
Vol.:(0123456789)

Annals of the Institute of Statistical Mathematics (2025) 77:685–717
https://doi.org/10.1007/s10463-025-00942-z

SPECIAL PAPER (WITH DISCUSSION)

Mode‑based estimation of the center of symmetry

José E. Chacón1   · Javier Fernández Serrano2 

Received: 13 June 2024 / Revised: 30 October 2024 / Accepted: 13 December 2024 /  
Published online: 31 July 2025 
© The Institute of Statistical Mathematics, Tokyo 2025

Abstract
In the mean-median-mode triad of univariate centrality measures, the mode has 
been overlooked for estimating the center of symmetry in continuous and unimodal 
settings. This paper expands on the connection between kernel mode estimators and 
M-estimators for location, bridging the gap between the nonparametrics and robust 
statistics communities. The variance of modal estimators is studied in terms of a 
bandwidth parameter, establishing conditions for an optimal solution that outper-
forms the household sample mean. A purely nonparametric approach is adopted, 
modeling heavy-tailedness through regular variation. The results lead to an estima-
tor proposal that includes a novel one-parameter family of kernels with compact 
support, offering extra robustness and efficiency. The effectiveness and versatility of 
the new method are demonstrated in a real-world case study and a thorough simu-
lation study, comparing favorably to traditional and more competitive alternatives. 
Several myths about the mode are clarified along the way, reopening the quest for 
flexible and efficient nonparametric estimators.

Keywords  Kernel mode estimator · Center of symmetry · Unimodality · Regularly 
varying density · Redescending M-estimator · Efficient nonparametric estimation

Related articles are https://​doi.​org/​10.​1007/​s10463-​025-​00943-y; https://​doi.​org/​10.​1007/​s10463-​
025-​00944-x; https://​doi.​org/​10.​1007/​s10463-​025-​00945-w

 *	 José E. Chacón 
	 jechacon@unex.es

	 Javier Fernández Serrano 
	 javier.fernandezs01@estudiante.uam.es

1	 Departamento de Matemáticas, Universidad de Extremadura, Campus Universitario de Badajoz, 
Avenida de Elvas, s/n, 06006 Badajoz, Spain

2	 Departamento de Matemáticas, Universidad Autónoma de Madrid, Ciudad Universitaria de 
Cantoblanco, Calle Francisco Tomás y Valiente, 7, 28049 Madrid, Spain

http://crossmark.crossref.org/dialog/?doi=10.1007/s10463-025-00942-z&domain=pdf
https://orcid.org/0000-0002-3675-1960
https://orcid.org/0000-0001-5270-9941
https://doi.org/10.1007/s10463-025-00943-y
https://doi.org/10.1007/s10463-025-00944-x
https://doi.org/10.1007/s10463-025-00944-x
https://doi.org/10.1007/s10463-025-00945-w

	Mode-based estimation of the center of symmetry
	Abstract
	1 Introduction
	2 Background
	3 Method
	3.1 Theoretical results
	3.2 Computation
	3.3 Parameter optimization
	3.4 Illustrative example

	4 Case study
	5 Simulation study
	6 Discussion
	Appendix A. Proofs
	Acknowledgements 
	References




