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The aim of the present study is to develop a data-driven and predictive
model for forecasting the product acceptance rate in a lean manufacturing
environment using an artificial neural network. In the first step, potential
variables influencing product acceptance were identified through a
systematic review of the literature and by eliciting the opinions of experts in
lean manufacturing and quality management. The final selection of input
variables was then carried out using the fuzzy Delphi method.
Subsequently, 4,800 data records extracted from food industry production
lines over a two-year period were used as the quantitative data for the
study. The predictive model was designed and trained based on a
feedforward artificial neural network, and its performance was compared
with several benchmark regression models, including linear regression,
decision tree, random forest, and support vector machine. The results
showed that the artificial neural network model, with a coefficient of
determination of 0.88, achieved higher predictive accuracy than the
benchmark models and demonstrated a strong capability in modeling
nonlinear relationships between quality- and process-related variables and
the product acceptance rate. Furthermore, variable importance analysis
revealed that raw material quality and the percentage of production waste
played the most significant roles in predicting the product acceptance rate.
The findings indicate that improving a single factor in isolation does not
guarantee an increase in product acceptance, and that sustainable outcomes
can only be achieved through the simultaneous management of multiple
key variables.
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1. Introduction

In recent decades, manufacturing industries—
particularly the food sector—have been confronted
with increasing pressure to improve product quality,
reduce waste, enhance productivity, and respond
quickly to market fluctuations (Al-Shboul, 2025;
Abedi et al., 2025). The complexity of production
processes, the vast amount of operational data, and
the stringent requirements of quality standards have
made traditional quality-control and decision-
making approaches inadequate for today’s
competitive environment (Batwara et al., 2025).
Under such conditions, lean manufacturing is
recognized as one of the most effective managerial
approaches, as it focuses on eliminating waste,
improving value flow, and enhancing efficiency, thus
playing a crucial role in optimizing production
systems. At the same time, Total Quality
Management, as a complementary framework,
emphasizes continuous improvement, employee
involvement, and data-driven decision-making,
providing a strong foundation for elevating product
and process quality (Sundararajan & Terkar ,2022).
In parallel with these developments, the rapid
advancement of intelligent technologies and
machine-learning capabilities has enabled the
analysis of complex production data and the high-
accuracy prediction of operational outcomes.
Artificial neural networks, as one of the most
powerful tools in machine learning, possess the
ability to model nonlinear and multidimensional
relationships, making them highly effective in
industrial environments—particularly in predicting
quality- and performance-related behaviors.
Integrating  such  technologies with lean-
manufacturing principles has opened new
opportunities for developing intelligent predictive
systems capable of extracting hidden patterns from
production data and forecasting product-quality
outcomes before defects occur (Sunmola et al,
2024). Accordingly, the foundation of the present
research lies at the intersection of three core
domains: lean manufacturing, Total Quality
Management, and machine learning. The study
focuses on designing a predictive model for product
acceptance in lean production lines—one that can
address existing challenges in the food industry
related to quality variability, waste levels, and
product acceptance rates from a data-driven
perspective (Tavana et al., 2025). The importance of
this research stems from the fact that many
manufacturing firms still struggle with high waste,
fluctuations in raw-material quality, product
nonconformity, customer returns, and limited ability
to predict production outcomes. (Synnes & Welo
,2022). In an environment marked by intense
competition, rapid demand changes, and strict
regulatory requirements, relying on reactive or
experience-based decisions not only increases costs
and time but may also reduce productivity and

damage brand credibility. Therefore, the need for
predictive, data-driven models capable of estimating
product quality and acceptance before defects occur
has become a managerial and operational necessity.
In the food industry, where safety and quality
sensitivities are high, the inability to anticipate
product behavior can reduce customer satisfaction,
increase rework costs, and even threaten consumer
health (Ferrazzi et al., 2025). On the other hand, lean
manufacturing can only reach its maximum
efficiency when decisions are predictive and based
on real-time analysis rather than final inspection
results. Artificial neural networks, through their
ability to analyze complex patterns and accurately
model relationships between production variables,
enable organizations to forecast product quality at
early stages and prevent costly errors and waste.
Thus, the necessity of this research lies in providing a
scientific, operational, data-driven model that equips
production and quality managers with the ability to
intervene before problems occur and increase
product acceptance levels (Deshmukh et al.,, 2022;
Batista et al., 2021; Habib et al., 2023; Hariyani et al,,
2023; Hossain & Purdy, 2023; Huang et al., 2024; Jing
et al., 2021; Kosasih et al., 2023; Lakshmanan et al.,
2023; Liakos et al., 2025; Limon-Romero et al., 2025;
Marodin et al., 2018).

This study directly responds to the practical needs of
industry to develop intelligent tools for quality and
production management that align with lean and
data-driven approaches. Although lean
manufacturing and Total Quality Management have
been extensively examined in existing literature, few
studies have developed predictive models for
product acceptance using real production data. Most
prior studies rely on linear statistical methods that
are unable to model the nonlinear and
multidimensional nature of production data.
Moreover, the integrated use of artificial neural
networks with selected lean-production indicators
for predicting product acceptance has not yet been
comprehensively and practically explored in the food
industry. The main problem addressed in this
research emerges from the fact that, in many
production facilities—especially in food
manufacturing—decisions  regarding  product
acceptance or rejection are still made based on end-
stage inspection, while the factors influencing
product acceptance, such as raw-material quality,
waste levels, storage duration, and process
conditions, have complex nonlinear interactions. The
absence of a predictive, data-driven model for
estimating this behavior leads to increased waste
and reduced quality. Therefore, the main objective of
this research is to design an intelligent artificial
neural network model that can predict product-
acceptance rates before production is completed,
using key lean-production indicators, and thus
enable timely intervention and proactive decision-
making by managers. In the remainder of the paper,
Section 2 presents the theoretical foundations of lean
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manufacturing, Total Quality Management, and
machine-learning applications in quality prediction.
Section 3 explains the research methodology,
including data-collection procedures, variable
selection, and neural-network model structure.
Section 4 provides the modeling results and
evaluates the neural network’s performance in
predicting product-acceptance rates. Section 5
discusses the findings and outlines managerial and
practical implications. Finally, Section 6 presents the
conclusions and suggests directions for future
research.

2. Methodology

This study adopts a systematic mixed-method
research design to develop a predictive model for
product acceptance in lean manufacturing
environments. The research is applied in nature and
aims to create a practical model for improving
product quality and reducing waste in the food
industry. Data were collected at two levels:
qualitative insights from industry experts to identify
key factors influencing product acceptance, and
4,800 real production records containing variables
such as waste levels, processing times, quality-test
results, and acceptance rates. In the qualitative
phase, a fuzzy Delphi approach was used to evaluate
expert opinions and prioritize critical indicators
under conditions of uncertainty. In the quantitative
phase, these indicators were validated using real
production data and incorporated into a machine-
learning model. Data collection was conducted
through library research, semi-structured expert
interviews, and extraction of historical quality-
control data from production systems. Expert
participants were selected through purposive
sampling based on experience and technical
expertise in lean production and quality
management. Quantitative data  underwent
preprocessing, including cleaning, normalization,
and removal of outliers, before being modeled using
an Artificial Neural Network to capture nonlinear
relationships. Model performance was evaluated
through accuracy, MAE, MSE and R2. The multi-
stage methodology ensured that the final model was
both theoretically grounded and capable of real-
world industrial application.

3. Results and Discussion

The results of the neural network model indicate that
product acceptance in lean manufacturing is
strongly influenced by a combination of key process
and quality variables. Among these, raw-material
quality showed the highest importance, confirming
that the quality of inputs plays a decisive role in
determining final product conformity. Daily
production waste also demonstrated a significant
impact, reflecting the direct relationship between
process efficiency and product acceptance. Variables
such as production-shift time and raw-material
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storage duration showed moderate effects,
suggesting that operational timing and material
handling conditions influence product quality in
indirect yet meaningful ways. Exceptional approval
rate and customer return rate were found to have
lower relative importance, although their
contribution to overall product performance remains
noticeable. The neural network successfully captured
nonlinear  patterns  within  the  dataset,
outperforming traditional linear methods and
validating the suitability of machine-learning
models for predicting quality outcomes. These
findings emphasize the need for predictive, data-
driven decision-making in lean systems and
highlight the practical value of integrating intelligent
models into production planning and quality
management.

4. Conclusions

This study developed an intelligent predictive model
to estimate product acceptance in lean
manufacturing environments using real operational
data and machine-learning techniques. The findings
highlight that raw-material quality and production
waste are the most influential factors shaping
acceptance outcomes, while other process variables
also contribute through complex nonlinear
interactions. The neural network demonstrated
strong predictive capability, showing clear
advantages over traditional analytical approaches.
The results underscore the importance of shifting
from reactive quality assessment to proactive, data-
driven decision-making. The proposed model
provides a practical tool for improving quality
control, reducing waste, and enhancing operational
performance across food-production systems.
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Table 5. Input and output variables of the product acceptance prediction model
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Table 6. Technical and analytical specifications of the artificial neural network model
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Figure 1. Error plot of training, validation, and test
data.
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