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Introduction

In many scientific fields the design of experiments has long been a fundamen-
tal tool for analyzing the effects of controlled factors on response variables.
Classical approaches, rooted in Fisher’s work, typically assume normality of
responses and rely on mean-based analyses such as analysis of variance. How-
ever, the presence of outliers, arising from measurement errors, invalid data,
or unexpected variations, can severely distort results, challenging these as-
sumptions and reducing model reliability. To address these limitations, fuzzy
regression has emerged as a powerful alternative. Unlike classical models, it
does not require strict distributional assumptions and instead employs fuzzy
numbers to capture uncertainty and variability flexibly. This adaptability
makes fuzzy regression particularly suitable for handling noisy or imprecise
data, where traditional methods fall short. This paper explores the applica-
tion of fuzzy regression as a robust extension to the design of experiments,
demonstrating its potential to improve analysis in the presence of outliers
and offering a viable alternative to classical approaches.

Materials and Methods

Two real-world datasets were employed: seedling growth measurements, which
capture biological variation in agricultural experiments, and boiling point
quality data, representing chemical and industrial contexts. The perfor-
mance of the classical experimental design was systematically compared with
five alternative methods designed to address the influence of outliers: Hu-
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ber regression, bi-square regression, mean substitution, ranking, and fuzzy
regression. Each method was implemented under identical experimental con-
ditions and assessed using predictive accuracy and goodness-of-fit metrics.

Results and Discussion

The fuzzy regression consistently outperformed both the classical experimen-
tal design and the set of robust alternatives across all evaluation metrics. It
achieved higher adjusted R? values and substantially lower MSPE, indicat-
ing superior predictive performance. Its advantage stems from the ability to
explicitly manage uncertainty in the data and remain resilient against the
distorting effects of anomalous observations. The empirical findings suggest
that, in practice, fuzzy regression reduces sensitivity to data contamination
while enhancing the interpretability of model outcomes. These results high-
light the method’s substantial potential for practical applications in domains
where noisy or imprecise data are common.

Conclusion

Fuzzy regression is a robust and reliable alternative to classical and robust
regression methods. Unlike traditional approaches, it does not rely on strict
distributional assumptions, which makes it particularly suitable for real-
world datasets often affected by uncertainty and irregularities. The method
demonstrated improved predictive accuracy, effective handling of outliers,
and stable model performance even under challenging data conditions. In
addition to its practical benefits, fuzzy regression also provides a flexible
framework for future methodological extensions, such as incorporating qual-
itative factors through fuzzy coding or integrating with hybrid computational
approaches. These features underline its practical relevance and adaptability
across a wide range of disciplines, from agricultural sciences and biological
research to engineering applications.
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