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Abstract

:

The aim of this study is to explore the multidimensional relationships among factors influencing decision-making processes regarding women’s willingness to marry and childbirth in South Korea with recognizing the context of family development in East Asian cultures. To this end, we employed three different analytical approaches, including classification tree modeling, Cox proportional hazard modeling, and permutation feature importance evaluation. Leveraging longitudinal data specific to Korean women, we highlighted the significance of socio-economic factors in family development dynamics. Our findings revealed that financial stability played a crucial role. Unmarried women’s willingness to marry was influenced by their perspectives on economic stability, while households’ consumption capacity and financial capability determined childbirth decisions and timing. We observed a trend of postponed marriage among women in their marriageable age range, particularly those with stable economic situations, reflecting a prevalent trend of skepticism of marriage in Korean society. Additional findings related to values, cultural factors, and personal happiness also suggested the challenges that discourage younger generations from entering into marriage and starting families in South Korea. By offering insights into these dynamics, our study provides practical implications for addressing the obstacles faced, contributing to a better understanding of family development dynamics.
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1. Introduction


Today, South Korea (abbreviated as Korea hereafter) once again recorded the lowest birthrate among nations worldwide. In 2022, the Total Fertility Rate (TFR) stood at 0.78, ranking as the lowest among OECD countries (UN 2023). Korea has been grappling with an ‘ultra-low birthrate’ phenomenon since 2002, as defined by the U.N. Economic Commission for Europe (UNECE), signifying a fertility rate below 1.3 for more than three years. In 2021, its Crude Marriage Rate (CMR) was reported as 3.8, positioning it among the lowest in the Asia/Pacific region.



This declining trend observed in Korea is also evident in East Asia. Historically, the East Asian countries have shown higher marriage and fertility rates compared to the OECD average. However, in recent years, they have witnessed rapid declines in these trends. The mean CMR for the Asia/Pacific Region in the year 2019 appeared to increase compared to 2005. However, a closer examination of detailed data revealed a downward trend in the CMR during the 2000s in major Asian countries with similar economic magnitudes as Korea (OECD 2023; UN 2023).



Major backgrounds contribute to the decline, such as economic growth, increased education and empowerment of women, changes in societal values and family structures, shifts in gender roles, rising childcare costs, improvement of reproductive health education and contraceptive methods, as well as a demographic transition characterized by declining birth rates and increasing life expectancy (Brinton and Oh 2019; Cheng 2020; Raymo and Park 2020; OECD 2022). It became a mutual shared understanding among East Asian region that marriage and childbirth involve relatively highly opportunity costs, especially for women, such as education, economic conditions, and career opportunities (Hart 2015; Hopcroft 2022; Kalwij 2010).



Korea shared a parallel experience with East Asia; however, it somewhat stood as an exception, given all these trends addressed above, exhibiting lower family development and aging trends compared to both the OECD and East Asian countries. The literature outlined three distinct features of Korea, not only in comparison to East Asian countries but also to Western regions (Chung and Lee 2021; Hwang 2023; Lim and Seo 2021): (A) cohort fertility, not limited to the TFR, is significantly lower in Korea because fewer women were married, ultimately resulting in fewer children; (B) the education-related marriage and fertility gradients changed, driven by a decline even among the lowest educational group; (C) smaller families resulted from delayed marriage and childless couples.



To comprehend these, it is crucial to understand that Korea and many East Asian countries still maintain strong legal marriage norms. For example, France established the diversified marriage system PACS (French: pacte civil de solidarité), which contributed to the highest fertility rates in Europe. On the contrary, Korea tends to have more rigid marriage systems and cultural norms, emphasizing the connection between marriage and childbirth.



Another background is Korea’s remarkable and rapid development in modern history. From a mere USD 19.9 in 1960, its GDP surpassed USD 1000 in 1985 and reached USD 16,700 in 2022) (Bank of Korea 2023). This trajectory, unsurprisingly, gave rise to a myriad of challenges, including social polarization, intensified labor market liberalization, housing shortages, and shifts in value contributing to societal conflict.



Furthermore, gender-based labor market disparities for women endured in Korea, despite women’s growing desire for ‘careers’ rather than ‘jobs’ (Lim and Seo 2021). Deviating from trends observed in many East Asian countries, Korea showed a noticeable stagnation or decline in female labor market participation (FLMP) among those in their late 30s and early 40s (Cheng 2020). According to KOSTAT (2023a), the FLMP was 13%p lower in the 30s age group (77.3% for men and 64.4% for women in 2022, 72.5% for men and 52.6% for women in 2000). The proportion of women engaged in non-regular employment exceeded that of men by 12%p (26.5% for women in 2023, 20.2% for men and 38.4% for women in 2000). Moreover, a gender wage gap still persisted among the 20s age group, most of whom had not undergone marriage and childbirth (Choi and Bang 2018), revealing a substantial inequality in FLMP in Korea.



These challenges pose considerable obstacles for individuals, leading to the postponement of marriage and parenthood, resulting in smaller families. The percentage of unmarried men considering marriage necessary decreased from 18.1% in 2015 to 14.1% in 2018, while for unmarried women, it decreased from 7.7% to 6.0% (Lee et al. 2018). A recent survey in 2022 revealed that 36.4% of young adults expressed their willingness to marry (56.5% in 2012). The major reason for individuals of marriageable age being single was a lack of financial resources for marriage (33.7%) (KOSTAT 2023b). What is even more striking was that, in the same survey, responses indicating no intention to have children, even if married, accounted for more than a half of the total (53.5%). Additionally, the average maternal age at the birth of the first child reached 33.53 years in 2022, compared to 29.06 years in the year 2000 (KOSTAT 2023c).



Similar problems will be faced by other East Asian nations and developing countries in the future, making the study of Korea’s situation meaningful. The younger generation’s perspective on marriage and family value is undergoing a shift, influenced by cultural changes and uncertain socioeconomic conditions (Moon 2012). Moreover, a growing awareness among both unmarried and married women of the importance of implementing active family policies was found (Lim and Seo 2021). Therefore, it is crucial to drive social change and lifelong population policies to encourage young people to perceive marriage and childbirth as reasonable choices. Evidence indicates that active family policies have yielded positive effects on both the willingness to marry and the desire to have children (Chung and Lee 2021; Kalwij 2010).



In this study, our primary objective was to explore the multidimensional relationships among factors influencing the decision-making processes related to marriage and childbirth. Our approach covered both marriage willingness and childbirth due to the recognition of marriage as a formal and customary prerequisite for family development in Korea and East Asian cultures.



To achieve these objectives, this study established the following research questions.



Research question 1: Is there a variation across women’s age or economic stability in terms of their willingness to marry?



Research question 2: Do economic factors significantly influence both marriage and childbirth as deterrents rather than facilitators of family development?



This study has several key strengths. First, considering the association of family values attached to legal marriage and family development in Korea and other East Asian countries, we aimed to investigate both the subject’s willingness to marry and childbirth along the same continuum, unlike previous studies that primarily focused on one of them. By examining these dynamics, we sought to identify practical implications and strategies for addressing challenges associated with marriage and childbirth in the scope of our study.



Second, we employed three different analytical techniques to identify comprehensive and structured relationships, leveraging their respective advantages. We utilized a classification tree, a machine learning method, to analyze the factors influencing unmarried women’s willingness to marry. Additionally, we tried to establish a pattern of childbirth of the first child among married women using the same classification tree technique examining the relationship between these factors and the likelihood of giving birth. Finally, we estimated the magnitude and direction of the influence of various socioeconomic factors on the timing of childbirth among married women using the Cox proportional hazard model, a survival analysis method that accounts for censored data related to the nature of childbirth.



Third, we examined the socioeconomic characteristics of households and individuals from a woman’s perspective, revealing patterns in multidimensional and combined relationships, thereby bridging gaps in previous research. For our analysis, we utilized panel data from the Korean Longitude Survey of Women and Families (KLoWF), specifically the fourth to seventh waves covering the period from 2012 to 2018. The KLoWF has been conducting biennial panel surveys and the latest available data were of the eighth wave conducted in 2020, which coincided with the COVID-19 era. Due to the presence of various abnormal phenomena observed during the pandemic1, we focused on the pre-pandemic period to provide a more accurate analysis of marriage and childbirth trends. By examining a decade-long situation in Korea, the study aimed to cover universality, explanatory power, and the applicability of its research findings.



The structure of the study is as follows. Section 2 reviewed the literature on the marriage and childbirth issues. Section 3 described the data and research methods employed in this study. Section 4 presented the experimental results, and finally, Section 5 and Section 6 provided a discussion, conclusion and implications, limitations, and suggestions for future research.




2. Literature Review


Figure 1 illustrates the age and gender-specific population trends in Korea and the East Asian region since 2000. In Korea, the 15–49 age group decreased beginning in 2000, with females declining more rapidly. In the East Asian region, Japan led in 2000 but the Philippines surpassed others in recent years. During this period, this age group increased only in the Philippines and Vietnam. The female population decline was more pronounced in Korea and Japan than for males. The elderly population (65+) consistently increased in five countries and East Asia from 2000 to 2023. In Korea, this population group increased for both genders, with a higher number for females, but a greater growth rate in males. Japan had the largest elderly demographics followed by Korea and Vietnam. This country exhibited relatively stable growth rate patterns, as it had already entered an aging society before the 2000s. Singapore showed the highest elderly population growth rate, followed by Korea, with a greater increase in the male elderly population in these two countries.



In a broad view of the field of family development research, studies on Korea diverge from those on Western countries by placing less emphasis on ethical considerations, such as nationality, race, and religion. Recently, the Korean literature began to explore ‘atypical’ family behaviors, including cohabitation, non-marital relationships, and childlessness. However, due to the conservative and confusing cultural norms in Korea, these choices were rarely recognized socially and politically, similar to many countries in East Asia (for example, Japan) (Raymo et al. 2015). Instead, the majority of discussions were centered on more generally shared issues across the countries’ socio-economic condition, women’s education attainment, FLMP, shifts in values associated with family development, gender equity, changes in partnership dynamics, housing status, financial readiness, insufficient public support for families, and the introduction of contraceptive technology (Blossfeld and Kiernan 2019; Kim and Hwang 2016; Mills et al. 2011; Raymo et al. 2015). Furthermore, the political efforts to understand the needs of single adults regarding family development only recently commenced2.



Cho and Byoun (2020) suggested that 48.7% of single men in Korea expressed their intention to marry, with age not affecting this inclination. In contrast, Korean women showed a declining willingness to marry as they age. Single women’s age, household income, employment status, and values related to marriage dynamics all leaned towards favoring marriage and their expected marriage age (Cho et al. 2019; Moon 2012). The probability of a first pregnancy was positively correlated with women’s age and social achievement (Angelov et al. 2016; Leung et al. 2016; OECD 2022). Women who had their first child before the age of 25 experienced substantially lower lifetime labor income, regardless of college graduation. On the other hand, having a first child after the age of 31 was associated with relatively higher lifetime labor incomes for both college-educated and non-college-educated women (Leung et al. 2016).



The impact of socio-economic status or social class is substantial and cannot be overlooked. In Korea, various elements, encompassing age, financial activity statuses, and resource provision, were identified as pivotal determinants shaping the thoughts on marriage for single individuals (Cho et al. 2019; Ho 2015); this trend was not limited to Asia. In Western countries, the significance of men’s economic status in racial differences in marriage rates diminished, although held considerable importance (Ruggles 2022). Moreover, social class played a strong role in shaping expectations and preparations for both marriage and childbirth, particularly when considering religious characteristics (Tevington 2018). Carroll et al. (2009) argued that US women’s readiness for marriage involved factors such as the ability to support and care for a family, developing competencies for social relationships, and considerations of role transitions linked to completing education, establishing a career, and achieving financial independence. These considerations were equally emphasized by both sex in their readiness for marriage.



The decision regarding childbirth, including determining the number of children, is influenced by factors such as household income and the availability of resources within limited means (Booth and Kee 2009; Jung and Choi 2013; Kim and Baek 2014). When examining family policies in sixteen western European countries, increased expenditures on policies supporting women in combining family and employment reduced the opportunity costs of childbirth and fostering positive responses to it (Kalwij 2010). Even among high-income women, there was a higher chance of being childless (Hopcroft 2021). Households often engaged in consumption smoothing, delaying fertility until household income was deemed sufficient for raising their child (Booth and Kee 2009). Homeownership generally had a positive effect on childbirth (Mulder 2006; Vidal et al. 2017); however, the burden of housing prices and rental costs emerged as a serious social problem, contributing to the delay of childbirth in Korea (Kim and Hwang 2016; Park and Lee 2016). The decision for the first childbirth was influenced by employment status, while the decision for additional childbirths after the first was related to housing status (Lim and Seo 2021).



Cho and Byoun (2020) estimated that the willingness of Korean single adults to marry was approximately 2.5 times higher for those actively engaged in the labor market. However, when examining women separately, a different trend emerged. Higher levels of educational achievement and economic activities among Korean women were associated with a decreased willingness to marry (Hwang 2023). Furthermore, delaying pregnancy was found to enhance professional performance, particularly for women in professional careers, leading to substantial wage growth (Bratti and Tatsiramos 2012; Bulanda and Lippmann 2012; Yoo and Lee 2020). Yoo and Lee (2020) analyzed that Korean women’s employment probability decreased by approximately 12%p in the year of marriage, and the employment rate about 46%p lower in the sixth year of marriage compared to before they were married. Another observation estimated that wives experienced a 1.2 h reduction in working hours after giving birth, while their husbands increased their hours by 0.8, leading to husbands working more than 2.46 h compared to their wives after having two children (Choi and Bang 2018). These findings were consistent with the conclusion that delaying entry into parenthood among working women resulted in reduced levels of family-to-work conflict (Bulanda and Lippmann 2012).



Naturally, in many cases, women’s values and norms transcend all these conditions, and shape and determine family development. Evidence indicated that Korean single women underwent simultaneous changes and faced economic turbulence, leading to a delay in marriage (Moon 2012). Consequently, the values influencing married women’s intention to have children were discovered to be inconsistent and mixed (Chung and Lee 2021).



Ferguson (2013), Kim (2017), and Rindfuss et al. (2007) underscored the role of public support in terms of how family development resulted in women’s lives. The availability of childcare facilities showed strong positive effects on the transition to motherhood (Rindfuss et al. 2007). Enhanced policy support was evidenced by the positive effects of support for fertility problems (Chung and Lee 2021; Yoo and Lee 2020).



In summary, the factors forming the willingness to marry and the decision to have children varied across studies and countries. This study analyzed both unmarried and married women using longitudinal data by referencing the literature (Lim and Seo 2021) and provided comprehensive insights on family development in Korea. This research covered a time flow that would offer valuable evidence on the subject shared in the contemporary world while discovering the characteristics of Korea and other Asian countries. Additionally, this study employed widely used longitudinal data on Korean women, utilizing decision-making and survival methods to effectively estimate research topics. In practical terms, this approach was suitable and yielded more practical results, considering the family development dynamics in reality.




3. Methodology


3.1. Material


We utilized panel data from the Korean Longitudinal Survey of Women and Families (KLoWF), provided by the Korean Women’s Development Institute (KWDI). The KLoWF sample consisted of a nationally representative 9997 women aged 19 to 64 and covered major areas of family, work, and daily life. Our analysis utilized data from the 4th wave (2012) to the 7th wave (2018) to capture the most recent information available before the onset of COVID-19. This approach allowed us to exclude the abnormal phenomena generated during the pandemic, ensuring a thorough understanding of Korean society.




3.2. Methods


3.2.1. Classification Tree


We employed the classification tree, which is a widely used technique in machine learning techniques for representative classifications and predictive analysis. It generates a tree structure classification pattern for decision-making by repeatedly dividing parent nodes that contain observations with different dependent variable values into multiple child nodes that contain observations with the same dependent variable values.



Firstly, we performed data preprocessing techniques, such as removing observations, including missing values and one-hot encoding. Next, we used an entropy-based classification tree algorithm to determine the patterns between the independent variable and the dependent variable. Training and test data were divided into a ratio of 7:3, and the classification tree model was implemented using Python’s ‘DecisionTreeClassifier’ module in the ‘scikit-learn’ package.



In the classification tree model, the observations included in the parent node are divided into smaller child nodes based on the values of each independent variable used in the classification tree. Then, the independent variable with the highest average purity is selected to split the corresponding parent node. The purity of the node refers to the diversity of dependent variable values within a node. The segmentation operation stops when the number of observations belonging to a child node falls below a user-specified criterion or when the purity of the child node exceeds the criterion. This process has the advantage of offering excellent explanatory power. We used the C4.5 algorithm and it uses a gain ratio as an index to measure purity as follows:


  G a i n   r a t i o =   I n f o r m a t i o n   g a i n   I n t r i n s i c   i n f o r m a t i o n    



(1)






  I n f o r m a t i o n   g a i n ( S , A ) = E n t r o p y ( S ) −   ∑  v ∈ v a l u e ( A )      | { x ∈ S |   x   A   = v } |   | S |   × E (   x ∈ S     x   A   = v   )    



(2)




where, S denotes the set of parent nodes, xA denotes the value of the observation x for independent variable A, and value(A) denotes the set of all possible values of independent variable A.



The information gain for the independent variable A is defined using Entropy(S) as shown in the above equation, and Entropy(S) as defined as follows:


  E n t r o p y ( S ) = −   ∑  i = 1   n      p   i       log   2    ⁡  (   p   i   )      



(3)




where, pi represents the ratio of the observations in which the dependent variable value is i in the child node.



When constructing a classification tree, if information gain is used as a classification index, then there is a possibility of causing a problem in recognizing any independent variables with various values as important variables and using them for the classification. The gain ratio refers a value obtained by dividing information gain by intrinsic information to compensate for this problem. Intrinsic information represents an entropy value calculated by considering both the number of divided child nodes and the number of observations in those child nodes.



Additionally, we attempted to figure out the key variables for each classification tree model by assessing the importance of each independent variable for predicting the dependent variable. The permutation feature importance method was employed, which involves comparing a model’s performance when a particular variable is used versus when it is not used, and then calculating the extent to which that variable affects the model’s performance loss. Other methods of identifying feature importance remove a specific variable and involve retraining a model, and thus the dimension of the independent variable changes every time a variable is removed, so time and resource consumption are both very high. However, the permutation feature importance method does not need to retrain the model since it randomly mixes the values of a particular variable to make noise, then compares the prediction accuracy with the prediction accuracy of the model using the actual value. If the developed model relies heavily on the variable, then the prediction accuracy is greatly reduced. Since the permutation feature importance method is a method that can evaluate the importance of variables only with the trained model and data, any model can be applied without information on the training process and the internal structure of the model.



Finally, the importance of each variable calculated by the permutation feature importance method includes interactions with other variables. Mixing the values of a particular variable at random breaks the link with other variables, thereby eliminating the influence of all interactions associated with that variable.




3.2.2. Cox Proportional Hazard Model


Survival analysis is a statistical and prediction technique that considers the probability of the occurrence of an event with a time variable. It is used to find the rate of occurrence of an event and the factors that affect it when the dependent variable is the time of occurrence. We employed the Cox proportional hazards regression model because it is an effective method for using the censored data in which no event occurred until the end of the study and to avoid over-estimation of the analysis results and improve accuracy. The Cox proportional hazard regression model can be defined as follows:


    h   i   ( t ) =   h   0   ( t )   exp  ⁡      β   1     x   i 1   + … +   β   p     x   i p       =   h   0   ( t )   exp  ⁡  (   β   p   ·   x   i p   )    



(4)




where,     exp  ⁡  (   β   p   )   , i = 1 , … , p   denotes the effect on the covariates xi and is interpreted as being the hazard ratio, and h0(t) denotes the baseline hazard function, which is the risk rate when all the covariates have zero values. The effect of covariates on the risk rate can be explained by the ratio of the hazard function as follows:


      h   i   ( t ) e x p ⁡ (   β   p     x   i p   )     h   j   ( t ) e x p ⁡ (   β   p     x   j p   )   = e x p ⁡ {   β   1   (   x   i 1   −   x   j 1   ) + … +   β   p       x   i p   −   x   j p     }  



(5)







As shown in the above equation, it is called a proportional hazard model because the effect of the covariates is always constant regardless of time. At this point, it is necessary to examine whether the proportional hazard assumption for the covariates is satisfied. If the proportional hazard assumption is violated, it means that the effect on the covariates changes over time.





3.3. Research Design


Overall, our study utilized two different approaches: classification tree modeling for Model 1 and Model 2, and the Cox proportional hazards model for Model 3 as illustrated in Figure 2. This combination was inspired by the previous literature that explored the benefits of integrating classification tree and survival analysis techniques (Brims et al. 2016; Gepp and Kumar 2015; Linden and Yarnold 2017). Model 1 involved analyzing the patterns of unmarried women’s willingness to marry and Model 2 estimated the patterns of childbirths among married women. Third, we aimed to determine the variables that affect the timing of childbirth and explore the impact of each major variable in Model 3 using the Cox proportional hazard model.



3.3.1. Model 1: Unmarried Women’s Willingness to Marry


For the analysis of unmarried women’s willingness to marry, we constructed a sample of unmarried women aged 20 to 49 at the time of the 4th wave survey, taking into account the age at marriage in South Korea. The dependent variable represented the unmarried women’s willingness to marry as reported in the 4th wave survey.



In this study, we selected 71 potential independent variables (see Table A1), which could influence the willingness to marry within our dataset, through a review of previous research, news articles, and expert consultations. These independent variables encompass the social, economic, and cultural characteristics of Korean women, along with information about their households. Subsequently, we conducted data preprocessing for these independent variables. Due to the nature of the classification tree algorithm, standardization of the data was deemed unnecessary and, for continuous variables, we utilized them as they were without discretization. Finally, data containing null values were removed. Descriptive statistics for the independent variables were presented only for the variables deemed important through the model, considering the large number of independent variables used in this study and limitations of space.



From the preprocessed data, there were 511 samples of unmarried women who expressed willingness to marry, while 278 samples indicated no willingness to marry. However, if the number of observations with a specific value of the dependent variable was larger than the number of observations with other values, there was a risk of creating a biased model. Therefore, data balancing was performed to match the ratio of the dependent variable values equally before the model was actually built.



Under-sampling is a technique used in machine learning to balance class distribution by reducing the number of instances in the majority class. This is particularly useful when dealing with imbalanced datasets where one class significantly outnumbers the others. Under-sampling is performed in the following sequence. First, examine the dataset to identify the class distribution imbalance. Second, identify the majority class (the class with more instances) and the minority class. Third, decide on the desired ratio of the majority class to the minority class after under-sampling. Finally, randomly remove instances from the majority class until the desired ratio is achieved. As a result of under-sampling, the ratio between samples of unmarried women who expressed willingness to marry and samples who indicated no willingness to marry was equalized to 1(278 samples):1(278 samples), resulting in a dataset of 556 samples.




3.3.2. Model 2: Married Women’s Childbirth Patterns


For the analysis of childbirth, we focused on married women aged 20 to 49 who did not have children at the time of the 4th wave survey. To develop a prediction model for childbirth, the dependent variable was their childbirth status within 6 years until the 7th wave (the year of 2012~2018). Among the married women who participated in the 4th wave survey, if they participated in the survey at least once before the 7th wave survey and had a history of childbirth, their values for the dependent variable were given ‘t’. On the other hand, if there was no history of childbirth among the married women who participated in both surveys of the 4th and 7th waves, their values for the dependent variable were given ‘f’. The sample of women who were not surveyed in the 7th wave or lacked data for determining the dependent variable were excluded.



In this study, we selected 141 potential independent variables (see Table A2), which could influence childbirth within our dataset, through a review of previous research, news articles, and expert consultations, similarly to Model 1. These independent variables encompass the social, economic, and cultural characteristics of Korean women, along with information about their households. Subsequently, the following data preprocessing tasks were performed on these independent variables. First, we joined the variables indicating changes in marital status for the 5th, 6th, and 7th wave survey based on the 4th wave survey. For cases of initial marriage or remarriage, the timing of these changes was considered as the marriage point, leading to the creation of a new variable, ‘marriage point’. Next, we derived a variable for the duration from the marriage point to the onset of pregnancy. Due to the nature of the classification tree algorithm, standardization of the data was deemed unnecessary and, for continuous variables, we utilized them as they were without discretization. Finally, data containing null values were removed. Descriptive statistics for the independent variables were presented only for the variables deemed important through the model, considering the large number of independent variables used in this study and limitations of space.



Among the samples of married women, there were 111 samples who gave birth, while there were 2530 samples who did not give birth. To avoid potential bias, data balancing was performed following the method described in the above section by sampling the group of women who did not give birth to match the size of the group who gave birth. This process resulted in a dataset consisting of 222 observations.




3.3.3. Model 3: Timing of Childbirth


Same as in Model 2, married women (not unmarried women) aged 20 to 49 (defined as the childbearing age) without children at the time of the 4th wave survey were selected as subjects for an analysis of childbirth timing. Two dependent variables were used: (i) the duration represents the period between the 4th year survey and childbirth, and (ii) the event represents childbirth not before the 7th wave survey. The permutation feature importance method was applied to select high-importance variables from the initial set of 141 variables again.



The Cox proportional hazard model was employed based on time-event data with a dataset consisting of 2641 samples, including samples of 111 married and 2530 unmarried women. The proportional hazards assumption presumes that the hazard ratio should be kept constant during the study period, and the Cox proportional hazard model can be constructed only when a proportional hazards assumption is satisfied. We implemented the Cox proportional hazard model using Python’s ‘CoxPHFitter’ module in the ‘lifelines’ package.






4. Results


4.1. Model 1: Willingness to Marry among Unmarried Women


Table 1 shows the confusion matrix for Model 1 and Table 2 shows the results of evaluating the accuracy of the model that was built to predict unmarried women’s willingness to marry. For all the predicted observations, the accuracy 0.63, indicating that the ratio of observations in which the dependent variable value predicted by the model and the actual dependent variable value do match.



The precision refers to the ratio at which the dependent variable value predicted by the model matches the actual dependent variable value. In this study, 66% of the predicted willing to marry observations were actually willing to marry, and 61% of the predicted not willing to marry observations were indeed not willing to marry.



The recall refers to a ratio at which the dependent variable value predicted by the model and the actual dependent variable value match each actual dependent variable value. Here, 59% of observations with the willingness to marry were accurately predicted by the model that they were willing to marry, and 68% of observations with no willingness to marry were accurately predicted as not willing to marry.



Figure 3 illustrates the pattern of unmarried women’s willingness to marry as derived from the classification tree algorithm. The left-pointing arrow signified ‘true’ (willingness to marry), while the right-pointing arrow signifies ‘false’ (no willingness to marry). We defined the nodes with 30 or more samples as statistically significant, and Table 3 provides a detailed analysis of the patterns of unmarried women based on their willingness or unwillingness to marry. Descriptions of the variables are provided in Table A1.



There were several patterns for unmarried women with the willingness to marry. First, the pattern with the greatest probability of willing to marry was for those women do not live in either Ulsan and Busan Metropolitan Cities, are under 23.5 years, and own savings insurance, the probability of their willingness to marry is 82%. In contrast, women were more likely to be not willing to marry when they were aged between 22.5 and 36, had a relatively higher household income, their current economic status was not very difficult but ordinary, owned their house, were currently working, and had their own financial assets of more than KRW 13.5 million.



Looking at the patterns that relate to the willingness to marry, it was found that the characteristics of major cities influenced the willingness to marry, and women with a precarious condition such as unemployment and limited wealth were more likely to be willing to marry. Women were more likely to be willing to marry when they did not have a lot of household income. When comparing patterns 1 and 7, women’s willingness to marriage was validated in different directions depending on whether they were currently working. If both directions of true and false corresponded to the state of ‘currently not working’ or ‘no household ownership’, the willingness to marry was not distinctly evident. Additionally, when comparing patterns 5, 6, and 7, it was observed that the variables and probabilities identified in the false/true patterns were similar. This suggested that multiple factors play a role in shaping the willingness to marry.



Table 4 presents the importance evaluation result of the independent variables for Model 1 using the permutation feature importance method. The analysis identified seven independent variables with a weight greater than 0 that were found to be significant for predicting the willingness to marry. Among these seven important variables, excluding two variables of the region, the remaining variables were related to the financial condition.



The pattern analysis and importance evaluation closely aligned in the results. Overall, the findings suggested that factors shaping the willingness to marry include age, region characteristics, and economic aspects, particularly those related to financial assets and wealth. These results indicate a correlation between the inclination of unmarried women in Korea to marry and their economic stability, as well as a societal trend among Korean women characterized by skepticism towards or postponement of marriage as they age and confront the practicalities of marital life. This pertains to research question 1 of this study. Adding to the estimation result, Busan and Ulsan, despite being metropolitan cities, witnessed a significant decline in family development and an outflow of the younger population since the 2010s3. While the result provided a limited insight into the relation of these cities with the subject, it was demonstrated that urban amenity has a certain impact on the younger generation’s attitudes towards family development (Chen and Rosenthal 2008; Gautier et al. 2010). In recent surveys, 34.5% of single adults in Busan expressed an intention to marry (Kim 2020), while 68.6% in Ulsan were not sure about marriage (Park 2022). Not surprisingly, this result was supported by the recent literature, which identified Busan as having the highest estimation rates of aging in Korea from 2015 to 2022, followed by Ulsan (Anh 2023).




4.2. Model 2: Patterns for Childbirth among Married Women


Table 5 shows the confusion matrix for Model 2 and Table 6 presents the results of assessing the accuracy of the model developed to predict childbirth among married women. The descriptions for the measures in the table were provided earlier in the section discussing Model 1 (Section 4.1).



Figure 4 presents the entire childbirth pattern of married women generated by the classification tree algorithm. The valid patterns with more than 30 samples for each node are outlined in Table 7. Descriptions of the variables are provided in Table A2.



Table 7 shows that the pattern of a high probability of giving birth was observed among women aged over 39.5 years and for those who spend more than 15 min with their family, resulting in a 100% probability of giving birth. On the other hand, the pattern with the greatest probability of not giving birth was identified for women aged under 39.5 years, with 3.5 or fewer household members reported in the previous survey conducted two years prior, and who had a family value that their personal achievement was not very important compared to marriage, resulting in a 100% probability of not giving birth.



Table 8 displays the importance evaluation result of the independent variables for Model 2 using the permutation feature importance method. Seven independent variables were found to have a weight greater than 0, indicating their significance in predicting childbirth. The most influential variable was age, followed by the ‘number of household members’ and the ‘cost of food’. These seven variables included subjective factors such as family values and satisfaction, demographic factors including age and the number of household members, and economic factors related to expenditure.



Interestingly, when it comes to economic-related factors, variables associated with living expenses emerged as important for predicting childbirth. In contrast, identified factors in Model 1 for predicting marriage intention were related to financial assets. This finding implies that policies aimed at promoting childbirth should prioritize alleviating the financial burden of households’ living. The above results indicate that economic factors significantly influence both marriage and childbirth as deterrents rather than facilitators of family development. This pertains to research question 2 of this study.



Regarding the estimation results, it was undeniable that biological age played the most significant role in childbirth. Contrary to our expectation, only relatively older women in their 40s gave birth within a six-year period, indicating a trend of advanced maternal age in Korea.




4.3. Mode1 3: Timing of Childbirth among Married Women


In this section, our aim was to calculate the probability of childbirth for women were who without children in 2012 within a six-year period. To account for the censored data concerning the essence of childbirth, we employed the Cox proportional hazard model using the variables that demonstrated in the importance evaluation (Table 8) from Model 2. In this model, a higher hazard indicates a greater risk of the event occurring, which in this study, refers to childbirth. The exponential of the coefficient (exp(coef)) is referred to as the hazard ratio.



The result revealed that four variables were statistically significant (Table 9). The variable ‘number of household members’ estimated the highest coefficient, followed by ‘age’. Additionally, the two variables related to living expenses proved statistically significant, although their coefficients were relatively low.



The highest hazard ratio for the ‘number of household members’ was 0.44, which suggested that an increase of one in the number of household members two years prior resulted in a 56% decrease in the probability of giving birth. This finding highlighted a strong association between the birthrate and having only one child, indicative of a declining birthrate trend.



Once we fit the model, the next step was to verify the proportional hazard assumption. The proportional risk assumption is where the hazard ratio in a variable must be constant over time. The null (H0) hypothesis assumes that the proportional hazard criteria are satisfied, while the alternative hypothesis (H1) infers that the proportional hazard assumption criteria are not met (violated).



We used the ‘check_assumptions’ method in Python that returns a log-rank test statistic. As shown in Table 10, this result revealed that only the ‘number of household members’ violated the assumption at a significance level of 5%.





5. Discussion


In the past decade, Korean society has grappled with social issues stemming from a gradual lessening in marriage and birthrates, resulting in a rapid population decline. This trend has been commonly observed among East Asian countries.



To comprehensively examine the multidimensional relationships between variables and gain insights into the factors influencing the family development dynamics in Korea, we used machine learning techniques, specifically the classification tree, and survival analysis methods, particularly the Cox proportional hazard model, by utilizing women-specific longitudinal data. These combined approaches allowed us to leverage the advantages of machine learning and account for censored data, providing a nuanced understanding of the patterns and factors involved.



These findings of this study held several academic implications. First, the results demonstrated a strong association between single women’s willingness to marry in Korea and their economic stability, including financial wealth and employment. In contemporary Korea, the occupations of women not only represent economic independence but also reflect values and the pursuit of self-realization. However, persistent challenges illustrated by the M-shaped labor market participation of Korean females intertwined with childbirth and marriage, have a profound impact on single women’s marriage decision. Moreover, this study contributed to our understanding by establishing the validity of financial capability, marital happiness and family values concerning childbirth among married women.



Second, undoubtedly ‘age’ was identified as a crucial biological factor influencing both marriage and childbirth. Interestingly, the patterns showing a willingness to marry were derived from the early 20s age group of younger women, while the patterns indicating no willingness to marry were identified in women in their marriageable age, especially those with jobs, who owned houses, or had stable economic situations. The findings revealed the social trend among Korean women of skepticism toward or delaying marriage as they age and gradually confront the realities of marriage. Given the cultural and institutional characteristics in Korea, where legal marriage is directly tied to family development, the results of the marriageable age range group held significant implications.



Third, apparently economic factors played a key role in both marriage and childbirth, with more discouraging family development rather than supporting it. While these factors could not be concluded as primary conditions, they evidently formed a critical background conducive to marriage and childbirth. However, a disparity existed between their effects on marriage and childbirth. Financial stability, indicated by variables such as ‘current status of household economy’ encompassing family wealth, home ownership, bank deposits, and employment status, was crucial. Notably, among unmarried women, patterns revealed divergent views on marriage, with some women seeking financial improvement through marriage, while others avoided it due to their economic achievement. Concerning childbirth among married women, economic variables manifested different dimensions, emphasizing households’ consumption capacity to meet the financial demands of raising and supporting a child within the household. These findings suggested that economic considerations for childbirth focused more on the ability to attain a comfortable living and financial well-being.



Lastly, we also confirmed the contribution of values, cultural factors, and one’s happiness in shaping decisions related to family development. Although the study had limitations in analyzing a small sample and exploring the specific impact of values within this broad range, it provided clear evidence of their role shaping decision-making processes. It is also important to note the lack of validation of personal values, subjective perceptions, or attitudes in the pattern analysis for women’s willingness to marry. This serves as proof of the multitude of challenges deterring younger generations from entering into marriage and starting families in South Korea.




6. Conclusions


The findings of this study aligned with the literature links of delayed marriage and smaller families, resulting in a declining population. However, they also demonstrate both consistency with and divergence from previous studies worldwide, highlighting the diverse factors influencing decisions regarding marriage and childbirth.



This study had practical implications as follows. First, it provided essential information for the development of policies aimed at supporting family development in terms of marriage and childbirth. By identifying influential factors and establishing structured relationships, policymakers can gain valuable insights for better strategies. The identified factors influencing family development include the opportunity cost of childbearing, which may discourage women from marrying and having families. Financial resources required for family development, including housing costs, household debt, education costs, etc., also play a significant role. This study provided evidence for reinforcing family-friendly policies, acknowledging the difficulties of starting a family in Korea, in order to enable policymakers and service providers to effectively allocate resources and provide support tailored to different needs.



Second, this study contributed to the understanding of family dynamics in East Asian nations, using Korea as a relevant case study. Despite the implementation of various family policies by the Korean government and local authorities, the societal and cultural environment related to family development hinders their effectiveness. A more coherent approach, considering the interrelationships between various policies and circumstances, is required to build a practical foundation that facilitates family development.



Despite the findings and implications of this study, it is important to acknowledge its limitations. First, data constraints resulted in the loss of a considerable number of samples in data preprocessing, which limited the ability to conduct a more multi-dimensional analysis. Second, the factors influencing childbirth may differ according to the birth order, however, we were unable to explore this aspect due to insufficient data samples. Finally, we aimed to provide a longitudinal understanding of Korea and its family development dynamics. Therefore, it did not encompass the impact of the recent pandemic on family development, as the pandemic introduced abnormal phenomena worldwide and research data related to this era were lacking. Future studies should strive to fill this gap by incorporating missing data from the COVID-19 period, which would provide a more complete picture of family development in South Korea.
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Table A1. The independent variables for Model 1.






Table A1. The independent variables for Model 1.





	Fields
	Variables





	Basic information (15)
	v1: ‘Education attainment’, v2: ‘Completion status of education’, v3: ‘Professional position’, v4: ‘Final education attainment’, v5: ‘Current employment’, v6: ‘Health status’, v7: ‘Religion’, v8: ‘Body type’, v9: ‘Smoking experience’, v10: ‘Menopause experience’, v11: ‘Job availability’, v12: ‘Industry code’, v13: ‘Job classification’, v37: ‘Age’, v38: ‘Years of education’



	Residential

information (5)
	v14: ‘Types of households’, v15: ‘State/province’, v16: ‘Types of housing’, v17: ‘Types of housing occupancy’, v36: ‘Residential area’



	Financial

information (48)
	v18: ‘Earning income’, v19: ‘Financial income’, v20: ‘Real estate income’, v21: ‘Receipt of social insurance’, v22: ‘Transferred income’, v23: ‘Other income’, v24: ‘Receipt of national basic living protection households’, v25: ‘Savings’, v26: ‘Non-residential real estate’, v27: ‘Real estate excluding residential housing’, v28: ‘Car ownership’, v29: ‘Bank deposit ownership’, v30: ‘Stocks and bonds ownership’, v31: ‘Ownership of savings insurance’, v32: ‘Liability of financial institutions’, v33: ‘Liability of non-financial institutions’, v34: ‘Current status of household’s economy’, v42: ‘Amount of earnings’, v43: ‘Amount of financial income’, v44: ‘Amount of real estate income’, v45: ‘Amount of total social insurance’, v46: ‘Amount of transferred income’, v47: ‘Amount of other income’, v48: ‘Amount of gross household income (over the past year)’, v35: ‘Household expenditure item with the highest cost’, v49: ‘Cost of food’, v50: ‘Cost of eating out’, v51: ‘Health and medical expenses’, v52: ‘Residential heating costs’, v53: ‘Household goods’, v54: ‘Clothing and shoes’, v55: ‘Cultural and entertaining expenses’, v56: ‘Transportation and telecommunication’, v57: ‘Other consumption expenditures’, v58: ‘Total cost of living’, v59: ‘Average monthly savings’, v60: ‘Total value of non-residential real estate holdings’, v61: ‘Total value of rental real estate (excluding residential housing)’, v62: ‘Cost of car ownership’, v63: ‘Total value of tangible assets’, v64: ‘Bank deposit amount’, v65: ‘Stocks and bonds’, v66: ‘Savings insurance amount’, v67: ‘Total financial assets’, v68: ‘Principal and interest repayment amounts of financial institutions’, v69: ‘Current balance of financial institutions’, v70: ‘Principal and interest repayment amount of non-financial institutions’, v71: ‘Current balance of non-financial institutions’



	Family

composition (3)
	v39: ‘Number of brothers and sisters’, v40: ‘Number of household members’, v41: ‘Number of household members (reported in the previous survey)’










 





Table A2. The independent variables for Model 2.






Table A2. The independent variables for Model 2.





	Fields
	Variables





	Basic information (16)
	v1: ‘Education Attainment’, v2: ‘Completion status of education’, v3: ‘Professional position’, v4: ‘Husband’s education attainment’, v5: ‘Husband’s employment’, v6: ‘Education attainment’, v65: ‘Health status’, v66: ‘Religion’, v67: ‘Body type’, v68: ‘Smoking experience’, v69: ‘Menopause experience’, v70: ‘Job availability’, v71: ‘Industry code’, v72: ‘Job classification’, v100: ‘Age’, v101: ‘Years of education’



	Family

decision-making (8)
	v12: ‘Child education’, v13: ‘My employment’, v14: ‘Husband’s employment’, v15: ‘My turnover’, v16: ‘Husband’s turnover’, v17: ‘Management of investment property’, v18: ‘Management of living expenses’, v19: ‘Family leisure activities’



	Couple activities (5)
	v20: ‘Watching movies, performances, and sports’, v21: ‘Walking, jogging, hiking, exercising’, v22: ‘Social service and community engagement’, v23: ‘Local events’, v24: ‘Family event’



	Housework level (Me) (6)
	v30: ‘Preparing meals and cooking’, v31: ‘Washing dishes’, v32: ‘Washing’, v33: ‘Shopping for household items’, v34: ‘Cleaning’, v41: ‘Having assistance with household work’



	Husband-related information (12)
	v42: ‘Husband’s professional field’, v43: ‘Husband’s professional position’, v44: ‘Husband’s occupation’, v45: ‘Living separately from husband’, v102: ‘Husband’s age’, v103: ‘Husband’s years of education’, v104: ‘Average monthly income of husband’, v35: ‘Preparing meals and cooking’, v36: ‘Washing dishes’, v37: ‘Washing’, v38: ‘Shopping for household items’, v39: ‘Cleaning’



	Marriage and married life (13)
	v140: ‘Period between the marriage and the survey’, v25: ‘Bury my opinions in my mind’, v26: ‘Have a calm conversation with my husband’, v27: ‘Furiously arguing’, v28: ‘I use violence against my husband’, v29: ‘My husband uses violence against me’, v40: ‘Satisfaction of husband’s sharing of household work’, v7: ‘Marriage Happiness’, v8: ‘I talk with my husband a lot’, v9: ‘My husband and I have similar views’, v10: ‘I’m satisfied with my sexual relationship with my husband’, v11: ‘I trust my husband’, v105: ‘Time spent with family (min)’



	Family values

(13)
	v46: ‘Marriage is essential’, v47: ‘Marriage should be with someone of a similar background’, v48: ‘Marriage should be done while you are young’, v49: ‘Childbirth should be done while you are young’, v50: ‘Children are essential’, v51: ‘Divorce is possible even with children’, v52: ‘I can have sex without having to get married’, v53: ‘I can live together without having to get married’, v54: ‘It is possible to give birth and raise a child while unmarried’, v55: ‘My achievement is more important than marriage’, v56: ‘If I get married, my life will be constrained’, v57: ‘Sexual satisfaction is important in married life’, v58: ‘I need a friend of the opposite sex other than my husband’



	Role recognition in the family (6)
	v59: ‘Men at work and women at home’, v60: ‘Women also have to work in order to have equal marital relations’, v61: ‘Working as a housewife negatively affects pre-school children’, v62: ‘Double-income couples should share the housework equally’, v63: ‘Have to manage income separately’, v64: ‘Have to buy a house under a joint ownership’



	Parental leave recognition (5)
	v73: ‘Maternity leave’, v74: ‘Miscarriage/stillbirth leave’, v75: ‘Parental leave’, v76: ‘Husband’s maternity leave’, v77: ‘Husband’s parental leave’



	Residential

information (5)
	v78: ‘Types of households’, v79: ‘State/province’, v80: ‘Types of housing’, v81: ‘Types of housing occupancy’, v141: ‘Residential area’



	Financial

information (48)
	v82: ‘Earning income’, v83: ‘Financial income’, v84: ‘Real estate income’, v85: ‘Receipt of social insurance’, v86: ‘Transferred income’, v87: ‘Other income’, v88: ‘Receipt of national basic living protection households’, v89: ‘Savings’, v98: ‘Current status of household’s economy’, v90: ‘Non-residential real estate’, v91: ‘Real estate excluding residential housing’, v92: ‘Car ownership’, v93: ‘Bank deposit ownership’, v94: ‘Stocks and bonds ownership’, v95: ‘Ownership of savings insurance’, v96: ‘Liability of financial institutions’, v97: ‘Liability of non-financial institutions’, v99: ‘Household expenditure item with the highest cost’, v117: ‘Cost of food’, v118: ‘Cost of eating out’, v119: ‘Health and medical expenses’, v120: ‘Residential heating costs’, v121: ‘Household goods’, v122: ‘Clothing and shoes’, v123: ‘Cultural and entertaining expenses’, v124: ‘Transportation and telecommunication’, v125: ‘Other consumption expenditures’, v126: ‘Total cost of living’, v110: ‘Amount of earning income’, v111: ‘Amount of financial income’, v112: ‘Amount of real estate income’, v113: ‘Amount of total social insurance’, v114: ‘Amount of transferred income’, v115: ‘Amount of other income’, v116: ‘Amount of gross household income (over the past year)’, v127: ‘Average monthly savings’, v128: ‘Total value of non-residential real estate holdings’, v129: ‘Total value of rental real estate (excluding residential housing)’, v130: ‘Cost of car ownership’, v131: ‘Total value of tangible assets’, v132: ‘Bank deposit amount’, v133: ‘Stocks and bonds’, v134: ‘Savings insurance amount’, v135: ‘Total financial assets’, v136: ‘Principal and interest repayment amounts of financial institutions’, v137: ‘Current balance of financial institutions’, v138: ‘Principal and interest repayment amount to non-financial institutions’, v139: ‘Current balance of non-financial institutions’



	Family

composition (4)
	v106: ‘Number of brothers and sisters’, v107: ‘Husband’s number of brothers and sisters’, v108: ‘Number of household members’, v109: ‘Number of household members (reported in the previous survey)’











Notes


	
1

	

During the couple of years of the COVID-19 pandemic, South Korea implemented robust and proactive measures, including a strict quarantine, mask-wearing mandates, and limitations on gatherings even for weddings. As a result, there was a noticeable delay in marriage and family formation, leading to a significant decrease in the number of births by the end of 2020. Furthermore, the average age of marriage increased by 0.7, and the number of marriages by over 10% by 2021 (Hwang 2023).






	
2

	

Official data on the marriage intentions of unmarried individuals in Korea come from surveys conducted under the auspices of the Ministry of Health and Welfare in 2005, 2009, and 2012. Subsequently, official statistics obtained from periodic surveys have been recorded since 2015. Before that, surveys in Korea tended to focus exclusively on married individuals, including those who were widowed, divorced, or separated.






	
3

	

The primary reason for leaving Ulsan had consistently been reported as ‘employment (job change)’ for several years (Park 2022). The economic turndowns and the impact of restructuring in major industries such as automobiles also served major background factors.
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Figure 1. Population trends in Korea and East Asian region by age and gender since 2000. Note: the population figures for Korea, Japan, the Philippines, Singapore, and Vietnam were divided by 10,000. For East Asia (right bar), the figures were divided by 100,000 (right bar). The population growth rate was calculated with the reference year set to 2000 = 100 (left bar). 
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Figure 2. Research design. 
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Figure 3. The result of the classification tree for Model 1. 






Figure 3. The result of the classification tree for Model 1.



[image: Economies 12 00074 g003]







[image: Economies 12 00074 g004] 





Figure 4. The result of the classification tree for Model 2. 
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Table 1. The confusion matrix for Model 1.
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Actual

	
Predicted




	
True

	
False






	
True

	
51

	
35




	
False

	
26

	
55











 





Table 2. The accuracy of Model 1.
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Measure

	
Willingness to Marry




	
True

	
False






	
Accuracy

	
0.63




	
Precision

	
0.66

	
0.61




	
Recall

	
0.59

	
0.68




	
AUC

	
0.64











 





Table 3. The patterns for the willingness to marry in Model 1.






Table 3. The patterns for the willingness to marry in Model 1.





	No.
	Patterns
	Marriage
	Prob.





	1
	State/province (Ulsan) = No and Age > 23.5 and Gross household income (a) > 1810 and Age <= 36 and

Types of housing occupancy (Own house) = Yes and

Current status of household’s economy (A little difficult) = No and

Current employment (At work) = Yes and Total financial assets > 1350 and

Current status of household’s economy (Ordinary) = Yes
	False
	1



	2
	State/province (Ulsan) = No and Age <= 23.5 and State/province (Busan) = No and

Ownership of savings insurance = Yes
	True
	0.82



	3
	State/province (Ulsan) = No and Age > 23.5 and Gross household income (a) <= 1810
	True
	0.78



	4
	State/province (Ulsan) = No and Age > 23.5 and Gross household income > 1810 and Age <= 36 and

Types of housing occupancy (Own house) = Yes and

Current status of household’s economy (A little difficult) = No and

Current work (At work) = Yes and Total financial assets <= 1350
	False
	0.63



	5
	State/province (Ulsan) = No and Age <= 23.5 and State/province (Busan) = No and

Ownership of savings insurance = No and The cost of household goods > 1.5 and

Current status of household’s economy (A little difficult) = No
	False
	0.53



	6
	State/province (Ulsan) = No and Age > 23.5 and Gross household income (a) > 1810 and Age <= 36 and

Types of housing occupancy (Own house) = No
	False
	0.53



	7
	State/province (Ulsan) = No and Age > 23.5 and Gross household income (a) > 1810 and Age <= 36 and

Types of housing occupancy (Own house) = Yes and

Current status of household’s economy (a little difficult) = No and

Current employment (At work) = No
	True
	0.53







Note: ‘True’ means that a woman has the willingness to marry, while ‘False’ means that a woman does not have the willingness to marry. (a): KRW 10,000.













 





Table 4. The results of the permutation feature importance in Model 1.






Table 4. The results of the permutation feature importance in Model 1.





	Rank
	Variable
	Weight
	Descriptive Statistics





	1
	Age
	0.0731
	Mean: 27.02

Std: 6.33

Median: 25



	2
	Current employment (At work)
	0.0491
	53.29%



	3
	Bank deposit amount *
	0.0240
	Mean: 2489.52

Std: 4820.73

Median: 1000



	4
	State/province (Ulsan)
	0.0204
	5.19%



	5
	State/province (Busan)
	0.0108
	11.14%



	6
	Current status of household’s economy

(A little difficult)
	0.0108
	23.29%



	7
	Ownership of savings insurance (Yes)
	0.0036
	30.76%







* Unit: KRW 10,000.













 





Table 5. The confusion matrix for Model 2.
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Actual

	
Predicted




	
True

	
False






	
True

	
28

	
4




	
False

	
8

	
27











 





Table 6. The accuracy of Model 2.






Table 6. The accuracy of Model 2.





	
Measure

	
Willingness to Marry




	
True

	
False






	
Accuracy

	
0.82




	
Precision

	
0.78

	
0.87




	
Recall

	
0.88

	
0.77




	
AUC

	
0.82











 





Table 7. The patterns for the childbirth in Model 2.






Table 7. The patterns for the childbirth in Model 2.





	No.
	Patterns
	Childbirth
	Prob.





	1
	Age > 39.5 and Time spent with family(min) > 15
	True
	1



	2
	Age <= 39.5 and Number of household members <= 3.5 and

Family values: ‘My achievement is more important than marriage’(Strongly agree) = No
	False
	1



	3
	Age <= 39.5 and Number of household members > 3.5 and The total cost of living <= 306 and

Family values: ‘It is possible to give birth and raise a child while unmarried’

(Somewhat agree) = No
	False
	0.76







Note: ‘True’ means that a woman gave childbirth, while ‘False’ means that a woman did not give birth.













 





Table 8. The results of the permutation feature importance in Model 2.
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	Rank
	Variable
	Weight
	Descriptive Statistics





	1
	Age
	0.1642
	Mean: 40.38

Std: 5.35

Median: 41



	2
	Number of household members
	0.0537
	Mean: 4.12

Std: 0.86

Median: 4



	3
	The cost of food (monthly) *
	0.0239
	Mean: 53.15

Std: 24.63

Median: 50



	4
	Family values: ‘It is possible to give birth and raise a child while unmarried’ (Somewhat agree)
	0.0209
	13.22%



	5
	The cost of eating out (monthly) *
	0.0209
	Mean: 14.85

Std: 11.87

Median: 10



	6
	Marriage happiness (1: unhappy to 10: happy)
	0.0119
	Mean: 6.92

Std: 1.57

Median: 7



	7
	The total cost of living (monthly) *
	0.0090
	Mean: 277.47

Std: 111.71

Median: 257







* Unit: KRW 10,000.













 





Table 9. The results of the Cox proportional hazard model.
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	No.
	Variable
	coef.
	exp(coef)
	se(coef)
	z
	p
	log2(p)





	1
	The cost of food (monthly)
	0.01
	1.01
	0.01
	1.17
	0.24
	2.04



	2
	Age
	−0.28
	0.75
	0.02
	−12.40
	<0.005
	114.87



	3
	Family values: It is possible to give birth and raise a child while unmarried (Somewhat agree)
	−0.41
	0.66
	0.30
	−1.36
	0.17
	2.54



	4
	The cost of eating out (monthly)
	0.02
	1.02
	0.01
	2.65
	0.01
	6.95



	5
	Marriage happiness
	−0.30
	0.74
	0.27
	−1.12
	0.26
	1.94



	6
	Number of household members
	−0.83
	0.44
	0.10
	−8.11
	<0.005
	5.79



	7
	The total cost of living (monthly)
	−0.01
	0.99
	0.00
	−4.14
	<0.005
	14.80










 





Table 10. The results of the proportional hazard assumption.
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No.

	
Variable

	
se(coef)

	
z

	
p

	
log2(p)






	
1

	
Age

	
km

	
0.22

	
0.64

	
0.65




	
rank

	
0.22

	
0.64

	
0.64




	
2

	
Number of household members

	
km

	
16.97

	
<0.005

	
14.69




	
rank

	
16.70

	
<0.005

	
14.48




	
3

	
The cost of food (monthly)

	
km

	
0.14

	
0.71

	
0.50




	
rank

	
0.15

	
0.70

	
0.52




	
4

	
The cost of eating out (monthly)

	
km

	
1.92

	
0.17

	
2.60




	
rank

	
1.90

	
0.17

	
2.57




	
5

	
The total cost of living (monthly)

	
km

	
0.61

	
0.44

	
1.20




	
rank

	
0.58

	
0.45

	
1.16




	
6

	
Family values: It is possible to give birth and raise a child while unmarried (Somewhat agree)

	
km

	
2.03

	
0.15

	
2.69




	
rank

	
2.01

	
0.16

	
2.68




	
7

	
Marriage happiness

	
km

	
2.44

	
0.12

	
3.08
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