Observations
	96
	96
	96
	
	60
	60
	60

	Twin pairs
	48
	48
	48
	
	30
	30
	30

	R-squared
	0.245
	0.260
	0.254
	
	0.195
	0.236
	0.216



Note: Robust standard errors are in brackets; * significant at the 10 percent level; ** significant at the 5 percent level; *** significant at the 1 percent level. Data source: both twin siblings have children in the second wave of the LCCTS.


Table 5: Within-Twin-Pair FE Estimates of the Effects of the Gender Composition of Children on Parental Risk Attitude, Using the Chinese Adult Twin Survey (CATS) and the Longitudinal Chinese Child Twin Survey (LCCTS)

	
	Dependent variable: Parents are risk averse

	
	Sample: CATS
	
	Sample: LCCTS

	
	(1)
	(2)
	(3)
	
	(4)
	(5)
	(6)
	
	(7)
	(8)
	(9)

	Have at least one son
	-0.341***
	
	
	
	-0.186*
	
	
	
	-0.226**
	
	

	
	[0.123]
	
	
	
	[0.111]
	
	
	
	[0.099]
	
	

	The first child is a son
	
	-0.323***
	
	
	
	-0.100
	
	
	
	-0.267***
	

	
	
	[0.099]
	
	
	
	[0.116]
	
	
	
	(0.0944)
	

	Sex ratio (sons / all children)
	
	
	-0.341***
	
	
	
	-0.123
	
	
	
	-0.250**

	
	
	
	[0.110]
	
	
	
	[0.128]
	
	
	
	(0.0956)

	Have at least one son*public sector
	0.399
	
	
	
	
	
	
	
	0.270
	
	

	
	[0.309]
	
	
	
	
	
	
	
	[0.284]
	
	

	The first child is a son*public sector
	
	0.491*
	
	
	
	
	
	
	
	0.123
	

	
	
	[0.283]
	
	
	
	
	
	
	
	(0.282)
	

	Sex ratio (sons / all children) *public sector
	
	
	0.403
	
	
	
	
	
	
	
	0.194

	
	
	
	[0.310]
	
	
	
	
	
	
	
	(0.286)

	Have at least one son*children married
	
	
	
	
	-0.188
	
	
	
	
	
	

	
	
	
	
	
	[0.338]
	
	
	
	
	
	

	The first child is a son* children married
	
	
	
	
	
	-0.233
	
	
	
	
	

	
	
	
	
	
	
	[0.381]
	
	
	
	
	

	Sex ratio (sons / all children) * children
	
	
	
	
	
	
	-0.307
	
	
	
	

	married
	
	
	
	
	
	
	[0.474]
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Observations
	96
	96
	96
	
	96
	96
	96
	
	244
	244
	244

	Twin pairs
	48
	48
	48
	
	48
	48
	48
	
	122
	122
	122

	R-squared
	0.198
	0.209
	0.199
	
	0.194
	0.161
	0.174
	
	0.117
	0.139
	0.128



Note: Bootstrapped standard errors are in brackets in columns (1)-(6), and robust standard errors are in brackets in columns (7)-(9); * significant at the 10 percent level; ** significant at the 5 percent level; *** significant at the 1 percent level. Data source: Columns (1)-(6): the experimental sample based on the CATS; Columns (7)-(9): both twin siblings have children in the second wave of the LCCTS.
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Appendix I: Theoretical Framework on Son Preference and Risk Attitude


Consider a setting in which the agent has initial wealth w and faces an investment decision between a sure asset and a risky asset. For convenience, we assume that the sure asset has a zero rate of return, and the risky asset has a random return of x distributed through a cumulative distribution function F(x). Let  be the dollar amount invested in the risky asset, and let  be the amount invested in the sure asset, given budget constraint w. The expected utility of this situation is given by the following:

.                       

Suppose u is increasing and twice differentiable. The decision maker engages in a positive level of investment, namely, , if and only if the risky asset has a positive expected return x. 
Sons provide major support and security to their ageing parents in traditional patriarchal societies. Parents with sons enjoy a stronger sense of security and are thus more risk tolerant than parents without sons. We apply a source-dependent expected utility model to capture this intuition (see Chew and Sagi, 2008; Abdellaoui et al., 2011). The model enables the agent to have distinct risk attitudes with different sources of risks. Specifically, the individual may have distinct utility functions, i.e., uS with sons and uD with daughters. If the ArrowPratt measure for uD is uniformly lower than that for uS, the agent is more risk averse with daughter-related risks than with son-related risks. 
We consider how individual differences in the endowed risk attitude may affect son preference or the demand for sons. Each individual may have distinct utility functions for sons and for daughters. Therefore, we cannot compare the risk aversion between two individuals in a straightforward manner. For simplicity, we assume that the attitude toward risk with sons is identical for each individual, whereas the attitude toward risk with daughters is diverse. Consequently, individuals who are more averse to risk with daughters tend to favor risk with sons more than those who are less averse to risk with daughters. Put differently, when the agent is differentially more averse to risk with daughters, he/she exhibits a stronger son preference and is more likely to have sons, thus securing his/her future by practicing gender selection. 

Appendix II: Proof of Proposition









Both the OLS and the FE estimates are biased when  is not equal to .  and  should be biased in the same direction, because  and  are of the same sign. If , the following two cases must be considered  or .



Case 1: . In this case, we can derive that  because of equations (5) and (7) and . This derivation is consistent with the identification assumption.







Case 2: . In this case, putting equations (5) and (7) together, when , both  and  are negative. Moreover,  is more negative than . Therefore, . However, this finding contradicts the identification assumption. Therefore, Case 2 is impossible under the identification assumption.






In sum, only Case 1 is plausible under the identification assumption, and . Note that if ,  will be unbiased, and hence . The proposition in section 2 directly follows when . 
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