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Advancing Accelerated Life Testing:  

Exploring Step-Stress Models and Statistical Inference 

Abstract/Περίληψη: Step-stress is a special type of accelerated life-testing (ALT) procedure that allows the 
experimenter to test the units of interest under various stress conditions changed (usually increased) at 
different intermediate time points. Widely used in fields such as material science, quality control, biomedical 
sciences, and pharmacology, step-stress ALT (SSALT) aims to accelerate aging and reduce time to failure of the 
testing items. Statistical procedures are developed to estimate parameters such as the mean lifetime under 
each tested stress level, based on the observed data. The estimates are then transferred to normal operating 
conditions (NOC) by fitting a link function that connects the stress levels to the corresponding parameter of 
the underlying lifetime distribution. Respective statistical models are developed based on assumptions 
regarding the time points of stress level change, the experiment’s termination point, the underlying lifetime 
distributions, the type of censoring, in case of censored data, and the way of monitoring failures. 

We explore SSALT models using a general scale family of lifetime distributions, offering flexibility and 
closed-form maximum likelihood estimators for the scale parameters. The approach is demonstrated for Type-
I censored experiments, considering both continuous and interval monitoring of the test units. We discuss 
estimation methods, including maximum likelihood, maximum product of spacings, and Bayesian estimation. 
Finally, we extend SSALT modelling to heterogeneous populations using a mixture model approach. 
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