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HIGHLIGHTS

GRAPHICAL ABSTRACT

® CRM is the key driver of make-to-
order supply chain performance
improvement.

e Make-to-order supply chain success
depends on effective customer
responsiveness.

® The Fuzzy Best—-Worst Method
(FBWM) enables more accurate
indicator prioritization.

CRM-Related Indicators.

RESULTS: PRIORITY OF INDICATORS CONTRIBUTION OF CUSTOMER RELATIGNSHIP MANAGEMENT (CRM) : I
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This study identifies and prioritizes key indicators for improving make-to-
order supply chain performance in the alumina industry, with particular
emphasis on customer relationship management (CRM). Using an applied
mixed-methods design, the research combined a systematic literature
review, expert interviews, and multi-criteria decision-making. A systematic
review of studies published between 2010 and 2025 across major
international and Persian databases resulted in 34 eligible studies from 387
initial records. Semi-structured interviews with 10 industrial and academic
experts were then analyzed thematically, reducing 42 initial codes to 12 axial
codes and three main themes: operational performance, customer-oriented
factors, and supply chain support. Finally, the identified indicators were
prioritized using the Fuzzy Best-Worst Method and GMIR defuzzification.
The results show that customer satisfaction (0.238), delivery time (0.205),
production flexibility (0.162), and product quality (0.148) are the most
influential indicators. Total supply chain cost, service level, and information
transparency play complementary roles. Overall, CRM-related indicators
account for 0.364 of the total weight, highlighting CRM as a major
determinant of make-to-order supply chain performance in the alumina
industry.
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1. Introduction

In recent decades, competition in global markets and
rapidly changing customer expectations have
challenged traditional production structures and
supply chains. Modern customers demand not only
high-quality products at competitive prices but also
timely delivery and, in many cases, customized
solutions. Under these conditions, the supply
chain—as a network of suppliers, manufacturers,
distributors, and customers—has become a strategic
factor for competitive advantage, organizational
survival, and profitability.

The shift toward a networked economy and
globalization has driven organizations to focus on
integrated supply chain performance rather than
solely internal efficiency. (Chopra & Meindl, 2016;
Wong et al., 2021) A prominent manifestation of this
trend is the emphasis on supply chain performance
evaluation, where measurement now spans inter-
organizational and network levels. In this context,
the make-to-order (MTO) production strategy, in
which production begins only after customer orders
are received, has become increasingly important. In
MTO environments, supply chain efficiency and
agility directly influence customer satisfaction and
loyalty. (Singh & Disney, 2026)

Critical success factors in MTO supply chains include
delivery time, production flexibility, product quality,
service level, and information transparency. (Saputro
et al, 2022; Tanhaie, 2024) Simultaneously,
organizations  increasingly = adopt  Customer
Relationship Management (CRM) as a strategic
approach to identifying, attracting, and retaining
customers, integrating operational data into
production planning, inventory management, and
delivery scheduling. Certain sectors, such as the
alumina industry, are particularly exposed to MTO
challenges due to high product variety, quality
sensitivity, and stringent delivery requirements.
(Gaalman et al., 2022; Gijsbrechts et al., 2025).
Despite the importance of performance evaluation in
MTO supply chains, no comprehensive framework
exists for the identification, localization, and
prioritization of performance indicators in the
alumina sector. Most prior studies focus on
traditional dimensions (cost and internal efficiency)
or general supply chains, without systematically
considering MTO characteristics and the role of
CRM. This research addresses these gaps by
combining literature-derived indicators with
industry-specific indicators and prioritizing them
through a scientific multi-criteria decision-making
(MCDM) approach. The study contributes a
customer-oriented, CRM-based framework for
evaluating and enhancing make-to-order supply
chain performance in the alumina industry. The last
paragraph of the introduction emphasizes the
novelty: this is the first study to integrate generalized
and localized indicators in a CRM-driven MTO
framework for alumina, providing both conceptual

and empirical guidance for subsequent dynamic
modeling and behavioral scenario analysis.

2. Methodology

This study adopts an applied, mixed-methods
approach  (qualitative—quantitative) ~with an
exploratory—explanatory orientation. The research
process comprises three sequential stages to
systematically identify, refine, and prioritize key
performance indicators (KPIs) in MTO supply chains.

2.1. Literature Review and Qualitative Content
Analysis

A systematic review of international and Persian
sources (2010-2025) identified general performance
indicators, including delivery time, production
flexibility, product quality, service level, total cost,
information transparency, and customer
satisfaction. Texts were analyzed through qualitative
content analysis using MAXQDA, employing open,
axial, and selective coding to consolidate recurring
concepts into meaningful indicators. Table 1
illustrates the mapping from conceptual variables to
operational metrics.

2.2. Expert Interviews

To localize indicators for the alumina industry, semi-
structured interviews were conducted with 10
experts (senior managers, specialists, and
academics). Participants had at least 10 years of
experience in supply chain management. Data were
transcribed and analyzed using thematic analysis,
confirming generalized indicators and introducing
industry-specific =~ metrics, such as internal
coordination, timely raw material supply, and
quality of information exchange.

2.3. Quantitative Prioritization Using FBWM

The Fuzzy Best-Worst Method (FBWM) was applied
to determine the relative importance of indicators.
Experts identified the most (Best) and least (Worst)
critical criteria, and fuzzy pairwise comparisons
were conducted. Two vectors—Best-to-Others and
Others-to-Worst—were constructed for each expert.
The optimization model minimized inconsistencies,
producing stable, reliable weights. Consistency
ratios for all experts were below 0.10, confirming
judgment reliability. Table 2 summarizes the final
weights and ranking of indicators.

3. Results and Discussion

The analysis identified seven key indicators
organized into three dimensions:
e Operational Performance: Delivery Time,
Production Flexibility, Product Quality
e  Customer-Oriented Performance: Customer
Satisfaction, Service Level
e Supply Chain Support Performance:
Information Transparency, Total Supply
Chain Cost
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Table 1. Sample mapping of theoretical concepts to operational indicators and measurement scales

No. Conceptual Variable Conceptual Definition Operational Indicators _ Scale Type Data Source
1 Delivery Time (Lead The time interval between Average order delivery Ratio Recorded  data
Time) customer order time, standard and expert
registration and final deviation of delivery opinions
product delivery time
2 Product Quality The degree of conformity Error rate, percentage of Ratio/Ordinal Quality  control
of the product with returned products, reports and
customer specifications  quality satisfaction level interviews
and requirements
3 Production Flexibility =~ The ability of the system Production setup Ratio Interviews and
to respond to changes in change time, variety of production data
order volume or type producible products
4 Service Level The extent to which Ratio of on-time Ratio Supply chain
customer demand is delivered orders, OTIF performance
fulfilled on time index data
5 Total Supply Chain Total costs of purchasing, Average cost per order, Ratio Financial  data
Cost production, storage, share of transportation and simulation
transportation, and costin total cost
distribution
6 Customer The customer’s overall Overall satisfaction  Ordinal/Interval Questionnaires
Satisfaction perception of purchasing score, repeat purchase, and expert
experience and service customer feedback interviews
quality
Table 2. Consistency ratios of experts in the Fuzzy Best-Worst Method (FBWM).
Expert Code Best Criterion Worst Criterion Fuzzy Consistency Ratio (§*)  Consistency Status
H1 Customer Satisfaction  Information Transparency  0.041 Acceptable
H2 Delivery Time Information Transparency  0.053 Acceptable
H3 Customer Satisfaction  Service Level 0.047 Acceptable
H4 Customer Satisfaction  Information Transparency  0.062 Acceptable
H5 Delivery Time Information Transparency  0.058 Acceptable
Hé6 Customer Satisfaction  Information Transparency  0.049 Acceptable
H7 Customer Satisfaction  Service Level 0.044 Acceptable
H8 Delivery Time Information Transparency  0.061 Acceptable
H9 Customer Satisfaction  Information Transparency  0.056 Acceptable
H10 Customer Satisfaction  Information Transparency  0.039 Acceptable
Average — — 0.051 Confirmed

Among these, Customer Satisfaction received the
highest weight (0.238), followed by Delivery Time
(0.205) and Production Flexibility (0.162). The
remaining indicators, while lower in weight, play
critical supporting roles, ensuring system stability
and customer loyalty. Figure 1 illustrates the
conceptual framework and relative weights.

Final Criteria Weights and Ranking of Performance Evaluation Indicators
in the Make-to-Order Supply Chain of the Alumina Industry

(Defuzzified Weights) -
Main Criteria Weight  gank
(Defuzziied)

Customer Satistaction 4 0.238 (1

Delivery Time 0.205 i )
Production Flexibility 0.162 3
Product Quality 0.148 @)
|
Total Supply Chain Cost 4 0121 .5_,
Service Level 0.078 U
Information Transparency ‘ 0.048 \7

The presented weights are defuzzified relative weights abtained using the Fuzzy Best-Worst Method (FBWM)

and the GMIR defuzzification approach, based on the judgments of 10 experts.
Figure 1. Conceptual framework and relative weights.

Expert feedback emphasized that CRM-driven,
customer-centric practices are pivotal in MTO
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supply chains. The prioritization results indicate that
adherence to delivery schedules, product quality
consistency, and responsiveness to demand
fluctuations are more critical than cost minimization
alone. These findings validate the integration of
generalized and localized indicators to enhance
supply chain performance in the alumina sector.

4. Conclusions

This study demonstrates that effective performance
improvement in MTO supply chains requires
attention to both general KPIs and industry-specific
factors. A three-stage methodology—systematic
literature review, expert interviews, and FBWM
prioritization—produced a robust framework for the
alumina industry. Key managerial insights include:

1. Customer satisfaction and  delivery
reliability are the most influential indicators
for competitiveness.

2. Production flexibility and product quality
provide supporting mechanisms for
operational stability.

3. Information transparency, total supply
chain cost, and service level act as enabling
factors critical for overall performance.
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The framework provides practical guidance for
managers to prioritize interventions and make
informed decisions aligned with local industry
conditions. Additionally, this study establishes a
foundation for future research on behavioral
modeling and dynamic analysis of MTO supply
chains in mining and process industries.
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Table 2. Profile of the expert panel for interviews and BWM questionnaire (N=10)
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Figure 2. Qualitative content analysis and literature
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Table 5. An example of open coding and literature-derived indicators
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Table 6. Extracted indicators and their relative importance
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Table 7. Qualitative coding tree: from 42 initial codes to 12 axial codes and 3 main themes
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Table 8. Examples of interview evidence organized by main themes
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Figure 3. Importance of key indicators derived from qualitative content analysis.
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Table 9. Contextualization of seven general indicators in the alumina industry: insights from expert interviews
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Table 10. CVR and CVI values of the seven final

indicators (N=12)
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Table 11. Best and worst indicators identified by experts and the fuzzy consistency index

&I 5w Camisg ) &3 G psls (Worst) ¢y s )lene Cadgaipsn apeed
Uy 15 R SleMbl cuslas ) .
s o[ OV Sleb! codlas Ji97s ol HY
NI R RISl S e Sold) 4
Jp3 15 L[e5Y Sledb| cuslas S cols, H¥
s Y ol caslis Jrg7s oo HO
Uy 15 ./ €9 oleMbl cuslas ) H7
R R P OVRE P S i Colo, HY
s e $) Sleb! codlas Ji97s ol HA
B Y Sledbl eoslas ) HA
B b5 R Sledb| coslas Srie Cals, H) -
ot [1-) - -

(ke 53 slach) HY 0,5 (5, Others-to-Worst ¢ Best-to-Others (sl s paiges Y Jgor

Table 12. Example of best-to-others and others-to-worst vectors for expert H1 using triangular fuzzy numbers
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Table 13. Final weights and ranking of seven performance evaluation indicators for the make-to-order supply

chain in the alumina industry using the FBWM method
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Figure 4. Final weights and ranking of the seven
performance evaluation indicators for the make-to-

order supply chain in the alumina industry.
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Table 14. Sensitivity analysis of customer satisfaction weight and its impact on the ranking of other indicators
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