Journal of Korean Society of Industrial and Systems Engineering
https://doi.org/10.11627/jksie.2024.47.1.041

Vol. 47, No. 1 : 41-50, March 2024
ISSN : 2005-0461 / EISSN : 2287-7975

Analysis of Regional Fertility Gap Factors Using Explainable
Artificial Intelligence

Dongwoo Lee - Mi Kyung Kim - Jungyoon Yoon - Dongwon Ryu * Jac Wook Song*

Department of Industrial Engineering, Hanyang University

e st

Korea is facing a significant problem with historically low fertility rates, which is becoming a major social issue affecting

the economy, labor force, and national security. This study analyzes the factors contributing to the regional gap in fertility rates

and derives policy implications. The government and local authorities are implementing a range of policies to address the issue
of low fertility. To establish an effective strategy, it is essential to identify the primary factors that contribute to regional disparities.
This study identifies these factors and explores policy implications through machine learning and explainable artificial intelligence.
The study also examines the influence of media and public opinion on childbirth in Korea by incorporating news and online
community sentiment, as well as sentiment fear indices, as independent variables. To establish the relationship between regional

fertility rates and factors, the study employs four machine learning models: multiple linear regression, XGBoost, Random Forest,
and Support Vector Regression. Support Vector Regression, XGBoost, and Random Forest significantly outperform linear regression,
highlighting the importance of machine learning models in explaining non-linear relationships with numerous variables. A factor
analysis using SHAP is then conducted. The unemployment rate, Regional Gross Domestic Product per Capita, Women's
Participation in Economic Activities, Number of Crimes Committed, Average Age of First Marriage, and Private Education Expenses
significantly impact regional fertility rates. However, the degree of impact of the factors affecting fertility may vary by region,

suggesting the need for policies tailored to the characteristics of each region, not just an overall ranking of factors.
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<Table 1> Model’s Performance and Hyperparameter

Model MAPE Hyperparameter
Linear Regression 35.648 N/A
Random Forest 3.806 max depth = 10,
n_estimators = 200
learning rate = 0.05,
XGBoost 3.555 max depth = 12,
n_estimators = 300
SVR C= 04,
(RBF Kernel) 3337 epsilon = 0.01
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{Table 2> Weighted Ranking of Variables

. SHAP Value-based Ranking
Variables Welgh_ted Linear Random
Ranking Regression Forest XGBoost SVR
Unemployment Rate 1.36 2 1 1 2
Regional Gross Domestic Product per Capita 2.49 7 2 2 3
Women's Participation in Economic Activities 3.66 3 3 4 4
Number of Crimes Committed 4.03 5 4 3 5
Average Age of First Marriage 4.80 1 8 6 1
Private Education Expenses 5.86 11 5 5 7
Elderly People's Expenses 7.63 6 7 8 8
Number of Childcare Facilities per 1,000 Infants 8.11 10 6 7 11
Proportion of Non-Regular Workers 8.76 12 9 11 6
News Index 11.73 13 11 10 14
Average Age of a Woman's First Childbirth 12.09 15 12 15 9
Utilization Rate of Private Childcare Facilities 12.18 16 10 9 17
Land Price Fluctuation Rate 12.52 9 14 12 12
Utilization Rate of National and Public Childcare Facilities 13.16 8 13 14 13
Community Index 14.26 4 17 17 10
Changes in the Price of Housing Lease on a Deposit Basis 15.05 17 16 13 16
Changes in House Sales Price 15.30 14 15 16 15
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