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Objective: This study aims to design and propose a hybrid model integrating Data
Envelopment Analysis (DEA) and Multi-Criteria Customer Satisfaction Analysis
(MUSA) to evaluate the efficiency of production lines at the Kaveh Glass Industrial
Group.

Methodology: The research adopted an exploratory mixed-method design. In the
qualitative phase, semi-structured interviews and the fuzzy Delphi method were used
to identify and screen relevant indicators. In the quantitative phase, data were collected
from 500 customer questionnaires across four product lines. The analysis employed
fuzzy DEMATEL, fuzzy ANP, MUSA, and a three-stage DEA model, implemented
using LINGO 11 software.

Findings: Results revealed that “price” with an effect coefficient of 0.369 was the most
influential factor, while “loyalty” with a net effect coefficient of -0.81 was the most
affected factor. “Price,”
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service quality,
quality” acted as causal drivers, whereas “customer complaints” and “loyalty” emerged
as dependent outcomes. In terms of efficiency, the third stage achieved the highest
efficiency (0.97914), while the second stage showed the lowest. The average customer
satisfaction score was calculated at 0.89.

Conclusion: The proposed hybrid DEA/MUSA model demonstrated strong capability
in evaluating both efficiency and customer satisfaction simultaneously. The findings
highlight the critical role of price, service quality, and customer relationship in
enhancing productivity and competitiveness of production lines. This model provides
a practical framework for managerial decision-making in similar industrial contexts.
Keywords: Customer satisfaction; Data Envelopment Analysis; Multi-Criteria
Analysis; Efficiency; Kaveh Glass Industrial Group
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EXTENDED ABSTRACT
Introduction

In the increasingly competitive global market, customer satisfaction has become one of the most
critical factors determining organizational survival and long-term success. Customer satisfaction is
generally defined as the outcome of comparing the customer’s expectations before purchase with the
actual performance of the product or service delivered (Westbrook & Oliver, 2008). Dissatisfied customers
often choose not to communicate their concerns to the firm but rather shift to competitors, sharing their
negative experiences with potential customers, thereby intensifying competitive pressures (Hosseini Nasab
& Azimi Kohon, 2018). Consequently, accurate measurement and systematic monitoring of customer
satisfaction are crucial for businesses to identify improvement areas and maintain a competitive edge
(Delso et al., 2018).

At the same time, the assessment of organizational efficiency and productivity is another important
dimension of performance evaluation. Efficiency, understood as the optimal utilization of resources to
achieve the maximum possible output, is one of the central concepts in performance management (Emami
Meybodi, 2011). Data Envelopment Analysis (DEA) has emerged as a powerful non-parametric technique
for evaluating the relative efficiency of decision-making units (DMUs) using multiple inputs and outputs
simultaneously (Coelli & Prusak, 2005). The versatility and applicability of DEA have led to its adoption
across various industries, including healthcare (Aghasizadeh et al., 2022), banking (Erdkhadifa & Himmati,
2022), and technology parks (Nazerian, 2024).

Despite the widespread use of DEA, most traditional applications have focused solely on financial
or operational measures of efficiency without incorporating customer-driven indicators. However, as
customer orientation and market orientation have become central to competitive advantage (Robins et al.,
2017), scholars have argued for integrating customer satisfaction metrics with efficiency assessment
models. Research has shown that the combination of operational efficiency and customer satisfaction
offers a more holistic understanding of organizational performance (Hao et al., 2019). This perspective
aligns with earlier models such as the American Customer Satisfaction Index (ACSI), which highlighted
the causal relationship between product/service quality, perceived value, customer satisfaction, and
loyalty (Fornell et al., 1996).

Recent developments in DEA modeling have introduced more sophisticated approaches, such as
network DEA, two-stage DEA, and fuzzy DEA. These models allow researchers to examine internal
structures and intermediate processes rather than treating organizations as “black boxes.” For example,
fuzzy two-stage DEA has been applied to handle uncertainties in efficiency evaluation (Kachouei et al.,
2022), while robust network DEA has been used to assess mutual funds under uncertainty (Peykani et al.,
2022). Similarly, hybrid models combining DEA with data mining and simulation have demonstrated
improved predictive power and practical insights (Shafiei et al., 2021; Torkashvand et al., 2023).

In the financial domain, DEA has also been integrated with machine learning to detect fraud (Anari
& Yazdi, 2024) and with fuzzy multi-objective approaches to evaluate portfolio performance (Chen et al.,
2021; Mehlawat et al., 2020). These advancements highlight the growing relevance of hybrid DEA models
in addressing complex decision-making contexts across industries. On a global scale, hybrid DEA has



also been applied in environmental economics, particularly for allocating emissions abatement in fossil
fuel industries (Yeh, 2025).

Against this backdrop, the present study aims to design and implement a hybrid model that
integrates network DEA with multi-criteria customer satisfaction analysis (MUSA) for evaluating the
production lines of Kaveh Glass Industrial Group. Unlike traditional approaches that focus primarily on
operational inputs and outputs, this research incorporates customer-driven indicators such as price
perception, product quality, service quality, loyalty, complaints, and relationship quality. By merging
DEA and MUSA, the study not only evaluates the efficiency of production lines but also explains how
customer satisfaction dimensions interact to influence efficiency outcomes. This approach addresses the
gap in previous research, where the customer perspective was often ignored in efficiency models
(Rahnavard, 2013; Shoughi et al., 2012).

Therefore, the significance of this research lies in two dimensions. First, it extends the DEA
methodology by embedding customer satisfaction metrics, offering a multidimensional performance
assessment. Second, it provides practical insights for managers in the glass industry to optimize resource
allocation and production processes while simultaneously enhancing customer satisfaction. The alignment
with earlier works on efficiency in Iranian manufacturing (Bahremand, 2015) and international
advancements in hybrid DEA models further underscores the novelty and applicability of this research.

Methods and Materials

The study adopted a mixed-method exploratory design combining qualitative and quantitative
approaches. In the qualitative phase, semi-structured interviews with 21 experts from academia and
industry were conducted to identify and validate relevant customer satisfaction indicators. Using the fuzzy
Delphi method, a final set of 24 sub-indicators grouped into six main categories—price, service quality,
product quality, customer complaints, loyalty, and customer relationship—was established.

In the quantitative phase, data were collected through 500 valid customer questionnaires across
four production lines of Kaveh Glass Industrial Group. Three types of questionnaires were used: the first
for identifying critical satisfaction factors, the second for examining interrelationships among factors (via
fuzzy DEMATEL), and the third for measuring satisfaction levels (applied to customers).

For data analysis, a hybrid model was applied. Fuzzy DEMATEL and ANP were used to determine
causal relationships and weights of factors. MUSA was employed to calculate satisfaction scores and
importance weights, while a three-stage network DEA was implemented using LINGO 11 software to
evaluate the relative efficiency of production lines.

Findings

The results revealed that among the six main factors, “price” emerged as the most influential causal
factor with an effect coefficient of 0.369, whereas “loyalty” was the most affected factor with a net effect
of -0.81. This indicates that while pricing policies strongly influence other dimensions, customer loyalty
is primarily shaped by antecedent factors such as service quality and product performance.
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Further analysis showed that “price,” “service quality,” “customer relationship,” and “product
quality” acted as causal drivers in the model, whereas “customer complaints” and “loyalty” were
categorized as dependent outcomes. This finding suggests that improvements in the causal factors can

directly reduce complaints and enhance loyalty levels.
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Efficiency evaluation through the three-stage network DEA revealed that the third stage achieved
the highest efficiency score of 0.97914, while the second stage had the lowest performance. The
aggregated efficiency score across all stages was 0.9807, indicating relatively high overall efficiency of
the production lines.

MUSA analysis showed that the average customer satisfaction score was 0.89, consistent with the
DEA findings. Among sub-indicators, “customer expectation,” “
delivery” received the highest weights, highlighting their importance in shaping customer perceptions of
efficiency and satisfaction.

Discussion and Conclusion

The findings of this study highlight the importance of integrating customer-driven indicators into
efficiency assessment models. The identification of “price” as the most influential factor underscores the
critical role of pricing strategies in shaping overall performance, consistent with prior research
demonstrating the link between value perception and satisfaction (Delso et al., 2018; Fornell et al., 1996).
Similarly, the classification of “loyalty” as a dependent outcome aligns with earlier studies emphasizing
that loyalty is a consequence of service quality, product quality, and value perception rather than a
standalone construct (Ahmadi et al., 2012; Hosseini Nasab & Azimi Kohon, 2018).

The causal role of service quality and product quality resonates with the literature on consumer
behavior, which highlights the centrality of these factors in driving satisfaction and competitive advantage
(Robins et al., 2017; Westhrook & Oliver, 2008). The finding that customer complaints function as dependent
variables also supports the argument that complaint behavior is shaped by preceding factors such as
responsiveness and reliability (Allen, 2010).

From a methodological standpoint, the study confirms the value of hybrid DEA models. By
combining MUSA with network DEA, this research addressed a major gap in earlier works that often
overlooked customer expectations. Similar approaches in healthcare (Aghasizadeh et al., 2022), banking
(Erdkhadifa & Himmati, 2022), and supply chains (Torkashvand et al., 2023) have demonstrated the benefits
of hybrid models, reinforcing the broader applicability of the current study. Furthermore, the use of fuzzy
DEMATEL and ANP ensured a more nuanced understanding of causal interrelationships, echoing
previous calls for integrating advanced decision-making techniques with DEA (Kachouei et al., 2022;
Peykani et al., 2022).

In conclusion, the hybrid DEA-MUSA model developed in this study provides a comprehensive
framework for simultaneously evaluating operational efficiency and customer satisfaction. For Kaveh
Glass Industrial Group, the findings emphasize the need to prioritize pricing strategies, enhance service
quality, and strengthen customer relationships to sustain competitive advantage. More broadly, this
research contributes to the literature by demonstrating the practical and theoretical value of integrating
customer-centric measures into efficiency analysis.

repurchase intention,” and “on-time
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