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AB STR AC T  

Background: Industrial machinery fleets in Nigeria are critical to economic output, yet systematic methodologies 

for diagnosing and quantifying efficiency gains in their operational systems are lacking. Current evaluations often 

rely on retrospective, non-experimental analyses, which are susceptible to confounding and bias. 

Purpose and objectives: This article presents a novel methodological framework for conducting randomised 

field trials (RFTs) to robustly measure efficiency improvements within industrial machinery systems. The objective 

is to provide a structured protocol for the design, implementation, and analysis of such trials in an active industrial 

setting. 
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Article Highlights 

• Proposes a cluster-randomised, stepped-wedge design for 

active industrial settings. 
• Statistical model detects ≥12% MTBF improvement with 

80% power in pilot simulation. 
• Overcomes confounding and bias limitations of 

retrospective, non-experimental analyses. 
• Provides structured protocol for design, implementation, and 

analysis of field trials. 

Core Statistical Model 

Linear mixed model with cluster-robust inference: Yᵢⱼₜ = μ + 

βTᵢⱼₜ + θᵢ + γₜ + εᵢⱼₜ, where Tᵢⱼₜ is the treatment indicator, θᵢ and 

γₜ are random cluster and fixed time effects. 

This is a methodology paper presenting a novel experimental 

framework, not empirical results from a completed trial. 
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📄 ABSTRACT-ONLY 

PUBLICATION 

This is an abstract-only publication. The 

complete research paper with full 

methodology, results, discussion, and 

references is available upon request. 
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