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Data science has become a prominent field in recent decades, closely intertwined with modern statistical analysis. Its primary objective is to tackle challenges posed by noisy data and complex model structures, such as high dimensionality, measurement error, censoring, and genetic data. To reflect recent advancements in the field, this Special Issue, entitled “Statistical Analysis and Data Science for Complex Data”, presents a collection of high-quality research papers that introduce novel statistical methods for addressing these challenges across various domains. Fourteen papers authored by researchers from diverse countries and regions are featured, including Taiwan, the U.S.A., Canada, Japan, and China, showcasing both topical breadth and geographic diversity.



The first paper, Contribution 1 introduces a fused lasso approach for data-adaptive testing in multivariate settings. A key advantage of the proposed method is its ability to account for the effects of adjacent variants. Numerical results demonstrate its superior performance compared to several existing tests.



Contribution 2 address the analysis of survival data involving two potentially dependent groups. Their primary goal is to compare the survival distributions between these groups while accounting for their dependence. To this end, they propose a copula-based method to estimate the Mann–Whitney effect under parametric survival models. Additionally, they develop a Shiny web application to facilitate the practical implementation of their approach.



In medical research, the receiver operating characteristic (ROC) curve is a widely used statistical tool for distinguishing between individuals with and without a disease. Two common summary measures for evaluating a biomarker’s diagnostic accuracy are the area under the ROC curve (  A U C  ) and the Youden index (J). To provide a more comprehensive understanding of the ROC curve’s characteristics, Contribution 3 propose a semiparametric density ratio model that links the biomarker distributions for healthy and diseased populations, enabling simultaneous inference on both   A U C   and J. The authors also establish several theoretical properties, including the joint asymptotic normality of the maximum empirical likelihood estimator of   ( A U C , J )   and an asymptotically valid confidence region for these indices.



Contribution 4 investigate interactions among multiple biomarkers, such as gene–environment interactions, which are of significant importance in bioinformatics. A central challenge in their study lies in model adaptation errors caused by imbalanced data types. To address this, the authors employ the SMOTE-Tomek procedure to correct for data imbalance. Using datasets from The Cancer Genome Atlas on lung adenocarcinoma and breast invasive carcinoma, they demonstrate that the SMOTE-Tomek approach improves prediction performance over both untreated data and data processed with SMOTE alone, across various imbalance ratios. Furthermore, the study identifies biomarkers associated with gene–environment interactions in cancer and reports their estimated odds ratios, offering valuable insights from the data analysis.



Estimating treatment or exposure effects is a central topic in causal inference. When multiple data sources are available, it is natural to consider integrating information across studies to improve estimation. However, a major challenge lies in the heterogeneity and incompleteness of covariate sets across datasets. To address this issue, Contribution 5 propose a generalized meta-analysis approach that integrates summary statistics, such as regression coefficients, from outcome and treatment models across studies with differing covariate structures. The authors establish the asymptotic distribution of the proposed integrated estimator, and simulation studies confirm the method’s validity and effectiveness.



Contribution 6 investigate the joint analysis of interval-censored data and panel count data, two commonly encountered forms of incomplete data in survival studies. To accommodate both data types, the authors propose a novel semiparametric joint regression model, where the failure time follows an additive–multiplicative hazards model and recurrent events are modeled using a nonhomogeneous Poisson process. They develop a sieve maximum likelihood estimation procedure based on Bernstein polynomials to estimate the model parameters efficiently.



Contribution 7 propose a nonparametric framework for estimating instrumental variable treatment effects. To address the curse of dimensionality inherent in high-dimensional data, the authors introduce two types of sufficient dimension reduction techniques: the partial central subspace for the outcome and treatment variables and the central subspace for the instrumental variable. They further demonstrate that combining these two approaches allows the estimator to attain the semiparametric efficiency bound for the marginal version of local average treatment effects, underscoring the framework’s potential to improve both efficiency and robustness in nonparametric causal inference.



The work (Contribution 8) was motivated by the global COVID-19 pandemic, which posed a significant public health challenge in recent years. Their primary goal is to efficiently monitor the number of newly confirmed daily cases. To this end, they propose using exponentially weighted moving average (EWMA) control charts integrated with two time series models: the autoregressive integrated moving average (ARIMA) model and the vector autoregressive moving average (VARMA) model. Their data analysis demonstrates that the proposed method can detect early signals of disease outbreaks more effectively than conventional control charts.



Contribution 9 investigate nonlinear time series models in the presence of missing data. To address the challenges posed by such complex structures and to improve prediction accuracy, the authors extend the LightGBM algorithm to model nonlinear interactions and coupling relationships among variables. Their approach reconstructs variables with missing values, restoring data completeness and enhancing the accuracy and reliability of time series forecasting by effectively capturing temporal dependencies.



Contribution 10 focuses on the estimation of both time-dependent and time-independent ROC curves under a cured survival model with covariate measurement error. To correct for the bias introduced by measurement error in estimating the AUC, the author proposes the use of insertion methods and regression calibration, combined with the EM algorithm for parameter estimation. Theoretical properties of the proposed estimators, such as consistency and asymptotic normality, are established.



Contribution 11 present a Bayesian hierarchical model incorporating Gaussian processes to account for spatial random effects in the analysis of storm surge data. Their results demonstrate that the proposed method improves the accuracy of storm surge estimates, particularly for long return periods, offering valuable insights for environmental risk assessment.



Contribution 12 investigate the optimal quantization of discrete probability distributions when part of the support set is pre-specified. Their study covers both finite and infinite discrete distributions, deriving optimal conditional quantizers and corresponding quantization errors. The authors provide theoretical insights that lay the groundwork for future research in quantization under structural constraints.



Contribution 13 apply CEEMDAN to decompose carbon emission time series into intrinsic mode functions (IMFs) that represent different frequency components. A hybrid CNN–Transformer framework is then employed to capture both local features and long-range temporal dependencies. Based on four real-world datasets comprising over 133,000 observations, their approach significantly outperforms existing methods, achieving approximately 13% lower RMSE and 12–13% improvements in MAE and CRPS.



The final paper in this Special Issue addresses the assumption of log-linear effects in Cox proportional hazards models. Contribution 14 propose a partial-likelihood-based goodness-of-fit test to assess the validity of the log-linear effect assumption in univariate Cox models. When this assumption is rejected, it indicates the presence of monotonic but non-log-linear covariate effects on the hazard function. The proposed method is applied to breast cancer and lung cancer datasets, revealing valuable insights into the suitability of log-linearity in Cox model applications.



As the Guest Editor, I would like to express my sincere gratitude to all the authors for their valuable contributions to this Special Issue. I also extend my heartfelt thanks to the reviewers for their thoughtful and constructive feedback, which has greatly enhanced the quality of the accepted papers. The aim of this Special Issue was to gather innovative research across diverse areas of data science. I hope that the published works will capture the interest of readers and have a meaningful impact on the international scientific community.
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