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Abstract

Background: The rapid digitalization of warehouse logistics has accelerated the adoption of
smart industrial robots, Al-driven autonomous vehicles, and drones to enhance operational
coordination and supply chain performance. However, empirical evidence regarding the
combined operational implications of these autonomous technologies within emerging-
market logistics environments remains limited. This study examines the relationships
between autonomous warehouse technologies and perceived warehouse operational perfor-
mance in Morocco. Methods: A quantitative cross-sectional research design was employed
using survey data collected from 1753 logistics professionals operating in warehouses
connected to the SoftLogistics platform. Exploratory Factor Analysis (EFA), Confirma-
tory Factor Analysis (CFA), and Structural Equation Modeling (SEM) were conducted to
evaluate the proposed relationships and interaction effects among the study constructs.
Results: The findings indicate that smart industrial robots, Al-driven autonomous vehi-
cles, and drones are positively associated with perceived warehouse operational efficiency,
operational accuracy, and warehouse resilience. The results further suggest that techno-
logical interoperability, workforce readiness, organizational adaptation, and Al-enabled
coordination mechanisms may enhance the operational contribution of autonomous ware-
house systems. Conclusions: Autonomous logistics technologies are associated with smart
warehouse transformation and improved operational performance within emerging lo-
gistics environments. The findings also highlight the importance of organizational and
socio-technical readiness for the implementation of autonomous warehouse technologies.

Keywords: industrial robots; smart logistics; artificial intelligence; autonomous warehouse
systems; drones; warehouse operational performance

1. Introduction

In recent years, the logistics industry has undergone significant transformations driven
by rapid advances in automation, industrial robotics, and artificial intelligence (AI). Modern
supply chains are increasingly complex due to rising customer expectations, stricter delivery
schedules, and growing operational costs [1]. To maintain competitiveness, companies are
adopting innovative technologies capable of supporting operational efficiency, minimizing
human error, and improving real-time responsiveness within warehouse and distribution
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operations. Industrial robots, autonomous vehicles, and drones have emerged as important
technologies within modern logistics systems, not only automating repetitive tasks but also
supporting intelligent coordination and data-driven decision-making across supply chain
activities [2,3].

Within warehouses and distribution centers, industrial robots are commonly used for
picking, sorting, packing, palletizing, and inventory handling operations with high levels
of precision. Autonomous vehicles, including Automated Guided Vehicles (AGVs) and self-
driving forklifts, facilitate internal goods transportation and material flow coordination,
while drones support aerial monitoring and inventory inspection activities [4,5]. The
integration of Al with these technologies further enables predictive scheduling, adaptive
workflow coordination, anomaly detection, and real-time operational monitoring. This
technological evolution reflects the broader transition toward Industry 4.0 and smart
warehouse ecosystems characterized by interconnected, semi-autonomous, and data-driven
logistics operations [6].

Despite the growing interest in autonomous logistics technologies, their implementa-
tion remains associated with several operational and organizational challenges. Previous
studies indicate that infrastructure readiness, workforce adaptation, cybersecurity risks,
implementation costs, and technological integration complexity may influence the success-
ful deployment of autonomous warehouse systems, particularly within emerging logistics
markets [7,8]. Consequently, the operational implications of autonomous technologies de-
pend not only on technological capabilities but also on organizational readiness, workforce
competencies, managerial support, and operational context.

The Moroccan logistics sector is experiencing a parallel evolution driven by the ex-
pansion of e-commerce activities, multinational operations, and increasing warehouse
management complexity [9,10]. The SoftLogistics platform, hosting multiple warehouses
operated by multinational firms, provides an illustrative setting for examining the de-
ployment of smart industrial robots, autonomous vehicles, and drones within warehouse
operations. The platform integrates warehouse coordination, inventory management, and
logistics monitoring activities across multiple Moroccan warehouse facilities, providing
an appropriate empirical context for investigating autonomous warehouse technologies
within an emerging-market environment. This environment illustrates how technological
innovation interacts with operational practices, workforce activities, and local infrastructure
conditions [11]. Despite the increasing adoption of smart logistics technologies, empirical
research examining their operational implications within the Moroccan logistics sector
remains limited.

Although research on warehouse automation, Al-enabled logistics systems, and drone-
supported operations has expanded considerably in recent years, several important gaps
remain within the existing literature. First, much of the current literature focuses primar-
ily on highly industrialized economies, while empirical evidence from emerging-market
warehouse environments remains relatively limited. Second, previous studies often ex-
amine industrial robots, Al-enabled systems, or drones separately, despite the increasing
operational integration of these technologies within smart warehouse ecosystems. Third,
existing research provides limited empirical evidence regarding how autonomous logistics
technologies are associated with perceived warehouse operational efficiency, operational
accuracy, and warehouse resilience within contexts characterized by infrastructural and
organizational constraints. In addition, implementation challenges related to workforce
adaptation and operational readiness remain insufficiently explored in empirical smart
warehouse studies.

Few studies have simultaneously examined the combined relationships among smart
industrial robots, Al-enabled warehouse systems, and drones within warehouse operations
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in an emerging-market logistics context using Structural Equation Modeling (SEM). Further-
more, previous studies often emphasize the technological potential of autonomous systems
while giving comparatively less attention to implementation constraints and operational
coordination challenges associated with smart warehouse transformation.

To address these gaps, this study employed a structured survey targeting 1753 logistics
professionals, encompassing both managerial and operational perspectives across the SoftL-
ogistics platform. Rather than measuring objective operational indicators directly, the study
evaluates respondents’ perceptions regarding the extent to which smart industrial robots,
Al-enabled systems, and drones are associated with warehouse operational efficiency, op-
erational accuracy, and warehouse resilience. The collected data provide insights into the
adoption process, operational implications, and implementation challenges associated with
autonomous warehouse technologies. SEM was employed to examine the relationships
among the study constructs.

The study is theoretically grounded in the Technology—Organization-Environment
(TOE) framework, Socio-Technical Systems Theory, and the Resource-Based View (RBV).
These perspectives collectively suggest that the operational implications of autonomous
logistics technologies depend on the interaction between technological capabilities, organi-
zational readiness, workforce adaptation, and operational conditions.

The contributions of this research are fourfold. First, it provides empirical evidence
regarding the adoption and perceived operational implications of autonomous warehouse
technologies within an emerging-market logistics environment. Second, the study extends
previous smart warehouse research by examining the combined relationships among
industrial robots, Al-enabled systems, and drones rather than analyzing these technologies
independently. Third, the study enriches the smart logistics literature by providing a
multidimensional analytical perspective that combines technological, organizational, and
operational factors within autonomous warehouse environments. Fourth, the findings offer
practical insights for logistics managers and policymakers regarding workforce readiness,
technological integration, infrastructure requirements, and implementation considerations
associated with smart warehouse transformation initiatives.

Guided by these objectives, the primary research question is as follows:

RQ: How are smart industrial robots, Al-enabled warehouse systems, and drones
associated with perceived warehouse operational efficiency, operational accuracy, and
warehouse resilience within the Moroccan logistics context? The study examines whether
interactions among autonomous warehouse technologies contribute to stronger perceived
operational outcomes within warehouse environments. It evaluates the role of Al-powered
autonomous technologies in relation to perceived warehouse operational performance
and offers evidence-based recommendations regarding the implementation of intelligent
systems within warehouse environments.

The remainder of the paper is structured as follows. Section 2 reviews the literature
on smart industrial robots, Al-enabled warehouse systems, drones, and warehouse opera-
tional performance. Section 3 presents the theoretical framework and research hypotheses.
Section 4 outlines the research methodology, including survey design, sampling procedure,
questionnaire development, and analytical techniques. Section 5 presents the empirical
findings and SEM results. Section 6 discusses the theoretical, practical, and policy impli-
cations of the findings, together with the study limitations and future research directions.
Finally, Section 7 concludes the paper by summarizing the main findings and highlighting
the study’s contributions to the understanding of intelligent autonomous logistics systems
in Morocco.
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2. Literature Review
2.1. Smart Warehouse Technologies and Autonomous Logistics Systems

The adoption of industrial robots, autonomous vehicles, drones, and artificial intelli-
gence (Al) has become a central component of modern warehouse logistics, particularly
in operational environments requiring high efficiency, precision, and responsiveness [12].
Originally developed for manufacturing activities, industrial robots are increasingly de-
ployed in warehouse operations to automate repetitive and labor-intensive tasks such
as picking, packing, sorting, palletizing, and inventory handling [13,14]. These systems
contribute to operational consistency, scalability, and workflow continuity across complex
supply chain environments. When integrated with Al technologies, industrial robots ac-
quire adaptive operational capabilities that support dynamic task allocation, predictive
identification of bottlenecks, and real-time workflow adjustments [15]. Such capabilities
may support warehouse coordination and responsiveness during periods of fluctuating
demand or operational disruption [16,17].

Autonomous logistics vehicles, including Automated Guided Vehicles (AGVs) and
autonomous forklifts, complement robotic systems by facilitating intra-warehouse trans-
portation and reducing operational bottlenecks. Equipped with Al-based navigation and
path-planning algorithms, these vehicles can dynamically adjust routes, avoid obstacles,
and operate alongside human workers within warehouse environments, thereby enhancing
operational continuity and material flow coordination [18]. According to [19], the integra-
tion of autonomous vehicles with industrial robots contributes to more coordinated and
automated warehouse workflows and is often associated with greater operational conti-
nuity and improved workflow synchronization. Nevertheless, several previous studies
have mainly examined autonomous logistics technologies within controlled or simulated
environments, raising concerns regarding scalability, operational reliability, and coordina-
tion efficiency in real warehouse settings characterized by complex layouts and continuous
human interaction [20].

Drones introduce additional operational capabilities within warehouse logistics, par-
ticularly for inventory monitoring, aerial inspection, rapid stock-taking, and operational
surveillance activities. By enabling rapid assessment of large warehouse areas, drones
provide real-time visibility that can support inventory management and warehouse coordi-
nation processes [21,22]. When integrated with Al technologies, drones can autonomously
navigate operational environments, avoid obstacles, and coordinate activities with ground-
based autonomous systems such as robots and AGVs [23]. Previous studies suggest
that multi-agent coordination among drones, robots, and autonomous vehicles may con-
tribute to inventory accuracy, operational continuity, and adaptive warehouse responsive-
ness [24,25]. This technological evolution reflects the broader transition toward Industry
4.0 and smart warehouse ecosystems characterized by interconnected, semi-autonomous,
and data-driven logistics operations [26].

Artificial intelligence functions as a critical coordination mechanism connecting indus-
trial robots, autonomous vehicles, and drones within intelligent logistics ecosystems [27,28].
Al techniques such as machine learning, deep learning, and reinforcement learning support
predictive scheduling, anomaly detection, adaptive routing, and autonomous operational
optimization through continuous analysis of real-time operational data [29]. These capa-
bilities allow autonomous systems to adjust operational processes in response to demand
variability, equipment constraints, and operational disruptions, thereby supporting opera-
tional efficiency, operational accuracy, and warehouse resilience [30]. The concept of smart
logistics emphasizes the convergence of Al-enabled systems, industrial robots, autonomous
vehicles, and drones to create interconnected, adaptive, and data-driven supply chain
operations [31,32]. Smart warehouse environments rely on predictive analytics, real-time
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monitoring, and coordinated decision-making processes to support operational continuity,
responsiveness, and resilient warehouse management [33].

2.2. Operational and Organizational Challenges in Smart Logistics

Despite the increasing adoption of autonomous logistics technologies, several imple-
mentation challenges continue to affect operational deployment. Existing studies indicate
that infrastructure readiness, technological interoperability, cybersecurity risks, implemen-
tation costs, workforce adaptation, and organizational resistance to change may influence
the successful integration of autonomous systems within warehouse environments [2,14].
Organizational factors such as change management, cross-functional coordination, and
organizational culture also influence the implementation and integration of smart logistics
technologies [34].

From a theoretical perspective, the adoption and operational integration of au-
tonomous warehouse technologies can be interpreted through the Technology-Organization—
Environment (TOE) framework, the Resource-Based View (RBV), and Socio-Technical Sys-
tems Theory. The TOE framework emphasizes that technology adoption depends on the
interaction between technological readiness, organizational capabilities, and environmental
conditions [35]. Similarly, the RBV suggests that technological resources may contribute
to operational advantages when effectively integrated with organizational competencies
and logistics capabilities [36]. Socio-Technical Systems Theory further highlights that
the operational effectiveness of autonomous systems depends on the alignment between
technological infrastructure, operational workflows, and human participation within ware-
house environments [37].

Consequently, workforce adaptation, employee training, safety considerations, and
human-machine coordination become central elements influencing the successful imple-
mentation of industrial robots, autonomous vehicles, drones, and Al-enabled logistics
systems. These human and organizational dimensions remain particularly important in
emerging logistics markets where operational digitalization and automation capabilities
are still evolving.

Many previous studies have been conducted within controlled or simulated envi-
ronments, raising questions regarding scalability, operational reliability, and coordination
efficiency in real-world warehouse operations characterized by complex layouts and contin-
uous human interaction [38]. Practical deployment challenges associated with drones and
Al-enabled systems also remain insufficiently explored within the literature. Regulatory
compliance, navigation reliability, battery limitations, worker safety concerns, payload
constraints, radio-frequency interference, and integration with warehouse management
systems continue to influence operational implementation [21,22].

Artificial intelligence technologies also introduce additional operational complexi-
ties associated with data integration, algorithmic reliability, real-time coordination, and
system interoperability [27,29]. Although Al-enabled logistics systems can support pre-
dictive scheduling, anomaly detection, and operational optimization, their effectiveness
depends on infrastructure capabilities, data quality, organizational coordination, and work-
force readiness. Several studies also emphasize that implementation failures may result
from managerial optimism, insufficient employee acceptance, inadequate technological
integration, or overreliance on automation systems without sufficient operational flexibility.

In addition, existing literature frequently emphasizes technological performance while
giving comparatively less attention to operational risks, implementation constraints, and
human-centered challenges associated with smart warehouse technologies. As a result,
autonomous logistics systems should be evaluated not only from technological perspectives
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but also from organizational, operational, and socio-technical perspectives capable of
capturing the complexity of real warehouse environments.

Furthermore, much of the existing literature evaluates Al-enabled logistics systems
within theoretical or simulated settings while providing limited empirical evidence from op-
erational warehouse environments, particularly within emerging logistics markets such as
Morocco. Empirical research examining how integrated autonomous technologies influence
perceived warehouse operational performance dimensions, including efficiency, accuracy,
and resilience, remains comparatively limited within operational logistics environments.

2.3. Research Gaps and Conceptual Positioning

Although research on warehouse automation and autonomous logistics technologies
has expanded considerably, several important gaps remain within the existing literature.
First, many previous studies examine industrial robots, autonomous vehicles, drones, or Al
systems independently, despite the increasing operational integration of these technologies
within smart warehouse ecosystems. Empirical evidence regarding the combined rela-
tionships among these autonomous technologies and perceived warehouse operational
performance remains limited.

Second, the majority of existing studies focus primarily on highly industrialized
economies and technologically mature logistics environments. Empirical evidence from
emerging-market warehouse operations, particularly within North African logistics con-
texts, remains comparatively scarce. Consequently, the influence of contextual factors
such as workforce readiness, organizational capabilities, infrastructure constraints, and
operational coordination challenges remains insufficiently explored.

Third, several studies emphasize technological performance while giving compar-
atively less attention to implementation complexity, workforce adaptation, safety con-
siderations, and human-technology interaction. Human-system interactions, including
workforce adaptation, training requirements, and operational safety, are often underex-
plored despite their importance in achieving reliable and sustainable warehouse operations.
Similarly, interaction effects among autonomous technologies, including the combined
coordination between industrial robots, Al-enabled systems, autonomous vehicles, and
drones, remain insufficiently examined in operational warehouse contexts.

Fourth, standardized performance measurement frameworks for next-generation
autonomous logistics systems remain limited, thereby constraining comparative operational
evaluation across studies. Existing studies also frequently rely on theoretical simulations
or technical experiments while providing comparatively limited empirical evidence from
operational warehouse environments characterized by organizational complexity and
real-time operational constraints.

Finally, the literature provides limited empirical understanding regarding how au-
tonomous warehouse technologies are associated with different dimensions of warehouse
operational performance, particularly operational efficiency, operational accuracy, and
warehouse resilience. This limitation is particularly important because warehouse perfor-
mance is multidimensional and influenced by technological, organizational, operational,
and human-centered factors simultaneously.

Addressing these gaps constitutes the primary motivation of the present study. By
examining smart industrial robots, Al-enabled systems, autonomous logistics vehicles,
and drones within the SoftLogistics platform, this research provides empirical insights
into perceived operational implications, implementation challenges, and organizational
dimensions associated with autonomous warehouse technologies in Morocco. Unlike
previous studies that frequently examine isolated technologies or simulated environments,
the present study adopts an integrated analytical perspective capable of examining the
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combined relationships among autonomous logistics technologies and perceived ware-
house operational performance within a real operational setting. These insights provide
the foundation for the following section, which presents the theoretical framework and
research hypotheses.

3. Theoretical Framework and Research Hypotheses
3.1. Theoretical Framework

Modern warehouse logistics increasingly depends on the integration of autonomous
technologies capable of supporting operational coordination, workflow continuity, and
adaptive decision-making within complex logistics environments. In contemporary ware-
house systems, operational performance is no longer evaluated exclusively through produc-
tivity indicators but through multiple operational dimensions reflecting efficiency, accuracy,
and resilience [39,40]. Operational efficiency refers to the ability of warehouse systems
to optimize throughput, reduce operational delays, minimize cycle time, and improve
resource utilization. Operational accuracy reflects the precision and reliability of warehouse
activities such as picking, sorting, packing, inventory handling, and material tracking.
Warehouse resilience represents the capacity of warehouse systems to maintain operational
continuity, respond to disruptions, and adapt to changing operational conditions within
dynamic supply chain environments [41,42].

The present study conceptualizes warehouse operational performance as a multidi-
mensional construct composed of operational efficiency, operational accuracy, and ware-
house resilience. This perspective responds to recent smart logistics literature emphasizing
that autonomous warehouse systems should be evaluated through integrated operational
dimensions rather than isolated productivity indicators alone.

The proposed framework focuses on three major autonomous logistics technologies:
smart industrial robots, Al-driven autonomous vehicles, and drones. Smart industrial
robots automate repetitive warehouse activities, autonomous logistics vehicles facilitate
intelligent material transportation, and drones support aerial monitoring and real-time
operational visibility. Rather than examining these technologies independently, the present
study adopts an integrated perspective in which autonomous systems interact through
Al-enabled coordination mechanisms within warehouse operations.

The theoretical foundation of the framework is informed by the Technology-
Organization-Environment (TOE) framework, the Resource-Based View (RBV), and Socio-
Technical Systems Theory. The TOE framework suggests that the operational adoption of
autonomous technologies depends on technological readiness, organizational capabilities,
and environmental conditions. The RBV further proposes that autonomous technologies
may contribute to operational advantages when effectively integrated with logistics capabil-
ities and organizational processes. In parallel, Socio-Technical Systems Theory emphasizes
that operational outcomes depend on the alignment between technological systems, op-
erational workflows, and human participation within warehouse environments. These
perspectives collectively support the assumption that autonomous logistics technologies in-
fluence warehouse operational performance through both technological and organizational
coordination mechanisms.

This integrated theoretical perspective is particularly relevant within emerging lo-
gistics markets such as Morocco, where warehouse digitalization, workforce readiness,
and infrastructure capabilities continue to evolve simultaneously. Consequently, the op-
erational implications of autonomous logistics technologies should be evaluated not only
from technological perspectives but also from organizational and operational perspectives
reflecting the complexity of real warehouse environments.
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3.2. Direct Effect Hypotheses
3.2.1. Smart Industrial Robots and Operational Efficiency

Smart industrial robots (SIR) constitute a central component of warehouse automation
because they support repetitive and labor-intensive activities such as order picking, palletiz-
ing, sorting, and packing operations. The integration of robotic systems within warehouse
operations may reduce operational variability, improve task consistency, accelerate work-
flow execution, and reduce dependence on manual labor [43,44]. In addition, Al-enabled
robotic systems may dynamically adjust operational tasks and coordinate workflows in
response to changing operational conditions [45].

Previous studies indicate that robotic automation is associated with workflow con-
tinuity, operational scalability, and perceptions of greater warehouse operational effi-
ciency [46,47]. Within emerging logistics environments characterized by increasing opera-
tional complexity and growing warehouse demand, smart industrial robots may support
resource optimization and operational standardization while reducing workflow interrup-
tions associated with manual handling activities. Based on these theoretical and operational
considerations, the following hypothesis is proposed:

H1. Adoption of smart industrial robots is positively associated with warehouse operational efficiency.

3.2.2. Al-Driven Autonomous Vehicles and Operational Accuracy

Al-driven autonomous vehicles, including Automated Guided Vehicles (AGVs) and
autonomous forklifts, support intelligent transportation and material handling activities
within warehouse environments [18]. These systems rely on Al-enabled navigation, path-
planning algorithms, and obstacle-avoidance mechanisms that allow for autonomous
movement within dynamic operational settings. By reducing transport inconsistencies,
coordination delays, and manual handling errors, autonomous logistics vehicles may
contribute to more reliable and accurate warehouse operations [48].

The integration of autonomous vehicles with robotic systems may also support end-to-
end operational coordination in which materials move efficiently between storage, picking,
production, and dispatch areas with reduced human intervention. According to [49], such
integration may support inventory tracking, reduce the likelihood of product misplace-
ment, and strengthen operational reliability. Al-enabled autonomous vehicles may further
contribute to operational visibility and process synchronization by supporting real-time
coordination across warehouse activities characterized by continuous inventory movement
and operational complexity. Consequently, the following hypothesis is formulated:

H2. Adoption of Al-driven autonomous vehicles is positively associated with warehouse opera-
tional accuracy.

3.2.3. Drones and Warehouse Resilience

Drones represent an additional dimension of autonomous warehouse systems by sup-
porting aerial monitoring, stock verification, and real-time operational visibility. Equipped
with Al capabilities, drones can autonomously navigate warehouse facilities, identify in-
ventory discrepancies, and transmit operational information to warehouse personnel in
real time [50]. These capabilities may support proactive operational responses, inventory
coordination, and continuity management during operational disruptions.

Unlike ground-based automation systems, drones provide flexible and scalable op-
erational monitoring capabilities that may be particularly valuable in large warehouses
and operationally complex facilities [51]. Their contribution extends beyond monitoring
because Al-enabled drones may also support predictive interventions, adaptive scheduling,
and dynamic operational coordination. Previous studies further suggest that drones may
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strengthen warehouse resilience by supporting disruption detection, inventory visibility,
and adaptive response capabilities during periods of operational uncertainty. Based on
these considerations, the following hypothesis is proposed:

H3. Integration of drones with Al-enabled systems is positively associated with warehouse opera-
tional resilience.

3.3. Interaction Effects Hypotheses

Autonomous logistics technologies rarely operate independently within modern ware-
house systems. Instead, warehouse operational performance increasingly depends on coor-
dinated interactions among robots, autonomous logistics vehicles, drones, and Al-enabled
operational systems [7,52]. Al functions as a coordination layer supporting predictive
scheduling, adaptive task allocation, anomaly detection, and real-time synchronization
among autonomous technologies operating within warehouse environments.

Recent smart logistics literature suggests that the operational value of autonomous
systems may emerge not only from individual technological capabilities but also from
synergistic coordination among interconnected autonomous technologies. This integrated
perspective is particularly relevant within complex warehouse environments where oper-
ational continuity depends on synchronized material handling, inventory visibility, and
adaptive operational coordination.

The first interaction hypothesis examines the combined relationship between smart
industrial robots and Al-driven autonomous vehicles with operational efficiency. The
coordinated interaction between robotic systems and autonomous transport technologies
may reduce idle time, strengthen workflow synchronization, and improve material flow
continuity beyond the contribution of either technology independently.

H4. The combined adoption of smart industrial robots and Al-driven autonomous vehicles
is positively associated with warehouse operational efficiency beyond the individual effects of
each technology.

The second interaction hypothesis examines the combined relationship between Al-
driven autonomous vehicles and drones with warehouse resilience. Multi-agent coordina-
tion between aerial monitoring systems and autonomous transport systems may support
adaptive operational responses, disruption management, and real-time coordination capa-
bilities within warehouse operations.

H5. The combined adoption of Al-driven autonomous vehicles and drones is positively associated
with warehouse operational resilience beyond the individual effects of each technology.

3.4. Conceptual Model

The conceptual model derived from these hypotheses positions smart industrial robots,
Al-driven autonomous vehicles, and drones as independent variables associated with
operational efficiency, operational accuracy, and warehouse resilience as multidimensional
operational performance outcomes. Interaction effects are explicitly incorporated to capture
the coordinated relationships among autonomous technologies operating within smart
warehouse systems.

Unlike previous studies that frequently examine isolated warehouse technologies or
simulated operational settings, the proposed framework integrates direct effects, interaction
effects, and multidimensional operational performance outcomes within a unified analytical
model grounded in real warehouse operations.
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The framework also recognizes the potential influence of contextual operational factors
such as warehouse size, workforce experience, and managerial involvement, which may
affect the implementation and perceived operational implications of autonomous logistics
technologies. These contextual dimensions are particularly relevant within emerging
logistics environments characterized by heterogeneous operational capabilities and varying
levels of technological readiness.

The conceptual framework presented in Figure 1 therefore provides the analytical
foundation for the Structural Equation Modeling (SEM) analysis conducted in this study.

Smart Industrial
Robots (SIR)

Efficiency
(WOP 1)
= ~ P p e
Al-driven Autonomous |=~ H2 > Accuracy N (\;Vareh?usel
Vehicles (Al) (WOP 2) FR Operationa
L ) Performance
~ ),
: 3 (WOP)
(" N H3 Resilience
Drones L (WOP 3)
(DR) .
p J

Figure 1. Conceptual Framework.

4. Research Methodology
4.1. Research Design

This study adopts a quantitative cross-sectional research design to examine the re-
lationships between smart industrial robots, Al-driven autonomous vehicles, drones,
and perceived warehouse operational performance within Moroccan warehouse envi-
ronments. The quantitative approach was selected because it enables the systematic mea-
surement of relationships among multiple latent constructs and supports the application
of Structural Equation Modeling (SEM) for simultaneous assessment of measurement and
structural relationships.

Unlike experimental or simulation-based studies frequently found in smart logistics re-
search, the present study investigates autonomous logistics technologies within operational
warehouse environments characterized by real organizational constraints, workforce inter-
actions, and operational variability. This operational perspective is particularly relevant
within emerging logistics environments where technology adoption remains heterogeneous
across warehouse facilities.

The study was conducted within the SoftLogistics platform, a digital logistics ecosys-
tem connecting multiple warehouses operated by multinational and local logistics compa-
nies in Morocco. The platform facilitates warehouse coordination, inventory management,
transportation scheduling, and operational monitoring across participating warehouse
facilities. The selected warehouses vary in operational size, automation maturity, and work-
force structure, thereby providing a suitable context for examining autonomous logistics
technologies under diverse operational conditions.

The study follows a cross-sectional design because each respondent completed the
questionnaire once during the data collection period. Although the survey was ad-
ministered during both peak and routine operational periods, the same respondents
were not repeatedly measured over time. Consequently, the study does not constitute
a longitudinal design.
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The research design was developed in alignment with the conceptual framework
presented in Section 3, ensuring that all constructs were operationalized consistently with
the proposed theoretical relationships. The design further incorporates procedural mecha-
nisms intended to strengthen measurement reliability, contextual relevance, and response
quality, including questionnaire pretesting, respondent screening, and standardized survey
administration procedures.

4.2. Sampling Procedure and Data Collection

The target population consisted of logistics professionals directly involved in ware-
house operations across the SoftLogistics platform. Respondents included warehouse
managers, operations supervisors, logistics coordinators, inventory specialists, process
engineers, and operational employees working within participating warehouse facili-
ties. This diversity of operational roles allowed the study to capture both managerial
and operational perspectives regarding autonomous technology adoption and perceived
warehouse performance.

A purposive sampling strategy was employed because the study specifically tar-
geted respondents familiar with autonomous logistics technologies, including industrial
robots, Al-enabled autonomous vehicles, and drones. Purposive sampling was con-
sidered appropriate because the research required respondents with operational expo-
sure to warehouse automation systems rather than general logistics personnel without
technological familiarity.

Data were collected from 18 warehouses affiliated with the SoftLogistics platform
between 17 November 2025, and 19 January 2026. The participating facilities consisted of
5 small warehouses, 8 medium-sized warehouses, and 5 large warehouses operated by
both multinational and local logistics companies. These warehouses were involved in ware-
housing, inventory management, order fulfillment, distribution activities, and e-commerce
logistics operations, thereby providing a diverse operational context for examining au-
tonomous logistics technologies. Survey invitations were distributed electronically through
warehouse managers and operational coordinators responsible for participating warehouse
facilities. A total of 2041 questionnaires were distributed, of which 1802 responses were
received. Following data screening procedures, 49 questionnaires were excluded due to
excessive missing values, incomplete responses, duplicate submissions, or response incon-
sistencies identified during the validation process. The remaining 1753 questionnaires were
retained for analysis because they satisfied the predefined data quality criteria. Screening
procedures included completeness verification, consistency checks, and the identification
of anomalous response patterns. This resulted in a valid response rate of 85.9%.

Several respondents originated from the same warehouse facilities. However, because
the study focused on individual perceptions regarding autonomous technology adoption
and perceived operational performance, the unit of analysis remained the individual
respondent rather than the warehouse itself.

The relatively large sample size is appropriate for Structural Equation Modeling and
exceeds commonly recommended thresholds for SEM analysis involving latent constructs
and interaction effects. In addition, post hoc statistical power analysis confirmed that the
sample size was adequate for detecting medium and interaction effects within the proposed
SEM model.

Demographic and professional information was also collected, including age, educa-
tional background, professional experience, warehouse role, and warehouse location. These
variables were subsequently incorporated into moderation analysis to explore whether
contextual and workforce characteristics influenced the relationships between autonomous
technologies and perceived operational performance.
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4.3. Questionnaire Design and Measurement Scales

The questionnaire was designed to capture all constructs included in the conceptual
framework, including Smart Industrial Robots (SIR), Al-driven Autonomous Vehicles (Al),
Drones (DR), and Warehouse Operational Performance (WOP). The questionnaire addition-
ally included demographic and professional variables associated with moderation analysis.

The measurement items were adapted from previously validated scales used in logis-
tics, warehouse automation, smart manufacturing, and supply chain management research.
Because these scales were adapted to the Moroccan warehouse context, additional contex-
tual modifications were introduced to ensure operational relevance and conceptual clarity.

The questionnaire was divided into four sections (Appendix A). The first section
collected demographic and professional information. The second section evaluated the
adoption and operational use of autonomous technologies. The third section measured per-
ceived warehouse operational performance across three dimensions: operational efficiency,
operational accuracy, and warehouse resilience. The fourth section explored contextual op-
erational factors related to workforce readiness, organizational support, training adequacy,
and infrastructure conditions.

Although Warehouse Operational Performance (WOP) was initially conceptualized
as an overarching performance construct, the SEM analysis operationalized its three
dimensions—operational efficiency, operational accuracy, and warehouse resilience—as
distinct but related outcome dimensions. This approach was adopted to provide a more
detailed assessment of how autonomous logistics technologies are associated with different
aspects of perceived warehouse operational performance. Consequently, the structural
model examined these dimensions separately while maintaining their conceptual integra-
tion within the broader warehouse performance framework.

All constructs were operationalized as reflective latent variables measured using
five-point Likert scales ranging from “Strongly Disagree” to “Strongly Agree.” Reflective
specification was considered appropriate because the observed measurement items were
assumed to reflect underlying latent operational perceptions associated with autonomous
technology adoption and perceived warehouse performance.

The questionnaire was pretested with 50 logistics professionals working in warehouse
operations to evaluate item clarity, contextual relevance, and measurement consistency.
Pilot participants included both managerial and operational employees to ensure that
survey items remained understandable across heterogeneous warehouse roles. Minor
wording adjustments were introduced following pilot feedback to improve contextual
clarity and reduce ambiguity.

Table 1 presents the constructs, measurement items, and literature sources used in
this study.

Table 1. Constructs and Measurement Items.

Construct

Item Code Measurement Item Scale/Response References

Smart Industrial
Robots (SIR)

- The warehouse extensively uses

SIR1 robots for repetitive tasks such as

picking, sorting, and packing.

5-point Likert
- Robots in the warehouse are capable pomnt LIKer

1
SIR2 of dynamically reallocating tasks in . (Eetzcilgh}"’on | [14,53,54]
response to workflow changes. & Agree) &Y

SIR3

- Robots contribute to operational
efficiency by reducing human errors
in daily warehouse operations.
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Table 1. Cont.

Construct

Item Code

Measurement Item

Scale/Response

References

Al-driven
Autonomous
Vehicles (A)

ATl

Al2

Al3

Al-driven autonomous vehicles
improve operational accuracy
through predictive scheduling of
warehouse transport tasks.
Al-enabled autonomous vehicles
help detect operational anomalies
and adjust movements to prevent
errors in warehouse operations.
Al-powered autonomous vehicles
facilitate real-time resource
allocation by dynamically
coordinating warehouse
transport activities.

5-point Likert
(Strongly
Disagree—Strongly
Agree)

[2,31,55]

Drones (DR)

DR1

DR2

DR3

Drones are used for inventory
monitoring and rapid stock-taking.
Drones coordinate effectively with
ground-based robots and
Al-driven systems.

Drones enhance warehouse
operational resilience by providing

5-point Likert
(Strongly
Disagree—Strongly
Agree)

[56,57]

real-time aerial oversight.

Warehouse
Operational
Performance

(WOP)

WOP2 high accuracy in order fulfillment

- Warehouse operations achieve high

WOP1 efficiency in task completion,

throughput, and cost reduction.

5-point Likert
- Warehouse operations maintain P

(Strongly
Disagree—Strongly
Agree)

[38,42,58,59]
and inventory management.
- Warehouse operations are resilient,

WOP3 maintaining continuity and

adaptability during disruptions.

4.4. Exploratory Factor Analysis and Measurement Validation

Because the measurement scales were adapted from multiple prior studies and applied
within a new operational and cultural context, Exploratory Factor Analysis (EFA) was
conducted prior to Confirmatory Factor Analysis (CFA). The purpose of EFA was to verify
whether the observed variables naturally grouped into the proposed latent dimensions
within the Moroccan warehouse context.

EFA was conducted using Principal Axis Factoring with Varimax rotation. The Kaiser—
Meyer—Olkin (KMO) measure exceeded the recommended threshold of 0.70, while Bartlett’s
Test of Sphericity was statistically significant, confirming the suitability of the dataset for
factor analysis. The extracted factor structure supported the multidimensional structure
proposed in the conceptual framework, with all retained items loading strongly on their
intended constructs.

Following EFA, Confirmatory Factor Analysis (CFA) was conducted to validate the
measurement model and assess construct reliability and validity. CFA was performed prior
to structural model estimation to confirm the adequacy of the latent constructs and the
relationships between observed variables and theoretical dimensions.

Reliability was assessed using Cronbach’s alpha and Composite Reliability (CR),
with all constructs exceeding the recommended threshold of 0.70. Convergent validity
was evaluated using Average Variance Extracted (AVE), with all AVE values exceeding
the recommended threshold of 0.50. Discriminant validity was assessed using both the
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Fornell-Larcker criterion and the Heterotrait-Monotrait Ratio (HTMT), confirming that all
constructs remained empirically distinct.

Table 2 summarizes the SEM evaluation criteria and recommended threshold values
for factor loadings, Cronbach’s alpha, Composite Reliability, AVE, CFI, TLI, RMSEA, and
x2/df.

Table 2. SEM Evaluation Criteria and Recommended Threshold Values.

Evaluation Criterion Recommended Threshold Interpretation
Factor Loading >0.70 Indicates strong item reliability
Cronbach’s Alpha >0.70 Confirms internal consistency reliability
Composite Reliability (CR) >0.70 Confirms construct reliability
Average Variance Extracted (AVE) >0.50 Confirms convergent validity
Heterotrait-Monotrait Ratio (HTMT) <0.85 Confirms discriminant validity
Comparative Fit Index (CFI) >0.90 Indicates acceptable model fit
Tucker-Lewis Index (TLI) >0.90 Indicates acceptable model fit
Tg;r:f;jf;ﬁ;ﬁ;%x;f <0.08 Indicates acceptable approximation error
Standarl(iiezsigulz?c()éllg/llve[;r)l Square <0.08 Indicates acceptable residual fit
Chi-square/Degrees of Freedom (x?/df) <3.00 Indicates acceptable structural fit
Variance Inflation Factor (VIF) <5.00 Indicates absence of multicollinearity

4.5. Structural Equation Modeling

Structural Equation Modeling (SEM) was employed to simultaneously evaluate the
measurement and structural models proposed in the conceptual framework. SEM was se-
lected because it enables the estimation of direct effects, interaction effects, and moderation
relationships among multiple latent constructs within a unified analytical framework.

The analysis was conducted using AMOS 29 software with Maximum Likelihood
Estimation (MLE). Prior to SEM estimation, missing data, normality, and multicollinearity
diagnostics were assessed. Missing values were limited and handled through expectation-
maximization procedures. Skewness and kurtosis values remained within acceptable
thresholds, supporting the use of MLE. Multicollinearity diagnostics confirmed that Vari-
ance Inflation Factor (VIF) values remained below recommended thresholds.

The structural model evaluated the hypothesized relationships between autonomous
technologies and perceived warehouse operational performance dimensions. Path coef-
ficients, significance levels, confidence intervals, and effect sizes were estimated for all
hypothesized relationships.

Bootstrapping procedures with 5000 resamples were employed to assess the signifi-
cance and robustness of structural relationships, including interaction effects. Confidence
intervals were additionally examined to confirm parameter stability.

Interaction effects were estimated to examine whether combinations of autonomous
technologies produced synergistic operational effects beyond individual technological con-
tributions. Interaction terms were constructed using mean-centered variables to minimize
multicollinearity risks prior to interaction estimation.

Moderation analysis was additionally conducted to examine whether workforce ex-
perience, managerial role, and warehouse size influenced structural relationships within
the proposed model. These moderators were selected because prior smart logistics litera-
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ture suggests that organizational characteristics and workforce capabilities may influence
autonomous technology adoption and operational implications.

Model adequacy was evaluated using multiple goodness-of-fit indices, including
the Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), Root Mean Square Error of
Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR), and Chi-
square to degrees of freedom ratio (x?/df).

4.6. Common Method Bias and Robustness Procedures

Because both independent and dependent variables were collected from the same
respondents, common method bias represented a potential methodological concern. Several
procedural and statistical remedies were therefore implemented.

Procedurally, respondents were informed that participation was anonymous and
confidential in order to reduce social desirability bias and evaluation apprehension. Ques-
tionnaire items were additionally organized to reduce response-pattern bias and common
scale effects.

Statistically, Harman'’s single-factor test was conducted to examine whether a single
latent factor accounted for the majority of variance within the dataset. The results indicated
that no single factor dominated the variance structure, suggesting that common method
bias was unlikely to represent a severe threat to the study findings. A full-collinearity VIF
assessment was additionally performed, with all values remaining below critical thresholds.

Additional robustness checks were conducted through alternative model estimations
and subgroup comparisons to confirm the stability and consistency of the SEM results
across operational categories.

5. Data Analysis and Results
5.1. Respondent Profile and Descriptive Statistics

A clear understanding of the respondent profile is essential for contextualizing the
empirical findings and interpreting how autonomous logistics technologies are associated
with perceived warehouse operational performance. The study collected responses from
1753 logistics professionals working across the SoftLogistics platform, representing ware-
house facilities characterized by varying levels of operational complexity, technological
maturity, and automation readiness. As presented in Table 3, the sample incorporates
both managerial and operational perspectives. Specifically, 42% of respondents occupied
managerial or supervisory positions, whereas 58% worked in operational functions, in-
cluding inventory management, order processing, warehouse coordination, and logistics
execution activities. This distribution is particularly relevant because the implementation
of autonomous warehouse technologies depends on alignment between strategic decision-
making and operational execution. Managers generally provide perspectives regarding
investment priorities, organizational readiness, and technological integration, whereas
operational employees provide insights regarding daily interaction with industrial robots,
Al-enabled systems, and drone technologies.

The demographic profile further demonstrates the diversity and contextual relevance
of the sample. Approximately 32% of respondents were between 31 and 40 years old, 28%
between 25 and 30 years old, 18% between 41 and 50 years old, while 11% were between
18 and 24 years old and another 11% were above 50 years old. Educational levels also
indicate a relatively strong professional profile, with 55% holding bachelor’s degrees, 30%
possessing high school diplomas, and 15% holding postgraduate qualifications.

Professional experience among respondents remained relatively balanced across dif-
ferent career stages. Approximately 29% of respondents reported less than five years of
professional experience, 25% between five and ten years, 21% between eleven and fifteen
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years, and 25% more than fifteen years. This distribution allows the study to capture
perceptions from both younger employees potentially more receptive to technological inno-
vation and experienced professionals possessing broader operational knowledge regarding
warehouse processes and operational coordination mechanisms.

Table 3. Demographic Profile of Respondents.

Variable Category Frequency Percentage
4 Male 1017 58%
Gender Female 736 42%
18-24 193 11%
25-30 491 28%
Age 31-40 561 32%
41-50 316 18%
Above 50 192 11%
High School 526 30%
Education Level Bachelor Degree 964 55%
Master/PhD 263 15%
Less than 5 years 509 29%
: . 5-10 years 438 25%
Professional Experience 1015 years 367 21%
More than 15 years 439 25%
Manager /Supervisor 736 42%
Job Role Operational Staff 1017 58%
Small 438 25%
Warehouse Size Medium 879 50%
Large 436 25%
Experience with Industrial Robots 1227 70%
Technology Exposure Experience with AI Systems 964 55%
Experience with Drones 701 40%

From an operational perspective, respondents were distributed across warehouses
of different sizes, thereby allowing the study to capture heterogeneity in technological
adoption and operational complexity. Medium-sized warehouses represented the largest
proportion of the sample (50%), while small and large warehouses each accounted for
approximately 25% of respondents. In addition, respondents reported varying levels of
technological exposure. Approximately 70% indicated operational familiarity with indus-
trial robots, 55% with Al-enabled warehouse systems, and 40% with drone technologies.

The questionnaire was administered electronically through standardized survey ad-
ministration procedures using five-point Likert scales ranging from “Strongly Disagree” to
“Strongly Agree.” Prior to analysis, respondent screening and data screening procedures
were conducted in order to eliminate incomplete and inconsistent questionnaires and
strengthen data quality and response reliability.

The descriptive statistics of the principal constructs summarized in Table 4 indicate
generally positive perceptions regarding autonomous warehouse technologies. Smart
Industrial Robots (SIR) reported a mean score of 4.15 (SD = 0.62), Al-driven Autonomous
Vehicles (Al) 4.08 (SD = 0.65), Drones (DR) 3.95 (SD = 0.68), and Warehouse Operational
Performance (WOP) 4.12 (SD = 0.60). These values indicate that respondents generally
perceived autonomous technologies as positively associated with warehouse operational
activities. Nevertheless, the variability observed across responses also suggests differences
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in operational maturity, technological readiness, infrastructure capabilities, workforce
adaptation, and implementation conditions across warehouse facilities.

Table 4. Descriptive Statistics of Key Constructs.

Construct Mean SD Min Max
Smart Industrial Robots (SIR) 4.15 0.62 2.1 5.0
Al-driven Autonomous Vehicles (AI) 4.08 0.65 2.0 5.0
Drones (DR) 3.95 0.68 1.8 5.0
Warehouse Operational Performance (WOP) 412 0.60 22 5.0

Overall, the respondent profile confirms the presence of a technologically receptive but
operationally heterogeneous workforce. This heterogeneity provides a relevant empirical
foundation for subsequent SEM analysis examining how autonomous logistics technologies
are associated with perceived warehouse operational efficiency, operational accuracy, and
warehouse resilience within the Moroccan logistics context.

5.2. Exploratory Factor Analysis (EFA)

Because the measurement scales were adapted from multiple prior studies and applied
within a new operational and cultural environment, Exploratory Factor Analysis (EFA) was
conducted prior to Confirmatory Factor Analysis (CFA) in order to verify the dimensional
structure of the proposed constructs within the Moroccan warehouse context.

EFA was performed using Principal Axis Factoring with Varimax rotation. The Kaiser—
Meyer-Olkin (KMO) measure of sampling adequacy reached 0.891, exceeding the recom-
mended threshold of 0.70, while Bartlett’s Test of Sphericity was statistically significant
(x* = 4862.71, p < 0.001), confirming the suitability of the dataset for factor analysis.

The EFA results reported in Table 5 confirm that all measurement items loaded strongly
on their intended constructs. All factor loadings exceeded 0.70 without significant cross-
loadings, thereby confirming the dimensional stability of the proposed constructs within
the Moroccan logistics context.

Table 5. Exploratory Factor Analysis Results.

Construct Item Factor Loading
SIR1 0.81
Smart Industrial Robots (SIR) SIR2 0.84
SIR3 0.79
All 0.83
Al-driven Autonomous Vehicles (AI) Al2 0.86
AI3 0.80
DR1 0.78
Drones (DR) DR2 0.81
DR3 0.79
WOP1 0.85
Warehouse Operational Performance (WOP) WOP2 0.82
WOP3 0.83
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5.3. Measurement Model Validation (CEA)

Confirmatory Factor Analysis (CFA) was subsequently conducted to validate the
measurement model and assess construct reliability, convergent validity, and discriminant
validity. The reliability and convergent validity results summarized in Table 6 confirm
satisfactory internal consistency and construct validity across all latent variables. All
Cronbach’s Alpha and Composite Reliability (CR) values exceeded the recommended
threshold of 0.70, thereby confirming satisfactory internal consistency reliability. Similarly,
all Average Variance Extracted (AVE) values exceeded 0.50, supporting convergent validity.

Table 6. Reliability and Convergent Validity Assessment.

Construct Cronbach’s Alpha CR AVE

Smart Industrial Robots (SIR) 0.88 0.91 0.62
Al-driven Autonomous Vehicles (AI) 0.89 0.92 0.65
Drones (DR) 0.87 0.90 0.61

Warehouse Operational Performance (WOP) 091 0.93 0.66

Discriminant validity was assessed using both the Fornell-Larcker criterion and
the Heterotrait-Monotrait Ratio (HTMT). The discriminant validity results presented
in Tables 7 and 8 further confirm the empirical distinctiveness of the proposed constructs.
All HTMT values remained below the recommended threshold of 0.85, confirming that the
constructs were empirically distinct and conceptually independent.

Table 7. Fornell-Larcker Criterion.

Construct SIR Al DR wWOoP
SIR 0.788
Al 0.41 0.806
DR 0.36 0.39 0.781
WOP 0.44 0.48 0.40 0.813

Table 8. Heterotrait-Monotrait Ratio (HTMT).

Construct SIR Al DR wor
SIR — 0.52 0.47 0.58
Al — 0.49 0.61
DR — 0.55
WOP —
Note: “—” indicates diagonal elements (comparison of a construct with itself); therefore, HTMT values are
not applicable.

Overall, the CFA results confirm that the measurement model demonstrates satisfac-
tory reliability, convergent validity, discriminant validity, and overall SEM adequacy.

5.4. Common Method Bias and Robustness Checks

Because both independent and dependent variables were collected from the same
respondents, common method bias represented a potential methodological concern. Sev-
eral procedural and statistical remedies were therefore implemented to reduce this risk.
Procedurally, respondents were informed that participation remained anonymous and
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confidential in order to reduce evaluation apprehension and social desirability bias. Ques-
tionnaire items were additionally organized to minimize direct response pattern effects and
reduce respondents’ tendency toward consistency bias.

Statistically, Harman'’s single-factor test was conducted to examine whether a single
latent factor accounted for the majority of variance within the dataset. The first factor
explained 32.7% of total variance, remaining below the commonly accepted threshold
of 50%, thereby suggesting that common method bias was unlikely to represent a se-
vere threat to the study findings. The common method bias and collinearity diagnostics
reported in Table 9 suggest that common method bias is unlikely to represent a severe
methodological threat.

Table 9. Common Method Bias and Collinearity Diagnostics.

Diagnostic Value Threshold Interpretation
Harman Single Factor Variance 32.7% <50% Acceptable
Maximum Full Collinearity VIF 2.84 <5.00 No multi-
collinearity

Additional robustness procedures were also conducted through alternative model
estimations, subgroup comparisons, and moderation stability analysis across warehouse
size and professional categories. The structural relationships remained relatively stable
across alternative estimations, thereby strengthening the robustness and consistency of the
SEM findings.

Because subgroup comparisons were explored across managerial roles and warehouse
size categories, measurement invariance considerations were also examined conceptually.
However, full multi-group measurement invariance procedures were not comprehensively
implemented within the present study. Consequently, the moderation findings should be
interpreted cautiously and primarily as exploratory indications of contextual variation
rather than definitive structural differences between respondent groups. The post hoc
statistical power analysis summarized in Table 10 additionally confirms that the sample
size was statistically adequate for detecting medium and interaction effects.

Table 10. Post hoc Statistical Power Analysis.

Parameter Value
Sample Size 1753
Statistical Power 0.97
Effect Size Medium
Significance Level 0.05

The post hoc power analysis confirmed that the sample size was sufficient for detecting
medium and interaction effects within the SEM model. Nevertheless, because the study
relies primarily on self-reported perceptual data collected through a cross-sectional survey
design, the possibility of residual perceptual bias, managerial optimism, favorable organiza-
tional technology orientation, and social desirability effects cannot be completely excluded.

5.5. Structural Model Results and Hypothesis Testing

The structural model was estimated using Structural Equation Modeling (SEM) in
AMOS 29 with Maximum Likelihood Estimation (MLE). Prior to estimation, missing data,
normality, and multicollinearity diagnostics were examined. The normality diagnostics
reported in Table 11 indicate acceptable skewness and kurtosis values for SEM estimation.
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Table 11. Normality Diagnostics.

Construct Skewness Kurtosis
Smart Industrial Robots (SIR) —0.84 0.92
Al-driven Autonomous Vehicles (Al) —1.12 1.21
Drones (DR) —0.73 0.81
Warehouse Operational Performance (WOP) —0.65 —1.08

The skewness and kurtosis values remained within acceptable thresholds for Maxi-
mum Likelihood Estimation, thereby supporting acceptable univariate normality assump-
tions. As presented in Table 12, the structural model demonstrated satisfactory fit across all
recommended SEM indices. Bootstrapping procedures with 5000 resamples additionally
confirmed the stability of parameter estimates and confidence intervals.

Table 12. Structural Model Fit Indices.

Fit Index Obtained Value = Recommended Threshold Interpretation
CFI 0.961 >0.90 Acceptable
TLI 0.953 >0.90 Acceptable

RMSEA 0.042 <0.08 Acceptable
SRMR 0.039 <0.08 Acceptable
x2/df 2.15 <3.00 Acceptable

The hypothesis testing results are summarized in Table 13, while the structural rela-
tionships and standardized path coefficients obtained from the SEM analysis are illustrated
in Figure 2.

Table 13. SEM Path Coefficients and Hypothesis Testing.

95% Confidence

Hypothesis Path B SE t-Value  p-Value Interval Result
H1 SIR — Efficiency 042  0.03 14.0 <0.001 [0.36; 0.48] Supported
H2 Al — Accuracy 046  0.04 11.5 <0.001 [0.39; 0.52] Supported
H3 Drones — Resilience 039  0.03 12.8 <0.001 [0.33; 0.45] Supported
H4 SIR*AI — Efficiency 0.18  0.02 6.9 <0.01 [0.12; 0.24] Supported
H5 AI*Drones — Resilience  0.15  0.02 5.8 <0.01 [0.09; 0.20] Supported

Note: * indicates an interaction effect between the corresponding constructs.

The model’s explanatory power was also substantial. The R? values reached 0.48 for
operational efficiency, 0.51 for operational accuracy, and 0.42 for warehouse resilience.

Opverall, the empirical findings provide strong support for the conceptual framework
proposed in this study. More specifically, Hypothesis H1 proposed that Smart Industrial
Robots would be positively associated with perceived operational efficiency. The SEM
results confirmed this relationship, suggesting that respondents perceive industrial robots
as important contributors to workflow optimization, repetitive task automation, operational
coordination, and process consistency within warehouse environments.

Hypothesis H2 proposed that Al-driven Autonomous Vehicles would be positively
associated with perceived operational accuracy. The findings supported this relationship,
indicating that Al-enabled systems are perceived as important mechanisms associated with
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improved routing precision, inventory coordination, warehouse visibility, and operational
decision-making quality.

H1
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Figure 2. SEM Structural Model. Note: * indicates the statistical significance of the corresponding
path coefficient (** p < 0.01; *** p < 0.001).

Hypothesis H3 predicted that drones would be positively associated with per-
ceived warehouse resilience. The empirical results supported this hypothesis and sug-
gest that drone technologies may contribute to adaptive warehouse monitoring, dis-
ruption detection, inventory visibility, and operational responsiveness during uncertain
operational conditions.

Beyond the direct effects, the study additionally examined interaction effects among
autonomous technologies. Hypothesis H4 proposed that the interaction between Smart
Industrial Robots and Al-driven systems would strengthen perceived operational efficiency.
The findings supported this hypothesis, suggesting that stronger operational implica-
tions emerge when robotics systems operate in coordination with Al-enabled decision
and coordination mechanisms rather than through isolated technological implementation.
Similarly, Hypothesis H5 proposed that the interaction between Al-enabled systems and
drones would strengthen perceived warehouse resilience. The SEM results supported
this relationship and suggest that coordinated interactions between predictive Al coor-
dination systems and real-time drone monitoring technologies may be associated with
stronger adaptive operational capabilities and disruption-management responsiveness
within warehouse environments.

Collectively, these findings demonstrate that autonomous warehouse transformation is
not limited to the adoption of individual technologies. Instead, the results suggest that per-
ceived operational implications increasingly emerge from technological complementarities,
organizational coordination, workforce adaptation, and integrated digital logistics architec-
tures. Nevertheless, because the study relies primarily on perceptual survey data rather
than objective warehouse operational indicators such as throughput rates, picking accuracy,
inventory discrepancies, operational downtime, or disruption recovery time, the findings
should not be interpreted as definitive evidence of causal operational improvement.

5.6. Moderation and Interaction Effects

The SEM analysis additionally examined interaction and moderation effects associated
with workforce experience, managerial role, and warehouse size. These moderation vari-
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ables were selected because previous smart logistics literature suggests that organizational
characteristics, workforce capabilities, operational readiness, and infrastructure maturity
may influence the implementation and perceived effectiveness of autonomous warehouse
technologies within operational environments.

Interaction terms were estimated using mean-centered variables in order to reduce mul-
ticollinearity risks before interaction estimation. Product-indicator interaction procedures
were subsequently incorporated into the SEM estimation process to evaluate synergistic
relationships among autonomous technologies operating within warehouse environments.

The exploratory moderation effects summarized in Table 14 suggest that workforce
experience, managerial role, and warehouse size may influence the perceived effectiveness
of autonomous warehouse technologies.

Table 14. Moderation Effects of Experience, Role, and Warehouse Size.

Interaction Moderator Effect Size  t-Value  Significance
SIR*AI Experience (>10 yrs) 0.21 5.3 p <0.01
AT*Drones Warehouse Size (Large) 0.18 49 p<0.01
SIR — Efficiency  Job Role (Managerial) 0.19 4.6 p<0.01

Note: * indicates an interaction effect between the corresponding constructs.

The interaction results demonstrated that the coordinated deployment of Smart In-
dustrial Robots and Al-enabled systems generated stronger positive associations with
perceived operational efficiency than isolated technological implementation. Similarly,
the interaction between Al-enabled systems and drones was positively associated with
perceived warehouse resilience.

These findings support the argument that autonomous warehouse technologies rarely
operate independently within modern logistics systems. Instead, operational implications
increasingly emerge from coordinated multi-agent interactions among robots, Al-enabled
transport systems, drones, and real-time operational coordination mechanisms.

The moderation findings additionally indicate that contextual and human-centered
dimensions remain important determinants of autonomous technology effectiveness. Ex-
perienced employees may possess stronger operational knowledge and greater ability to
coordinate Al-enabled systems within complex warehouse activities.

At the same time, the findings also suggest that autonomous technology deploy-
ment may involve implementation complexity and organizational adaptation challenges.
Workforce training requirements, cybersecurity concerns, infrastructure readiness, interop-
erability limitations, and resistance to operational change remain important operational
considerations associated with autonomous warehouse transformation.

In addition, although moderation effects were identified across professional experience,
managerial role, and warehouse size categories, the absence of full multi-group measure-
ment invariance testing suggests that these moderation findings should be interpreted
primarily as exploratory relationships. Future research should therefore implement com-
prehensive measurement invariance procedures before establishing definitive structural
comparisons across operational groups. Nevertheless, these moderation and interaction ef-
fects should be interpreted cautiously because the study relies on cross-sectional perceptual
data rather than longitudinal operational measurements.

6. Discussion

The present study investigated the relationships between Smart Industrial Robots
(SIR), Al-driven Autonomous Vehicles (AI), Drones (DR), and perceived Warehouse Opera-
tional Performance (WOP) within the Moroccan logistics context. The empirical findings
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indicate that autonomous warehouse technologies are positively associated with perceived
operational efficiency, operational accuracy, and warehouse resilience. More importantly,
the study suggests that stronger operational implications may emerge when these tech-
nologies operate through coordinated and integrated technological ecosystems rather than
isolated implementations.

The findings reveal that Smart Industrial Robots exhibit the strongest association
with perceived operational efficiency. This result aligns with previous studies by [12,14],
which emphasized the ability of industrial robotics to automate repetitive warehouse
tasks, reduce operational interruptions, strengthen workflow consistency, and improve
logistics coordination mechanisms. However, while previous studies mainly focused on
technologically mature logistics environments, the present findings extend this literature
by suggesting that industrial robotics may also play a significant operational role within
emerging-market logistics systems characterized by heterogeneous infrastructure quality
and evolving digital maturity.

Similarly, Al-driven Autonomous Vehicles demonstrated the strongest association
with perceived operational accuracy. This finding is consistent with previous research
by [16,17], which highlighted the role of Al-enabled systems in improving warehouse
visibility, predictive coordination, inventory synchronization, routing precision, and op-
erational responsiveness. The findings therefore reinforce the argument that Al-enabled
coordination systems increasingly constitute a central component of contemporary smart
logistics architectures. At the same time, the Moroccan context reveals that the perceived
effectiveness of Al-enabled systems remains strongly dependent on workforce readiness,
digital infrastructure maturity, interoperability capabilities, and managerial support.

The findings additionally indicate that drones are positively associated with per-
ceived warehouse resilience. This result extends previous warehouse automation literature
that has traditionally focused primarily on productivity and operational efficiency while
paying comparatively limited attention to resilience-oriented logistics capabilities. The
present findings suggest that drones may contribute to adaptive warehouse monitoring,
disruption detection, inventory visibility, operational continuity, and real-time responsive-
ness under uncertain operational conditions. Nevertheless, respondents also emphasized
practical implementation constraints associated with drone deployment, including in-
frastructure limitations, cybersecurity concerns, navigation precision challenges, battery
autonomy constraints, and operational integration difficulties with existing warehouse
management systems.

One of the most important contributions of the study lies in the identification of in-
teraction effects among autonomous technologies. While much of the previous literature
evaluates robots, Al-enabled systems, and drones independently, the present findings
suggest that stronger operational implications may emerge when these technologies op-
erate through coordinated technological ecosystems. More specifically, the interaction
between Smart Industrial Robots and Al-enabled systems was positively associated with
perceived operational efficiency, whereas the interaction between Al-enabled systems and
drones strengthened perceived warehouse resilience. These findings therefore support the
argument that warehouse operational performance increasingly depends on technologi-
cal complementarities, real-time coordination mechanisms, and integrated autonomous
logistics architectures rather than isolated technological investments.

The findings additionally reinforce the socio-technical systems perspective developed
in the theoretical framework. Autonomous warehouse transformation does not appear to
result solely from technological acquisition. Instead, the findings suggest that workforce
capabilities, organizational readiness, managerial coordination, operational adaptation, and
infrastructure maturity are important factors associated with the perceived effectiveness of
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autonomous systems. This interpretation is further supported by the moderation findings,
which revealed that workforce experience, managerial role, and warehouse size significantly
influenced several structural relationships within the SEM model.

The results also contribute to the Technology—Organization—Environment (TOE) frame-
work by demonstrating that autonomous technology adoption alone remains insufficient
unless accompanied by organizational alignment and operational readiness. Warehouses
possessing stronger managerial support, digital infrastructure, workforce preparedness,
and operational integration capabilities appear more likely to perceive positive operational
implications from autonomous technologies. Conversely, organizations characterized by
weaker infrastructure readiness or limited workforce digital competencies may face greater
implementation complexity and lower operational integration capacity.

The findings additionally contribute to the Resource-Based View (RBV) and Dynamic
Capability Theory. The identified interaction effects suggest that firms may generate
stronger operational capabilities through the orchestration and integration of multiple
autonomous systems rather than through isolated technological deployment. In this per-
spective, autonomous technologies may constitute strategic logistics resources whose oper-
ational value depends largely on complementary organizational capabilities, coordination
mechanisms, workforce adaptation, and learning processes.

At the same time, the findings reveal that autonomous warehouse transformation
involves substantial implementation complexity. Respondents emphasized the importance
of workforce training, cybersecurity management, infrastructure readiness, operational in-
teroperability, change-management practices, and human-technology coordination. These
findings therefore nuance the frequently optimistic discourse surrounding autonomous
logistics technologies by highlighting that digital transformation processes may generate
organizational resistance, adaptation challenges, operational uncertainty, and technological
dependency risks.

The Moroccan context additionally provides an important contribution to the
emerging-market logistics literature. Most existing warehouse automation studies fo-
cus primarily on technologically mature economies characterized by advanced digital
infrastructure and relatively standardized logistics systems. In contrast, the Moroccan
logistics environment presents heterogeneous infrastructure quality, evolving digital trans-
formation capabilities, operational variability, and unequal technological readiness across
warehouse facilities. Consequently, the present findings provide a more context-sensitive
understanding of how autonomous technologies are perceived and operationalized within
emerging logistics ecosystems.

The findings additionally suggest that autonomous logistics transformation should
not be interpreted exclusively through technological determinism perspectives. Although
autonomous systems may support operational coordination and logistics responsiveness,
their effectiveness appears strongly conditioned by organizational adaptation processes,
workforce capabilities, institutional readiness, and strategic implementation choices. This
interpretation is particularly important within emerging-market logistics systems where
technological investment capacities, digital infrastructure quality, and workforce digital
skills may vary substantially between firms and warehouse facilities.

Nevertheless, the findings should be interpreted cautiously. The study primarily mea-
sures respondents’ perceptions regarding operational implications rather than objective
warehouse performance indicators such as throughput rates, inventory accuracy, picking er-
ror rates, labor productivity, operational downtime, safety incidents, or disruption recovery
time. Consequently, the results provide evidence of positive perceived associations between
autonomous warehouse technologies and warehouse operational performance dimensions
rather than direct evidence of objective operational improvement or causal superiority.
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Furthermore, because the study relies on a cross-sectional survey design, causal
relationships cannot be definitively established. The observed associations may partially
reflect organizational technology orientation, managerial optimism, favorable attitudes
toward digital transformation initiatives, or social desirability effects associated with
technologically advanced logistics systems.

6.1. Implications for Theory

The study contributes to several theoretical streams related to smart logistics, au-
tonomous systems, warehouse digitalization, and organizational transformation. First,
the findings reinforce the relevance of socio-technical systems theory by demonstrating
that warehouse operational performance emerges not only from technological deployment
itself but also from the interaction between technological systems, workforce capabil-
ities, organizational coordination, managerial support, and operational infrastructure.
The findings therefore support the argument that autonomous warehouse transformation
should be analyzed as a multidimensional socio-technical process rather than as a purely
technological phenomenon.

Second, the study extends the Technology-Organization-Environment (TOE) frame-
work by illustrating how organizational readiness, infrastructure maturity, managerial
coordination, workforce experience, and operational adaptation influence the perceived
effectiveness of autonomous warehouse technologies. The findings suggest that the opera-
tional implications of autonomous systems remain strongly dependent on organizational
and environmental conditions surrounding technological implementation.

Third, the study contributes to the Resource-Based View (RBV) and Dynamic Capa-
bility Theory by highlighting the strategic importance of integrated autonomous logistics
capabilities. The interaction effects identified between robots, Al-enabled systems, and
drones suggest that firms may generate stronger logistics capabilities through coordinated
technological complementarities rather than isolated technology adoption. Consequently,
autonomous systems may represent strategic operational resources whose effectiveness
depends on complementary organizational capabilities and learning processes.

Fourth, the study contributes to the limited literature examining autonomous logistics
technologies within emerging-market environments. Existing warehouse automation re-
search remains heavily concentrated on technologically mature economies. By focusing
on Morocco, the present research extends theoretical understanding regarding how au-
tonomous technologies are perceived under conditions characterized by evolving digital
transformation processes, heterogeneous infrastructure quality, and operational variability.

Finally, the findings contribute to the growing literature concerning the multidimen-
sional nature of warehouse operational performance. The results suggest that autonomous
technologies may be associated differently with operational efficiency, operational accuracy,
and warehouse resilience, highlighting the need to conceptualize warehouse operational
performance as a multidimensional and context-dependent construct rather than a purely
productivity-oriented outcome.

6.2. Implications for Practice and Policy

The findings provide several practical implications for warehouse managers, logistics
operators, technology providers, and policymakers involved in logistics digital trans-
formation initiatives. First, warehouse managers should avoid perceiving autonomous
technologies as isolated operational solutions. The interaction effects identified in the
study suggest that stronger operational implications emerge when robots, Al-enabled
systems, and drones are deployed through coordinated logistics ecosystems characterized
by interoperability, real-time coordination, and integrated operational management.
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Second, workforce adaptation remains a critical determinant of successful autonomous
warehouse transformation. Managers should therefore invest in workforce training, dig-
ital skills development, human—-machine coordination capabilities, and organizational
change-management programs. The findings suggest that operational resistance and
workforce adaptation challenges may significantly influence the perceived effectiveness of
autonomous systems.

Third, warehouse size and infrastructure maturity appear to influence autonomous
technology effectiveness. Larger warehouses may possess stronger investment capacities,
more advanced infrastructure, and greater operational flexibility for deploying integrated
autonomous systems. In contrast, smaller warehouses may face resource limitations,
technological integration challenges, and infrastructure constraints. Consequently, logistics
digitalization strategies should be adapted to organizational size and operational context
rather than implemented through standardized technological models.

Fourth, policymakers should strengthen logistics digital infrastructure, cybersecurity
standards, interoperability frameworks, and workforce digital training initiatives in order
to facilitate autonomous logistics transformation. Emerging-market logistics systems may
require supportive institutional policies capable of reducing technological adoption barriers
and improving digital readiness across warehouse ecosystems.

Fifth, the findings highlight the importance of cybersecurity governance and opera-
tional interoperability. Autonomous warehouse systems increasingly depend on intercon-
nected digital infrastructures, Al-enabled coordination systems, and real-time operational
data flows. Consequently, cybersecurity vulnerabilities, operational integration failures,
and technological dependency risks may represent significant challenges for warehouse
digital transformation.

Finally, the findings suggest that logistics digital transformation should be approached
progressively rather than through large-scale immediate automation initiatives. Incremen-
tal implementation strategies integrating workforce adaptation, technological experimenta-
tion, operational learning, and infrastructure readiness may generate more sustainable and
operationally coherent autonomous transformation processes.

6.3. Limitations of the Study and Future Research Directions

Despite its contributions, the study presents several limitations that should be ac-
knowledged. First, the study relies primarily on self-reported perceptual data collected
through survey responses. Although perceptual measures remain common within logistics
and organizational research, future studies should integrate objective warehouse opera-
tional indicators such as throughput rates, inventory accuracy, picking error rates, labor
productivity, operational downtime, safety incidents, disruption recovery metrics, and
warehouse cycle times in order to strengthen empirical robustness.

Second, the study adopts a cross-sectional research design. Consequently, the find-
ings identify perceived associations rather than causal relationships between autonomous
technologies and warehouse operational performance. Future longitudinal studies could
provide a more robust understanding of how autonomous warehouse transformation
evolves over time and how operational implications develop during technology implemen-
tation processes.

Third, the study focuses specifically on the Moroccan logistics environment. Al-
though this context provides valuable insights regarding autonomous technologies within
emerging-market logistics systems, the findings may not be fully generalizable to other
institutional or operational environments characterized by different technological maturity
levels, regulatory systems, or infrastructure conditions.
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In addition, the study employed a purposive sampling strategy targeting logistics pro-
fessionals familiar with autonomous warehouse technologies. Although this approach was
appropriate for capturing informed perceptions regarding industrial robots, Al-enabled
systems, and drones, it may limit the generalizability of the findings to broader logistics pop-
ulations or warehouse environments with lower levels of technological adoption. Future
research could employ probability-based sampling techniques and include a wider range
of logistics organizations to improve external validity and strengthen the generalizability
of the findings.

Fourth, although robustness checks and common method bias procedures were con-
ducted, residual perceptual bias, organizational optimism effects, and favorable technology
orientation cannot be completely excluded. Future research could therefore combine per-
ceptual survey data with operational performance datasets, observational analysis, or
mixed-method approaches integrating qualitative interviews and case studies.

Fifth, although moderation effects were identified across workforce experience, man-
agerial role, and warehouse size categories, the present study did not implement full
multi-group measurement invariance procedures. Consequently, future studies should
conduct comprehensive measurement invariance testing before establishing definitive
structural comparisons across operational groups.

Finally, future research could further investigate emerging technological trajectories
related to Industry 5.0, collaborative robotics, predictive warehouse intelligence, digital
twins, deep learning systems, human-centered autonomous logistics ecosystems, and
Al-enabled supply chain orchestration mechanisms.

7. Conclusions

This study examined the relationships between Smart Industrial Robots, Al-driven
Autonomous Vehicles, Drones, and perceived Warehouse Operational Performance within
the Moroccan logistics context. The findings suggest that autonomous warehouse tech-
nologies are positively associated with operational efficiency, operational accuracy, and
warehouse resilience, particularly when deployed through coordinated and integrated
technological ecosystems rather than isolated technological implementations.

The study makes several contributions to the literature on autonomous logistics and
warehouse digitalization. First, it extends current knowledge by simultaneously examining
the individual and interaction effects of multiple autonomous technologies within a single
analytical framework. Second, it contributes empirical evidence from an emerging-market
context, thereby enriching a literature that has largely focused on technologically mature
economies. Third, the findings reinforce the relevance of socio-technical, TOE, RBV, and
Dynamic Capability perspectives by demonstrating that the effectiveness of autonomous
technologies depends not only on technological deployment itself but also on organizational
readiness, workforce capabilities, managerial support, and operational integration.

Overall, the study highlights that the future of warehouse digital transformation is
likely to depend on the successful integration of autonomous technologies with human, or-
ganizational, and operational capabilities. Consequently, autonomous warehouse transfor-
mation should be viewed not merely as a technological challenge but as a broader organiza-
tional and strategic process requiring coordinated technological and human development.
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Appendix A. Questionnaire Structure and Measurement Items

Dear Participant,

This questionnaire is part of an academic research study examining the impact of
smart industrial robots, artificial intelligence systems, and drones on warehouse operational
performance. Your responses are anonymous and will be used only for academic purposes.
Please answer honestly based on your professional experience.

All measurement items were evaluated using a five-point Likert scale:
0 1 = Strongly Disagree [1 2 = Disagree 1] 3 = Neutral [1 4 = Agree 1J 5 = Strongly Agree.

Appendix A.1. Section 1: Demographic and Professional Information

1. Gender [J Male [] Female

Age [118-24 [125-30 13140 [J41-50 LJ Above 50

Educational Background [ High School [1 Bachelor Degree [1 Master Degree [1 PhD
Professional Experience [1 Less than 5 years U 5-10 years [] 11-15 years
U More than 15 years

Job Role [ Manager [ Operational Staff [1 Warehouse Coordinator [ Logistics Technician
Warehouse Size [1 Small [ Medium U Large

Familiarity with Autonomous Technologies

Industrial Robots [1 Very Low [J Low [1 Moderate [1 High [1 Very High

Al-driven Autonomous Vehicles [ Very Low [ Low U Moderate [ High [1 Very High
* Drone Technologies U Very Low [0 Low [0 Moderate [ High [ Very High

Ll N

FNow

¥

Appendix A.2. Section 2: Autonomous Logistics Technologies
Smart Industrial Robots (SIR)

* The warehouse extensively uses robots for repetitive operational activities such as
sorting, picking, and packing. 1102030405

* Industrial robots dynamically adapt to operational workflow variations within ware-
house activities. 1102030405
* Industrial robots contribute to reducing operational errors and improving warehouse

coordination. 0102030405
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Al-driven Autonomous Vehicles (AI)

Al-driven autonomous vehicles improve operational accuracy through predictive
coordination of warehouse transport activities. 1102030405

Al-driven autonomous vehicles facilitate anomaly detection and operational adjust-
ment within warehouse processes. (1112131405

Al-driven autonomous vehicles improve real-time resource allocation and warehouse
operational synchronization. 110203405

Drones (DR)

Drones are used for inventory monitoring and warehouse inspection activities.
0102030405

Drones coordinate effectively with Al-driven autonomous vehicles and ground-based
warehouse technologies. J1 02030405

Drone technologies contribute to warehouse operational resilience through real-time
monitoring and rapid operational visibility. 1102030405

Appendix A.3. Section 3: Warehouse Operational Performance (WOP)

*

Autonomous technologies contribute to improving overall warehouse operational
efficiency. 1102030405

Autonomous technologies contribute to improving warehouse operational accuracy
and coordination. 0102030405

Autonomous technologies contribute to strengthening warehouse operational re-
silience during disruptions. 1102030405

Appendix A.4. Section 4: Additional Contextual and Exploratory Questions

(The following exploratory questions were included to better contextualize respon-

dents’ perceptions regarding autonomous warehouse implementation and operational

readiness. These items were used for contextual interpretation purposes and were not

incorporated as latent constructs within the SEM model).

*

Workforce Readiness: Employees are adequately prepared to work with autonomous
warehouse technologies. 1102030405

Organizational Support: The organization strongly supports warehouse digital trans-
formation initiatives. 1102030405

Infrastructure Readiness: The warehouse possesses adequate technological infras-
tructure for autonomous systems integration. 1102030405

Operational Interoperability: Autonomous systems interact effectively with existing
warehouse management systems. 1102030405

Cybersecurity Preparedness: The warehouse possesses adequate cybersecurity mea-
sures for autonomous logistics operations. 1102030405
Human-Technology Coordination: Employees coordinate effectively with au-
tonomous warehouse systems. 1102030405

Training Adequacy: Employees receive sufficient training regarding autonomous
warehouse technologies. 1102030405
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