
Proceedings of the 11th North American International Conference on Industrial Engineering and Operations 
Management, Milwaukee, Wisconsin, USA, June 9-11, 2026 

© IEOM Society International 

Proceedings of the International Conference on Industrial Engineering and Operations Management 

Publisher: IEOM Society International, USA 
Published: June 9, 2026 

DOI: 10.46254/NA11.20260156 

Digital Twin Experimentation to Evaluate the 
Complementarity Between Lean Maturity and Industry 4.0 

Adoption 

Mauricio Torres-Torres, Azucena Minerva García-León, Elí González-Trejo and Soraya 
Concepción Elizondo-Jiménez  

School of Chemical Science 
Professors of Industrial Engineering and Management 

Universidad Autónoma de Nuevo León 
San Nicolás de los Garza, Nuevo León, México 

mauricio.torrestrr@uanl.edu.mx, azucena.garcialn@uanl.edu.mx, eli.gonzaleztrj@uanl.edu.mx, 
soraya.elizondojm@uanl.edu.mx 

Abstract 

The heterogeneous performance outcomes observed in Industry 4.0 implementations suggest that technological 
adoption alone does not guarantee operational improvement. This study proposes a digital twin-based experimental 
framework integrating factorial design and moderated regression modeling to assess the complementarity between 
Industry 4.0 adoption and Lean maturity. A full factorial 2³ digital twin experimental structure was developed to 
simulate automation level, workforce training, and process standardization under stochastic operational variability. 
Moderated regression analysis was conducted to evaluate whether Lean maturity amplifies the marginal effect of 
Industry 4.0 adoption on operational performance. Results indicate significant main and interaction effects at the 
operational level, while moderation analysis confirms a strong positive amplification effect (ΔR² = 0.088, p < 0.001). 
Effect size analysis and bootstrap robustness tests further validate the findings. The study contributes by integrating 
experimental design and capability-based moderation modeling within a digital twin framework, offering insights for 
digital transformation sequencing strategies. 
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