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Abstract

Customer customization and high-mix, low-volume production have increased operational
complexity and sustainability pressures in global apparel supply chains. Although artificial
intelligence (AI) improves visibility, forecasting, and decision support, limited research
explains how Al-generated intelligence is translated into coordinated organizational action
in labor-intensive manufacturing. This study examines how strategic flexibility, manu-
facturing flexibility, Al-enabled operational intelligence, and human expertise interact in
the enactment of Human-Centered Supply Chain Agility (HCSA) in customized apparel
manufacturing. An exploratory qualitative design was employed using semi-structured
interviews with 13 senior managers and executives from apparel manufacturing firms op-
erating in Guatemala, Honduras, Nicaragua, and El Salvador. Reflexive thematic analysis
identified seven interrelated themes: customer customization and operational uncertainty,
strategic flexibility, manufacturing flexibility, Al-enabled operational intelligence, human
expertise, Al-human complementarity, and coordinated organizational response. Partici-
pants reported varying levels of engagement with Al-assisted and broader digital systems.
Where Al-supported tools were used, they primarily provided enhanced visibility and
analytical support, while experienced managers remained responsible for contextual inter-
pretation, priority setting, exception handling, and implementation decisions. Participants
associated these digitally supported and human-centered processes with more efficient
resource use, reduced operational waste, organizational resilience, and more responsible
managerial decision-making. Rather than proposing a new theory, this study offers an em-
pirically grounded, process-oriented interpretation of how established agility capabilities
are enacted in Al-enabled customized apparel manufacturing.

Keywords: supply chain agility; artificial intelligence; human-centered Al; strategic flexibil-
ity; manufacturing flexibility; customized apparel production; sustainable manufacturing;
qualitative research

1. Introduction
1.1. Global Transformation Toward Sustainable and Al-Enabled Apparel Manufacturing

The apparel industry is shifting from standardized mass production toward cus-
tomized, high-mix, low-volume manufacturing. This transition has increased product
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variety, shortened product life cycles, intensified operational uncertainty, and created
pressure for more resilient and resource-efficient supply chains.

Customer customization has significantly increased operational complexity by gener-
ating frequent style changes, fluctuating demand, shorter production runs, urgent orders,
and repeated production rescheduling. These changes have made conventional production
planning increasingly ineffective and have intensified uncertainty throughout manufactur-
ing operations and supply chain management [1-5].

Meanwhile, recent advances in artificial intelligence (Al), big data analytics, and
digital technologies have transformed production planning, demand forecasting, inven-
tory management, and operational visibility. Al-supported systems enable organizations
to process large volumes of operational data in real time and improve decision quality
through enhanced analytical capabilities. Nevertheless, digital technologies alone cannot
ensure agile organizational responses or sustainable operational performance. Particularly
within labor-intensive manufacturing industries such as apparel production, managerial
experience, contextual judgment, organizational coordination, and human expertise re-
main indispensable for responding effectively to operational uncertainty and supply chain
disruptions [6-9].

These developments raise an important organizational question: how can Al-enabled
operational intelligence be combined with human expertise and organizational flexi-
bility to support agile and sustainable responses under highly uncertain customized
manufacturing conditions?

The Central American apparel manufacturing industry provides a particularly rele-
vant empirical setting for examining this question. Guatemala, Honduras, Nicaragua, and
El Salvador have developed as important nearshoring production locations serving the U.S.
apparel market. Geographic proximity can support shorter lead times and faster replenish-
ment, but it also intensifies expectations for rapid response to changing buyer requirements.
At the same time, apparel production in the region remains highly labor-intensive and
is frequently characterized by style changes, shorter production runs, customized orders,
workforce constraints, and recurrent production rescheduling. These conditions make the
region particularly suitable for examining how digital decision-support capabilities interact
with managerial judgment, manufacturing flexibility, and organizational coordination
under conditions of operational uncertainty.

1.2. Practical Problem

Despite improved digital planning and visibility, apparel manufacturers still struggle
to convert operational information into rapid and coordinated responses under customized
HMLV conditions.

Although Al-enabled systems have substantially improved demand forecasting, pro-
duction planning, inventory management, and operational visibility, technological capa-
bility alone does not automatically generate agile or sustainable operational responses.
Al can rapidly process production data, identify potential bottlenecks, and recommend
alternative production schedules. However, many operational situations also involve
contextual decisions concerning customer priorities, supplier relationships, workforce
capability, production-line reconfiguration, and cross-functional coordination that may not
be fully resolved through analytical systems alone.

Previous research therefore raises an important question regarding the role of human
expertise and organizational coordination in translating Al-supported information into
operational action. In labor-intensive apparel manufacturing, unexpected disruptions
frequently require simultaneous adjustments involving production scheduling, workforce
allocation, material sourcing, logistics coordination, and customer communication. Yet the
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organizational process through which digital intelligence is interpreted and combined with
these human and organizational capabilities remains insufficiently understood.

From a sustainability perspective, this issue is particularly important because inef-
fective operational responses may lead to unnecessary material waste, excess inventory,
expedited transportation, production inefficiencies, and workforce pressure. Accordingly,
further investigation is needed to understand how Al-enabled operational intelligence,
human expertise, and organizational flexibility interact in ways that may support both
operational responsiveness and more sustainable resource use.

The practical problem addressed in this study therefore concerns not simply the avail-
ability of digital technologies, but the organizational process through which Al-generated
operational information is interpreted, evaluated, and translated into coordinated action
under customized manufacturing conditions. Examining this process may provide a
more context-sensitive understanding of how digital transformation can support resilient,
resource-efficient, and sustainable operations in labor-intensive customized manufacturing.

1.3. Research Gap

Despite the growing body of research on artificial intelligence (Al), supply chain
agility, strategic flexibility, and manufacturing flexibility, several important theoretical and
practical gaps remain.

First, Al research has increasingly examined forecasting, visibility, analytical capa-
bility, and Al-supported operations, yet empirical understanding of how Al-generated
information is interpreted and converted into coordinated organizational action remains
comparatively limited [6,10].

Second, strategic flexibility and manufacturing flexibility have often been treated
independently or interchangeably, leaving their distinct but complementary roles in organi-
zational adaptation and execution insufficiently explained [11-14].

Third, supply chain agility has commonly been examined as an organizational capa-
bility or performance outcome. Less attention has been given to the organizational process
through which information is interpreted, priorities are revised, manufacturing resources
are reconfigured, and coordinated responses are implemented.

Fourth, sustainability research has paid comparatively limited attention to the human
and organizational mechanisms through which Al-supported operations may contribute
simultaneously to resource efficiency, organizational resilience, and responsible managerial
decision-making [15-17].

Finally, qualitative evidence examining these organizational processes within labor-
intensive Central American apparel manufacturing remains scarce. [1,2,18].

Taken together, these gaps leave an unresolved question concerning how Al-enabled
operational intelligence, human expertise, strategic flexibility, manufacturing flexibility,
and organizational coordination interact in practice under conditions of customer-driven
operational uncertainty. To address this gap, the present study adopts a qualitative ap-
proach to examine how these organizational capabilities are enacted and combined within
Al-enabled customized apparel manufacturing. Human-Centered Supply Chain Agility
(HCSA) is used in this study not as a replacement for the established concept of supply
chain agility or as a new universal construct, but as an empirically grounded interpretive
framework for examining how established agility capabilities are enacted through the inter-
action of digital intelligence, human expertise, organizational flexibility, and coordinated
action within the context studied.
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1.4. Research Purpose and Research Questions

This study explores how participants understand and describe customer customization
and operational uncertainty and how they experience the roles of strategic flexibility, manu-
facturing flexibility, Al-enabled operational intelligence, human expertise, and coordinated
organizational response within customized apparel manufacturing.

To achieve these objectives, a qualitative research approach based on semi-structured
interviews with experienced industry practitioners was adopted. Accordingly, this study
addresses the following research questions:

RQ1. How do participants describe the relationship between increasing customer cus-
tomization and operational uncertainty in Al-enabled customized apparel production?
RQ2. How are strategic flexibility and manufacturing flexibility enacted in organizational
responses to operational uncertainty?

RQ3. How do participants describe the interaction between Al-enabled operational intelli-
gence and human expertise in organizational decision-making and coordinated response?
RQ4. In what ways, if any, are Al-enabled operational intelligence, organizational flexibility,
and human expertise associated with resilient and sustainable supply chain management
within the context examined?

1.5. Intended Contributions and Analytical Focus

This study is designed to contribute to the literature in three related ways.

First, rather than proposing a new theory of supply chain agility, the study seeks
to provide an empirical basis for examining how established agility capabilities are en-
acted within Al-enabled customized apparel manufacturing. The analysis focuses on the
organizational processes through which operational information is interpreted, priori-
ties are revised, manufacturing resources are reconfigured, and coordinated responses
are implemented.

Second, the study seeks to clarify the distinct yet complementary roles of strategic
flexibility and manufacturing flexibility. In particular, the analysis examines how strategic
flexibility relates to the revision of priorities and allocation of organizational resources
in response to changing conditions, while manufacturing flexibility concerns the opera-
tional implementation of such adjustments through production-line changes, workforce
redeployment, scheduling modification, and related forms of reconfiguration.

Third, the study examines how Al-enabled operational intelligence functions as a
decision-support capability in interaction with human expertise and cross-functional co-
ordination. In doing so, the study provides an empirical basis for considering how these
interactions may inform current discussions of Human-Centered Al and socio-technical
operations. Particular attention is also given to participants’ accounts of resource utilization,
operational disruption and waste, organizational resilience, and responsible managerial
decision-making within the empirical context examined.

2. Literature Review
2.1. Theoretical Foundation

This study draws on two complementary theoretical perspectives: Socio-Technical
Systems (STS) Theory and Dynamic Capabilities Theory. These perspectives provide
an analytical foundation for examining how technological, human, and organizational
capabilities may interact within Al-enabled customized manufacturing.

STS Theory emphasizes that organizational outcomes depend on the joint functioning
of technological and social systems rather than on technological capability alone. In manu-
facturing environments, digital systems can enhance information processing, operational
visibility, and analytical support, while managers and employees contribute contextual
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knowledge, experience, communication, and practical judgment. This perspective is par-
ticularly relevant to labor-intensive apparel manufacturing, where operational decisions
frequently depend on information that cannot be fully codified within digital systems.

Dynamic Capabilities Theory explains how organizations sense changes in their envi-
ronments, respond to emerging opportunities or threats, and reconfigure organizational
resources under conditions of uncertainty [19-21]. Within customized apparel manufac-
turing, these processes may involve recognizing changes in buyer requirements, revising
production priorities, reallocating resources, and modifying manufacturing arrangements.
Strategic flexibility and manufacturing flexibility can therefore be examined as related but
distinct mechanisms through which organizational adaptation may occur.

Together, these theoretical perspectives provide a sensitizing lens for examining the
interactions among Al-enabled operational intelligence, human expertise, strategic flexi-
bility, manufacturing flexibility, and organizational coordination. The present study uses
these perspectives to guide qualitative inquiry rather than to specify predetermined causal
relationships among the focal concepts.

2.2. Transformation Toward Al-Enabled Customized Apparel Production

Customized high-mix, low-volume (HMLV) apparel production combines high prod-
uct variety, small production lots, frequent style changes, and compressed delivery sched-
ules, creating operational interdependence across production planning, sourcing, workforce
allocation, and logistics [1,3,5].

Under HMLYV conditions, operational uncertainty can propagate across interdependent
activities. A design modification may alter material requirements; material delays may
disrupt production sequencing; and urgent delivery requests may require rescheduling,
overtime, subcontracting, or expedited transportation. Operational uncertainty is therefore
distributed across buyers, suppliers, factories, logistics providers, and headquarters rather
than confined to a single manufacturing activity.

Digital technologies can improve visibility and planning under these conditions, but
improved information processing does not necessarily explain how organizations interpret
competing priorities and implement coordinated responses. This distinction between
information availability and organizational action represents a central issue for Al-enabled
customized manufacturing.

This issue is particularly relevant in Central American apparel production, where
geographically dispersed manufacturing networks serve major international buyers and
frequently require cross-border coordination among factories, suppliers, logistics providers,
and customers. International sourcing, labor-intensive production, buyer-driven schedul-
ing, transportation constraints, and customs procedures can increase the organizational
complexity associated with rapid production adjustment.

Customized production may reduce overproduction by aligning production more
closely with demand, but poorly coordinated operational changes may also increase mate-
rial waste, production inefficiencies, and reliance on expedited logistics.

2.3. Supply Chain Agility

Supply chain agility refers to an organization’s capability to sense, interpret, and re-
spond rapidly and effectively to changes in customer requirements, competitive conditions,
and operational environments. Prior studies identify information integration, flexibility,
collaboration, and responsiveness as important antecedents [22-27].

Much of the existing literature has examined supply chain agility either as an organi-
zational capability or as an operational outcome associated with firm performance. These
approaches provide important evidence regarding the antecedents and consequences of
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agility but offer less explanation of the organizational process through which information is
interpreted and converted into coordinated action. In particular, the interaction among digi-
tal information, managerial interpretation, strategic adaptation, production reconfiguration,
and cross-functional coordination remains comparatively underexplored.

In Al-enabled manufacturing, the relationship between digital capability and supply
chain agility therefore requires closer examination. Although Al can improve visibility and
analytical speed, existing research provides more limited insight into how such information
is evaluated, combined with organizational flexibility, and converted into coordinated
responses. The present study investigates this process without assuming that digital
capability directly produces agility.

The sustainability implications of agility may also depend on how responsiveness is
achieved, particularly whether rapid adjustment improves resource efficiency or instead
relies on excessive overtime, material waste, or expedited transportation.

2.4. Strategic and Manufacturing Flexibility

Strategic flexibility refers to an organization’s capacity to revise priorities and reallo-
cate resources in response to changing environmental conditions, whereas manufacturing
flexibility concerns the ability to adjust product mix, volume, schedules, processes, and
workforce allocation without disproportionate losses in cost, quality, or time [12-14,28]. Al-
though closely related, the two forms of flexibility operate at different organizational levels.

Strategic flexibility concerns decisions about what should change and where organiza-
tional attention and resources should be directed. In customized apparel manufacturing,
this may involve reprioritizing customer orders, revising sourcing arrangements, reallocat-
ing production across facilities, or mobilizing alternative logistics options. Manufacturing
flexibility concerns how such decisions can be operationally implemented through line
reconfiguration, workforce redeployment, schedule adjustment, process modification, and
coordination across production facilities.

This distinction is analytically important because strategic adaptation does not neces-
sarily ensure operational execution. A decision to prioritize an urgent order, for example,
can only be implemented when production resources, workforce skills, materials, and
schedules can be reconfigured accordingly. Conversely, operational flexibility without clear
prioritization may produce fragmented responses. Existing research has established the
importance of both forms of flexibility, but their interaction within Al-supported, highly
customized manufacturing remains less clearly understood.

In labor-intensive apparel manufacturing, these dimensions are highly interconnected.
Introducing a new product style may require new production sequences, worker retraining,
line rebalancing, different quality procedures, and revised material flows. Consequently,
manufacturing flexibility cannot be achieved solely through equipment or digital systems.
It also depends on workforce capability, supervisory experience, tacit and standardized
knowledge, and organizational learning.

This distinction suggests that strategic flexibility and manufacturing flexibility can
be understood as distinct but complementary organizational capabilities. Strategic flexi-
bility without manufacturing flexibility may produce decisions that cannot be executed.
Manufacturing flexibility without strategic direction may produce isolated operational
changes that are inconsistent with broader organizational priorities. Supply chain agility
may therefore be supported by alignment between the two.

Manufacturing flexibility may also contribute to sustainability. Flexible production
systems can improve resource utilization, reduce idle time, limit excess inventory, and
avoid unnecessary overproduction by adjusting output more closely to actual demand.
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Multi-skilled workers and adaptable production lines may reduce the need for duplicate
capacity and enable firms to recover more quickly from disruption.

However, flexibility may also generate sustainability risks when it is achieved through
excessive overtime, unstable employment, repeated urgent changes, or dependence on
costly expedited transportation. Sustainable manufacturing flexibility should therefore be
based on workforce development, process standardization, responsible capacity planning,
and balanced decision-making rather than continual operational pressure.

2.5. Al-Enabled Operational Intelligence

In this study, Al-enabled operational intelligence refers specifically to analytical capa-
bilities used to support demand forecasting, production scheduling, anomaly detection,
predictive analysis, and managerial decision-making [6,7,10,29].

This concept is distinguished from other digital production technologies. Enterprise
Resource Planning (ERP) systems primarily integrate enterprise-wide information and
resource planning, Manufacturing Execution Systems (MES) support shop-floor execution
and production control, and real-time monitoring systems improve operational visibility.
Al-enabled operational intelligence, by contrast, refers to analytical and predictive functions
that assist managers in evaluating possible operational responses. These technologies may
operate together, but they should not be treated as equivalent.

In customized apparel production, Al-enabled operational intelligence can support
the detection of schedule deviations, anticipation of material shortages, and improvement
of real-time visibility across factories.

Al-generated recommendations do not themselves constitute organizational action.
Their practical relevance may depend on contextual factors—including workforce capa-
bility, supplier reliability, buyer priorities, infrastructure constraints, and local operating
conditions—that are not always fully represented in formal data. Recent empirical research
similarly indicates that organizational benefits depend on implementation conditions and
integration into operational decision-making [6].

Human oversight may therefore be important for evaluating whether analytically
efficient recommendations are also operationally feasible and consistent with broader
organizational and sustainability considerations. Accordingly, this study treats Al-enabled
operational intelligence as a decision-support capability rather than as an autonomous
source of supply chain agility.

2.6. Human Expertise, Human-Centered Al, and Responsible Al

Human expertise comprises tacit knowledge, contextual judgment, relational under-
standing, and practical problem-solving developed through experience.

Al systems can process data, identify patterns, and compare alternatives rapidly,
whereas experienced managers may contribute contextual interpretation, negotiation,
exception handling, and responsibility for implementation [6]. Human-Centered Al there-
fore emphasizes augmentation rather than simple substitution, reflecting the broader
automation—augmentation tension in Al-enabled management [30].

This distinction is particularly important in apparel manufacturing, where fabric
characteristics, worker skills, line conditions, supplier reliability, and buyer priorities may
be difficult to represent fully in formal data and analytical models.

Because supply chain disruptions frequently span production, sourcing, logistics,
quality, and customer management, operational responses also require coordination across
organizational functions.

Related discussions of Responsible Al and human—AI teaming emphasize trans-
parency, accountability, appropriate human oversight, human control, and responsibility in
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Al-supported decision-making [31]. Al Governance further concerns the organizational
arrangements through which Al-generated recommendations are evaluated, authorized,
modified, and monitored. These perspectives are relevant to customized manufacturing
because operational recommendations may affect not only efficiency and delivery perfor-
mance but also workforce conditions, resource utilization, and organizational responsibility.

Human-Centered Supply Chain Agility is not intended to replace these perspectives.
STS Theory provides a broad explanation of interaction between technological and social
systems, Human-Centered Al focuses on collaboration between intelligent systems and
human actors, and Responsible Al and Al Governance emphasize responsible oversight
and accountability. The present study focuses more specifically on how Al-supported
operational information may be interpreted and combined with strategic flexibility, manu-
facturing flexibility, human expertise, and organizational coordination in the enactment of
supply chain responses.

2.7. Sustainable Manufacturing and Supply Chain Resilience

Sustainable manufacturing integrates economic continuity with resource efficiency,
waste reduction, workforce responsibility, and environmental performance.

In customized apparel production, sustainability involves interconnected environ-
mental, social, and economic considerations. Environmentally, inaccurate planning and
repeated production changes may increase defects, unused materials, excess inventory, and
expedited transportation. Socially, persistent schedule instability and reliance on overtime
may affect workforce well-being and organizational learning. Economically, delivery relia-
bility, resource utilization, customer relationships, and organizational resilience influence
long-term competitiveness.

Digital technologies may support sustainability by improving demand accuracy, infor-
mation processing, cross-functional integration, and resource allocation [32,33]. Previous
empirical research has linked big-data and Al capabilities with green supply-chain integra-
tion and environmental performance [34], while Al-supported decision capabilities may
contribute to supply chain resilience under disruption [16].

However, the sustainability value of digital technologies is not automatic. Improved
forecasting does not reduce waste unless production decisions and resource allocations are
adjusted accordingly. Real-time visibility does not improve resilience unless organizations
can coordinate an effective response.

Agile responses can contribute to resilience by reducing disruption duration and
enabling resource reconfiguration.

In apparel supply chains, resilience may be supported by alternative suppliers, geo-
graphically dispersed production facilities, multi-skilled workers, flexible production lines,
collaborative buyer relationships, digital visibility, and experienced managers.

The emerging Industry 5.0 perspective further strengthens the relevance of integrating
technological capability with human-centered and sustainability considerations. Industry
5.0 has been conceptualized around the combined objectives of resilience, sustainability,
and human-centricity rather than technological automation alone [17,35]. What remains
less clear is how these technological, human, and organizational capabilities are combined
in practice and how their interaction may produce different sustainability consequences.

Nevertheless, sustainable resilience should not be defined solely as the organization’s
ability to maintain output. Responses that repeatedly depend on excessive overtime,
unstable subcontracting, or emergency transportation may protect short-term delivery
performance while creating negative social and environmental outcomes. The major
research concepts used in this study are summarized in Table 1.
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2.8. Integrative Literature Review and Preliminary Analytical Framework

Existing research separately explains customization, supply chain agility, organiza-
tional flexibility, Al-enabled decision support, human expertise, and sustainability. How-
ever, these research streams provide more limited explanations of how digital information,
managerial interpretation, strategic adaptation, operational reconfiguration, and organiza-
tional coordination interact within the same response process.

The preliminary analytical framework in Figure 1 was developed from the literature
to provide a broad orientation for the qualitative inquiry. Customer customization and
operational uncertainty represent the external and operational conditions motivating orga-
nizational response; strategic and manufacturing flexibility represent potential forms of
organizational adaptation; and Al-enabled operational intelligence and human expertise
represent technological and human decision-support resources. The directional arrows in
Figure 1 should not be interpreted as statistically validated causal relationships. Rather,
they represent preliminary analytical associations derived from the literature and used to
organize the qualitative investigation. The framework functioned as a sensitizing perspec-
tive for participant selection, interview design, and initial inquiry while allowing additional
relationships and themes to emerge from the interview data.

00o Customer Customization 4 Environment

‘.‘ (High-mix, Low-volume Production) J (External Trigger)
W il B R A e e B T sl ST G e s s b e S s e s

Operational Uncertainty Strategic Layer

(Demand Variability, Process Complexity, Supply Disruption) (Direction & Decision)
S R e LR AT T S M et W PR e e I
Strategic Flexibility Operational Layer

(Direction Setting, Resource Allocation, Priority Decisions) ) (Execution & Adaptation)
T e O e 0 GO S PGS P SO o

2
O

Manufacturing Flexibility
(Reconfiguration, Redeployment, Rescheduling)

| SR

!
) ()

v v
» Al-enabled Operational Intelligence ° Human Expertise Enablers
il anl DatarAnalvtics. Predicti ——— > Tacit Knowled
(Da nalytics, Prediction, '.‘ (Experience, Tacit Knowledge, (Technology & Human)
Real-time Information) Judgment, Decision Making)
[ i eesssemsssssssvsscssssens
X 2
/.\ Coordinated Organizational Response Organizational Process
@®—® (Cross-functional Collaboration, Integration, Communication) (Integration & Coordination)
Supply Chain Agility Outcome
Illl (Responsiveness, Adaptability, Resilience) (Agile Capability)
Firm Performance & Sustainability Impact
(Efficiency, Customer Value, Economic, Environmental, Social) (Performance & Sustainability)

Figure 1. Preliminary analytical framework guiding the qualitative inquiry. Note: The arrows
represent literature-informed analytical relationships used to guide the qualitative inquiry and
should not be interpreted as statistically tested causal paths.
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Table 1. Definitions of major research concepts.

Concept Definition Illustrative Example
The ability of an organization to adapt Switching buvers or revisin
Strategic Flexibility its strategies and resource allocation in & buy &

. sourcing strategies
response to environmental changes.

Manufacturing Flexibility

The ability to rapidly modify production
processes, workforce allocation, and
manufacturing operations.

Reconfiguring production lines for
new product styles

Supply Chain Agility

The capability to respond rapidly and

effectively to market uncertainty Meeting urgent delivery requests
through coordinated supply across the supply chain

chain activities.

Al-Enabled Operational
Intelligence

Analytical and predictive Al capabilities

that support forecasting, production Demand forecasting and Al-assisted
scheduling, anomaly detection, and production scheduling

managerial decision-making.

Human Expertise

The practical knowledge and managerial
judgment required to resolve
unexpected operational challenges.

Managing urgent orders and
production disruptions

3. Materials and Methods
3.1. Research Design

This study employed an exploratory qualitative design and semi-structured expert
interviews to examine how experienced managers interpret operational uncertainty and
coordinate agile responses. Context-rich qualitative and case-based approaches are well
established in operations management research [36-39]. An interpretivist perspective
was adopted because agility was treated as an emergent organizational process rather
than a predetermined variable. The conceptual framework served as a sensitizing device
that guided data collection while allowing inductive themes to emerge. The qualitative
design was selected because the purpose of the study was not to test predetermined
causal relationships among the focal concepts, but to explore how organizational actors
interpreted, negotiated, and implemented responses to operational uncertainty in practice.
The preliminary analytical framework therefore provided a broad orientation for the inquiry
rather than a fixed model to be confirmed.

3.2. Research Context

The study was conducted in the export-oriented Central American apparel indus-
try, where HMLV production, frequent buyer changes, labor-intensive operations, and
geographically dispersed supply chains create substantial operational uncertainty. The
regional production system is characterized by cross-border manufacturing networks link-
ing factories, suppliers, logistics providers, customs processes, and international buyers
across Guatemala, Honduras, Nicaragua, and El Salvador. Fabrics, accessories, semi-
finished products, and production orders may move across national boundaries before
final export, making production planning dependent not only on factory-level efficiency
but also on transportation infrastructure, customs clearance, supplier coordination, and
buyer communication.

The region is also characterized by strong dependence on labor-intensive manufac-
turing and relatively concentrated relationships with large international apparel buyers.
Consequently, changes in buyer specifications, quantities, or delivery priorities can require
rapid adjustments in production schedules, workforce allocation, sourcing, and logis-
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tics. This setting was considered appropriate for examining how digital decision support,
managerial judgment, organizational flexibility, and cross-functional coordination interact
within complex customized manufacturing operations.

3.3. Participant Selection

This study employed purposive sampling to recruit participants possessing substantial
professional experience in apparel manufacturing and supply chain management.

Purposive sampling is widely recommended in qualitative research because it enables
researchers to select information-rich participants capable of providing detailed knowledge
regarding the phenomenon under investigation [40,41].

Participants were selected based on five criteria: (1) extensive managerial experience in
apparel manufacturing; (2) responsibility for production or supply chain decision-making;
(3) experience in HMLV customized production, (4) familiarity with digital manufacturing
technologies such as ERP, MES, and Al-supported planning systems; and (5) professional
experience in Central American apparel manufacturing.

Because the research questions focused on organizational decision-making, strategic
adaptation, production coordination, and supply chain management, senior managers
and executives were intentionally selected as key informants. Their positions required
regular coordination across production planning, sourcing, logistics, buyer communication,
workforce management, and digital decision-support activities. Accordingly, the findings
should primarily be interpreted as managerial perspectives on organizational processes
rather than as direct representations of frontline employees’ day-to-day experiences.

All participants were Korean expatriate senior managers or executives working in
Korean-owned or Korean-operated apparel manufacturing companies in Guatemala, Hon-
duras, Nicaragua, or El Salvador. Their shared Korean managerial background may have
influenced perspectives on organizational culture, leadership, communication, and technol-
ogy adoption, while their 1540 years of industry experience provided extensive familiarity
with Central American manufacturing environments.

Although all participants had experience with digital production or supply chain
systems, the level and type of technology adoption differed across organizations. For
example, P7 reported direct experience with ERP-supported operational information and
Al-assisted demand forecasting and production planning, while P6 described real-time
production visibility and data- and Al-supported forecasting and planning. P9 described Al
as a support tool for production planning and operational decision-making, whereas some
other participants primarily referred to production data, ERP, MES, or real-time monitoring
rather than direct Al use. This variation was retained in the analysis rather than treating all
forms of digital technology as equivalent.

Based on these criteria, thirteen senior industry professionals were selected for partic-
ipation. Their professional experience ranged from 15 to 40 years, representing a highly
experienced group of practitioners with extensive knowledge of apparel manufacturing
operations and international supply chain management.

The participants included factory managers, supply chain managers, chief executive
officers, vice presidents, and operations directors representing apparel manufacturers oper-
ating in Guatemala, Honduras, Nicaragua, and El Salvador. Collectively, these participants
provided extensive experience across OEM, ODM, and OBM production systems while
working with major international apparel buyers.

To accommodate participants” geographical locations and business schedules, data
were collected through face-to-face interviews, video conferencing, or written responses
using the same semi-structured interview protocol. Face-to-face and video interviews
generally lasted approximately 40-60 min and were conducted in Korean, while writ-
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ten responses followed the same interview domains and questions. Data collection was
conducted between 2 May and 30 May 2026. All participants were anonymized using
identification codes (P1-P13), and all personally identifiable and commercially sensitive
information was removed prior to analysis.

The final sample was considered analytically adequate because it combined substantial
diversity in managerial positions, organizational responsibilities, firm types, and national
operating environments with a shared focus on customized apparel manufacturing and
supply chain management. Sample adequacy was evaluated in terms of information
richness, professional relevance, contextual diversity, and the recurrence of meaningful
analytical patterns rather than through a predetermined numerical threshold. As data
collection and analysis progressed iteratively, later interviews primarily reinforced and
refined the developing thematic structure rather than generating substantively new central
themes relevant to the research questions. Participant characteristics are summarized in
Table 2.

Table 2. Demographic profile of the interview participants.

ID Position Experience Country Firm Type
P1 Factory Manager 25 years Guatemala OEM

P2 SCM Manager 15 years Honduras ODM

P3 CEO 35 years Nicaragua OEM

P4 CEO 40 years Nicaragua OEM/ODM
P5 Factory Manager 30 years Nicaragua OEM

P6 CEO 40 years Honduras OBM/OEM
p7 CEO 38 years Nicaragua OEM

P8 Vice President 35 years Guatemala OEM

P9 CEO 26 years Nicaragua OEM/ODM
P10 CEO 40 years Honduras OEM

P11 Vice President 22 years Nicaragua OEM

P12 CEO 15 years El Salvador OEM

P13 ]:A)f:lministrative/Operations 20 years Guatemala OEM

irector

Note. OEM = Original Equipment Manufacturer. ODM = Original Design Manufacturer. OBM =
Original Brand Manufacturer.

3.4. Development of the Interview Protocol

The semi-structured interview protocol was informed by the research questions and
preliminary analytical framework, but it was designed as a sensitizing guide for discus-
sion rather than as a predetermined coding structure. It covered seven broad domains:
customization, operational uncertainty, strategic flexibility, manufacturing flexibility, Al-
enabled operational intelligence, human expertise, and organizational coordination. These
domains reflected issues identified in the literature and provided consistency across in-
terviews; however, the questions were intentionally open-ended, and participants were
encouraged to introduce additional experiences, practices, tensions, and interpretations.

The interview protocol consisted of seven principal sections.

Although the sequence of discussion varied across interviews, all participants ad-
dressed the same seven research domains, providing a shared basis for inquiry while
allowing participants to emphasize different experiences, perspectives, and interpretations.

The interview areas shown in Table 3 indicate topics of inquiry rather than predeter-
mined analytical themes. The final themes were developed through the iterative analytical
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process described in Section 3.6. The complete interview protocol and interview procedure
are provided in Sections A and B, respectively, and the coding and theme development
process is summarized in Appendix C.

Table 3. Interview protocol.

Interview Area

Representative Questions Research Purpose

Customer Customization

How has customer customization Understand increasing operational
changed your production operations? complexity

Operational Uncertainty

What operational uncertainties occur

most frequently? Identify uncertainty sources

Strategic Flexibility

How does management respond

. . . Expl trategic adaptati
when unexpected situations arise? xplore strategic adaptation

Manufacturing Flexibility

How are production lines, workers,

or schedules adjusted? Examine operational flexibility

How are Al or digital systems

Al-enabled Operational Intelligence  utilized during production planning  Understand digital decision support

and supply chain management?

Human Expertise

When is managerial experience more
important than Al
recommendations?

Examine complementary human
capability

Organizational Coordination factories, and customers coordinated

How are departments, suppliers, Explain supply chain agility

. . . mechanisms
during disruptions?

3.5. Data Collection Procedures

Korean was used because all participants were Korean expatriate managers and be-
cause conducting the interviews in their primary professional language enabled more
detailed discussion of complex operational experiences, contextual judgments, and man-
agerial decision-making. All interviews and initial analytical work were conducted in
Korean to preserve participants’ intended meanings. Representative quotations selected for
publication were subsequently translated into English by the researchers, with emphasis
on conceptual equivalence rather than literal word-for-word translation.

Data collection and preliminary analysis proceeded iteratively. Following each in-
terview, the researcher reviewed the interview record, prepared analytical notes, and
compared newly obtained information with developing codes and preliminary themes.

Data were collected from 2 to 30 May 2026 through face-to-face interviews, video
conferencing, or written responses using the same semi-structured protocol. With partici-
pants’ permission, interviews were audio-recorded and subsequently transcribed; where
recording was not permitted, detailed field notes and written interview records were used
for analysis.

Participants were given opportunities to review interview summaries and confirm the
accuracy of their responses where appropriate.

All interview materials were securely stored, anonymized, and used exclusively for
academic research purposes.

The use of a consistent interview protocol together with multiple data collection
methods enhanced the completeness and credibility of the collected data.

3.6. Data Analysis

The interview data were analyzed using reflexive thematic analysis following the
analytical principles proposed by Braun and Clarke [42-45]. Thematic analysis was selected
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because it enableds researchers to identify recurring patterns across multiple participants
while preserving the contextual richness of qualitative interview data.

Rather than seeking statistical frequency, the analysis focused on identifying meaning-
ful patterns in how participants described operational uncertainty, digital decision support,
managerial interpretation, organizational adaptation, and coordinated response within
customized apparel manufacturing.

The analytical process consisted of six sequential stages.

Stage 1: Familiarization with the Data

Following each interview, the researcher repeatedly reviewed the interview records and
prepared analytical memos to identify preliminary ideas and recurring operational patterns.

Stage 2: Initial Coding

Examples of initial codes included frequent style changes, urgent customer requests,
production schedule revisions, Al forecasting, and managerial judgment.

Initial codes were kept close to participants’ descriptions wherever possible and were
revised through repeated comparison across interview records.

Stage 3: Development of Analytical Categories

Conceptually related codes were grouped into broader analytical categories such as
Operational Uncertainty and Manufacturing Flexibility.

At this stage, similarities, differences, and contextual variations across participants were
examined rather than assuming that all accounts reflected a single organizational pattern.

Stage 4: Theme Development

Several broad areas—including customer customization, strategic flexibility, man-
ufacturing flexibility, Al-enabled operational intelligence, and human expertise—were
informed by the preliminary framework and interview protocol. However, the final the-
matic organization was not predetermined. Themes such as AI-Human Complementarity
and Coordinated Organizational Response were progressively refined through repeated
comparison and interpretation of participants” accounts.

The analytical categories were subsequently synthesized into broader empirical themes
that explained organizational responses to customized production environments.

Repeated comparison across all thirteen participants resulted in the identification of
seven principal themes.

(1) Customer Customization and Operational Uncertainty;
(2) Strategic Flexibility;

(3) Manufacturing Flexibility;

(4) Al-Enabled Operational Intelligence;

(5) Human Expertise;

(6) AlI-Human Complementarity;

(7) Coordinated Organizational Response.

These themes represented recurring organizational mechanisms rather than isolated
interview topics. Throughout the analytical process, the researcher repeatedly compared
the emerging codes and categories with the original interview records and analytical
memos. Initial interpretations were refined when participants” accounts suggested different
emphases or alternative explanations. Conceptually related initial codes were progressively
grouped into broader analytical categories, which were then compared across participants
and refined into the final themes. This iterative process helped ensure that the final
thematic structure remained grounded in participants’ accounts while allowing variation
and alternative interpretations to be retained rather than forced into a uniform pattern.

Stage 5: Theme Refinement

Emerging themes were repeatedly compared with the original interview records
and with accounts from different participants, countries, firm types, and managerial roles.

https://doi.org/10.3390/su18178938


https://doi.org/10.3390/su18178938

Sustainability 2026, 18, 8938

15 of 38

Later interviews largely reinforced the principal patterns already identified while providing
additional examples and contextual variation. No substantively new central theme emerged
during the final stage of analysis, and the dataset was therefore judged to provide sufficient
analytical depth and thematic coverage for addressing the research questions.

Stage 6: Development of the Final Interpretive Framework

Final themes were defined and organized to reflect recurring organizational patterns
while preserving important contextual differences. Representative quotations were selected
to illustrate the connection between participants” accounts and the researchers’ interpre-
tation. Broader theoretical interpretation was subsequently developed in the Discussion
rather than embedded within the descriptive presentation of the Results.

Coding and primary interpretation were conducted by the first author. No qualitative
data analysis software was used. Coding, memo writing, analytical category development,
theme refinement, and iterative comparison were conducted manually, allowing close
engagement with the complete set of 13 interview records [42,43].

The final themes were interpreted in relation to the conceptual framework and previ-
ous literature to explain the organizational mechanisms underlying supply chain agility.
The coding structure and theme development are illustrated in Table 4.

Table 4. Coding structure and theme development.

Representative Interview Statement

Initial Code

Category

Final Theme

Style changes and urgent orders have become
increasingly frequent, making production
schedules difficult to maintain. (P1)

Frequent style and
schedule changes

Operational instability caused
by customization

Customer Customization and
Operational Uncertainty

When urgent orders and production
disruptions occur, production priorities, line
changes, and material arrangements must
often be decided quickly. (P4)

Order prioritization and
resource reallocation

Strategic adaptation
under uncertainty

Strategic Flexibility

We had to reorganize the production line,
reassign workers, and revise the production
plan to accommodate the new style. (P5)

Line reconfiguration and
worker redeployment

Flexible production execution

Manufacturing Flexibility

Real-time production data allow headquarters
and the factory to identify operational
conditions and coordinate production plans
more quickly. (P7)

Real-time data visibility

Digital information and
decision support

Al-Enabled Operational
Intelligence

Information systems can help managers
understand production conditions and
delivery flows, but responding to unexpected
production situations still requires managerial
experience and operational judgment. (P10)

Contextual managerial
judgment

Interpretation and
implementation of
operational information

Human Expertise

Al can support production planning and
operational decision-making, while
experienced management remains important
for responding to unexpected conditions in the
actual factory environment. (P9)

Al-assisted human
decision-making

Complementary interaction
between technology and
human judgment

Al-Human Complementarity

Headquarters, suppliers, logistics companies,
production teams, and external partners had
to respond simultaneously to meet the urgent
delivery requirement. (P6)

Synchronized cross-functional
response

Organizational and supply
chain coordination

Coordinated Organizational
Response

Agile response becomes possible only when
digital information, experienced managers,
flexible production systems, and supply chain
partners work together.

Integration of digital, human,
and organizational
capabilities

Integrated agility formation
mechanism

Integrative Interpretation:
Human-Centered Supply
Chain Agility

3.7. Researcher Reflexivity

The first author’s more than 30 years of professional experience in the Central Ameri-
can apparel industry facilitated participant access and supported contextual understanding
of operational terminology and practices. At the same time, this professional familiarity

https://doi.org/10.3390/su18178938


https://doi.org/10.3390/su18178938

Sustainability 2026, 18, 8938

16 of 38

created the possibility that prior assumptions could influence interpretation. Reflexive
memos were therefore maintained throughout the analytical process, emerging interpre-
tations were repeatedly compared with the original interview records, and alternative
interpretations were actively considered.

3.8. Trustworthiness

Trustworthiness was supported through reflexive engagement with the data, transpar-
ent documentation of the analytical process, rich contextual description, repeated engage-
ment with the original interview records, and consideration of alternative interpretations.
These practices were used to enhance the transparency and reflexive grounding of the qual-
itative interpretation rather than to establish coding reliability or researcher-independent
reproducibility. Table 5 summarizes the strategies used to support transparency and
reflexive qualitative interpretation.

Table 5. Strategies supporting transparency and reflexive qualitative interpretation.

Analytical Consideration

Strategy Applied in This Study

Contextual Credibility

Engagement with information-rich participants, repeated engagement with
interview records, and attention to recurring patterns and meaningful variations
across participants

Contextual Transferability

Rich description of research context, participants, and operational environment

Analytical Transparency

Transparent documentation of interview procedures, coding development,
analytical decisions, and theme refinement

Reflexive Grounding

Reflexive memo writing, repeated engagement with original interview records,
consideration of alternative interpretations, and presentation of
representative quotations

The interpretive process involved repeated engagement with the 13 interview records
and comparison of recurring patterns as well as meaningful variations among participants.
This process helped the researcher remain closely engaged with participants” accounts
while avoiding overreliance on isolated quotations or single organizational experiences.
Sample adequacy was assessed in relation to the richness and breadth of the dataset and
its capacity to address the research questions rather than through claims of complete or
universal saturation.

3.9. Ethical Considerations

This study adhered to generally accepted ethical principles for qualitative research
involving human participants.

Before each interview, participants received information regarding the purpose of the
study, the voluntary nature of participation, the intended use of the interview data, and the
protection of confidentiality. Participation was entirely voluntary, and informed consent
was obtained from all participants before data collection commenced.

To protect participants’ privacy, all interview data were anonymized prior to analysis.
Individual names, company names, buyer identities, and other commercially sensitive
information were removed from the interview records and replaced with anonymous
participant identifiers (P1-P13).

Because the participants occupied senior managerial positions within internationally
competitive apparel manufacturing companies, particular attention was devoted to protect-
ing confidential business information throughout data collection, analysis, and reporting.

Interview records were securely maintained by the researcher and used exclusively
for academic research purposes.
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4. Results
4.1. Overview of the Findings

The analysis identified seven interrelated themes: customer customization and opera-
tional uncertainty, strategic flexibility, manufacturing flexibility, Al-enabled operational
intelligence, human expertise, Al-Human Complementarity, and coordinated organiza-
tional response. The themes reported below represent the outcome of iterative qualitative
interpretation rather than predetermined analytical categories. Although the preliminary
analytical framework informed the broad focus of the inquiry, the final thematic organi-
zation was refined through repeated comparison of participants” accounts. The Results
section first presents the empirical patterns identified across the interviews; their broader
theoretical significance is considered subsequently in the Discussion.

4.2. Theme 1: Customer Customization and Operational Uncertainty

Participants repeatedly associated increasing customer customization with greater
operational uncertainty, particularly through smaller production batches, shorter lead times,
frequent style changes, and post-confirmation revisions to order quantities or specifications.

Participants explained that production environments have become considerably more
dynamic during the past decade. Long production runs have gradually been replaced
by smaller production batches requiring continuous production planning adjustments.
Consequently, operational uncertainty has become a normal organizational condition
rather than an occasional disruption.

One factory manager explained that rapid seasonal changes within the U.S. apparel
market frequently require repeated revisions of production priorities.

“Production schedules have become highly unstable because seasonal demand in the LLS.
market changes very rapidly. Production priorities often need to be adjusted several times
within a single day.” (P1)

Similarly, a supply chain manager emphasized that buyers increasingly expect manufac-
turers to accommodate both shorter lead times and greater product variety simultaneously.

“Buyers now expect rapid supply chain responsiveness together with small production lots.
Even after production begins, requests for style modifications and quantity adjustments
occur frequently.” (P2)

Senior executives expressed similar concerns regarding the structural transformation
of buyer requirements. One participant explained that production stability has declined
substantially because customer requirements continue to change throughout the manufac-
turing process rather than before production begins.

“Order specifications, colors, and production quantities are frequently revised after orders
have already been confirmed. Unless the entire supply chain responds quickly, it becomes
extremely difficult to satisfy customer expectations.” (P10)

Participants from Nicaragua, Guatemala, and El Salvador independently described
comparable experiences. They noted that buyers increasingly divide large seasonal orders
into multiple smaller production batches to minimize inventory risk while simultaneously
requesting faster delivery. Although these practices reduce inventory exposure for retailers,
they substantially increase operational complexity for manufacturers.

Across the interviews, managers described customization as transferring part of the in-
ventory and market risk toward manufacturers. Smaller and more frequently revised orders
allowed buyers to reduce inventory exposure, while manufacturers absorbed the opera-
tional consequences through repeated rescheduling, line changes, workforce reassignment,
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material adjustments, and supplier coordination. Participants therefore described a recur-
ring tension between maintaining production efficiency and preserving responsiveness to
important customers.

Interviewees further explained that customer customization creates cascading opera-
tional effects throughout manufacturing systems. Frequent style changes require repeated
production line reconfiguration, worker reassignment, material rescheduling, supplier co-
ordination, and logistics adjustments. As a result, operational uncertainty extends beyond
production planning and affects virtually every functional area within the organization.

Collectively, these accounts indicate that customer-driven changes were associated
with recurring adjustments across production planning, workforce allocation, sourcing,
and logistics. The effects of customization were therefore experienced across multiple
organizational functions rather than within production scheduling alone.

4.3. Theme 2: Strategic Flexibility in Managerial Adaptation

Participants described strategic flexibility primarily through repeated revisions of
production priorities, sourcing decisions, resource allocation, and inter-factory coordina-
tion in response to changing customer and operating conditions. Rather than following
production plans without modification, managers reported that priorities were frequently
reconsidered as new information became available.

One chief executive explained that supply chain stability has been replaced by contin-
uous strategic adjustment.

“Supply chain stability has declined significantly. Production plans change frequently
because of customer customization and high-mix, low-volume production. Production
sites now operate in a state of constant adjustment.” (P10)

Similarly, another executive emphasized that production flexibility can no longer be
limited to individual factories but must extend across geographically dispersed manufac-
turing networks.

“When urgent delivery requests occur, production planning, material management, work-
force allocation, and logistics all have to be adjusted simultaneously. In many cases,
production volume must even be redistributed among factories in different countries.”
(P4)

Participants repeatedly described strategic decision-making as increasingly proactive
rather than reactive. Instead of waiting for operational disruptions to occur, managers
continuously monitor customer requirements, production progress, and supplier conditions
in order to anticipate potential changes before they develop into operational problems.

One participant described this proactive management approach as follows:

“Our role is no longer simply to execute production plans. We constantly review require-
ments, production progress, and supply conditions so that adjustments can be made before
problems become critical.” (P2)

Several executives also emphasized that strategic flexibility increasingly depends upon
cross-functional coordination rather than isolated managerial decisions. Marketing, pro-
duction, procurement, logistics, and supply chain management departments must rapidly
exchange information and jointly revise organizational priorities whenever customer re-
quirements change.

Another participant explained:

“Supply chain responsiveness today requires rapid coordination across multiple organiza-
tional functions. Individual departments cannot respond independently because every
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production change influences procurement, logistics, and factory operations simultane-
ously.” (P6)

The interviews further revealed that strategic flexibility extends beyond individual
organizational boundaries. Several participants described the importance of coordinating
production among factories located in Guatemala, Honduras, Nicaragua, and El Salvador.
Such international coordination allows organizations to redistribute production capacity,
reduce bottlenecks, and maintain delivery commitments despite frequent disruptions.

Interestingly, respondents consistently argued that strategic flexibility has become
a fundamental competitive capability rather than an emergency management practice.
Under traditional mass-production systems, production planning could remain relatively
stable for extended periods. In contrast, participants described today’s customized man-
ufacturing environment as one in which continuous adaptation has become the normal
operating condition.

Collectively, these interview accounts indicate that managers frequently revised pro-
duction priorities and resource allocations in response to changing customer requirements
and operating constraints. Strategic adaptation was therefore described as a recurring
managerial practice rather than an exceptional response reserved for major disruptions.

4.4. Theme 3: Manufacturing Flexibility in Operational Adjustment

Participants described manufacturing flexibility through repeated production-line
reconfiguration, workforce reassignment, scheduling revision, and the redistribution of
production across facilities or subcontractors. These adjustments were reported as rou-
tine responses to changing styles, order volumes, workforce availability, and delivery
requirements.

Across the interviews, respondents explained that production systems are increas-
ingly required to accommodate frequent style changes, fluctuating order volumes, and
compressed delivery schedules. Consequently, manufacturing flexibility has evolved from
a desirable operational capability into an essential organizational requirement.

One factory manager described how production line reconfiguration has become a
routine aspect of daily operations.

“When buyers request style changes after production has already bequn, we must reorga-
nize production lines and reassign workers immediately. Otherwise, productivity declines
and delivery schedules cannot be maintained.” (P1)

A production executive similarly explained that manufacturing flexibility extends
beyond physical production lines to include the rapid reallocation of human resources.

“The greatest challenge is not simply changing the production line itself but relocating
experienced workers to appropriate operations. Without skilled workers, production
efficiency decreases immediately after style changes.” (P5)

Several participants emphasized that workforce flexibility has become inseparable
from manufacturing flexibility. As product variety continues to increase, operators must
possess multiple technical skills that enable them to move efficiently between different
production processes.

One participant noted:

“Frequent changes in production priorities require workers who can perform multiple
operations. Multi-skilled employees significantly improve our ability to respond to
unexpected production changes.” (P8)

Interviewees also described manufacturing flexibility as extending beyond internal fac-
tory operations. During periods of severe production disruption, organizations frequently
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redistribute production across subcontractors or affiliated factories located in different
countries.
A senior executive explained this broader perspective.

“When production capacity becomes insufficient, some manufacturing processes are
transferred to partner factories or subcontractors. This allows us to satisfy delivery
commitments despite unexpected operational disruptions.” (P9)

Similarly, participants managing multinational production networks explained that
production flexibility increasingly depends upon coordination among geographically dis-
persed manufacturing facilities.

“Production is no longer managed independently at a single factory. Capacity is con-
tinuously adjusted across different countries depending on customer requirements and
production conditions.” (P10)

Another important finding concerns the relationship between manufacturing flexibility
and production planning. Rather than following fixed production schedules, participants
reported that production plans are revised continuously in response to changing customer
requirements. Consequently, production supervisors regularly modify production se-
quences, allocate additional manpower, and reprioritize manufacturing orders throughout
the production process.

Several respondents acknowledged that these adjustments inevitably increased man-
agerial workload and operational complexity. Nevertheless, they considered manufac-
turing flexibility indispensable for maintaining competitiveness within the contemporary
apparel industry.

A more detailed example illustrates the operational trade-offs involved in manufac-
turing flexibility. P6 described an urgent order from a major U.S. buyer that required the
firm to interrupt the existing production sequence and prioritize a new style. Responding
to the request required production-line reconfiguration, worker retraining, emergency
procurement of some materials through air transportation, weekend work, and the use
of external subcontracting capacity. Although the firm ultimately met the delivery re-
quirement, the response created substantial operational burden. This account illustrates
how rapid delivery responsiveness may require simultaneous adjustments in workforce
deployment, production configuration, logistics, and external capacity, creating tensions
between immediate responsiveness, operational stability, and resource requirements.

Overall, the interviews indicate that manufacturing adjustment involved both techni-
cal and human-resource changes. Production-line reconfiguration, worker reassignment,
schedule revision, and external capacity were repeatedly used in combination, while man-
agers also considered the consequences of these adjustments for efficiency, quality, delivery,
and workforce capacity.

4.5. Theme 4: Al-Enabled Operational Intelligence as Decision Support

Participants described digital technologies as supporting operational visibility, mon-
itoring, forecasting, and planning, although the systems and levels of digital adoption
differed across organizations. Importantly, the interviews distinguished between ERP, MES,
real-time monitoring platforms, and Al-assisted analytical tools rather than treating these
technologies as equivalent.

ERP systems were primarily described in relation to enterprise-wide order, purchasing,
inventory, and resource information; MES and monitoring platforms supported shop-
floor visibility and production execution; and Al-assisted applications were reported in
connection with demand forecasting, scheduling, predictive analysis, and managerial
decision support.
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Participant-level technology use also varied. P7 reported the use of ERP-supported
operational information together with Al-assisted demand forecasting and production-
planning optimization. P6 described real-time production visibility and data- and Al-
supported forecasting and planning, but did not specifically identify MES use in the
interview evidence reviewed for this study. P9 described Al as potentially supporting
production planning and operational decision-making while emphasizing the continuing
importance of experienced management. By contrast, P3 emphasized the growing impor-
tance of production data and data-supported planning rather than explicitly identifying a
specific Al system.

Across the interviews, respondents explained that the role of Al extends beyond
production automation. Instead, Al is primarily utilized to improve production planning,
monitor operational performance, analyze production data, and increase supply chain
visibility. These capabilities enable managers to detect operational disruptions earlier and
respond more rapidly to changing customer requirements.

One senior executive explained that data-driven operations have become a fundamen-
tal competitive capability in global apparel manufacturing.

“Data-based operational capability and supply chain agility have become far more im-
portant competitive advantages than production efficiency alone. We actively utilize
Al-supported production management systems and continuously invest in strengthening
our customization capabilities.” (P7)

Another participant emphasized that digital technologies improve organizational
awareness by providing real-time operational information.

“Real-time supply chain visibility has become increasingly important. Data-based decision-
making enables managers to identify production issues much earlier than before.” (P7)

Participants also described Al as improving coordination across geographically dis-
persed production facilities. Rather than relying solely on periodic reports, managers in-
creasingly monitor production progress, inventory status, and delivery schedules through
integrated digital systems, allowing faster organizational responses to unexpected disruptions.

One executive responsible for multinational operations explained:

“Production is coordinated continuously across multiple factories. Digital information
enables us to evaluate operational conditions quickly and redistribute production capacity
whenever necessary.” (P6)

Similarly, another participant observed that market uncertainty has made production
forecasting considerably more difficult, increasing the importance of data-supported planning.

“Demand forecasting has become much more difficult because buyers frequently place small
test orders. Production can no longer rely solely on managerial experience; production
data have become increasingly important.” (P3)

Several respondents further explained that Al contributes to production scheduling
by improving production monitoring, identifying bottlenecks, and supporting resource
allocation. However, they consistently emphasized that Al recommendations require
managerial interpretation because unexpected production disruptions frequently involve
contextual factors that cannot be fully captured by algorithms alone.

Participants generally described Al-enabled operational intelligence as decision sup-
port rather than autonomous decision-making. They reported using digital information to
identify risks and evaluate alternatives while retaining managerial responsibility for final
operational decisions.

The extent of digital adoption varied across participating organizations. Some par-
ticipants reported direct use of Al-assisted forecasting or planning tools, whereas others
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described greater reliance on ERP, MES, monitoring systems, and experienced managerial
judgment. Accordingly, findings concerning Al-specific roles and Al-human comple-
mentarity should be interpreted primarily in relation to participants who reported direct
experience with Al-assisted tools, while the broader sample provides evidence concerning
digital information systems and managerial decision-making more generally.

Among participants who reported direct experience with Al-assisted tools, the ac-
counts suggest that Al-enabled operational intelligence primarily supported earlier de-
tection of operational problems, improved visibility, forecasting, and planning. Final
production decisions, however, continued to involve managerial evaluation of customer
priorities, workforce conditions, production feasibility, and supply chain constraints.

4.6. Theme 5: Human Expertise in Contextual Interpretation

Participants repeatedly described human expertise as important in situations involv-
ing ambiguity, exceptions, and operational conditions that were difficult to represent fully
in digital systems. Their accounts emphasized contextual judgment concerning work-
force capability, production feasibility, supplier conditions, customer relationships, and
competing operational priorities.

Across all interviews, respondents explained that customized apparel manufacturing
involves numerous complex situations that cannot be fully anticipated or standardized. Fre-
quent style modifications, urgent delivery requests, supplier delays, workforce shortages,
and unexpected production problems require contextual judgment that extends beyond
algorithmic decision-making.

One factory manager described how operational disruptions require immediate man-
agerial intervention.

“When buyers request style changes after production has already started, experienced
managers must immediately reorganize production lines and reassign workers. These
decisions depend on practical experience rather than predetermined procedures.” (P1)

Similarly, another participant explained that workforce capability remains one of the
most important determinants of manufacturing performance.

“A shortage of skilled workers immediately reduces productivity whenever production
styles change. Experienced employees are essential because they adapt much more quickly
to operational changes.” (P8)

Several executives further emphasized that operational disruptions rarely occur in iso-
lation. Instead, managers must simultaneously consider production scheduling, workforce
allocation, material availability, logistics coordination, and customer expectations when
making operational decisions.

One chief executive explained:

“When urgent delivery requests occur, there is no single solution. Managers must evaluate
production capacity, supplier conditions, workforce availability, and customer priorities
simultaneously before deciding how production should be reorganized.” (P10)

Participants also stressed that experienced managers possess tacit knowledge accumu-
lated through years of operational practice. Such knowledge enables them to recognize
subtle production problems, anticipate operational risks, and identify practical solutions
that are difficult to formalize within Al systems.

Another executive observed:

“Ultimately, operational success depends on experienced people. Digital systems provide
valuable information, but experienced managers determine how that information should
be interpreted and applied.” (P6)
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The interviews further revealed that experienced managers perform an important
coordination function during periods of operational uncertainty. Rather than making
isolated decisions, they integrate information from production, procurement, logistics,
quality control, and customer service to develop coordinated organizational responses.

Participants commonly distinguished between the availability of operational infor-
mation and the contextual judgment required to use that information. Digital systems
were valued for timely information and visibility, while experienced managers were de-
scribed as evaluating whether proposed actions were feasible within specific production
and organizational conditions.

Several participants also described knowledge sharing between experienced managers,
production supervisors, and employees as an important part of adaptation. Repeated
experience with production disruptions was reported to inform subsequent decisions and
improve familiarity with recurring operational problems.

Taken together, these accounts indicate that human expertise was particularly relevant
when operational decisions involved contextual information, competing priorities, or ex-
ceptions that could not be resolved through standardized digital recommendations alone.

4.7. Theme 6: AI-Human Complementarity in Operational Decision-Making

A recurring pattern across the interviews was that digital information and human
judgment were used together during operational decision-making. Among participants
who reported direct experience with Al-assisted tools, Al-supported information was de-
scribed as providing visibility, analytical support, or alternative options, while experienced
managers evaluated contextual feasibility before final actions were selected.

Participants did not describe managerial responses to digital recommendations as a
uniform process of acceptance, modification, or rejection. Rather, their accounts empha-
sized that digital and Al-supported information was interpreted in relation to changing
operational conditions. Managers considered workforce availability, customer priorities,
supplier conditions, production feasibility, and other contextual constraints when deter-
mining feasible organizational responses.

Rather than perceiving Al as a replacement for human expertise, respondents viewed
digital technologies as decision-support mechanisms that improve the speed and quality of
managerial responses. Al enables organizations to process large volumes of operational
data, monitor production performance in real time, and identify emerging disruptions.
However, translating these analytical insights into effective operational actions continues
to depend upon experienced human judgment.

One senior executive explained that digital technologies significantly improve opera-
tional awareness but cannot substitute for practical managerial experience.

“Al helps us understand what is happening across production sites much more quickly.
However, deciding how to respond still depends on experienced managers who understand
the operational realities behind the data.” (P7)

Similarly, another participant emphasized that production disruptions rarely follow
predictable patterns.

“Every urgent order is different. Digital systems provide useful information, but managers
must evaluate each situation based on customer priorities, workforce capability, supplier
conditions, and production capacity.” (P11)

Several respondents described Al as enhancing managerial confidence rather than
replacing managerial authority. By providing accurate production information and im-
proving supply chain visibility, Al enables managers to make faster and better-informed
decisions without eliminating the need for human interpretation.
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One executive stated:

“Digital information reduces uncertainty, but experience determines the quality of the
final decision. Al supports managers; it does not replace them.” (P3)

Participants also highlighted the complementary relationship between Al-generated
information and tacit organizational knowledge. While Al identifies operational ab-
normalities and predicts potential disruptions, experienced managers evaluate practi-
cal feasibility, organizational priorities, and customer relationships before implementing
corrective actions.

Another participant explained:

“Production management combines analytical information with practical experience.
Successful operational decisions require both digital systems and experienced people
working together.” (P13)

The accounts of participants who discussed Al-assisted tools further suggested that
Al-human complementarity may extend beyond individual decision-makers. More broadly,
participants described organizational responsiveness as involving collaboration among
managers, production supervisors, planning specialists, supply chain personnel, and digital
information systems. These accounts suggest that organizational responsiveness may be
better understood as a collective organizational process rather than as the outcome of
technological or human resources independently.

Collectively, these accounts indicate that participants relied on both digital information
and experienced managerial judgment when responding to operational uncertainty. Among
participants reporting direct Al-assisted experience, Al-supported systems were described
as providing analytical information and operational visibility, while managers provided
contextual interpretation and coordinated implementation across organizational functions.

4.8. Theme 7: Coordinated Organizational Response

The final theme concerned coordination across organizational functions and supply
chain partners. Participants repeatedly explained that customer-driven changes affected
production planning, procurement, manufacturing, logistics, quality management, and cus-
tomer communication simultaneously, requiring these functions to exchange information
and adjust activities in parallel.

One senior executive described this organizational integration as follows:

“A production change immediately affects purchasing, logistics, quality control, and
delivery schedules. Every department must respond together because isolated decisions
create additional operational problems.” (P10)

Similarly, another participant emphasized that cross-functional communication has
become increasingly important under high-mix, low-volume production environments.

“Production planning is no longer the responsibility of a single department. Manufactur-
ing, procurement, logistics, and customer service continuously exchange information so
that production adjustments can be implemented without delay.” (P6)

Several interviewees further explained that organizational coordination increasingly
extends beyond individual firms. Suppliers, subcontractors, logistics providers, and over-
seas manufacturing facilities frequently collaborate to maintain production continuity
despite unexpected disruptions.

One executive responsible for multinational production networks stated:

“We work closely with suppliers, subcontractors, and factories located in different coun-
tries. Agility depends upon how effectively the entire supply chain coordinates its response
rather than how efficiently one factory performs.” (P13)
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Participants also observed that Al contributes significantly to organizational coordi-
nation by providing shared operational information across multiple organizational levels.
Real-time production data, inventory visibility, and digital communication platforms im-
prove information consistency and enable departments to coordinate operational decisions
more effectively.

Participants nevertheless emphasized that shared digital information did not elim-
inate the need for managerial coordination. Managers remained responsible for es-
tablishing priorities, resolving competing demands, and coordinating actions across
organizational functions.

One participant summarized this relationship succinctly:

“Technology connects information, but people connect organizations. Effective supply
chain responsiveness depends on both.” (P7)

Participants also described learning from repeated disruption responses. Experience
with earlier production problems was reported to improve subsequent communication,
coordination, and problem-solving routines, suggesting a feedback relationship between
operational experience and later organizational responses.

P10 provided a concrete example of cross-location operational coordination. In
response to an urgent delivery request, the firm had to reconsider material allocation,
production-line configuration, workforce deployment, and logistics arrangements simul-
taneously. The response ultimately involved reallocating part of the production volume
between facilities in Guatemala and Honduras and activating an urgent coordination
process involving supply-chain partners. P10 further noted that data-based visibility en-
abled managers to assess production conditions and delivery flows more rapidly, while
unexpected contingencies still required managerial experience and operational judgment.

Taken together, the interview accounts indicate that coordinated responses involved
interaction across production, procurement, logistics, quality, customers, suppliers, and
managerial functions. Digital information supported shared visibility, while managers
coordinated priorities and implementation across organizational boundaries. Repeated
experience with these responses also informed subsequent organizational routines and
decision-making.

4.9. Summary of Results

Figure 2 and Table 6 synthesize the principal empirical relationships identified across
the seven themes. Participants associated customer customization with recurring oper-
ational uncertainty; described strategic and manufacturing adjustments as responses to
changing conditions; used digital systems to improve information visibility and analytical
support; relied on human expertise for contextual interpretation; and emphasized cross-
functional coordination during implementation. The findings also revealed an iterative
rather than purely linear pattern. Operational experience informed subsequent decisions
through learning and feedback, while digital information and human judgment interacted
throughout the decision process, including Al-supported information where such tools
were used. The directional relationships in Figure 2 therefore summarize empirically in-
terpreted organizational processes rather than statistically validated causal paths. Across
the themes, participants also associated these organizational processes with sustainability-
related considerations involving resource utilization, production waste, overtime and
operational burden, delivery reliability, and organizational resilience.
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Figure 2. Empirically derived interpretive framework of Human-Centered Supply Chain Agility.

Table 6. Summary of themes, empirical evidence, and interpretive findings.

Theme

Core Empirical Evidence

Representative Participants Interpretive Finding

Customer Customization and
Operational Uncertainty

Smaller repetitive orders, style changes,
quantity revisions, shortened lead times,
frequent rescheduling

Customer-driven changes were associated
with cascading adjustments across production,
materials, labor, quality, and logistics.

P1,P2,P3,P5,P8,P9, P13

Strategic Flexibility

Order prioritization, cross-country production
reallocation, alternative sourcing, air freight,
supplier and partner mobilization

Managers revised priorities and resource
allocation in response to changing customer
and operating conditions.

P4, P6, P7,P10, P12

Manufacturing Flexibility

Line reconfiguration, worker reassignment,
retraining, overtime, subcontracting,
multi-site production

Production adjustment involved line
reconfiguration, workforce reassignment,
scheduling revision, and external capacity use.

P1,P5, P6, P9, P11, P12, P13

Al-Enabled Operational
Intelligence

ERP-supported information integration,
real-time visibility, data-based monitoring,
Al-assisted forecasting and planning, and
managerial decision support

Digital systems supported visibility,
monitoring, forecasting, and decision support,
although technology use varied

across organizations.

P3,P6,P7,P9

Human Expertise

Contextual judgment, exception management,
worker-skill assessment, buyer negotiation,
final decision-making

Managers used contextual knowledge to
evaluate feasibility, exceptions, and competing
operational priorities.

P1,P3,P5, P10, P11, P12, P13

AI-Human Complementarity

Al-assisted information combined with
managerial interpretation and contextual
judgment among participants reporting direct
experience with Al-supported tools

Among participants reporting direct
experience with Al-assisted tools,
Al-supported information was interpreted
through managerial evaluation of operational
conditions, feasibility, and

contextual constraints.

P7,P9

Coordinated Organizational
Response

Joint action by headquarters, production, SCM,
sourcing, logistics, suppliers, and
subcontractors

Operational responses required information
sharing and coordinated implementation
across functions and supply chain partners.

P2,Pe, P7,P8, P10, P12, P13

Integrative Interpretation:
Human-Centered Supply
Chain Agility

Integration of flexibility, digital intelligence,
expertise, and coordination

Agility is an emergent human-centered
organizational process supported by the
interaction of digital intelligence, human
expertise, organizational flexibility,

and coordination.

All participants
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5. Discussion
5.1. Findings That Confirm Previous Research

The qualitative findings provide a process-oriented perspective on how established
supply chain agility capabilities are enacted within Al-enabled customized apparel man-
ufacturing. Rather than suggesting that supply chain agility originates from Al-human
interaction, the findings indicate how digital information, managerial interpretation, strate-
gic adaptation, manufacturing reconfiguration, and organizational coordination were
connected within the empirical context examined.

Several findings are consistent with established research on supply chain agility
and manufacturing flexibility. First, participants’ accounts reinforce the importance of
responsiveness under conditions of volatile demand, shorter product cycles, and increas-
ing product variety. This is broadly consistent with established supply chain agility
research emphasizing the ability to respond rapidly to environmental and customer
change [22,23,46].

Second, the findings confirm the operational importance of manufacturing flexibil-
ity. Earlier research has emphasized the ability to modify production volume, processes,
routing, and resource configurations in response to uncertainty [12,13]. The interview evi-
dence similarly showed repeated line reconfiguration, workforce reassignment, schedule
modification, subcontracting, and capacity redistribution.

Third, the findings are consistent with previous research that identifies information
sharing and cross-functional coordination as important elements of supply chain agility.
Participants repeatedly described coordination among production, procurement, logistics,
quality management, customer communication, suppliers, and external factories when
responding to disruptions.

5.2. Findings That Extend Previous Research

Beyond confirming established relationships, the findings extend previous research
in three important respects. First, they provide a more differentiated explanation of the
roles of strategic flexibility and manufacturing flexibility. Strategic flexibility was reflected
in reprioritizing customers, reallocating resources, revising sourcing arrangements, and
redistributing production, whereas manufacturing flexibility involved line reconfigura-
tion, workforce redeployment, scheduling changes, and the practical use of alternative
production capacity.

This distinction suggests that the two forms of flexibility are complementary but not
interchangeable. Strategic flexibility concerns the organizational question of what should
be changed and where resources should be directed, whereas manufacturing flexibility
concerns how the resulting decisions can be implemented in production.

Second, the findings extend the rapidly developing literature on Al-enabled sup-
ply chain management by clarifying the organizational role of Al-supported information.
Existing research documents expanding predictive, analytical, and decision-support ap-
plications while continuing to identify implementation and organizational integration as
important issues [6,10,29]. In the present study, digital and Al-supported information
was interpreted in conjunction with workforce conditions, customer priorities, supplier
constraints, production feasibility, logistics conditions, and managerial experience. The
findings therefore suggest that the organizational value of digital decision support lies not
in the automatic implementation of system recommendations, but in its integration with
contextual managerial judgment and operational coordination.

Third, the findings extend previous research by highlighting organizational coor-
dination as a critical mechanism linking information and implementation. Identifying
an operational problem and selecting an appropriate response are not sufficient unless
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production, procurement, logistics, quality, suppliers, and customer-facing functions can
coordinate implementation. Table 7 summarizes these comparisons with recent literature.

Table 7. Comparison of the present study with recent literature.

Previous

Literature Main Argument Findings of This Study Contribution
Responsiveness creates Customer customization requires AP pl%es established agility
[22] . . . principles to Al-enabled
competitive advantage continuous responsiveness . .
customized production
In Al-enabled contexts, agility Provides a human-centered
may be supported by the interpretation of agility in
[46] Triple-A Supply Chain Fomplementary use of dlgltal Al-enabled customized
information and managerial .
. production
judgment.
. s Line reconfiguration and Broadens flexibility to
131 Manufacturing flexibility workforce flexibility are essential ~ network-level coordination
Shows how manufacturing
[12] Flexible manufacturing systems Flex1b111ty extends beyond factory ﬂex1‘t.)1ht}.7 operates across
boundaries multinational production
networks
. s Cross-functional coordination Adds Al-enabled operational
[23] Supply chain agility e . .
strengthens agility intelligence
[47] Alimproves SCM Al supports rather than replaces Relr}tgrprets Al as B
decisions decision-support capability
[48] Big data and Al Data improves visibility Humap interpretation remains
essential
. Shows how Al-supported
. . . Implementation and . Lo
Al in supply chain and operations o . . . information is interpreted
[6] organizational integration remain L.
management ) through managerial judgment
central issues N
and coordination
Systematic review of empirical AI ~ Need for stronger understanding Adds qualitative process evidence
[10] . L. . . on the movement from
in SCM of organizational implementation . . . .
information to coordinated action
. . s Links Al-supported information
[16] AI-.sgpported supply chain FO(fu.s on analytical capability and with flexibility, human judgment,
resilience resilience outcomes .
and coordinated response
Automation-augmentation Broad management-level Al Pr9V1des operatlons—co'n text
[30] evidence of augmentation rather
paradox framework I
than substitution
Industry 5.0: resilience Broad manufacturing and suppl Connects human-centered agility
[17,35] Yo ’ & PPY  ith environmental, social, and

sustainability, human-centricity

chain perspective

economic sustainability

5.3. Human-Centered Supply Chain Agility as an Interpretive Framework

The Human-Centered Supply Chain Agility (HCSA) framework proposed in this
study should not be interpreted as a new universal theory of supply chain agility or as a
replacement for established agility concepts. Rather, it provides an empirically grounded
interpretive framework for understanding how established agility capabilities were enacted
within the specific context of Al-enabled customized apparel manufacturing.

The framework draws on, but is distinguishable from, several established theoretical
perspectives. Dynamic Capabilities Theory explains how organizations sense change,
respond to emerging conditions, and reconfigure resources. Socio-Technical Systems
Theory emphasizes the joint functioning of technological and social systems. Human-
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Centered Al emphasizes augmentation, interaction, and meaningful human involvement
in Al-supported decision-making. The present findings do not replace these perspectives;
instead, they provide a context-specific explanation of how elements associated with these
perspectives were connected within an operational response process.

Within the empirical context examined, the interpretive process can be summarized as
follows: customer-driven change was associated with operational uncertainty; managers
reconsidered strategic priorities; manufacturing resources were reconfigured; digital sys-
tems provided additional visibility and analytical information, including Al-supported
capabilities where such tools were used; human expertise contributed contextual interpreta-
tion and exception handling; and cross-functional coordination supported implementation.
Importantly, these relationships should be understood as iterative and mutually influencing
rather than as a deterministic linear sequence.

From a dynamic capabilities perspective, the findings illustrate how the conven-
tional sensing—seizing-reconfiguring logic may be enacted through specific organizational
activities in the context examined. Digital information supported sensing, including
Al-assisted information among participants who reported using such tools; managerial
interpretation and strategic reprioritization contributed to response selection; manufac-
turing flexibility supported resource reconfiguration; and cross-functional coordination
enabled implementation.

From a socio-technical perspective, digital systems provided analytical speed and
visibility, while managers contributed contextual understanding, practical judgment, and
responsibility for implementation. This interpretation is consistent with the automation-
augmentation paradox in Al-enabled management [30].

The findings are also relevant to Human-Centered Al, Responsible Al, and AI Gover-
nance. With respect to Human-Centered Al, Al-enabled operational intelligence is inter-
preted as an augmentation and decision-support capability rather than as an autonomous
decision-maker. Human expertise remains important for contextual interpretation, excep-
tion handling, priority setting, and final operational judgment.

From a Responsible Al perspective, the findings highlight the importance of human
oversight, managerial accountability, and contextual judgment. Participants described
Al-supported recommendations as being evaluated rather than automatically accepted
before operational implementation.

From an Al Governance perspective, the findings highlight the importance of organi-
zational arrangements governing who reviews Al-generated recommendations, who may
modify or reject them, how decision authority is assigned, and where final responsibility re-
sides. Figure 3 summarizes the contrast between technology-centered and human-centered
perspectives on supply chain agility.

5.4. Sustainability and Practical Implications

The findings have implications for environmental, social, and economic sustainability,
although these outcomes were not quantitatively measured in the present study. Partici-
pants” accounts suggest several operational pathways through which more coordinated
decision-making may support sustainable manufacturing.

From an environmental perspective, improved production visibility and earlier iden-
tification of disruptions may help reduce unnecessary production, specification errors,
rework, and material waste when followed by timely managerial action. More reliable
production and delivery planning may also reduce reliance on emergency transportation,
including expedited or air freight, although the present qualitative design does not estimate
the magnitude of these effects. This interpretation is broadly aligned with studies linking

https://doi.org/10.3390/su18178938


https://doi.org/10.3390/su18178938

Sustainability 2026, 18, 8938

30 of 38

Al-enabled analytical capabilities with green supply-chain integration and environmental
performance [34].
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Figure 3. Interpretive comparison of technology-centered and human-centered perspectives on
supply chain agility.

From a social sustainability perspective, the interviews highlighted the tension be-
tween rapid responsiveness and workforce well-being. Overtime and workforce rede-
ployment can provide short-term flexibility, but repeated dependence on these practices
may increase fatigue, reduce morale, and undermine workforce stability. Sustainable
flexibility therefore requires cross-training, workload balancing, and workforce capability
development rather than continual reliance on emergency adjustments.

From an economic perspective, coordinated planning, improved visibility, and flexible
resource allocation may support delivery reliability, customer responsiveness, resource uti-
lization, and organizational resilience. This interpretation is consistent with recent evidence
that Al-supported decision capabilities can contribute to supply chain resilience when
integrated into broader organizational response mechanisms [16]. The emerging Industry
5.0 perspective similarly emphasizes resilience, sustainability, and human-centricity as
interconnected objectives [17,35].

For firms at an early stage of digital maturity, the priority should be reliable data collec-
tion, basic ERP or production-monitoring integration, standardized operating procedures,
and workforce capability development. For firms with established ERP, MES, or real-time
monitoring systems, the next priority is to strengthen cross-functional information sharing
and introduce Al-assisted forecasting, scheduling, or anomaly-detection tools where they
address clearly identified operational problems. For digitally advanced firms, the emphasis
should shift toward integrated Al governance and continuous organizational learning.

Organizations should establish clear governance procedures defining who reviews
Al-generated recommendations, who has authority to modify or reject them, and how final
operational responsibility is assigned. Investments in manufacturing flexibility should
extend beyond equipment to cross-training, standardized line-change procedures, modular
production arrangements, flexible workforce allocation, alternative sourcing options, and
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clearly defined inter-factory transfer procedures. Cross-functional coordination should
be institutionalized through regular information exchange among production planning,
procurement, logistics, quality, customer service, and supply chain management. The
practical implications are summarized in Table 8, and Figure 4 presents the corresponding

human-AI collaboration model.

Table 8. Practical implications for managers.

Practical Area

Managerial Recommendation

Expected Benefit

Al Implementation

Use Al as a decision-support tool rather than
a replacement for managerial judgment

Improved decision quality and operational
responsiveness

Workforce Development

Develop multi-skilled employees through
continuous cross-training

Greater manufacturing flexibility and faster
adaptation

Cross-functional Coordination

Strengthen communication among
production, procurement, logistics, and
customer service

Improved organizational responsiveness

Supply Chain Visibility

Implement Al-enabled real-time monitoring
and information-sharing systems

Earlier identification of disruptions and
faster responses

Global Production Networks

Coordinate production capacity across
multinational factories and suppliers

Increased resilience and more effective

resource allocation

Human-Centered Leadership

Balance investments in digital technologies
with investments in managerial capability
and organizational learning

Sustainable competitive advantage and
long-term organizational agility

Al Governance

Define procedures for reviewing, approving,
modifying, and rejecting Al-generated
operational recommendations.

Clear accountability and more
context-sensitive Al-supported

decision-making.
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dil
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Al provides data-driven insights and analytical capabilities, while human expertise interprets context,
makes informed judgments, and coordinates actions. Their continuous collaboration drives supply chain agility
and delivers sustainable organizational performance.

Figure 4. Human-AlI collaboration model for supply chain agility.

5.5. Limitations and Future Research

Despite its theoretical and practical contributions, this study has several limitations
that should be acknowledged.
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First, the empirical evidence is based on interviews with 13 senior managers and
executives. These participants were intentionally selected because the research focused on
organizational decision-making, strategic adaptation, production coordination, and supply
chain management. However, their accounts primarily represent a senior managerial
perspective. Production supervisors, planners, quality personnel, logistics staff, sewing
operators, supplier representatives, and other frontline actors may experience digital
technologies and organizational flexibility differently. Future qualitative research should
adopt multi-level designs that compare the perspectives of executives, middle managers,
supervisors, and frontline employees.

Second, all participants were Korean expatriate managers working within Korean-
owned or Korean-operated apparel firms in Central America. Their long professional
experience provided substantial familiarity with the regional manufacturing environment,
but their shared managerial and cultural background may also have influenced how organi-
zational practices, leadership, communication, and technology adoption were interpreted.
Future studies incorporating local Central American managers and employees would
provide an important comparative perspective.

Third, the study was conducted within the specific context of customized apparel
manufacturing in Central America. Labor-intensive production, frequent style changes,
buyer-driven scheduling, cross-border manufacturing networks, and regional infrastructure
conditions may differ substantially from those found in highly automated industries or
sectors characterized by more stable demand. Accordingly, the findings are intended to
provide context-dependent explanation rather than statistical generalization. The potential
contribution beyond this setting lies in analytical transferability rather than universal
applicability.

Fourth, the study employed reflexive thematic analysis, and the findings therefore
represent interpretive explanations developed through engagement between the empir-
ical material and the researchers’ analytical perspective. Although reflexive memo writ-
ing, repeated comparison with interview records, transparent documentation, and con-
sideration of alternative interpretations were used to strengthen analytical rigor, differ-
ent qualitative approaches or researchers could emphasize different aspects of the same
organizational experiences.

Fifth, the study examined participants’ perceptions of operational responsiveness and
sustainability-related considerations rather than directly measuring objective performance
outcomes. The interviews identified potential relationships involving waste, rework,
overtime, delivery reliability, resource utilization, and organizational resilience, but the
study did not quantify these outcomes. The present findings therefore should not be
interpreted as causal evidence that HCSA directly improves environmental, social, or
financial performance.

Finally, Al technologies and their organizational applications continue to evolve
rapidly. Longitudinal research would be valuable for examining how Al-human interaction,
decision authority, governance, and organizational learning evolve over time. Future
research should further examine, refine, and test the interpretive relationships identified
in the HCSA framework through comparative qualitative, quantitative, longitudinal, and
mixed-method studies across industries and regions. Future studies may also examine
how these organizational processes relate to emerging Industry 5.0 discussions concerning
human-centered manufacturing, responsible Al, workforce capability, and sustainable
production systems. These limitations and future research directions are summarized in
Table 9.
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Table 9. Limitations and future research.

Limitation

Future Research Direction

Senior managerial perspective

Multi-level studies including middle managers, supervisors, frontline employees,
and supply chain partners

Korean expatriate managerial sample Comparative studies incorporating local Central American managers and employees

Central American customized apparel context

Cross-industry and cross-regional comparative research focused on
analytical transferability

Interpretive qualitative design

Alternative qualitative approaches and mixed-method designs

Sustainability and performance outcomes not Quantitative validation using operational, environmental, social, and

directly measured

economic indicators

Rapid evolution of Al technologies

Longitudinal research on Al-human interaction, governance, decision authority, and
organizational learning

6. Conclusions

This study explored how supply chain agility is enacted within Al-enabled customized
apparel manufacturing through qualitative interviews with 13 senior managers and execu-
tives working in Guatemala, Honduras, Nicaragua, and El Salvador. The study focused
on an operational environment characterized by high-mix, low-volume production, re-
curring customer-driven changes, compressed lead times, labor-intensive operations, and
cross-border supply chain coordination.

The analysis identified seven interrelated themes: customer customization and opera-
tional uncertainty, strategic flexibility, manufacturing flexibility, Al-enabled operational
intelligence, human expertise, Al-human complementarity, and coordinated organiza-
tional response. Together, these themes provide an empirical account of how managers
interpreted changing operating conditions, revised priorities, reconfigured manufactur-
ing resources, used digital information, exercised contextual judgment, and coordinated
organizational responses.

Among participants who reported direct experience with Al-assisted tools, Al-enabled
operational intelligence was primarily described as a decision-support capability. More
broadly, participants described digital systems as supporting visibility, forecasting, monitor-
ing, and analytical decision support, while experienced managers retained responsibility for
contextual interpretation, feasibility assessment, exception handling, and final operational
decisions. The qualitative evidence therefore suggests that the organizational value of Al
and broader digital systems depends on how digitally generated information is interpreted
and integrated with human expertise and coordinated organizational action.

Based on these findings, Human-Centered Supply Chain Agility is presented as an em-
pirically grounded interpretive framework rather than as a new universal theory of supply
chain agility. The framework provides a process-oriented explanation of how established
organizational capabilities may be enacted through interactions among strategic adapta-
tion, manufacturing reconfiguration, Al-enabled operational intelligence, human expertise,
cross-functional coordination, and organizational learning within the context examined.

The findings also suggest that the organizational processes associated with agility
may have implications for sustainability. Participants associated improved planning and
coordination with more efficient resource use and reduced operational waste; workforce
development and more balanced use of overtime with social sustainability considera-
tions; and delivery reliability and organizational resilience with longer-term economic
sustainability. These relationships reflect participants” perceptions and qualitative interpre-
tation rather than objectively measured sustainability effects and therefore require further
empirical examination.
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For managers, the findings support a balanced approach to digital transformation.
Investment in Al should be accompanied by workforce capability development, manu-
facturing flexibility, clearly defined decision authority, cross-functional coordination, and
mechanisms for reviewing and learning from Al-supported recommendations. The ap-
propriate sequence of implementation may vary according to each organization’s level of
digital maturity.

Future research should evaluate the transferability of the framework across different
organizational levels, industries, cultural settings, and technological environments using
comparative qualitative, quantitative, longitudinal, and mixed-method designs. Overall,
the findings suggest that Al-enabled customized manufacturing should be approached as a
socio-technical organizational challenge rather than as a technological substitution problem.
Within the context examined, agile and sustainable responses were associated with the
complementary use of digital intelligence, human expertise, organizational flexibility,
coordination, and learning.
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Appendix A. Semi-Structured Interview Protocol

Part A. Background Information and Industry Context

Al. Please describe your current role and responsibilities within your organization.

A2. Please explain your overall experience and major responsibilities in the apparel and
garment industry.

A3. How is your firm’s production structure and major market currently organized? (e.g.,
OEM, ODM, OBM, primary export markets)

A4. What do you believe has been the most significant operational change in the apparel
and garment industry over the past 5-10 years?

Part B. Industry Changes and Operational Response Experience

B1. Compared to the past, how have buyer requirements and order patterns changed in
recent years?

B2. Could you describe a recent example of a difficult urgent order or operational disruption
that your organization experienced?

Probing Questions:

e  What specific operational problems occurred?
e How did the situation affect production operations?
e How did your organization respond?

B3. How frequently do production schedule changes or delivery pressures occur? How do
these situations affect operational management on the production floor?

B4. How does your organization usually respond when raw material shortages or supply
chain disruptions occur?

B5. Have you experienced situations where your firm had to flexibly adjust operations,
such as changing production lines, reallocating suppliers, or shifting production locations?
B6. In your opinion, what types of operational situations currently require the fastest
managerial decision-making?

B7. Which aspects of your operational system are currently the most flexible, and which
aspects are the most difficult to adjust?

Part C. Al Utilization and Digital Transformation

C1. To what extent are digital systems or data-driven operational systems currently utilized
in your production and supply chain management processes? (e.g., ERP, MES, APS, Al-
based production management)

C2. Have you experienced situations where digital systems or data-based operational
management significantly improved operational performance?

C3. What do you believe are the major barriers to implementing Al or digital systems in
apparel manufacturing environments?

C4. Do you believe Al or data-driven operational systems can improve productivity and
operational efficiency in apparel manufacturing? Why or why not?

C5. Even if Al technologies continue to develop, are there still operational areas where
human experience and managerial judgment remain more important?

C6. What role do you believe Al-enabled operational systems will play in the future of the
apparel and garment industry?

Part D. Customer Customization and Operational Changes

D1. Do you believe customer customization requirements are increasing in the apparel industry?
D2. How have HMLV production and customization requirements changed your opera-
tional systems?
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D3. What are the most difficult operational challenges associated with increasing cus-
tomization requirements?

D4. How do you expect customer customization trends to influence the future apparel and
garment industry?

Part E. Competitiveness and Future Outlook

E1. What do you believe is your firm’s most important competitive strength compared
to competitors?

E2. What do you believe will become the most important competitive capability in the
future apparel and garment industry?

E3. How do you expect the Central American apparel and garment industry to evolve
in the future?

E4. Is there any additional issue related to recent industry changes that you believe is
important but was not discussed during this interview?

Appendix B. Interview Procedure

The interviews were conducted between 2 and 30 May 2026 with apparel industry
experts operating in Central America. All interviews were conducted either face-to-face
or through online communication platforms depending on geographical accessibility and
participant availability.

Face-to-face and online interviews generally lasted approximately 40-60 min. All par-
ticipants voluntarily agreed to participate in the study after receiving a detailed explanation
regarding the research objectives, confidentiality protection, and data usage procedures.

Interviews were audio-recorded with participant consent whenever possible. In cases
where real-time interviews were difficult due to operational schedules or geographical
constraints, written responses were initially collected and followed by additional online
interviews for clarification and elaboration.

The interview questions were developed based on prior literature concerning supply
chain agility, strategic flexibility, manufacturing flexibility, Al-enabled operations, and mass
customization within apparel manufacturing environments [3,11,12,14,22,24].

Appendix C. Coding and Theme Development Process

The collected interview data were analyzed using reflexive thematic analysis following
Braun and Clarke [42,43]. The analytical process consisted of iterative familiarization,
initial coding, analytical category development, theme development, theme review and
refinement, and interpretive reporting.

The following major themes emerged from the analysis:

Table Al. Major themes and representative operational issues.

Major Theme

Representative Operational Issues

Customer Customization and Oper

ational Uncertainty Frequent style changes, smaller production batches, urgent orders, schedule instability

Strategic Flexibility

Order reprioritization, resource reallocation, sourcing adjustment, inter-factory
coordination

Manufacturing Flexibility

Production-line reconfiguration, workforce redeployment, rescheduling, capacity
adjustment

Al-Enabled Operational Intelligence Forecasting, real-time visibility, production monitoring, analytical decision support

Human Expertise

Contextual judgment, tacit knowledge, exception handling, feasibility assessment

Al-Human Complementarity

Interpretation of digital and Al-supported information through managerial judgment
and contextual evaluation

Coordinated Organizational Response

Cross-functional and supply-chain coordination among production, procurement,
logistics, suppliers, factories, and customers
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The coding process involved repeated comparison across interview cases, reflexive
memo writing, and iterative refinement of analytical categories and themes to support
analytical transparency and reflexive engagement with the data [43,49].

References

1.  Abernathy, EH.; Dunlop, J.T.; Hammond, ].H.; Weil, D. A Stitch in Time: Lean Retailing and the Transformation of Manufacturing—
Lessons from the Apparel and Textile Industries; Oxford University Press: Oxford, UK, 1999.

2. Christopher, M.; Lowson, R.; Peck, H. Creating agile supply chains in the fashion industry. Int. J. Retail Distrib. Manag. 2004, 32,
367-376. [CrossRef]

3.  Fogliatto, ES.; da Silveira, G.J.C.; Borenstein, D. The mass customization decade: An updated review of the literature. Int. J. Prod.
Econ. 2012, 138, 14-25. [CrossRef]

4. Pine, B.J., II. Mass Customization: The New Frontier in Business Competition; Harvard Business School Press: Boston, MA, USA, 1993.

5. Zhang, M.; Guo, H.; Huo, B.; Zhao, X.; Huang, J. Linking supply chain quality integration with mass customization and product
modularity. Int. J. Prod. Econ. 2019, 207, 227-235. [CrossRef]

6. Cannas, V.G.; Ciano, M.P; Saltalamacchia, M.; Secchi, R. Artificial intelligence in supply chain and operations management: A
multiple case study research. Int. ]. Prod. Res. 2024, 62, 3333-3360. [CrossRef]

7. Choi, T.-M.; Wallace, S.W.; Wang, Y. Big data analytics in operations management. Prod. Oper. Manag. 2018, 27, 1868-1883.
[CrossRef]

8. Wamba, S.F; Gunasekaran, A.; Akter, S.; Ren, S.J.-F.,; Dubey, R.; Childe, S.J. Big data analytics and firm performance: Effects of
dynamic capabilities. J. Bus. Res. 2017, 70, 356-365. [CrossRef]

9.  Wamba-Taguimdje, S.-L.; Wambea, S.F.; Kamdjoug, ] R K.; Wanko, C.E.T. Influence of artificial intelligence on firm performance:
The business value of Al-based transformation projects. Bus. Process Manag. J. 2020, 26, 1893-1924. [CrossRef]

10. Culot, G.; Podrecca, M.; Nassimbeni, G. Artificial intelligence in supply chain management: A systematic literature review of
empirical studies and research directions. Comput. Ind. 2024, 162, 104132. [CrossRef]

11.  Chan, A.T.L,; Ngai, EW.T.; Moon, K.K.L. The effects of strategic and manufacturing flexibilities and supply chain agility on firm
performance in the fashion industry. Eur. J. Oper. Res. 2017, 259, 486—499. [CrossRef]

12.  Gerwin, D. Manufacturing flexibility: A strategic perspective. Manag. Sci. 1993, 39, 395-410. [CrossRef]

13.  Slack, N. The flexibility of manufacturing systems. Int. J. Oper. Prod. Manag. 1987, 7, 35-45. [CrossRef]

14.  Zhou, K.Z.; Wu, E. Technological capability, strategic flexibility, and product innovation. Strateg. Manag. J. 2010, 31, 547-561.
[CrossRef]

15. Bag, S.; Gupta, S.; Kumar, S.; Sivarajah, U. Role of technological dimensions of green supply chain management practices on firm
performance. J. Enterp. Inf. Manag. 2021, 34, 1-27. [CrossRef]

16. Belhadi, A.; Kamble, S.; Wamba, S.F.; Queiroz, M.M. Building supply-chain resilience: An artificial intelligence-based technique
and decision-making framework. Int. |. Prod. Res. 2022, 60, 4487-4507. [CrossRef]

17.  Ivanov, D. The Industry 5.0 framework: Viability-based integration of the resilience, sustainability, and human-centricity
perspectives. Int. J. Prod. Res. 2023, 61, 1683-1695. [CrossRef]

18. Bruce, M,; Daly, L.; Towers, N. Lean or agile: A solution for supply chain management in the textiles and clothing industry. Int. J.
Oper. Prod. Manag. 2004, 24, 151-170. [CrossRef]

19. Teece, D.J.; Pisano, G.; Shuen, A. Dynamic capabilities and strategic management. Strateg. Manag. J. 1997, 18, 509-533. [CrossRef]

20. Barney, J. Firm resources and sustained competitive advantage. ]. Manag. 1991, 17, 99-120. [CrossRef]

21. Blome, C.; Schoenherr, T.; Rexhausen, D. Antecedents and enablers of supply chain agility and its effect on performance: A
dynamic capabilities perspective. Int. ]. Prod. Res. 2013, 51, 1295-1318. [CrossRef]

22.  Christopher, M. The agile supply chain: Competing in volatile markets. Ind. Mark. Manag. 2000, 29, 37—-44. [CrossRef]

23. Gligor, D.M.; Holcomb, M.C. Understanding the role of logistics capabilities in achieving supply chain agility: A systematic
literature review. Supply Chain Manag. Int. ]. 2012, 17, 438-453. [CrossRef]

24. Swafford, PM.; Ghosh, S.; Murthy, N. Achieving supply chain agility through IT integration and flexibility. Int. J. Prod. Econ. 2008,
116, 288-297. [CrossRef]

25. Christopher, M.; Towill, D.R. An integrated model for the design of agile supply chains. Int. ]. Phys. Distrib. Logist. Manag. 2001,
31, 235-246. [CrossRef]

26. Swafford, PM.; Ghosh, S.; Murthy, N. The antecedents of supply chain agility of a firm: Scale development and model testing.
J. Oper. Manag. 2006, 24, 170-188. [CrossRef]

27. Yusuf, Y.Y.; Gunasekaran, A.; Musa, A.; Dauda, M.; El-Berishy, N.M.; Cang, S. A relational study of supply chain agility,

competitiveness and business performance in the oil and gas industry. Int. J. Prod. Econ. 2014, 147, 531-543. [CrossRef]

https://doi.org/10.3390/su18178938


https://doi.org/10.1108/09590550410546188
https://doi.org/10.1016/j.ijpe.2012.03.002
https://doi.org/10.1016/j.ijpe.2017.01.011
https://doi.org/10.1080/00207543.2023.2232050
https://doi.org/10.1111/poms.12838
https://doi.org/10.1016/j.jbusres.2016.08.009
https://doi.org/10.1108/BPMJ-10-2019-0411
https://doi.org/10.1016/j.compind.2024.104132
https://doi.org/10.1016/j.ejor.2016.11.006
https://doi.org/10.1287/mnsc.39.4.395
https://doi.org/10.1108/eb054798
https://doi.org/10.1002/smj.830
https://doi.org/10.1108/JEIM-10-2019-0324
https://doi.org/10.1080/00207543.2021.1950935
https://doi.org/10.1080/00207543.2022.2118892
https://doi.org/10.1108/01443570410514867
https://doi.org/10.1002/(SICI)1097-0266(199708)18:73.0.CO;2-Z
https://doi.org/10.1177/014920639101700108
https://doi.org/10.1080/00207543.2012.728011
https://doi.org/10.1016/S0019-8501(99)00110-8
https://doi.org/10.1108/13598541211246594
https://doi.org/10.1016/j.ijpe.2008.09.002
https://doi.org/10.1108/09600030110394914
https://doi.org/10.1016/j.jom.2005.05.002
https://doi.org/10.1016/j.ijpe.2012.10.009
https://doi.org/10.3390/su18178938

Sustainability 2026, 18, 8938 38 of 38

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

Vickery, S.K.; Calantone, R.; Droge, C. Supply chain flexibility: An empirical study. J. Supply Chain Manag. 1999, 35, 16-24.
[CrossRef]

Jackson, I; Ivanov, D.; Dolgui, A.; Namdar, J. Generative artificial intelligence in supply chain and operations management: A
capability-based framework for analysis and implementation. Int. J. Prod. Res. 2024, 62, 6120—-6145. [CrossRef]

Raisch, S.; Krakowski, S. Artificial intelligence and management: The automation-augmentation paradox. Acad. Manag. Rev. 2021,
46, 192-210. [CrossRef]

Pflanzer, M.; Traylor, Z.; Lyons, ].B.; Dubljevi¢, V.; Nam, C.S. Ethics in human-AI teaming: Principles and perspectives. Al Ethics
2023, 3, 917-935. [CrossRef]

Ivanov, D. Intelligent digital twin (iDT) for supply chain stress-testing, resilience, and viability. Int. ]. Prod. Econ. 2023, 263, 108938.
[CrossRef]

Ivanov, D.; Dolgui, A. A digital supply chain twin for managing disruption risks and resilience in the era of Industry 4.0. Prod.
Plan. Control 2020, 32, 775-788. [CrossRef]

Benzidia, S.; Makaoui, N.; Bentahar, O. The impact of big data analytics and artificial intelligence on green supply chain process
integration and hospital environmental performance. Technol. Forecast. Soc. Change 2021, 165, 120557. [CrossRef]

Dacre, N.; Yan, J.; Frei, R.; Al-Mhdawi, M.K.S.; Dong, H. Advancing sustainable manufacturing: A systematic exploration of
Industry 5.0 supply chains for sustainability, human-centricity, and resilience. Prod. Plan. Control 2025, 36, 1499-1528. [CrossRef]
Barratt, M.; Choi, T.Y.; Li, M. Qualitative case studies in operations management: Trends, research outcomes, and future research
implications. J. Oper. Manag. 2011, 29, 329-342. [CrossRef]

Eisenhardt, K.M. Building theories from case study research. Acad. Manag. Rev. 1989, 14, 532-550. [CrossRef]

Ketokivi, M.; Choi, T. Renaissance of case research as a scientific method. J. Oper. Manag. 2014, 32, 232-240. [CrossRef]

Yin, R.K. Case Study Research and Applications: Design and Methods, 6th ed.; SAGE Publications: Thousand Oak, CA, USA, 2018.
Patton, M.Q. Qualitative Research & Evaluation Methods: Integrating Theory and Practice, 4th ed.; SAGE Publications: Thousand
Oaks, CA, USA, 2015.

Creswell, JJW.; Poth, C.N. Qualitative Inquiry and Research Design: Choosing Among Five Approaches, 4th ed.; SAGE Publications:
Thousand Oaks, CA, USA, 2018.

Braun, V,; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77-101. [CrossRef]

Braun, V.; Clarke, V. One size fits all? What counts as quality practice in (reflexive) thematic analysis? Qual. Res. Psychol. 2021, 18,
328-352. [CrossRef]

Miles, M.B.; Huberman, A.M.; Saldafa, J. Qualitative Data Analysis: A Methods Sourcebook, 3rd ed.; SAGE Publications: Thousand
Oak, CA, USA, 2014.

Saldafia, J. The Coding Manual for Qualitative Researchers, 4th ed.; SAGE Publications: Thousand Oak, CA, USA, 2021.

Lee, H.L. The Triple-A supply chain. Harv. Bus. Rev. 2004, 82, 102-112. [PubMed]

Dubey, R.; Gunasekaran, A.; Childe, S.J.; Bryde, D.J.; Giannakis, M.; Foropon, C.; Roubaud, D.; Hazen, B.T. Big data analytics and
artificial intelligence pathway to operational performance under the effects of entrepreneurial orientation and environmental
dynamism: A study of manufacturing organisations. Int. J. Prod. Econ. 2020, 226, 107599. [CrossRef]

Wamba, S.E,; Dubey, R.; Gunasekaran, A.; Akter, S. The performance effects of big data analytics and supply chain ambidexterity:
The moderating effect of environmental dynamism. Int. |. Prod. Econ. 2020, 222, 107498. [CrossRef]

Lincoln, Y.S.; Guba, E.G. Naturalistic Inquiry; SAGE Publications: Newbury Park, CA, USA, 1985.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18178938


https://doi.org/10.1111/j.1745-493X.1999.tb00058.x
https://doi.org/10.1080/00207543.2024.2309309
https://doi.org/10.5465/amr.2018.0072
https://doi.org/10.1007/s43681-022-00214-z
https://doi.org/10.1016/j.ijpe.2023.108938
https://doi.org/10.1080/09537287.2020.1768450
https://doi.org/10.1016/j.techfore.2020.120557
https://doi.org/10.1080/09537287.2024.2380361
https://doi.org/10.1016/j.jom.2010.06.002
https://doi.org/10.5465/amr.1989.4308385
https://doi.org/10.1016/j.jom.2014.03.004
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1080/14780887.2020.1769238
https://www.ncbi.nlm.nih.gov/pubmed/15559579
https://doi.org/10.1016/j.ijpe.2019.107599
https://doi.org/10.1016/j.ijpe.2019.09.019
https://doi.org/10.3390/su18178938

	Introduction 
	Global Transformation Toward Sustainable and AI-Enabled Apparel Manufacturing 
	Practical Problem 
	Research Gap 
	Research Purpose and Research Questions 
	Intended Contributions and Analytical Focus 

	Literature Review 
	Theoretical Foundation 
	Transformation Toward AI-Enabled Customized Apparel Production 
	Supply Chain Agility 
	Strategic and Manufacturing Flexibility 
	AI-Enabled Operational Intelligence 
	Human Expertise, Human-Centered AI, and Responsible AI 
	Sustainable Manufacturing and Supply Chain Resilience 
	Integrative Literature Review and Preliminary Analytical Framework 

	Materials and Methods 
	Research Design 
	Research Context 
	Participant Selection 
	Development of the Interview Protocol 
	Data Collection Procedures 
	Data Analysis 
	Researcher Reflexivity 
	Trustworthiness 
	Ethical Considerations 

	Results 
	Overview of the Findings 
	Theme 1: Customer Customization and Operational Uncertainty 
	Theme 2: Strategic Flexibility in Managerial Adaptation 
	Theme 3: Manufacturing Flexibility in Operational Adjustment 
	Theme 4: AI-Enabled Operational Intelligence as Decision Support 
	Theme 5: Human Expertise in Contextual Interpretation 
	Theme 6: AI–Human Complementarity in Operational Decision-Making 
	Theme 7: Coordinated Organizational Response 
	Summary of Results 

	Discussion 
	Findings That Confirm Previous Research 
	Findings That Extend Previous Research 
	Human-Centered Supply Chain Agility as an Interpretive Framework 
	Sustainability and Practical Implications 
	Limitations and Future Research 

	Conclusions 
	Appendix A
	Appendix B
	Appendix C
	References

