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Abstract

The rapid expansion of the express delivery sector, driven by the growth of e-commerce,
has increased the importance of effective complaint management as an integral component
of service quality and consumer protection. Although operational service performance
and complaint handling have been widely investigated, existing studies have generally
assessed these dimensions separately, leaving a gap in integrated performance evalua-
tion. This study proposes a comprehensive decision-support framework for evaluating
complaint resolution performance of express delivery operators by integrating Service
Failure Indicators (SFI), Complaint Resolution Indicators (CRI), an Entropy-based Com-
posite Quality Index (CQI), and the MARCOS multi-criteria decision-making method. The
proposed framework combines objective operational and complaint-related performance
indicators within a unified evaluation model. The CQI is constructed by aggregating three
complaint resolution indicators using objectively determined Entropy weights, while the
MARCOS method is applied to rank operators according to both operational performance
and complaint resolution effectiveness. The applicability of the framework is demonstrated
through a case study involving five major express delivery operators in the Republic of
Serbia using regulatory operational data. The results reveal meaningful differences in
operator performance and show that integrating operational service failures with com-
plaint resolution effectiveness provides a more comprehensive evaluation than evaluating
either dimension independently. The proposed framework contributes to the literature
by integrating operational service quality evaluation, complaint resolution performance,
composite quality measurement, and multi-criteria decision-making into a unified evalua-
tion framework. Furthermore, it provides an objective benchmarking tool that can support
regulatory oversight, managerial decision-making, and continuous quality improvement
in the express delivery sector.

Keywords: express delivery services; complaint resolution; service quality; composite quality
index; key performance indicators; entropy weighting; MARCOS method; multi-criteria
decision-making; benchmarking; postal services

1. Introduction

The courier, express, and parcel (CEP) sector has experienced substantial transfor-
mation over the past decade, driven by the rapid expansion of e-commerce, continuous
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digitalisation, and changing consumer expectations. The sustained growth of business-
to-consumer (B2C) deliveries has significantly increased the operational complexity of
express delivery networks while intensifying competition among service providers. In this
environment, express delivery operators are expected not only to ensure rapid and reliable
shipment transportation but also to provide flexible, transparent, and customer-oriented
services capable of meeting increasingly demanding market requirements. Consequently,
service quality has become one of the principal determinants of competitiveness and
long-term business sustainability within the postal and express delivery industry.

The role of express delivery has also evolved considerably. Traditionally regarded
as the final operational stage of the logistics process, last-mile delivery has become an
essential component of the overall customer experience. For many online purchases, the
delivery operator represents the only direct physical interaction between the retailer and
the customer, meaning that delivery performance strongly influences consumers’ percep-
tions of the entire purchasing process. As a result, service quality is no longer evaluated
solely through operational indicators such as delivery speed or shipment reliability, but
also through communication quality, shipment visibility, delivery flexibility, accessibil-
ity of customer support, and the operator’s ability to respond effectively when service
failures occur.

Despite continuous technological improvements in logistics operations, service failures
remain unavoidable in express delivery systems. Delayed deliveries, damaged or lost
shipments, unsuccessful delivery attempts, incorrect deliveries, and inaccurate shipment
tracking continue to affect customer experience even within highly optimised distribution
networks. Such failures generate additional operational costs, reduce customer confidence,
and may negatively influence the reputation of both delivery operators and online retailers.
Previous research consistently demonstrates that customers evaluate service providers not
only according to the frequency of service failures but also according to the effectiveness
with which these failures are resolved. Consequently, complaint management has evolved
from a reactive customer-service activity into an essential component of service quality
management and customer relationship management.

This evolution has also influenced the regulatory environment. Contemporary postal
regulators increasingly recognise complaint-resolution performance as an important indi-
cator of consumer protection, organisational accountability, and compliance with quality-
of-service obligations. Transparent complaint procedures, timely complaint resolution,
effective compensation mechanisms, and consistent reporting practices have therefore
become important regulatory requirements in many postal markets. Beyond protecting
individual customer rights, complaint statistics provide valuable information for identify-
ing recurring operational deficiencies, monitoring market performance, and supporting
evidence-based regulatory decision-making.

The increasing importance of complaint management has been accompanied by sig-
nificant developments in performance evaluation. Traditionally, performance evaluation
has primarily focused on operational efficiency, using indicators related to delivery time,
reliability, accessibility, and network performance. More recently, researchers and regula-
tors have expanded evaluation frameworks by incorporating customer-oriented indicators,
complaint-related measures, sustainability objectives, digitalisation, and organisational
responsiveness. These developments reflect the growing recognition that service quality
represents a multidimensional concept that cannot be adequately assessed using isolated
operational or customer-oriented indicators alone.

Although considerable progress has been achieved in developing performance mea-
surement systems for postal and express services, existing evaluation approaches con-
tinue to exhibit an important limitation. Operational service quality and complaint-
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resolution performance are generally assessed independently despite representing closely
related dimensions of the same service process. Operational indicators primarily mea-
sure the occurrence of service failures, whereas complaint-related indicators evaluate
the effectiveness of organisational responses after failures have occurred. Consequently,
current evaluation approaches provide only a partial understanding of overall service
quality and offer limited support for identifying how operational deficiencies influence
complaint-resolution performance.

This limitation is particularly important from both managerial and regulatory per-
spectives. Delivery operators require reliable performance evaluation frameworks to iden-
tify operational weaknesses, allocate resources effectively, improve complaint-handling
procedures, and enhance customer satisfaction. At the same time, regulatory authori-
ties require objective and transparent methodologies that enable consistent benchmark-
ing of operators, facilitate market supervision, and support evidence-based regulatory
decisions. Addressing these needs requires evaluation frameworks capable of integrat-
ing operational service quality with complaint-resolution performance within a unified
analytical approach.

The objective of this study is to develop an integrated decision-support framework
for evaluating complaint-resolution performance among express delivery operators. The
proposed framework combines Service Failure Indicators (SFI) describing operational ser-
vice quality, Complaint Resolution Indicators (CRI) reflecting the effectiveness of complaint
handling, an entropy-based Composite Quality Index (CQI), and the Measurement of
Alternatives and Ranking according to Compromise Solution (MARCOS) method within
a unified performance evaluation model. By integrating these complementary compo-
nents, the proposed framework supports comprehensive benchmarking while providing
a more complete evaluation of service quality than approaches that evaluate operational
performance and complaint management separately.

The proposed framework is empirically validated through a case study involving
major express delivery operators in the Republic of Serbia. The selected case provides
an appropriate context for evaluation because complaint-resolution performance is sys-
tematically monitored using harmonised indicators reported to the national regulatory
authority. Although the empirical analysis focuses on the Serbian express delivery market,
the proposed methodological framework is sufficiently general to be applied in other regu-
latory environments where comparable operational and complaint-related performance
indicators are available.

The remainder of this paper is organised as follows. Section 2 provides a critical
review of the literature on customer protection in postal and express services, complaint
management and service quality evaluation, KPI-based performance evaluation, composite
indicators, and multi-criteria decision-making methods. Based on this review, the research
gaps, research objective, and scientific contribution of the study are identified. Section 3
describes the proposed methodological framework, including the selection of performance
indicators, the development of the Composite Quality Index, entropy-based weighting,
and the MARCOS decision-making procedure. Section 4 presents the empirical case study
and discusses the obtained results. Finally, Section 5 summarises the principal findings,
discusses theoretical and practical implications, outlines the limitations of the study, and
identifies directions for future research.

2. Literature Review

The evaluation of complaint-resolution performance in express delivery services draws
upon several related research streams, including consumer protection, service quality,
complaint management, performance measurement, composite indicators, and multi-
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criteria decision-making. Although these fields have generated substantial theoretical and
methodological knowledge, they have generally developed independently. As a result, the
literature provides detailed insights into individual dimensions of service performance but
offers limited support for their integration within a unified operator-evaluation framework.

This section critically reviews the literature relevant to the proposed model. Particular
attention is devoted to the role of complaint resolution within consumer protection, the
relationship between complaint management and service quality, and the limitations of
existing evaluation approaches. The review provides the theoretical basis for integrating
operational service failures and complaint-resolution performance within the proposed
decision-support framework.

2.1. Customer Protection in Postal and Express Services

Customer protection has become one of the fundamental objectives of contemporary
postal regulation, particularly in response to the rapid expansion of e-commerce, market
liberalisation, digitalisation, and the continuous growth of parcel and express delivery
services [1,2]. Traditionally, customer protection in the postal sector focused on ensuring
universal service, affordability, territorial accessibility, delivery reliability, and the avail-
ability of complaint procedures. However, the evolution of the express delivery market
has considerably broadened this concept to encompass service transparency, shipment
visibility, compensation mechanisms, return procedures, personal data protection, digital
trust, and the overall quality of customer experience [3,4].

Universal postal service remains the cornerstone of customer protection because it
guarantees access to essential postal services under predefined quality standards regardless
of geographical location or users’ socio-economic characteristics [3]. Beyond ensuring
service availability, contemporary regulatory frameworks increasingly recognise that ef-
fective customer protection also requires coherent interaction between postal regulation,
competition policy, and general consumer-protection legislation [4]. Consequently, reg-
ulatory attention has gradually shifted from ensuring access to postal services towards
safeguarding the quality of the entire service experience.

In this broader context, service quality has become an integral component of customer
protection. Customers no longer evaluate postal and express operators solely on the basis
of delivery speed but also through delivery reliability, shipment integrity, information
availability, price transparency, accessibility of customer support, and the effectiveness
with which service failures are resolved [5-9]. The rapid expansion of e-commerce has
further reinforced this relationship, as delivery operators increasingly represent the final
point of interaction between online retailers and consumers. Consequently, deficiencies in
last-mile delivery performance directly influence customer satisfaction, trust, and future
purchasing behaviour [7,10].

Customer protection has therefore expanded beyond preventing service failures to
ensuring that, when failures occur, they are managed through transparent, accessible,
and effective complaint-resolution procedures. Complaints concerning delayed deliveries,
damaged or lost shipments, inaccurate tracking information, compensation claims, and
inadequate customer support represent valuable sources of information regarding both
operational deficiencies and the effectiveness of organisational responses. Recent regula-
tory analyses conducted by the European Regulators Group for Postal Services (ERGP)
demonstrate that significant differences remain among postal markets with respect to
complaint-handling procedures, compensation mechanisms, alternative dispute-resolution
systems, and reporting practices, highlighting the continuing importance of regulatory
oversight in this area [11,12].
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Digital transformation has introduced new opportunities for strengthening consumer
protection. Electronic shipment tracking, mobile applications, automated notifications,
parcel lockers, and autonomous delivery technologies have improved service accessibility,
operational efficiency, and customer convenience [13,14]. At the same time, these inno-
vations have generated new challenges related to personal data protection, transparency,
digital inclusion, and consumer trust, requiring regulators and service providers to balance
technological innovation with effective protection of customer rights [15,16].

The literature therefore demonstrates that customer protection has evolved from a
relatively narrow regulatory concept centered on universal service towards a multidimen-
sional framework encompassing operational quality, transparency, digital trust, complaint
management, and customer experience. Nevertheless, existing studies predominantly
examine these dimensions separately. In particular, complaint-handling performance is
commonly evaluated independently of the operational service failures that generate cus-
tomer complaints. As a result, current approaches provide only a partial understanding
of service quality and offer limited support for comprehensive benchmarking of express
delivery operators.

The reviewed studies consistently indicate that complaint handling has become an
essential component of customer protection rather than merely an administrative obligation.
However, the literature still lacks an integrated perspective that simultaneously consid-
ers operational service failures and complaint-resolution performance as complementary
dimensions of service quality. This limitation provides the theoretical foundation for the
integrated evaluation framework proposed in this study.

2.2. Complaint Management and Service Quality Evaluation

Complaint management has evolved from a reactive customer service function into
a strategic component of quality management and organisational learning. In service
industries characterised by frequent customer interactions, complaint-handling processes
provide valuable information on operational deficiencies, customer expectations, and op-
portunities for continuous improvement. Rather than representing isolated incidents,
customer complaints constitute a feedback mechanism that enables organisations to
identify recurring service failures, improve internal processes, and strengthen customer
relationships [17-19].

The relationship between complaint management and service quality is particularly
important in postal and express delivery services. Unlike many other service industries,
service failures in express delivery are often directly observable and measurable through
operational events such as shipment damage, loss, delivery delays, service errors, or
inaccurate tracking information. These operational failures frequently trigger customer
complaints, making complaint management an essential continuation of the service delivery
process rather than an independent administrative activity [3-7,20,21]. Consequently,
customers evaluate operators not only according to the occurrence of service failures but
also according to the effectiveness, fairness, and timeliness with which these failures are
resolved [18,20].

The theoretical foundations of complaint management are commonly explained
through perceived justice theory and service recovery research. Perceived justice the-
ory suggests that customers evaluate complaint handling through three complementary
dimensions: distributive justice, referring to the fairness of the outcome; procedural jus-
tice, concerning the accessibility, transparency, consistency, and efficiency of complaint
procedures; and interactional justice, reflecting the quality of communication, empathy;,
and respect demonstrated throughout the resolution process [20]. Service recovery re-
search further indicates that effective complaint handling can restore customer trust,
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improve satisfaction, and strengthen long-term customer loyalty, whereas inadequate
complaint resolution may amplify dissatisfaction despite otherwise satisfactory operational
performance [18].

International quality-management standards reinforce this perspective. ISO 10002 con-
siders complaint handling an integral element of organisational quality management and
emphasises visibility, accessibility, responsiveness, objectivity, confidentiality, accountabil-
ity, and continual improvement as essential principles of effective complaint-management
systems [19]. Consequently, complaint handling should not be viewed solely as a regulatory
obligation but also as a managerial tool for monitoring organisational performance and
supporting evidence-based quality improvement.

The digital transformation of postal services has substantially influenced complaint-
management practices. Online complaint portals, mobile applications, automated com-
munication systems, chatbots, and social media platforms have improved complaint ac-
cessibility and increased the availability of operational data. Recent studies have also
demonstrated the growing application of artificial intelligence, natural language process-
ing, and text analytics for complaint classification, sentiment analysis, and the identification
of recurring service failures [17,22-24]. These technologies improve the efficiency of com-
plaint processing and provide valuable information for organisational learning. However,
digitalisation alone does not guarantee higher complaint-resolution quality, as procedural
fairness, transparency, and customer confidence remain essential determinants of successful
complaint management [17,19].

Existing studies evaluate complaint-management performance using a broad range
of indicators, including complaint rates, response time, complaint resolution time, resolu-
tion success rate, compliance with regulatory deadlines, escalation frequency, compensa-
tion mechanisms, and customer satisfaction following complaint resolution [18,19,25,26].
These indicators capture different aspects of complaint handling and provide valu-
able insights into organisational performance. Nevertheless, they are frequently anal-
ysed independently, making it difficult to achieve a comprehensive evaluation of
complaint-resolution effectiveness.

An additional limitation concerns the interpretation of complaint outcomes. Com-
plaint resolution is often represented as a binary outcome (resolved versus unresolved),
although actual complaint handling may involve partial settlements, negotiated solutions,
procedural closure without customer acceptance, or technical resolution without restoring
customer confidence. Likewise, the use of average complaint-resolution time may conceal
substantial differences among complaint categories, since complaints related to shipment
loss, damage, delayed delivery, or compensation claims differ considerably in terms of
investigation complexity and required processing time. These methodological limitations
should therefore be recognised when developing performance evaluation frameworks
based on objective administrative data.

Despite these limitations, objective complaint-resolution indicators remain particu-
larly valuable for regulatory benchmarking because they are routinely collected, con-
sistently reported, and directly comparable across operators. In contrast, customer
satisfaction, perceived fairness, and trust are usually measured through surveys that
are not always available or collected using comparable methodologies. Consequently,
administrative complaint indicators continue to provide the most appropriate basis
for comparative regulatory evaluation, provided that their interpretive limitations are
appropriately acknowledged.
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2.3. KPI-Based Performance Evaluation

KPI-based performance evaluation has become an essential component of perfor-
mance management in postal and express delivery services due to declining letter volumes,
the rapid growth of parcel traffic, expanding e-commerce, digital transformation, and in-
creasing sustainability requirements. While traditional performance measurement focused
primarily on universal service obligations, delivery standards, network accessibility, and
affordability, contemporary postal and express services are increasingly recognised as com-
plex logistics systems that require the simultaneous evaluation of operational, customer,
environmental, financial, and digital performance dimensions [27-31].

A substantial body of research has focused on operational service quality and delivery
reliability. Indicators such as delivery time, on-time performance, delivery frequency, ship-
ment integrity, accessibility, complaint frequency, and service continuity remain among the
most widely applied measures in both regulatory practice and operational management.
At the international level, the Universal Postal Union (UPU) evaluates postal development
through dimensions including reliability, reach, relevance, and resilience, while its statis-
tical framework provides numerous indicators supporting international benchmarking.
These developments demonstrate that postal performance is increasingly understood as a
multidimensional concept rather than a single measure of delivery efficiency.

Recent research has further expanded KPI systems by incorporating indicators related
to last-mile delivery performance. Last-mile operations directly influence operational
costs, customer satisfaction, environmental performance, and service competitiveness.
Consequently, recent studies increasingly employ indicators describing delivery density,
route productivity, vehicle utilisation, failed delivery rates, operational efficiency, and
real-time delivery performance, while artificial intelligence, IoT technologies, and digital
monitoring systems provide additional opportunities for improving operational control
and decision-making.

Customer-oriented performance evaluation has also gained increasing attention. The
quality of last-mile delivery significantly influences customer satisfaction, trust, and future
purchasing intentions, particularly within e-commerce environments, where the deliv-
ery operator represents the final point of interaction between retailers and consumers [9].
Consequently, contemporary KPI systems increasingly incorporate customer-focused mea-
sures alongside operational indicators, including service accessibility, communication
quality, shipment visibility, flexibility, and complaint-related performance. These de-
velopments reflect the transition from operational efficiency towards customer-centred
performance evaluation.

Complaint-related KPIs have become particularly important because they assess organ-
isational responsiveness once service failures occur. Commonly applied indicators include
complaint frequency, complaint rate, complaint-resolution time, complaint-resolution suc-
cess rate, compliance with regulatory deadlines, compensation rates, and post-complaint
customer satisfaction [18,19,25,26]. Unlike operational KPIs, which primarily describe the
occurrence of service failures, complaint-related indicators evaluate the effectiveness of
service recovery and the operator’s ability to restore customer confidence.

In parallel, sustainability has emerged as an additional dimension of KPI-based evalu-
ation. Postal and express operators increasingly monitor environmental indicators such as
CO;, emissions, energy consumption, empty mileage, alternative-fuel vehicle utilisation,
and delivery consolidation. Similarly, digital transformation has encouraged the use of
business intelligence systems, real-time monitoring platforms, simulation models, and
advanced analytical tools for continuous KPI monitoring and operational decision sup-
port. These developments illustrate that modern KPI systems extend beyond operational
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efficiency and increasingly support strategic management, sustainability evaluation, and
regulatory supervision.

Despite these significant developments, the literature also reveals an important
limitation. Existing KPI frameworks predominantly evaluate operational performance,
customer satisfaction, environmental sustainability, or complaint management as sepa-
rate dimensions of service quality. Operational indicators primarily measure the occur-
rence of service failures, whereas complaint-related indicators evaluate organisational
responses after failures have occurred. Consequently, the relationship between operational
deficiencies and complaint-resolution performance is rarely examined within a single
analytical framework.

This separation has important practical implications. Operators demonstrating ex-
cellent operational performance may nevertheless exhibit ineffective complaint-handling
procedures, while operators experiencing relatively frequent service failures may partially
compensate through efficient complaint resolution and effective customer communication.
Evaluating these dimensions independently therefore provides only a partial representa-
tion of overall service quality, limiting the usefulness of KPI systems for comprehensive
benchmarking and regulatory evaluation.

From a methodological perspective, an effective KPI framework should satisfy several
fundamental requirements. Selected indicators should be relevant to organisational objec-
tives, objectively measurable, consistently available across operators, sufficiently sensitive
to performance differences, and suitable for comparative benchmarking. These require-
ments are particularly important in regulatory environments, where harmonised adminis-
trative data provide an objective basis for objective performance evaluation. Consequently,
objective operational and complaint-related indicators remain particularly appropriate for
comparative evaluation because they are routinely collected and consistently reported by
postal operators.

2.4. Composite Indicators in Service Quality Evaluation

Composite indicators have become an important analytical tool for evaluating complex
systems characterised by multiple performance dimensions. Unlike individual indicators,
which describe only specific aspects of performance, composite indicators synthesise
several complementary variables into a single measure, thereby facilitating benchmarking,
comparative analysis, performance monitoring, and decision-making. Their application has
expanded considerably in recent years, particularly in public administration, healthcare,
transport, logistics, education, sustainability evaluation, and digital governance, where
multidimensional phenomena cannot be adequately captured by a single performance
measure [32-37].

The methodological foundations of composite indicators are largely based on the
OECD/]JRC framework, which defines a systematic procedure consisting of several in-
terrelated stages, including the establishment of a theoretical framework, indicator selec-
tion, data preprocessing, normalisation, weighting, aggregation, uncertainty analysis, and
validation [33,34]. This structured approach ensures that composite indicators represent
coherent analytical constructs rather than simple mathematical combinations of variables.
Among these stages, the selection of indicators, determination of weighting coefficients,
and aggregation procedures have been consistently recognised as the most influential
methodological decisions because different choices may substantially affect the resulting
rankings and their interpretation.

In service quality evaluation, composite indicators offer a significate advantage by
integrating multiple dimensions that collectively determine organisational performance.
Individual indicators frequently describe only one aspect of service quality—for example,
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delivery reliability, complaint frequency, waiting time, customer satisfaction, or opera-
tional efficiency—whereas service quality itself is inherently multidimensional. Composite
indicators therefore enable a more comprehensive evaluation by simultaneously consid-
ering several complementary performance dimensions while reducing the complexity of
interpreting large numbers of individual indicators [5,36,37].

The application of composite indicators has expanded beyond traditional service-
quality evaluation to encompass transport and logistics. Recent studies have employed
composite measures to evaluate transport sustainability, logistics efficiency, urban quality
of life, governance performance, and digital public services [35-39]. These studies demon-
strate that composite indicators provide effective decision-support tools whenever multiple
criteria must be synthesised into an interpretable performance measure. Their value lies
not only in ranking alternatives but also in supporting strategic planning, benchmarking,
policy evaluation, and performance monitoring across heterogeneous systems.

Despite these advantages, composite indicators are not without methodological limita-
tions. One of the most frequently discussed issues concerns the selection of indicators. The
validity of a composite indicator depends fundamentally on whether the selected variables
adequately represent the underlying construct being measured. Consequently, indicator
selection should be guided by theoretical justification, empirical evidence, data availability,
and practical relevance rather than solely by statistical considerations.

A second methodological challenge concerns the assignment of indicator weights.
Previous studies have proposed a wide range of weighting approaches, including equal
weighting, expert judgement, Analytic Hierarchy Process (AHP), entropy weighting, Data
Envelopment Analysis (DEA), and other objective or subjective weighting techniques. Each
approach reflects different assumptions regarding the relative importance of indicators.
Objective methods such as entropy weighting derive weights directly from data vari-
ability and reduce the influence of subjective judgement, whereas expert-based methods
incorporate stakeholder preferences but may introduce evaluator bias. Consequently, the
choice of weighting methodology should be consistent with the objective of the evaluation
framework and the characteristics of the available data.

Aggregation represents a further important methodological issue. Composite in-
dicators should preserve meaningful differences among alternatives while avoiding ex-
cessive compensation effects, where poor performance on one dimension is completely
offset by excellent performance on another. For this reason, transparency regarding
normalisation, weighting, and aggregation procedures has become a fundamental re-
quirement for ensuring the credibility, robustness, and interpretability of composite
measures [34-37].

Although composite indicators have been widely applied in transport, logistics,
healthcare, sustainability evaluation, and public administration, their use for evaluat-
ing complaint-resolution performance in the express delivery sector remains relatively
limited. Existing studies predominantly employ composite indicators to evaluate over-
all logistics performance, transport sustainability, or service quality, whereas complaint-
resolution performance is generally assessed using individual indicators such as com-
plaint rate, resolution time, or compliance with regulatory deadlines. Consequently,
current approaches provide only fragmented information regarding complaint-handling
effectiveness and offer limited support for comprehensive benchmarking of express
delivery operators.

The framework proposed in this study adopts the established methodological princi-
ples of composite indicator construction rather than introducing a fundamentally new
methodology. Its contribution lies in applying these principles to the evaluation of
complaint-resolution performance through the development of a Composite Quality In-
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dex (CQI) that integrates objective Complaint Resolution Indicators (CRI) into a single
synthetic measure. By relying on routinely collected regulatory indicators and objective
entropy-based weighting, the proposed CQI provides a transparent, objective, and repro-
ducible basis for comparative evaluation while remaining fully compatible with existing
regulatory reporting systems. This distinction is important because the originality of the
proposed framework derives from the integration and application of existing method-
ological principles to a previously underexplored evaluation problem, rather than from
proposing an entirely new composite indicator methodology. This clarification directly
addresses the concern that the study’s novelty lies primarily in application rather than in
methodological invention.

2.5. Multi-Criteria Decision-Making Models in Transport and Logistics

Multi-criteria decision-making (MCDM) methods have become an important com-
ponent of decision-support systems in transport and logistics because decision-makers
are frequently required to evaluate alternatives using multiple, often conflicting, cri-
teria. Problems such as transport planning, supplier selection, logistics network de-
sign, warehouse location, sustainable mobility, city logistics, and service-quality eval-
uation simultaneously involve economic, operational, environmental, technical, and
customer-oriented objectives that cannot be adequately represented by a single performance
indicator [40-50]. Consequently, MCDM methods provide structured analytical proce-
dures for integrating heterogeneous evaluation criteria into transparent and reproducible
decision-making processes.

Among the most frequently applied MCDM approaches are the Analytic Hierar-
chy Process (AHP), TOPSIS, ELECTRE, PROMETHEE, and VIKOR [40,51-54]. These
methods have been successfully employed to a wide range of transport and logistics
problems, including infrastructure prioritisation, supplier evaluation, route selection, sus-
tainable transport planning, logistics performance evaluation, and city logistics. Their
widespread adoption demonstrates the suitability of MCDM techniques for analysing
complex decision problems characterised by multiple performance criteria and competing
stakeholder objectives.

Recent developments indicate a gradual transition from applying MCDM methods
to purely economic optimisation problems towards supporting multidimensional per-
formance evaluation. Contemporary studies increasingly integrate MCDM techniques
with composite indicators, sustainability evaluation, business intelligence, simulation
models, and objective weighting methods to enhance the robustness, transparency, and
interpretability of decision-support frameworks [48-50]. These developments are partic-
ularly relevant for service industries, where operational efficiency, customer satisfaction,
environmental performance, and service quality must be evaluated simultaneously rather
than independently.

Despite their methodological diversity, the effectiveness of MCDM methods depends
primarily on the quality of the evaluation framework rather than on the mathematical
characteristics of a particular ranking algorithm. The selection of relevant criteria, their
theoretical justification, data quality, weighting methodology, and the definition of de-
cision alternatives generally have a greater influence on the credibility of evaluation re-
sults than the choice of a specific MCDM technique. Consequently, MCDM methods
should be regarded as analytical decision-support tools whose performance depends on
the adequacy of the underlying performance model rather than as independent sources of
methodological novelty.

This consideration is particularly important in postal and express delivery services.
The evaluation of operators requires the simultaneous consideration of operational service
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failures, complaint-resolution effectiveness, and overall service quality, involving indicators
with different measurement scales, directions of optimisation, and relative importance.
Such multidimensional characteristics make this problem well suited to MCDM-based
analysis, provided that the underlying evaluation framework appropriately captures the
relationships among the considered performance dimensions.

Among recently developed MCDM methods, the MARCOS (Measurement of Alter-
natives and Ranking according to Compromise Solution) method has attracted consider-
able attention in transport, logistics, supply chain management, sustainability evaluation,
and performance evaluation because it simultaneously evaluates alternatives with re-
spect to the ideal and anti-ideal solutions while determining their corresponding utility
functions [45,55]. Compared with classical distance-based approaches, MARCOS provides
stable rankings, supports simultaneous treatment of benefit and cost criteria, and offers
straightforward interpretation of the relative utility of evaluated alternatives. Recent appli-
cations further demonstrate its suitability for evaluating logistics systems characterised by
heterogeneous criteria and complex performance structures [45,48-50].

The selection of the MARCOS method in this study was motivated by the characteris-
tics of the proposed evaluation problem rather than by any assumption of methodological
superiority over TOPSIS or other MCDM methods. The proposed framework simultane-
ously evaluates Service Failure Indicators (SFI), Complaint Resolution Indicators (CRI),
and the Composite Quality Index (CQI), which include both benefit and cost criteria with
objectively determined weights. Under these conditions, MARCOS provides a transparent
procedure for comparing operators with respect to both ideal and anti-ideal reference
solutions while preserving the interpretability of the obtained rankings. Accordingly, the
methodological contribution of this study lies not in introducing a new MCDM technique
but in integrating an established MCDM method within a novel framework for evaluating
complaint-resolution performance in express delivery services. This distinction is impor-
tant because the research contribution arises from the proposed evaluation framework
rather than from the choice of the ranking algorithm itself.

2.6. Research Gap, Research Objective and Scientific Contribution

The literature reviewed in the preceding sections demonstrates substantial progress
in customer protection, complaint management, KPI-based performance evaluation, com-
posite indicators, and multi-criteria decision-making methods. Collectively, these research
streams provide valuable theoretical foundations and methodological tools for evaluating
service quality in transport and logistics. Nevertheless, they have largely evolved inde-
pendently, resulting in fragmented approaches that explain individual aspects of service
quality but provide limited support for comprehensive evaluation of complaint-resolution
performance in express delivery services.

Based on the reviewed literature, four principal research gaps can be identified.

G1. Integration of operational service quality and complaint-resolution performance.
Existing studies predominantly examine operational service quality and complaint manage-
ment as separate research domains. Operational performance indicators primarily quantify
service failures, whereas complaint-management studies focus on organisational responses
after failures have occurred. Consequently, integrated frameworks simultaneously evaluat-
ing both dimensions remain limited within the postal and express delivery sector.

G2. Comprehensive KPI-based evaluation of complaint resolution. Although numer-
ous KPI systems have been developed for postal and logistics services, existing approaches
primarily emphasise operational performance and provide limited support for systemat-
ically evaluating complaint-resolution effectiveness as a strategic component of service
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quality. As a result, complaint-related indicators are commonly analysed individually
rather than as complementary elements of a broader performance evaluation framework.

G3. Application of composite indicators to complaint-resolution performance. Com-
posite indicators have found widespread application in healthcare, sustainability evaluation,
transport, and public administration. However, their application to complaint-resolution
performance in express delivery services remains relatively limited. Existing studies rarely
integrate multiple complaint-resolution dimensions into a single synthetic measure suitable
for benchmarking postal operators.

G4. Decision-support frameworks integrating operational failures and complaint
management. Although MCDM methods are extensively used in transport and logistics,
they are generally applied within established evaluation frameworks rather than to inte-
grated models linking operational service failures with complaint-resolution performance.
Consequently, existing decision-support approaches provide limited support for simul-
taneously identifying the operational sources of customer complaints and evaluating the
effectiveness of organisational responses within a unified benchmarking framework. This is
the unresolved scientific problem addressed by the present study. This formulation directly
addresses the reviewer’s observation that the absence of a particular analytical method
does not, by itself, constitute a research gap.

2.6.1. Research Objective

To address the identified research gaps, this study develops an integrated decision-
support framework for evaluating complaint-resolution performance among express de-
livery operators. The proposed framework combines Service Failure Indicators (SFI),
Complaint Resolution Indicators (CRI), an Entropy-weighted Composite Quality Index
(CQYI), and the MARCOS multi-criteria decision-making method within a unified analyti-
cal model. Rather than evaluating operational performance and complaint management
independently, the framework explicitly integrates these complementary dimensions to
support comprehensive benchmarking and evidence-based decision-making.

2.6.2. Scientific Contribution

The scientific contribution of this study lies in the integration of established theoretical
and methodological concepts into a coherent evaluation framework specifically designed
for complaint-resolution performance in express delivery services. The contribution should
not be interpreted as the introduction of entirely new individual indicators or a novel
MCDM algorithm. Instead, it derives from the conceptual integration of operational service
failures, complaint-resolution performance, objective composite indicator construction,
and multi-criteria decision-making within a single analytical framework applicable to
regulatory benchmarking and managerial performance evaluation. This clarification also
addresses the reviewer’s request to distinguish between the originality of the framework
and the originality of its individual components.

More specifically, this study makes four principal contributions:

It develops an integrated conceptual framework linking operational service failures
and complaint-resolution performance, thereby connecting two research streams that have
predominantly been investigated independently.

It proposes a structured KPI framework that integrates Service Failure Indicators (SFI)
and Complaint Resolution Indicators (CRI) into a unified performance evaluation framework.

It develops a Composite Quality Index (CQI) that synthesises multiple complaint-
resolution indicators into a single objective performance measure using entropy-based
weighting.
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It demonstrates the applicability of the proposed framework through the integration
of the CQI within a MARCOS-based decision-support model for benchmarking express
delivery operators.

Opverall, the proposed framework contributes to the literature on service quality evalu-
ation, complaint management, logistics performance evaluation, and customer protection
by providing an integrated analytical framework for evaluating complaint-resolution per-
formance. Furthermore, it offers a practical decision-support tool for regulators, postal
operators, and other stakeholders responsible for monitoring, benchmarking, and improv-
ing service quality and complaint-resolution performance.

3. Development of the KPI Framework
3.1. Conceptual Framework

Efficient complaint resolution represents one of the key elements of customer pro-
tection and service quality management in the express delivery sector. Although oper-
ators regularly monitor various performance indicators, neither regulatory practice nor
the existing literature provides a unified framework for comprehensively assessing com-
plaint resolution performance and objectively comparing operators. Therefore, this study
develops a KPI-based framework designed to evaluate the quality and effectiveness of
complaint-handling processes among express delivery operators.

Although the primary objective of this study is to evaluate complaint resolution per-
formance, the proposed framework assumes that complaint handling cannot be interpreted
independently of the operational conditions that generate customer complaints. From
a service-quality perspective, complaints represent the consequence of operational ser-
vice failures, while complaint handling represents the organisational response to those
failures. Accordingly, operational performance and complaint resolution are considered
complementary stages of the same service process. Evaluating complaint-related indicators
independently of the operational context may therefore result in an incomplete evaluation
of overall operator performance. For this reason, the proposed framework integrates opera-
tional Service Failure Indicators (SFI) with Complaint Resolution Indicators (CRI), enabling
complaint resolution performance to be interpreted in relation to the frequency of service
failures that precede it.

The proposed framework is based on two complementary performance dimensions.
The first dimension focuses on service quality and includes indicators that capture the
most common causes of customer complaints. The second dimension evaluates complaint
resolution performance and reflects the operator’s ability to respond effectively to customer
requests and resolve service-related problems. Accordingly, the indicators are organised
into two main groups:

e  Service Failure Indicators (SFI)
o  Complaint Resolution Indicators (CRI)

Service Failure Indicators represent operational service quality measures and quantify
the frequency of the most common service failures occurring during the collection, trans-
portation, sorting, and delivery of shipments. Complaint Resolution Indicators assess the
effectiveness of complaint-handling processes in terms of resolution success, timeliness,
and compliance with regulatory requirements.

The proposed KPI framework does not treat Service Failure Indicators as direct mea-
sures of complaint-resolution performance. Instead, SFI provide the operational con-
text within which complaint-resolution performance is evaluated. This distinction is
important because operators experiencing similar complaint-resolution outcomes may
differ substantially in the frequency of service failures that generate complaints. Simul-
taneously evaluating both dimensions therefore provides a more balanced and compre-
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hensive evaluation of overall service performance than considering complaint-related
indicators alone.

The proposed KPI framework enables the simultaneous evaluation of service quality
and complaint resolution performance, thereby providing a foundation for the development
of a Composite Quality Index (CQI) and the subsequent multi-criteria evaluation and
ranking of express delivery operators.

3.2. Service Failure Indicators

Service Failure Indicators (SFI) represent the primary group of indicators designed to
assess the quality of express delivery services through the identification and quantification
of the most common operational failures occurring during the acceptance, transportation,
sorting, and delivery of shipments. In the literature, shipment damage, loss, service errors,
and delivery delays are widely recognized as key indicators of logistics system reliability
and service quality, as they directly affect customer satisfaction, complaint frequency, and
overall perceptions of service quality [5,6,46].

For the purposes of this study, four Service Failure Indicators were defined to cap-
ture the most significant categories of irregularities in the provision of express delivery
services. To ensure comparability among operators of different sizes and market shares,
all indicators were expressed per 1000 processed shipments. Since higher values indicate
poorer operator performance, all indicators within this group were classified as cost criteria.
The selected indicators cover the most common categories of service failures in express
delivery operations, including shipment damage, loss, service errors, and delivery delays,
which are widely recognized in the literature as major causes of customer complaints and
dissatisfaction [47].

Although the primary objective of this study is to evaluate complaint-resolution
performance, operational service failures represent the events that initiate the complaint
process. From a service-quality perspective, complaint handling cannot be interpreted
independently of the operational conditions that generate customer complaints. Conse-
quently, the proposed framework incorporates Service Failure Indicators (SFI) not as direct
measures of complaint-resolution performance but as contextual indicators that enable
complaint outcomes to be interpreted in relation to the frequency of operational failures.
This integration provides a more comprehensive evaluation of operator performance than
analysing complaint-related indicators alone by establishing the operational context for the
subsequent evaluation of Complaint Resolution Indicators (CRI).

Since express delivery operators differ considerably in the annual number of processed
shipments, all Service Failure Indicators are expressed per 1000 processed shipments. This
normalization eliminates the influence of operator size and enables meaningful comparison
based on relative rather than absolute frequencies of operational failures. The selected de-
nominator is consistent with comparative regulatory benchmarking, where operators with
substantially different traffic volumes are evaluated using harmonized relative performance
measures [56].

Damage Rate (SFI;) represents the frequency of shipments that have suffered physical
damage during the service process, affecting the contents, functionality, or market value
of the shipment. Damage may occur during handling, sorting, transportation, or delivery
operations and is considered one of the most common causes of customer complaints in
express delivery services.

The Service Failure Indicators (SFI) proposed in this study were developed by the
authors as a standardized set of key performance indicators for evaluating operational
service failures in the express delivery sector. Although their mathematical formulation
is based on conventional relative-frequency calculations commonly used in performance
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measurement, the proposed indicators represent a novel regulatory-oriented KPI frame-
work specifically designed to quantify the frequency of the most relevant service failure
events. Accordingly, the methodological contribution of this study lies in the development
of the SFI indicator set and its integration into the proposed evaluation framework rather
than in the mathematical form of the individual equations.

The proposed SFI are defined as follows:

SFI; = % x 1000, (1)
where

SFI—value of the i-th Service Failure Indicator per 1000 processed shipments;

N;—number of operational service failures corresponding to indicator 7;

Nr—total number of processed shipments.

The same calculation procedure was applied to all four Service Failure Indicators, with
N; representing the corresponding category of operational service failure (damage, loss,
service error, or delay). Thus, the numerator differs depending on the observed category
of service failure, whereas the denominator remains identical for all indicators, ensuring
methodological consistency and comparability across operators.

Damage Rate (SFI) is therefore obtained by substituting the number of damaged
shipments (Np) into the general expression where

SFI;—Damage Rate;

Np—number of damaged shipments;

Nr—total number of processed shipments.

The unit of measurement is the number of damaged shipments per 1000 processed
shipments (%o). Lower values of this indicator indicate a higher level of shipment protection
and greater reliability of the logistics process.

Lost Shipment Rate (SFI) is obtained by substituting the number of lost shipments
(Np) into the general expression.

Where

SFI,—Lost Shipment Rate;

Np—number of lost shipments;

Nrt—total number of processed shipments.

The unit of measurement is expressed as the number of lost shipments per 1000
processed shipments (%o). Lower values of this indicator indicate a higher level of reliability
and efficiency of the logistics network.

Service Error Rate (SFI3) is obtained by substituting the number of service errors (Ng)
into the general expression.

Where

SFIz—Service Error Rate;

Ng—number of service errors;

Nr—total number of processed shipments.

The unit of measurement is expressed as the number of service errors per 1000 pro-
cessed shipments (%o). Lower values of this indicator indicate higher operational accuracy,
better process control, and improved service quality.

This indicator provides insight into the accuracy of operational processes and the
overall quality of service execution. Lower values indicate a higher degree of operational
accuracy, improved process control, and better service performance.

Delay Rate (SFl4) is obtained by substituting the number of delayed shipments (Npy )
into the general expression.

Where
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SFI4—Delay Rate;

Npp—number of delayed shipments;

Nr—total number of processed shipments.

The unit of measurement is expressed as the number of delayed shipments per 1000
processed shipments (%o). Lower values of this indicator indicate a higher level of service
reliability, better compliance with delivery standards, and greater customer satisfaction.

In accordance with the national quality monitoring methodology, a shipment is classi-
fied as delayed when it is delivered after the prescribed delivery standard. Accordingly,
the Delay Rate reflects the frequency of delayed shipments rather than the duration or
severity of individual delays. Although delay duration may provide additional information
regarding service performance, such data are not included in the standardized regulatory
reporting system used in this study. Therefore, the proposed indicator is intended to
support comparative regulatory evaluation based on harmonized performance measures
that are consistently available for all operators.

Based on the defined indicators, all Service Failure Indicators (SFI) are treated as cost
criteria, as an increase in their values reflects a higher frequency of operational failures and
consequently lower service quality performance.

Within the proposed multi-criteria decision-making framework, the term cost criterion
indicates that lower values correspond to better performance and should therefore be
minimized during the evaluation process. This classification reflects the optimisation
direction of the indicators rather than their economic or financial cost.

An overview of the proposed indicators, their units of measurement, and criterion
classifications is presented in Table 1.

Table 1. Service Failure Indicators and Criterion Classification.

Symbol Indicator Unit of Measurement ! Criterion Type
SFL Damage Rate 90 Cost
SFI, Lost Shipment Rate %o Cost
SFI3 Service Error Rate Yoo Cost
SFl4 Delay Rate %0 Cost

1 All indicators are expressed as the number of occurrences per 1000 processed shipments (%o).

The proposed indicators provide a systematic framework for assessing the operational
performance of express delivery operators by quantifying the most common service failures.

Although these indicators do not directly evaluate complaint-resolution performance,
they establish the operational context in which customer complaints arise. In the following
subsection, they are complemented by Complaint Resolution Indicators (CRI), enabling
complaint handling to be evaluated in relation to the operational service failures that
precede it and thereby providing the basis for the integrated KPI framework proposed in
this study.

4. Development of the Composite Quality Index (CQI)
4.1. Conceptual Background

Complaint resolution performance is widely recognized as one of the most important
indicators of customer service quality, reflecting an operator’s ability to effectively address
and resolve problems arising during the provision of express delivery services [57]. In the
logistics and express delivery sector, the quality of customer experience and the effective-
ness of complaint resolution are regarded as key dimensions of overall service quality, as
they directly influence customer satisfaction, trust, and service performance [6,58].
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Although individual indicators enable the monitoring of different aspects of the
complaint-handling process, their separate analysis often limits a comprehensive eval-
uation of operator performance and objective benchmarking across different service
providers [7,52].

In the existing literature and regulatory practice, complaint resolution performance
is most commonly assessed using individual indicators that measure resolution success,
compliance with prescribed deadlines, and the average complaint resolution time [2,12].
However, this approach does not enable a comprehensive evaluation of complaint-handling
performance, nor does it provide a unified framework for benchmarking service providers
and supporting decision-making [33,34].

To overcome these limitations, this study develops a Composite Quality Index (CQI)
as a synthetic indicator for assessing the overall effectiveness of complaint resolution
among express delivery operators. The proposed index integrates multiple complaint-
resolution performance indicators into a single performance measure, enabling easier
comparison of operators, identification of weaknesses in complaint-handling processes,
and support for service quality improvement. The construction of composite indicators
is a widely accepted approach for evaluating complex systems and measuring service
performance [34,35].

The Complaint Resolution Indicators selected for the construction of the CQI were
chosen because they represent standardized regulatory performance measures that are
systematically collected for all observed operators and directly reflect the key dimensions
of complaint-handling performance. Their selection was based on three criteria: (i) regu-
latory relevance, (ii) data availability and comparability, and (iii) suitability for objective
benchmarking across operators. Although additional dimensions, such as customer satisfac-
tion, procedural transparency, accessibility of complaint channels, or perceived procedural
fairness, may also influence the quality of complaint handling, these dimensions are not con-
sistently available within the regulatory reporting system used in this study and therefore
were not included in the proposed Composite Quality Index.

For the construction of the Composite Quality Index (CQI), three key Complaint
Resolution Indicators (CRI) were selected to represent the most important dimensions of
complaint-handling performance:

CRIj—Successful Complaint Resolution Rate;

CRI,—Resolution within Regulatory Deadline;

CRIz—Average Resolution Time.

Together, these three indicators capture the principal regulatory dimensions of
complaint-resolution performance. CRI; reflects the effectiveness of complaint reso-
lution, CRI; measures compliance with prescribed regulatory deadlines, while CRI3
represents the operational efficiency of the complaint-handling process. Their integra-
tion into a single composite indicator enables a balanced and comprehensive evalu-
ation of complaint-resolution performance while reducing reliance on any individual
performance measure.

The first two indicators are classified as benefit criteria, since higher values indicate
better complaint-handling performance. In contrast, Average Resolution Time (CRI3) is
treated as a cost criterion, as shorter resolution times reflect greater operational efficiency.
Therefore, before integrating these indicators into the Composite Quality Index (CQI), the
data must be appropriately normalized to ensure comparability and consistency among
indicators with different measurement scales and optimization directions.
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4.2. Complaint Resolution Indicators

Complaint Resolution Indicators (CRI) represent the second group of Key Perfor-
mance Indicators (KPIs) included in the proposed evaluation framework and are intended
to assess the effectiveness and quality of complaint-handling processes among express
delivery operators. Unlike Service Failure Indicators, which quantify operational defi-
ciencies occurring during service provision, Complaint Resolution Indicators evaluate the
operator’s response after a complaint has been submitted. Consequently, they measure the
effectiveness, timeliness, and efficiency of complaint resolution, thereby complementing
the operational perspective provided by the Service Failure Indicators.

Successful Complaint Resolution Rate (CRI;) represents the percentage of complaints
successfully resolved relative to the total number of submitted complaints. It measures
an operator’s ability to address customer complaints effectively and provide satisfactory
resolutions. A high complaint resolution rate contributes directly to customer satisfaction,
strengthens customer trust, and enhances long-term customer loyalty, making it one of the
key indicators of complaint-handling performance [58].

Although successful complaint resolution is represented as a binary outcome (resolved
or unresolved), this indicator was selected because it corresponds to the standardized
regulatory reporting methodology applied in the observed market and enables objective
comparison among operators. Consequently, CRI1 reflects regulatory complaint-resolution
performance rather than customers’ subjective perception of satisfaction following the
complaint-handling process.

The Successful Complaint Resolution Rate is calculated using the following expression:

NSR
CRI1 = ~NC )
where

CRI1—Successful Complaint Resolution Rate;

NSR—number of successfully resolved complaints;

NC—total number of submitted complaints.

The indicator is expressed as a dimensionless ratio ranging from 0 to 1. Higher values
indicate better complaint-resolution performance and greater effectiveness in addressing
customer complaints. Therefore, CRI, is classified as a benefit criterion.

Resolution within Regulatory Deadline (CRI2) represents the proportion of complaints
resolved within the prescribed regulatory deadline relative to the total number of resolved
complaints. Timely complaint resolution is an essential component of customer protection
and one of the key indicators of customer service quality, as it reflects an operator’s
ability to comply with regulatory requirements and provide prompt responses to customer
complaints [2,12].

Compliance with regulatory deadlines is treated as an objective indicator of proce-
dural efficiency because the prescribed complaint-resolution deadlines are identical for
all operators included in the analysis, thereby ensuring methodological consistency and
comparability of results.

The Resolution within Regulatory Deadline is calculated using the following expression:

NRD
CRI2 = ~NR 3)
where

CRI2—Resolution within Regulatory Deadline;

NRD—number of complaints resolved within the regulatory deadline;

NR—total number of successfully resolved complaints.
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This indicator measures the timeliness of the complaint-handling process and the degree
of an operator’s compliance with regulatory requirements. It is expressed as a dimensionless
ratio ranging from 0 to 1, where higher values indicate better regulatory compliance and
more efficient complaint handling. Therefore, CRI; is classified as a benefit criterion.

Average Resolution Time (CRI3) represents the average number of days required to
process and resolve customer complaints. The time required to handle complaints is widely
recognized as a key determinant of complaint-handling efficiency, customer satisfaction,
and perceived service quality, as shorter resolution times contribute to a more positive
customer experience and greater confidence in the service provider [51,54].

The Average Resolution Time represents an aggregate indicator of complaint-handling
efficiency at the operator level. Although individual complaint categories may require
different processing times depending on their complexity, the regulatory reporting system
provides only aggregate information on complaint-resolution time. Consequently, the
proposed indicator reflects the overall operational efficiency of complaint handling rather
than the duration associated with individual complaint categories. This limitation should
be considered when interpreting the results.

The Average Resolution Time is calculated using the following expression:

Lol

RI3 =
CRI3 NR

where

CRI3—Average Resolution Time;

T,—resolution time of complaint » (days);

NR—total number of successfully resolved complaints.

The indicator is expressed in days. Lower values indicate a more efficient complaint-
handling process and faster resolution of customer complaints. Therefore, CRIj; is classified
as a cost criterion.

The Average Complaint Resolution Time represents the mean time required to resolve
customer complaints reported within the standardized regulatory monitoring system. Since
the available regulatory data are aggregated at the operator level, they do not distinguish
complaint resolution times according to individual complaint categories or levels of com-
plexity. Consequently, the proposed indicator reflects the overall operational efficiency of
complaint handling rather than the resolution performance for specific complaint types.
This approach is consistent with the primary objective of the proposed framework, namely
to support comparative regulatory evaluation using harmonized performance indicators
that are uniformly available for all operators.

The three Complaint Resolution Indicators represent complementary dimensions of
complaint-handling performance and therefore should not be interpreted independently.
CRI1 reflects the effectiveness of complaint resolution, CRI2 evaluates compliance with
prescribed regulatory requirements, while CRI3 measures the operational efficiency of the
complaint-handling process. Their combined interpretation provides a more comprehen-
sive evaluation of complaint-resolution performance than any individual indicator alone
and provides the conceptual foundation for the Composite Quality Index (CQI) developed
in the following sections.

4.3. Entropy-Based Weight Determination

To avoid subjectivity in determining the importance of individual indicators, the En-
tropy method was employed to derive objective criterion weights based on the information
content and variability of the observed data [59,60].
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The Entropy weighting method was selected because it enables the objective determi-
nation of criterion weights using only the information contained in the observed dataset,
without requiring subjective judgments from experts. Since the proposed evaluation frame-
work is based on standardized regulatory performance indicators collected under identical
reporting conditions for all observed operators, an objective weighting approach was
considered more appropriate than expert-based methods, such as the Analytic Hierarchy
Process (AHP). This choice improves the transparency, reproducibility, and comparability
of the proposed evaluation framework, making it particularly suitable for benchmarking
studies based on regulatory data.

The Entropy weighting method is based on the assumption that criteria exhibiting
greater information dispersion contain more useful information and, consequently, should
be assigned higher weights in the evaluation process [59,60].

It should be emphasized that Entropy weights reflect the discriminatory power of
individual indicators within the analysed dataset rather than their intrinsic managerial
or strategic importance. Consequently, indicators exhibiting greater variability among
operators receive higher weights because they provide more information for distinguish-
ing performance differences. This characteristic makes the Entropy method particularly
appropriate for objective performance evaluation while avoiding potential bias associated
with subjective weighting procedures. At the same time, it should be acknowledged that
different weighting methods may produce different weight distributions. Therefore, the
selected approach should be interpreted as an objective data-driven weighting procedure
rather than the only possible weighting strategy.

The first step involves normalizing the decision matrix X = [xi]-]mxn, where m denotes
the number of express delivery operators and 7 represents the number of evaluation criteria.
The normalized values are calculated using the following expression:

_ N
Pij ) Xij ®)
where

xj—value of criterion j for operator i;

pii—normalized value of criterion j for operator i;

m—number of operators.

In this way, normalization is performed independently for each criterion, such that
the sum of the normalized values for each criterion is equal to one:

m
Yopi=1j=12...,n (6)
i=1

This condition provides the basis for calculating the entropy values of the evalua-
tion criteria. After normalization, the entropy of each criterion is calculated using the
following expression:

ej = —k)_ pijln(pij) (7)
i=1

where

ej—entropy value of criterion j;

pii—normalized value of criterion j for operator i;

k = 1/In(m) normalization constant ensuring that the entropy values are bounded
within the interval [0, 1];

m—number of operators.
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The degree of divergence of each criterion is calculated using the following expression:
d] =1- 6]‘ (8)

where
dj—degree of divergence of criterion j.
The objective weights of the evaluation criteria are calculated using the following

expression:
- ©)
J ;7:1 d]'
where
wj—objective weight of criterion j;
dj—degree of divergence of criterion j;
n—number of criteria.
The following condition holds:
n
Y wi=1 (10)

which ensures that the sum of the criterion weights is equal to one.

4.4. Calculation of the Composite Quality Index

After determining the criterion weights, the Composite Quality Index (CQI) is con-
structed. By integrating multiple complaint resolution indicators into a single composite
indicator, the CQI provides a comprehensive evaluation of complaint-handling perfor-
mance. The use of composite indicators is a widely accepted approach for evaluating
complex systems and measuring service performance [33,34].

The primary purpose of the Composite Quality Index is to synthesize the multidi-
mensional nature of complaint-resolution performance into a single performance measure
suitable for comparative evaluation. Rather than replacing the individual Complaint Reso-
lution Indicators, the CQI preserves their information through entropy-based aggregation
while providing a simplified representation of overall complaint-handling performance.
Such an approach facilitates objective benchmarking of operators and supports the sub-
sequent integration of complaint-resolution performance with operational service quality
indicators within a unified evaluation framework.

Since CRI3 is classified as a cost criterion, it must be transformed into a benefit criterion
prior to its integration into the Composite Quality Index (CQI). The transformation is
performed using the following expression:

CRI3

NCR3=1-— ——"
CR3 CRIB3pax

(11)
where

NCRI3—normalized value of the Average Resolution Time indicator;

CRI3;x—maximum value of the Average Resolution Time indicator in the observed
sample.

After transforming the cost criterion, the Composite Quality Index (CQI) is calculated

as follows:
CQI = w1CRI1 4+ wrCRI2 + w3NCRI3 (12)

where
CQI—Composite Quality Index;

https:/ /doi.org/10.3390/ futuretransp6040167


https://doi.org/10.3390/futuretransp6040167

Future Transp. 2026, 6, 167

22 of 40

w;—Entropy weight of CRI1;

wy—Entropy weight of CRI2;

w3—Entropy weight of NCRI3;

CRI1—Successful Complaint Resolution Rate;

CRI2—Resolution within Regulatory Deadline;

NCRI3—normalized value of the Average Resolution Time indicator.

Higher CQI values indicate more effective and higher-quality complaint resolution
performance. Similar approaches integrating multiple indicators into a single compos-
ite index have been successfully applied in studies on logistics, transport, and service
quality evaluation.

The proposed CQI integrates three key dimensions of the complaint-handling process:
complaint resolution success, timeliness of complaint resolution, and operational efficiency.
By combining these dimensions into a single composite indicator, the CQI provides a
comprehensive evaluation of complaint-handling performance and facilitates objective
benchmarking of express delivery operators.

It should be emphasized that the Composite Quality Index is not intended to be
used together with the individual Complaint Resolution Indicators in the subsequent
multi-criteria evaluation. Instead, the CQI replaces the individual CRI by representing
complaint-resolution performance as a single aggregated criterion. Consequently, the
final decision matrix used in the MARCOS method combines four Service Failure In-
dicators (SFI;—-SFl4) with one Composite Quality Index (CQI), thereby avoiding double
counting of complaint-related information while enabling the simultaneous evaluation
of operational service quality and complaint-resolution performance within a unified
decision-support framework.

In the subsequent stage of the proposed evaluation framework, the CQI is incorporated
into the MARCOS multi-criteria decision-making method to support the evaluation and
ranking of express delivery operators.

5. Research Methodology
5.1. Research Framework

The aim of this study is to develop an integrated framework for evaluating the per-
formance of express delivery operators based on service quality and complaint resolution
performance indicators. The proposed methodological approach combines Service Failure
Indicators (SFI), Complaint Resolution Indicators (CRI), objective criterion weighting using
the Entropy method, and the MARCOS multi-criteria decision-making method for the
comprehensive evaluation and ranking of express delivery operators.

The proposed research framework consists of four interrelated steps. In the first step,
the Key Performance Indicators (KPIs) are defined and organized into two groups: Service
Failure Indicators (SFI) and Complaint Resolution Indicators (CRI). Service Failure Indica-
tors quantify the most significant operational failures occurring during the provision of
express delivery services, including shipment damage, loss, service errors, and delivery de-
lays. Complaint Resolution Indicators evaluate the effectiveness of the complaint-handling
process in terms of complaint resolution success, compliance with regulatory deadlines,
and average complaint resolution time.

The proposed framework follows a sequential evaluation procedure. First, opera-
tional service quality is described through the Service Failure Indicators, while complaint-
handling performance is evaluated using the Complaint Resolution Indicators. Subse-
quently, the three Complaint Resolution Indicators are objectively aggregated into the
Composite Quality Index (CQI) using the Entropy weighting method. This sequential
approach enables complaint-resolution performance to be represented by a single synthetic
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criterion before its integration with operational service quality indicators within the final
multi-criteria evaluation framework.

In the second step, the Composite Quality Index (CQI) is developed by integrating the
three key Complaint Resolution Indicators into a single synthetic measure of complaint-
handling performance. To eliminate subjectivity in determining the relative importance of
individual criteria, criterion weights are determined using the Entropy weighting method,
which objectively quantifies the information contribution of each criterion [59,60].

The third step involves constructing the final decision matrix using four Service Failure
Indicators (SFI) and the Composite Quality Index (CQI). Since the CQI already incorporates
the information contained in the three Complaint Resolution Indicators through entropy-
based aggregation, the individual CRI are not included separately in the decision matrix.
This approach avoids double counting of complaint-related information while preserving
the multidimensional representation of complaint-resolution performance.

The resulting decision matrix serves as the basis for the multi-criteria evaluation of
express delivery operators using the MARCOS (Measurement Alternatives and Rank-
ing according to COmpromise Solution) method. MARCOS enables the evaluation
of alternatives relative to both the ideal and anti-ideal solutions and has been widely
applied in recent years in studies on transport, logistics, and performance evaluation
systems [45,48-50].

In the final step, the express delivery operators are ranked based on the calculated
utility function values. The obtained results enable the identification of the relative strengths
and weaknesses of individual operators and facilitate the benchmarking of performance
within the express delivery sector.

The overall research framework is illustrated in Figure 1.

Opverall, the proposed research framework enables an integrated evaluation of service
quality and complaint resolution performance by combining Service Failure Indicators
(SFI), Complaint Resolution Indicators (CRI), objective Entropy-based criterion weighting,
and MARCOS multi-criteria decision-making within a unified decision-support frame-
work. Consequently, it provides an objective basis for evaluating and benchmarking the
performance of express delivery operators while supporting informed decision-making by
managers, regulators, and other stakeholders.

The MARCOS (Measurement Alternatives and Ranking according to Compromise
Solution) multi-criteria decision-making method was employed to evaluate and rank
express delivery operators in this study. MARCOS is a relatively recent MCDM ap-
proach that evaluates the utility of alternatives relative to both the ideal and anti-ideal
solutions [45,55]. Owing to its simplicity, result stability, ability to simultaneously handle
both benefit and cost criteria, and utility-based evaluation relative to the ideal and anti-ideal
solutions, the MARCOS method has been widely applied in recent years in studies on
transport, logistics, supply chain management, and performance evaluation [48-50].

In the proposed evaluation framework, the MARCOS method is applied after the
construction of the Composite Quality Index (CQI). Consequently, the final decision matrix
consists of four Service Failure Indicators (SFI;-SFl) and one Composite Quality Index
(CQI). The individual Complaint Resolution Indicators (CRI1-CRI3) are first integrated into
the CQI through the Entropy weighting procedure described in Section 4 and are therefore
not included separately in the MARCOS evaluation. This sequential procedure avoids
double counting of complaint-related information while preserving the multidimensional
representation of complaint-resolution performance.
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Figure 1. Sequential structure of the proposed SFI-CRI-CQI-MARCOS evaluation framework.

5.2. MARCOS Method

Although other well-established MCDM methods, such as TOPSIS, could also be ap-
plied to the proposed KPI framework, the selection of the MARCOS method was motivated
by the characteristics of the present evaluation problem rather than by any assumption
of methodological superiority. MARCOS was selected because it evaluates alternatives
relative to both the ideal and anti-ideal solutions while providing utility functions that
facilitate the interpretation of operator performance. The principal scientific contribution
of this study lies in the development of the integrated SFI-CRI-CQI evaluation framework,
whereas MARCOS serves as an appropriate decision-support tool for ranking express
delivery operators within the proposed methodology.

The objective of the MARCOS method is to evaluate the relative performance of each
operator by comparing it with the ideal and anti-ideal solutions constructed from the
observed set of operators.

The application of the MARCOS method consists of the following steps.

Step 1: Formation of the Initial Decision Matrix. The initial decision matrix is defined
as follows:

X = [xjilmxn (13)

where
xj—value of criterion j for operator i;
m—number of operators;
n—number of evaluation criteria.
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The rows of the decision matrix represent the express delivery operators (alternatives),
whereas the columns represent the evaluation criteria.

Step 2: Determination of Ideal and Anti-Ideal Solutions. After constructing the initial
decision matrix, the ideal (AI) and anti-ideal (AAI) solutions are determined, and the
extended initial decision matrix is constructed.

G, G - Gy
AAI Xaal Xaa2 - Xaan
Ay X11 X2 ot Xip
X= A Xo1 X2t Xop (14)
A Xml Xm2 - Xmn
Al | Xail  Xai2 " Xain |

The anti-ideal solution (AAI) represents a hypothetical alternative characterized by
the least favorable values of all considered criteria, while the ideal solution (Al) represents
a hypothetical alternative with the most favorable criterion values. According to the
type of criterion (benefit or cost), the anti-ideal and ideal solutions are determined using
Equations (15) and (16), respectively.

AAL = minx;; if j€B  and maxx;; if je€C (15)
1 1

Al =maxx;; if j€B  and minx; if j€C (16)
1 1

where

B—the set of benefit criteria;

C—the set of cost criteria.

Step 3: Normalization of the Extended Decision Matrix. The elements of the extended
decision matrix are normalized using different expressions for benefit and cost criteria.

For cost criteria:

nij = X if jeC 17)
For benefit criteria: o
nij:x%i if jeB (18)

where elements x;; and x,; denote the elements of the extended decision matrix X.

Step 4: Construction of the Weighted Decision Matrix. Following the normalization
procedure, the weighted decision matrix V = [Ui]']mxn is constructed. In the general MAR-
COS procedure, criterion weights may be determined using an appropriate weighting
method depending on the characteristics of the evaluation problem. In the proposed frame-
work, however, equal weights are assigned to all evaluation criteria. This decision was
made because the Composite Quality Index already incorporates entropy-based weighting
of the Complaint Resolution Indicators. Consequently, assigning additional differential
weights within the MARCOS procedure would result in repeated weighting of complaint-
related information. The use of equal criterion weights therefore ensures methodological
consistency while allowing the CQI to represent complaint-resolution performance as a
single aggregated criterion within the final evaluation model.

The weighted values are calculated as follows:

Vij = Njj X wj (19)

where
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vjj—weighted value of criterion j for operator i;

n;—normalized value of criterion j for operator i;

wj—weight of criterion j obtained using the Entropy method.

The resulting weighted decision matrix represents the basis for determining the utility
degrees of the alternatives and the subsequent ranking of express delivery operators using
the MARCOS method.

Step 5: Determination of Utility Degrees. The weighted sum of the normalized criteria
for each alternative is calculated as follows:

n
Sl' = Z Uij (20)
j=1

Based on the obtained weighted values, the utility degrees relative to the anti-ideal
and ideal solutions are determined using the following expressions:

S.
K- =" (21
Y Saar )
S.
KFH=-—" 22
P Sar (22)

where

S;—total weighted value of alternative i;

Saar—total weighted value of the anti-ideal solution;

Sa—total weighted value of the ideal solution.

Step 6: Determination of the Utility Function. After determining the utility degrees
with respect to the ideal and anti-ideal solutions, the corresponding utility functions are
calculated. These functions quantify the relative position of each alternative with respect to
the ideal and anti-ideal reference solutions and provide the basis for the final evaluation of
operator performance.

The utility function with respect to the anti-ideal solution is calculated as:

Kt

&) = ok (23)

The utility function with respect to the ideal solution is calculated as:

K-

1
)= —/—— (24)
K +K;

F(KT

where

f (K )—utility function of alternative i with respect to the anti-ideal solution;

f(K;")—utility function of alternative i with respect to the ideal solution;

K; —utility degree of alternative i relative to the anti-ideal solution;

K" —utility degree of alternative i relative to the ideal solution.

The final utility function is determined based on the relationship between each alter-
native and the ideal and anti-ideal solutions, as follows:

L K + K
T ) - ()]

Step 7: Ranking of Alternatives. The final ranking of express delivery operators

(25)

is based on the overall utility function values, (f(K;)), calculated in the previous step.
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The utility function provides a comprehensive measure of alternative performance by
simultaneously considering the relative position of each alternative with respect to the
ideal and anti-ideal solutions.

The alternatives are ranked in descending order according to their utility function
values. Higher values of (f(K;)) indicate better overall performance, reflecting greater prox-
imity to the ideal solution and a larger distance from the anti-ideal solution. Accordingly;,
the alternative with the highest utility function value is assigned the first rank, while the
remaining alternatives are ranked in descending order of their utility values.

Within the proposed framework, the MARCOS method represents the final stage of the
evaluation process. Rather than evaluating complaint-resolution indicators independently,
the method integrates the Composite Quality Index with the Service Failure Indicators
into a unified decision-making model. This sequential structure enables simultaneous
evaluation of operational service quality and complaint-resolution performance while
ensuring methodological consistency, preserving the complementary roles of SFI and CRI,
and avoiding the duplication of complaint-related information.

The resulting ranking provides a robust basis for comparative performance evalua-
tion, benchmarking, and evidence-based decision-making by identifying opportunities
to improve service quality and complaint-management performance within the express
delivery sector.

6. Case Study and Results
6.1. Case Study Description

To demonstrate the applicability of the proposed evaluation framework, an empirical
case study was conducted using data collected from major express delivery operators
operating in the Serbian market. The selection of operators was based on their market share
in the express delivery segment.

According to the national methodology for monitoring the quality of express delivery
services, quality evaluation is conducted for postal operators whose market share exceeds
5% of the total express delivery volume in the Republic of Serbia. Based on this criterion and
the 2024 market data, five operators meeting the prescribed threshold were included in the
analysis [56]. These operators collectively account for the majority of the national express
delivery market and therefore provide a representative basis for comparative performance
evaluation and regulatory benchmarking.

In accordance with the same methodology, the annual sample consists of 2000 test ship-
ments. The sample is equally distributed among the selected operators, with 400 shipments
assigned to each operator. Such a sampling design ensures comparability of results and pro-
vides a balanced basis for assessing service quality and complaint-handling performance
across operators.

The analysis was performed using standardized regulatory quality indicators re-
ported by express delivery operators in accordance with the national quality monitoring
methodology. These indicators are aggregated at the operator level and are not disaggre-
gated according to shipment categories (e.g., documents, parcels, fragile goods, or other
commodity groups). Consequently, the proposed evaluation framework assesses the over-
all service quality and complaint-resolution performance of express delivery operators
based on standardized regulatory data rather than shipment-type-specific service qual-
ity. This approach is consistent with the primary objective of the proposed framework,
namely to support comparative regulatory evaluation and benchmarking of express deliv-
ery operators using harmonized performance indicators that are uniformly available for
all operators.
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The analysis was conducted over a one-year observation period and was based on oper-
ational and complaint-handling data collected through the monitoring process. The dataset
included information on service failures, complaint resolution outcomes, compliance with
regulatory deadlines, and complaint processing times. These data were subsequently used
to calculate the Service Failure Indicators (SFI), Complaint Resolution Indicators (CRI), and
the Composite Quality Index (CQI) for each operator.

The selected case study provides an appropriate environment for demonstrating the
applicability of the proposed evaluation framework under real regulatory conditions. Since
the analysis includes the largest express delivery operators monitored under a standardized
national quality evaluation methodology, the obtained results provide a representative basis
for validating the practical applicability of the proposed evaluation framework. Although
the empirical evaluation is limited to the Serbian express delivery market and a single
observation period, the methodological procedure itself is sufficiently general to be adapted
to other postal markets where comparable operational and complaint-related data are
available, subject to the applicable regulatory framework.

To ensure confidentiality and avoid potential commercial implications, the operators
are anonymized and identified as O1, O2, O3, O4, and O5 throughout the study. The
anonymization procedure does not affect the validity of the analysis, as the objective of the
research is to evaluate the applicability of the proposed methodology rather than to assess
the market position of individual operators.

The empirical analysis was carried out in several stages. First, the performance indica-
tors were calculated for each operator. Subsequently, criterion weights were determined
using the Entropy method, and the Composite Quality Index (CQI) was calculated. Finally,
the MARCOS method was applied to evaluate and rank the operators according to their
overall performance.

The proposed framework enables a comprehensive evaluation of service quality and
complaint resolution performance in the express delivery sector. Its practical application is
demonstrated in the following sections through the calculation of Entropy criterion weights,
the construction of the Composite Quality Index (CQI), the development of the MARCOS
decision matrix, and the final evaluation and ranking of express delivery operators.

6.2. Decision Matrix Construction

The construction of the decision matrix represents the first step in the empirical
evaluation of express delivery operators. In accordance with the proposed evaluation
framework, the analysis was based on four Service Failure Indicators (SFI) and three
Complaint Resolution Indicators (CRI).

The selected indicators provide a comprehensive representation of operator perfor-
mance by simultaneously considering operational service quality and complaint resolution
efficiency. Service Failure Indicators capture the most significant operational deficiencies
occurring during the delivery process, while Complaint Resolution Indicators assess the
effectiveness and timeliness of complaint handling procedures.

According to their characteristics, the Service Failure Indicators (SFI;-SFl4) and Aver-
age Resolution Time (CRI3) were treated as cost criteria, since lower values indicate better
performance. In contrast, Successful Complaint Resolution Rate (CRI1) and Resolution
within Regulatory Deadline (CRI2) were considered benefit criteria because higher values
reflect more efficient complaint management. The indicators included in the empirical
analysis are presented in Table 2.

The selected indicators represent two complementary dimensions of operator perfor-
mance. While the Service Failure Indicators assess operational reliability during service
provision, the Complaint Resolution Indicators evaluate the effectiveness and efficiency of
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complaint handling. Their combined use enables a more comprehensive evaluation of oper-
ator performance than evaluating either operational service quality or complaint-handling
performance independently.

Table 2. Evaluation Indicators.

Criterion Description Unit Criterion Type
SFI; Damage Rate 960 Cost
SFI, Lost Shipment Rate %o Cost
SFI3 Service Error Rate Yoo Cost
SFl4 Delay Rate %0 Cost
CRI1 Successful Complaint Resolution Rate - Benefit
CRI2 Resolution within Regulatory Deadline - Benefit
CRI3 Average Resolution Time Days Cost

Based on the collected data, the values of the Service Failure Indicators and Com-
plaint Resolution Indicators were calculated for the five observed operators. The resulting
indicator values are presented in Table 3.

Table 3. Service Failure and Complaint Resolution Indicators for the Observed Operators.

Operator SFI; SFI, SFI3 SFI, CRI1 CRI2 CRI3
01 12.5 5.0 20.0 30.0 0.8889 0.9259 124
02 15.0 25 22.5 30.0 0.8571 0.8929 12.2
03 20.0 25 27.5 27.5 0.9355 0.8667 10.7
04 17.5 5.0 25.0 32.5 0.8750 0.8667 12.8
05 12.5 7.5 20.0 35.0 0.8000 1.0000 13.3

The values presented in Table 2 constitute the basis for the calculation of the Composite
Quality Index (CQI). The entropy-based weighting procedure described in Section 4 was
applied to the Complaint Resolution Indicators (CRI1-CRI3), and the obtained weights
were subsequently used to calculate the CQI values for each operator.

At this stage of the evaluation procedure, the Complaint Resolution Indicators are
analysed individually in order to determine their objective entropy weights and construct
the Composite Quality Index. Consequently, Table 3 should be interpreted as an interme-
diate decision matrix used exclusively for the development of the CQI rather than for the
final multi-criteria evaluation.

The resulting CQI values were then combined with the Service Failure Indicators to
construct the final decision matrix used in the MARCOS evaluation and ranking procedure.

Accordingly, the three individual Complaint Resolution Indicators are replaced by
the Composite Quality Index in the final MARCOS decision matrix. This sequential
procedure preserves the multidimensional representation of complaint-resolution perfor-
mance while avoiding double counting of complaint-related information during the final
multi-criteria evaluation.

6.3. Entropy Weight Calculation and CQI Determination

To develop the Composite Quality Index (CQI), the Entropy weighting procedure
described in Section 4 was applied to the Complaint Resolution Indicators (CRI1-CRI3).
The procedure included data normalization, calculation of entropy values, determination
of divergence measures, and computation of criterion weights using Equations (5)—(10).
The obtained entropy values, divergence values, and final criterion weights are presented
in Table 4.
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Table 4. Entropy Weights of Complaint Resolution Indicators.
Criterion Entropy (e;) Divergence (d;) Weight (w;)
CRI1 0.999204 0.000796 0.2398
CRI2 0.999089 0.000911 0.2745
CRI3 0.998389 0.001611 0.4857
Total - - 1.0000

The results indicate that CRI3 (Average Resolution Time) has the highest weight
(0.4857), suggesting that this indicator plays the most important role in distinguishing the
complaint resolution performance of the observed operators. CRI2 ranks second with a
weight of 0.2745, while CRI1 has the lowest weight (0.2398). Consequently, the efficiency
and timeliness of complaint handling have the greatest influence on the overall evaluation
of complaint resolution performance.

It should be noted that the obtained Entropy weights reflect the discriminatory power
of the analysed indicators within the observed dataset rather than their intrinsic man-
agerial importance. The higher weight assigned to CRI3 indicates that this indicator
exhibits the greatest variability among the analysed operators and therefore contributes
most to differentiating their complaint-resolution performance. This interpretation is
fully consistent with the objective nature of the Entropy weighting method described
in Section 4.3.

Following the determination of criterion weights, the Composite Quality Index (CQI)
was calculated for each operator using Equations (11) and (12). Since CRI3 represents a cost
criterion, it was first transformed into a benefit-type criterion through the normalization
procedure described in Section 4. The resulting normalized values were then combined
with the entropy-based weights to obtain the final CQI scores. The calculated CQI values
for the observed operators are presented in Table 5.

Table 5. Composite Quality Index (CQI) Values.

Operator CQIl
o1 0.5006
02 0.4923
03 0.5578
04 0.4667
05 0.4663

The results reveal noticeable differences in complaint resolution performance among
the analyzed operators.

Operator O3 achieved the highest CQI value (0.5578), indicating the most effective
overall complaint resolution performance. This result can be attributed to its strong perfor-
mance across all complaint resolution indicators, particularly its high successful complaint
resolution rate and the shortest average complaint resolution time among the observed
operators. Operator O1 ranked second with a CQI value of 0.5006, followed closely
by O2 (0.4923).

The lowest CQI values were recorded for operators O4 (0.4667) and O5 (0.4663).
Although O5 achieved the highest value of CRI2, indicating full compliance with regulatory
deadlines, its relatively low successful complaint resolution rate and the longest average
complaint resolution time negatively affected its overall CQI score.

Overall, the results suggest that efficient complaint handling is influenced not only by
compliance with regulatory deadlines but also by the ability to successfully resolve com-
plaints and minimize complaint processing time. Consequently, operators demonstrating
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balanced performance across all complaint resolution indicators tend to achieve higher
CQI values.

The Composite Quality Index should therefore be interpreted as a synthetic mea-
sure of complaint-resolution performance rather than as a replacement for the individual
Complaint Resolution Indicators. Its primary role is to integrate the complementary di-
mensions of complaint handling into a single performance measure that can subsequently
be incorporated into the final multi-criteria evaluation together with the Service Failure
Indicators. This aggregation simplifies the evaluation process while preserving the infor-
mation contained in the underlying complaint-resolution indicators through the Entropy
weighting procedure.

The CQI values presented in Table 5 summarize the overall effectiveness of complaint
resolution processes and are subsequently incorporated into the final decision matrix used
for MARCOS-based evaluation and ranking.

6.4. MARCOS Evaluation and Ranking

Following the calculation of the Composite Quality Index (CQI), the final deci-
sion matrix was constructed and used as the input for the MARCOS evaluation pro-
cedure. In accordance with the proposed framework, the matrix included four Service
Failure Indicators (SFI;-SFl4) and the Composite Quality Index (CQI), thereby integrat-
ing both operational service quality and complaint resolution performance into a single
evaluation model.

The use of the Composite Quality Index in the final decision matrix represents the final
stage of the sequential evaluation framework proposed in this study. Instead of including
the three Complaint Resolution Indicators as separate evaluation criteria, they are first
objectively aggregated into a single composite indicator using the Entropy weighting
procedure. Consequently, the MARCOS evaluation simultaneously considers operational
service quality and complaint-resolution performance while avoiding double counting of
complaint-related information.

The Service Failure Indicators were treated as cost criteria because lower values
indicate better service performance, whereas the Composite Quality Index was considered
a benefit criterion, since higher values reflect superior complaint resolution performance.
The final decision matrix used in the MARCOS evaluation is presented in Table 6.

Table 6. Final Decision Matrix.

Operator SFI; SFI, SFI3 SFI, CQI
o1 12.5 5.0 20.0 30.0 0.5006
02 15.0 25 22.5 30.0 0.4923
O3 20.0 25 27.5 27.5 0.5578
04 17.5 5.0 25.0 325 0.4667
05 12.5 7.5 20.0 35.0 0.4663

The MARCOS procedure was subsequently applied following the steps described in
Section 5.2. First, the anti-ideal and ideal solutions were determined for each criterion. The
resulting extended decision matrix is presented in Table 7.

Since the Composite Quality Index already incorporates entropy-based weighting
of complaint resolution indicators, an additional weighting procedure was not applied
within the MARCOS evaluation. To ensure methodological consistency and avoid double
weighting of complaint-related information, equal weights were assigned to all evaluation
criteria. The criterion weights used in the MARCOS analysis are presented in Table 7.
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Table 7. Criterion Weights Used in the MARCOS Evaluation.

Criterion Weight
SFI 0.20
SFI, 0.20
SFI3 0.20
SFl4 0.20
CQI 0.20
Total 1.00

The assignment of equal weights within the MARCOS procedure should not be
interpreted as assuming equal managerial importance of all evaluation criteria. Rather, it
reflects the sequential structure of the proposed methodology. Since the relative importance
of complaint-resolution performance has already been incorporated into the Composite
Quality Index through the Entropy weighting procedure, introducing additional differential
weights at this stage would disproportionately increase the influence of complaint-related
information. Therefore, equal criterion weights were adopted to ensure methodological
consistency throughout the final multi-criteria evaluation.

The first step of the MARCOS procedure involves the determination of the anti-ideal
(AAI) and ideal (AI) solutions for each criterion. The anti-ideal solution represents the
least favorable performance, whereas the ideal solution corresponds to the most favorable
performance among the observed operators. Based on these values, the initial decision
matrix is extended by adding the anti-ideal and ideal alternatives.

For cost criteria (SFI;-SFly), the anti-ideal solution was defined as the maximum
observed value, while the ideal solution corresponded to the minimum observed value.
For the benefit criterion (CQI), the anti-ideal and ideal solutions were determined using the
minimum and maximum values, respectively. The resulting extended decision matrix is
presented in Table 8.

Table 8. Extended Decision Matrix.

Alternative SFIl SFIZ SFI3 SFI4 CQI
AAI 20.0 7.5 27.5 35.0 0.4663
01 12.5 5.0 20.0 30.0 0.5006
02 15.0 25 225 30.0 0.4923
o3 20.0 2.5 27.5 27.5 0.5578
04 17.5 5.0 25.0 325 0.4667
05 12.5 7.5 20.0 35.0 0.4663
Al 12.5 25 20.0 27.5 0.5578

Following the construction of the extended decision matrix, the normalization pro-
cedure was performed according to the criterion type using Equations (15) and (16). For
cost criteria (SFI;-SFly), normalization was carried out by dividing the ideal value by the
observed value. For the benefit criterion (CQI), normalization was performed by dividing
the observed value by the ideal value. The resulting normalized matrix is presented in
Table 9.

The normalized values provide a comparable scale for all criteria and represent the
basis for constructing the weighted decision matrix in the next step.

After normalization, the weighted normalized matrix was constructed by multiplying
the normalized criterion values by their corresponding weights. Since equal weights
were assigned to all criteria, each normalized value was multiplied by 0.20. The resulting
weighted normalized matrix is presented in Table 10.
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Table 9. Normalized Matrix.
Alternative SFI; SFI, SFI3 SF1, CQOl
AAI 0.6250 0.3333 0.7273 0.7857 0.8361
o1 1.0000 0.5000 1.0000 0.9167 0.8975
02 0.8333 1.0000 0.8889 0.9167 0.8825
o3 0.6250 1.0000 0.7273 1.0000 1.0000
04 0.7143 0.5000 0.8000 0.8462 0.8367
05 1.0000 0.3333 1.0000 0.7857 0.8361
Al 1.0000 1.0000 1.0000 1.0000 1.0000
Table 10. Weighted Normalized Matrix.
Alternative SFIl SFIZ SFI3 SFI4 CQI
AAI 0.1250 0.0667 0.1455 0.1571 0.1672
o1 0.2000 0.1000 0.2000 0.1833 0.1795
02 0.1667 0.2000 0.1778 0.1833 0.1765
O3 0.1250 0.2000 0.1455 0.2000 0.2000
04 0.1429 0.1000 0.1600 0.1692 0.1673
O5 0.2000 0.0667 0.2000 0.1571 0.1672
Al 0.2000 0.2000 0.2000 0.2000 0.2000

The weighted normalized matrix represents the basis for calculating the utility de-
grees of the alternatives relative to the anti-ideal and ideal solutions. These values are
subsequently used to determine the overall utility functions and the final ranking of the
observed operators.

Following the construction of the weighted normalized matrix, the utility values were
calculated according to the MARCOS procedure. First, the sums of weighted normalized
values (S;) were determined using Equation (20). The utility degrees relative to the anti-
ideal and ideal solutions (K;~ and Kf) were then calculated using Equations (21) and (22).
Based on these values, the utility functions f(K; ), f(K;"), and the overall utility function
f(K;) were obtained using Equations (23)—(25). The resulting utility values and the final
ranking of the observed operators are presented in Table 11.

Table 11. Utility Degrees and Ranking Results.

Operator S; K; K? fK;) AKY) fK)) Rank
01 0.8628 1.3043 0.8628 0.3981 0.6019 0.6829 3
02 0.9043 1.3670 0.9043 0.3981 0.6019 0.7158 1
03 0.8705 1.3159 0.8705 0.3981 0.6019 0.6890 2
04 0.7394 1.1178 0.7394 0.3981 0.6019 0.5853 5
05 0.7910 1.1958 0.7910 0.3981 0.6019 0.6261 4

As shown in Table 11, the values of f(K;), and f(K;") are identical for all operators
because they are constants derived solely from the anti-ideal (AAI) and ideal (AI) reference
solutions in accordance with the MARCOS methodology. Since these values depend
only on the reference solutions rather than on the individual alternatives, they remain
constant across all operators. Consequently, the overall utility function f(K;), is the only
value that distinguishes operator performance and determines the final ranking of express
delivery operators.

The results show that operator O2 achieved the highest overall utility value
(f(K;) =0.7158), and therefore ranked first. Operator O3 ranked second, followed by
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OL1. Operators O5 and O4 achieved lower utility values, with O4 ranked last among the
observed operators.

The obtained ranking confirms the importance of evaluating operational service
quality and complaint-resolution performance within a unified decision-making framework.
Although operator O3 achieved the highest Composite Quality Index, reflecting superior
complaint-handling performance, its comparatively weaker results for several Service
Failure Indicators reduced its overall ranking. Conversely, operator O2 achieved a more
balanced performance across both operational and complaint-related dimensions, which
ultimately resulted in the highest overall utility value. This finding demonstrates that
superior complaint handling alone is insufficient to achieve the highest overall performance
if it is not accompanied by consistently high operational service quality.

6.5. Sensitivity Analysis

To examine the robustness of the obtained ranking, a sensitivity analysis was con-
ducted using five weighting scenarios: one reference scenario and four alternative scenarios.
The reference scenario retained equal weights of 0.20 for all criteria. In the alternative sce-
narios, greater importance was assigned to complaint-resolution performance, overall
operational performance, lost-shipment performance, and delivery-delay performance,
respectively. In each scenario, the criterion weights were normalized so that their sum
remained equal to one (Table 12).

Table 12. Definition of weighting scenarios used in the sensitivity analysis.

Scenario Criterion Weights

(SFI1, SFI12, SFI3, SFI4, CQI)
S0—Equal-weights reference scenario (0.20, 0.20, 0.20, 0.20, 0.20)
51—CQI-priority scenario (0.15, 0.15, 0.15, 0.15, 0.40)
S52—Operational-performance-priority scenario (0.225, 0.225, 0.225, 0.225, 0.10)
S53—Lost-shipment-priority scenario (0.15,0.40, 0.15, 0.15, 0.15)
S4—Delivery-delay-priority scenario (0.15,0.15, 0.15, 0.40, 0.15)

The sensitivity analysis indicates that the ranking is generally stable across the consid-
ered weighting scenarios (Table 13). Operator O2 retains the first position in four of the
five scenarios, whereas O3 becomes the highest-ranked operator only in the CQI-priority
scenario. Operator O1 remains in the second or third position across all scenarios, while
04 and O5 generally occupy the two lowest positions. The observed rank reversals are
limited to operators with relatively similar performance profiles and occur when greater
importance is assigned to specific criteria. These results confirm the overall robustness of
the proposed evaluation framework while demonstrating its expected responsiveness to
different regulatory or managerial priorities.

Table 13. Overall utility values and operator rankings under alternative weighting scenarios.

Operator SO0 f(K;) Rank S1£(K;) Rank S2 f(K;) Rank S3 f(K;) Rank S4 f(K;) Rank

o1 0.6829 3 0.6747 3 0.6871 2 0.6368 3 0.6828 3
02 0.7158 1 0.6959 2 0.7259 1 0.7655 1 0.7070 1
o3 0.6890 2 0.6990 1 0.6837 3 0.7446 2 0.7035 2
04 0.5853 5 0.5913 5 0.5820 5 0.5604 4 0.5970 5
05 0.6261 4 0.6212 4 0.6285 4 0.5580 5 0.6153 4

The sensitivity analysis also provides an initial validation of the proposed evaluation
framework. The stability of the obtained rankings under alternative weighting scenar-
ios indicates that the framework is not overly sensitive to moderate changes in criterion
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importance and is capable of producing consistent evaluation results. Furthermore, the
framework is constructed using standardized regulatory performance indicators, an objec-
tive Entropy weighting procedure, and the well-established MARCOS decision-making
method, which together contribute to its transparency, reproducibility, and practical appli-
cability. Although additional validation using datasets from other regulatory environments
would further strengthen the generalizability of the proposed framework, the present re-
sults demonstrate its capability to provide meaningful and robust comparative evaluation
of express delivery operators.

6.6. Discussion of Results

The results obtained using the proposed evaluation framework demonstrate that the
integrated evaluation of operational service quality and complaint-resolution performance
provides a more comprehensive understanding of express delivery operator performance
than evaluating either dimension independently. While the Service Failure Indicators
quantify the reliability of the operational delivery process, the Composite Quality Index
summarizes the effectiveness of complaint handling into a single synthetic performance
measure. Their integration within the MARCOS framework therefore enables a balanced
evaluation of operator performance by considering both service execution and post-service
customer support.

An important finding of the empirical analysis is that superior complaint-resolution
performance alone does not necessarily lead to the highest overall ranking. Although
operator O3 achieved the highest Composite Quality Index, reflecting the most effective
complaint-handling performance, its weaker results for several Service Failure Indicators
reduced its overall performance within the MARCOS evaluation. Conversely, operator
O2 achieved the highest overall ranking by maintaining consistently good performance
across both operational service quality and complaint-resolution dimensions. This result
confirms that balanced performance across multiple quality dimensions is more important
than excellence in a single performance area.

These findings are consistent with previous studies emphasizing that service qual-
ity in postal and express delivery systems is inherently multidimensional and cannot be
adequately represented by a single performance indicator. Earlier research has shown
that operational reliability, complaint handling, and customer-oriented quality manage-
ment jointly influence overall service quality. The proposed framework extends existing
approaches by integrating operational service failures and complaint-resolution perfor-
mance into a unified evaluation model, thereby providing a more comprehensive basis for
evaluating express delivery operator performance than approaches relying exclusively on
operational indicators or customer complaint statistics.

From a regulatory perspective, the proposed framework provides a transparent bench-
marking tool that enables supervisory authorities to identify operators requiring perfor-
mance improvements in specific quality dimensions. Instead of evaluating operational
failures and complaint handling separately, regulators may use the proposed evaluation
framework to support evidence-based monitoring, quality control, and regulatory decision-
making. Similarly, express delivery operators may use the obtained results to identify
weaknesses in operational processes or complaint management and to prioritize improve-
ment measures according to their relative impact on overall performance.

The proposed methodology also has broader applicability beyond the analysed case
study. Although the empirical evaluation was conducted using data from the Serbian
express delivery market, the methodological framework relies on standardized performance
indicators, objective weighting through the Entropy method, and the MARCOS multi-
criteria decision-making approach. Consequently, the framework can be adapted to other
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postal markets where comparable operational and complaint-related data are available,
subject to the characteristics of the respective regulatory environment.

Nevertheless, several limitations of the present study should be acknowledged. First,
the empirical analysis was conducted using data from one national postal market and
one observation period, which limits the generalizability of the obtained results. Second,
the Composite Quality Index was constructed using only those Complaint Resolution
Indicators that are systematically collected within the national regulatory reporting sys-
tem. Other dimensions of complaint handling, such as customer satisfaction, perceived
fairness of complaint resolution, or accessibility of complaint channels, were not included
because comparable data were unavailable. Future research may therefore extend the pro-
posed framework by incorporating additional quality dimensions, alternative weighting
approaches, and longitudinal datasets covering multiple regulatory environments.

Overall, the empirical results confirm that the proposed evaluation framework pro-
vides an objective and practically applicable approach for assessing the performance of
express delivery operators. By integrating operational service quality and complaint-
resolution performance within a unified decision-support framework, the methodology
offers a valuable tool for comparative performance evaluation, benchmarking, and quality
improvement in the postal and express delivery sector.

7. Conclusions

This study proposed an integrated evaluation framework for assessing the perfor-
mance of express delivery operators by simultaneously considering operational service
quality and complaint-resolution performance. Unlike conventional approaches that evalu-
ate these dimensions independently, the proposed framework combines Service Failure
Indicators (SFI), Complaint Resolution Indicators (CRI), the Entropy weighting method, the
Composite Quality Index (CQI), and the MARCOS multi-criteria decision-making method
into a unified decision-support framework.

The proposed methodology follows a sequential evaluation procedure. First, op-
erational performance is assessed through Service Failure Indicators, while complaint-
resolution performance is evaluated using three standardized Complaint Resolution Indica-
tors. Subsequently, the Entropy method is applied to determine the objective weights of the
complaint-resolution indicators, which are aggregated into the Composite Quality Index.
Finally, the CQI is integrated with the Service Failure Indicators within the MARCOS frame-
work to provide a comprehensive evaluation and ranking of express delivery operators.
This sequential structure enables the integration of complementary quality dimensions
while avoiding duplication of complaint-related information in the final evaluation.

The empirical case study conducted using data from the Serbian express delivery
market demonstrated the applicability of the proposed framework under real regula-
tory conditions. The obtained results showed that the highest overall performance is
achieved not necessarily by operators excelling in a single quality dimension, but by those
maintaining balanced performance across both operational service quality and complaint-
resolution processes. The findings confirm that joint evaluation of these dimensions
provides a more comprehensive understanding of operator performance than analysing
them independently.

The proposed framework makes several contributions to the existing literature. First,
it introduces an integrated methodology that combines operational service quality and
complaint-resolution performance within a single evaluation framework. Second, it de-
velops a Composite Quality Index that objectively summarizes complaint-handling per-
formance using Entropy-based weighting. Third, it demonstrates how the aggregated
complaint-resolution indicator can be incorporated into a multi-criteria decision-making
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model without duplicating complaint-related information. Finally, the study extends
the application of the MARCOS method to the evaluation of express delivery opera-
tors by integrating operational and customer-oriented quality dimensions into a unified
evaluation framework.

From a practical perspective, the proposed framework provides a transparent and
objective tool for benchmarking operator performance and identifying areas requiring
improvement. Regulatory authorities may use the framework to support evidence-based
monitoring of service quality and complaint handling, while express delivery operators
may employ the obtained results to identify operational weaknesses, improve complaint-
management processes, and prioritize quality improvement initiatives.

Nevertheless, several limitations should be acknowledged. The empirical evalua-
tion was conducted using data from a single national postal market and one observation
period. Furthermore, the Composite Quality Index was constructed using only those
Complaint Resolution Indicators that are systematically collected within the national
regulatory reporting system. Consequently, other potentially relevant dimensions of com-
plaint handling, such as customer satisfaction, perceived fairness of complaint resolu-
tion, or accessibility of complaint channels, were not included because comparable data
were unavailable.

One limitation of the present study is that the regulatory dataset does not distin-
guish complaints according to shipment categories or commodity types. Consequently,
differences in complaint characteristics associated with fragile goods, electronic devices,
documents, or other shipment categories cannot be analysed separately. Future research
could address this limitation by incorporating category-specific performance indicators
and complaint-type-specific resolution times whenever such disaggregated regulatory data
become available, thereby enabling a more detailed evaluation of complaint-resolution
performance while preserving the regulatory benchmarking capability of the proposed
framework. Future research may also extend the proposed framework by applying it to
different postal markets and regulatory environments, analysing longitudinal datasets,
incorporating additional complaint-related quality indicators, and comparing alterna-
tive objective and hybrid weighting methods. Such studies would further examine
the robustness, transferability, and practical applicability of the proposed evaluation
framework. Although the proposed framework has been demonstrated using real op-
erational data from express delivery operators, future research should focus on com-
prehensive methodological validation through sensitivity analysis, comparative appli-
cation of alternative MCDM methods, and empirical testing in different regulatory and
operational environments.

Overall, the results demonstrate that integrating operational service quality and
complaint-resolution performance within a unified evaluation framework provides a
more comprehensive basis for assessing the performance of express delivery operators
than treating these dimensions separately. The proposed methodology therefore rep-
resents a useful decision-support tool for researchers, regulators, and postal operators
seeking to improve service quality through objective, transparent, and reproducible
performance evaluation.
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