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ABSTRACT - The sporadic adoption rate of Unmanned Aerial Systems (UAS) in s pr1cLE HISTORY

various sectors such as agriculture, logistics, search and rescue, and
environmental monitoring, among others, calls for robust Unmanned Traffic
Management (UTM) frameworks to ensure a secure and seamless UAS
operation. The development and integration of UTM into the existing air traffic
management (ATM) framework present unique challenges that require well-
researched solutions. Sarawak's diverse geography and topological terrain,
characterized by hilly and inaccessible roads and dangerous waterways,
necessitate the adoption of UAS for emergencies, logistics, and disaster
management. This paper determines the suitability of Work System Theory
(WST), which promotes a holistic understanding and practical design of
systems for developing UTM frameworks for Sarawak. The capability of WST to
allow dynamic interactions between technology, processes, participants, and
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the environment in the work system sets it apart from other traditional
information systems theories, such as General System Theory, Sociotechnical
System Theory, and the Actor-Network Theory. This paper argues that WST
provides a more comprehensive and adaptable foundation for UTM frameworks
in Sarawak through the review of related information system theories,
highlighting their strengths and limitations. The findings suggest that WST
provides a valuable theoretical foundation for creating safe, efficient, and
sustainable UTM systems that can support the growth of the UAS industry in
Sarawak while addressing the unique socio-cultural and environmental
contexts of the region. This work contributes to both theoretical discourse and
practical advancements in UTM, advocating for WST as a foundational
framework for emerging technologies in complex environments.

INTRODUCTION

Technological advancement and enabling regulation have spurred the adoption of Unmanned Aerial
Systems (UAS) that are revolutionizing industries across the globe, from agriculture and logistics to disaster
management and environmental monitoring [1]. Driven by the potential uses, benefits, and risks of UAS,
there has been a heightened global race to enable the safe integration of UAS into society [2], including
Malaysia [3]. Sarawak is the largest state in Malaysia with a land mass of 124,450 square kilometres [4],
characterised by craggy topography consisting of mountainous terrain and a vast river network, constituting
substantial logistical problems [5]. Commuting to many rural communities scattered across the state by
road is a herculean task; worse still, the waterways are infested with crocodiles posing a high risk to
transportation by boat [6]. A mid-air collision of two commercial flights over the Grand Canyon, US, in
1956, resulting in the death of all 128 passengers onboard, necessitated the development of an Air Traffic
Management (ATM) system [7]. The increasing number of UAVs, coupled with security and safety concerns,
not only poses a security risk to buildings and property, but also to the general public and air travel [8],
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necessitating an appropriate level of organization. The rising rate of UAV adoption causing congested air
traffic has forced all international civil aviation regulators to address the issue of integrating unmanned
aircraft into the ATM system [9] amplifying the call for the development of a robust Unmanned Traffic
Management (UTM) framework to ensure the safe, secure, efficient, equity, and regulated integration of
UAS into the airspace [7]. The growing adoption of UAS requires a strong and easily dependable system for
safe and effective control of both conventional and autonomous aircraft in our airspace. Achieving such a
system is laced with a lot of challenges to ensure an appropriate level of organisation and clarity built upon
a sound regulatory framework [8]. The major barrier hampering the adoption of UAS in Sarawak is the lack
of an operational framework that encompasses airspace operations requirements, procedures, and support
functions. Likewise, the successful development, implementation, and integration of UTM into ATM
requires cooperation among regulators, industry stakeholders, and the general public [3], each having
different roles and responsibilities [7].

UTM is a framework specifically designed to facilitate the safe, efficient, and scalable operation of UAVs,
especially in low-altitude airspace [10]. As the use of drones has expanded rapidly for a variety of
applications, from commercial deliveries to aerial surveillance, there is a need to integrate these systems
into the global airspace safely. UTM aims to manage drone traffic, ensuring safety, security, and efficiency
in the airspace. It involves a set of technologies, rules, and procedures that are collectively used to manage
and monitor drone flights. The goal is to enable a shared environment where both manned and unmanned
aircraft can safely coexist. Key aspects of UTM include communication, navigation, and surveillance
systems that provide traffic management for drones, akin to traditional air traffic management systems for
manned aircraft but adapted to the unique characteristics of UAVs [11], taking into consideration their
geographical and use cases [7].

As a concept, the UTM is described as a system of technical systems and stakeholders working together
in specific interactions and in compliance with regulations specific to different countries to guarantee air
traffic control. Conversely, the UTM system is a tangible technical implementation that consists of the
drones themselves, the software, and the infrastructure required to execute the program [12]. In actuality,
UTM is a complex system made up of several components and entities working harmoniously to ensure
safe, secure, and efficient operations of UAS. Developing such a framework requires a theoretical
foundation that captures the complexities of UAS operations and guides practical implementation.
Amongst the numerous information systems (IS) theories, Work System Theory (WST) stands out for its
holistic approach. The objective of this paper is to evaluate the suitability of WST for developing a UTM
framework in Sarawak, comparing it to other prominent theories to justify its adoption.

UAS AND UTM CHALLENGES IN SARAWAK

The UTM system, a collection of services providing automated airspace management, makes UAV flights in
regulated and uncontrolled airspace safe and secure [12]. The rising realisation of an operational UTM
system integrated into ATM for effective and secure UAS operation has motivated several studies [8; 12],
[13; 14]. UAS is gradually finding its way into Malaysia to tackle issues related to urbanisation, such as
pollution, traffic jams, urban sprawl, and a lack of social amenities. Effective adoption in Malaysia, however,
requires solving identified obstacles such as regulations, flying time and range limitations, knowledge gaps,
a shortage of trained staff, privacy and security concerns, among others [3].

Sarawak, Malaysia's largest state, presents a unique set of logistical challenges due to its expansive and
diverse topography [4]. The advent of UAV technology offers a promising solution to these challenges. The
rural and often isolated communities in Sarawak stand to benefit significantly from UAV adoption. These
systems promise to bridge the gap between urban centres and remote villages, ensuring equitable access to
essential goods and services. This not only addresses the logistical challenges of physical terrain but also
promotes socio-economic development in rural areas. The introduction of UAVs in Sarawak can
revolutionize the supply chain dynamics, enhancing the accessibility of agricultural inputs, educational
materials, and other critical resources as asserted in [14]. However, Sarawak’s geographical and socio-
economic diversity poses challenges such as limited infrastructure, variable weather conditions, and
regulatory complexities to the successful adoption of UAVs. These factors make a case for a UTM framework
that is not only robust but also adaptable to local contexts.
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INFORMATION SYSTEM THEORIES

Information systems (IS) are systems for providing information services to the user by receiving, storing,
accessing, transforming, transferring, and processing information to generate desired information services.
The value of IS lies in its ability to be involved in a set of system activities resulting in improved activities
[15]. Theories are enablers that allow researchers to make general working assumptions about elements
being investigated and to specify which components of a framework are relevant for answering certain types
of questions [16]. A conceptual framework for evaluating and creating information systems that assist
business operations is known as information systems theory (IST) [17].

Over time, as information technology has evolved and been widely adopted, several theories have been
developed to guide and inform IS practices. These theoretical frameworks help researchers and
practitioners understand and predict interactions between technology, users, and organizations. Among IS
theories include the Technology Acceptance Model (TAM) [18], Innovation Diffusion Theory (DOI) [19],
Structuration Theory [20], Information Systems Success Model (ISSM) [21], Critical Social Theory (CST)
[22], General System Theory [23], Actor-Network Theory (ANT) [24], Sociotechnical Systems Theory (STS)
[25], and Work System Theory (WST) [26]. The former set of IS theories, such as TAM, Structuration, DOI,
and CST, are better at providing deep insights into specific aspects of IS, such as user behaviour, adoption
processes, and power dynamics. On the contrary, the strength of the latter set of IS theories, such as GST,
STS, ANT, and WST, lies in their holistic and systems-oriented perspective, making them well-suited for
understanding and designing complex, interconnected systems [27; 28]. Hence, based on the fact that the
choice of theory depends on the research goals and the scope of analysis, and given the complexities of
designing a framework for UTM, the latter set of theories is reviewed to determine the most suitable one
for the task of developing a UAS framework work for UTM in Sarawak.

Work System Theory (WST)

WST [29] is an integrated framework for understanding systems within organizations, particularly those
relying on IT. At its core, WST includes two primary components: a Type 1 analytical theory called the work
system framework and a Type 2 explanatory theory called the work system life cycle model [30]. Together,
these form the basis for a design theory known as the Work System Method (WSM). The theory's domain
of greatest relevance is IT-reliant work systems, which are central to the field of IS. WST is not a theory of
everything for the IS discipline. Still, it provides a comprehensive perspective for understanding a wide
array of systems in organizations, excluding certain areas like the nuances of human-computer interaction
and competitive uses of IT.

At the heart of WST is the concept of a "work system" as the natural unit of analysis for considering
systems in organizations. As defined by [31], “A work system (WS) is a system in which human participants
and/or machines perform work (processes and activities) using information, technology, and other
resources to produce specific products/services for internal and/or external customers or themselves”. This
concept encompasses both sociotechnical systems, where people perform processes and activities, and
totally automated systems in which all activities are performed by machines. Key implications include the
necessity of alignment within the system's components and interactions, the purpose of work systems to
produce products/services for customers, and their evaluation based on both internal process efficiency and
customer evaluations. The WS framework is a foundational tool for describing and analysing IT-reliant WS
within organizations. It outlines a WS's form, function, and environment, focusing more on business
concerns rather than IT specifics. The framework consists of nine elements, categorizing processes,
activities, participants, information, and technologies as internal to the WS, and viewing customers,
products/services, environment, infrastructure, and strategies as having both internal and external
influences. Error! Reference source not found. shows the WS framework.
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Figure 1. Work System Framework [29]

The Work System Life Cycle Model (WSLC) offers a dynamic view of how work systems evolve over time
through planned and emergent changes. This model reflects the iterative nature of WS development and
change, capturing the ongoing adaptations, innovations, and improvements within work systems. Its
comprehensive focus on interactions among participants, processes, and technology aligns well with the
multifaceted demands of UTM in Sarawak. Key strengths of WST include:

e Contextual Adaptability: WST’s emphasis on system-environment interactions enables it to
accommodate Sarawak’s diverse operational contexts.

e Practical Design Guidance: By focusing on actionable system design, WST bridges the gap between
theoretical analysis and implementation.

e Stakeholder Inclusivity: WST facilitates the coordination of diverse stakeholders, from regulatory
bodies and UAS operators to local communities.

General System Theory (GST)

GST formulated by [32] and [33], is an interdisciplinary theory that provides a framework for
understanding the structure and behaviour of complex systems in various fields, including biology, ecology,
engineering, and social sciences. The central tenet of GST is that complex systems exhibit common patterns
and behaviours that can be understood and modelled in a unified way, despite the diversity of their
components and interactions. This theory seeks to transcend the boundaries of traditional scientific
disciplines by emphasizing the commonalities that systems share, promoting a more integrated and holistic
approach to scientific inquiry [34]. The focus of GST is on the identification and modelling of the general
principles that govern the behaviour and evolution of systems. It looks at systems as wholes, considering
not just the individual components but also their interactions and the emergent properties arising from
them. This approach leads to a better understanding of how complex behaviours and patterns emerge from
simple rules and interactions, which is a fundamental aspect of many natural and man-made systems [35].

In practice, GST has a wide range of applications across various disciplines. In biology and ecology, it
helps in understanding the complex interactions within ecosystems and the interdependence of organisms
[36]. GST also has significant philosophical implications. It challenges the traditional reductionist approach
in science, which tries to understand complex phenomena by breaking them down into simpler
components. Instead, GST promotes a holistic view, suggesting that the whole is more than the sum of its
parts and that understanding the system's overall behaviour is crucial. This perspective acknowledges the
limitations of reductionism, especially in dealing with complex and interconnected systems where emergent
properties play a significant role [37]. In summary, General Systems Theory is a broad and influential
framework that has significantly impacted many fields of study. By promoting a holistic and integrated
approach to understanding complex systems, GST has helped bridge the gap between various disciplines,
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leading to new insights and innovations. Its focus on common patterns and principles across different
systems, combined with its practical applications and philosophical depth, makes it a fundamental theory
in the study of complex phenomena.

Sociotechnical System Theory (STS)

STS is an integrative approach to understanding organizations by emphasizing the social and technical
factors' interrelatedness and mutual influence in work environments. Originating from the seminal work of
Trist and Bamforth in the early 1950s, STS challenges the traditional view of organizations by advocating
for the simultaneous optimization of both the social system (including people, culture, and organizational
structure) and the technical system (comprising technology, processes, and tasks). The theory posits that
neither aspect can be effectively optimized in isolation without considering its impact on the other,
advocating for a holistic approach to organizational design and performance improvement [38].

The focus of STS is on how organizations can achieve higher levels of productivity, innovation, and
employee satisfaction by recognizing and harmoniously integrating the social and technical dimensions of
work. The social aspects pertain to human interactions, cultural norms, and organizational structures,
whereas the technical aspects relate to the tools, technologies, and processes used in the production of goods
and services. By considering these aspects jointly, STS aims to create work environments that are more
humane, satisfying, and effective, leading to both improved organizational outcomes and a better quality of
work life for employees [39]. The theoretical framework of STS includes several key principles and concepts.
At its core is the notion of 'joint optimization', which means designing work systems that enhance the social
and technical elements together, rather than optimizing one at the expense of the other [40]. This involves
recognizing the complex, often nonlinear interactions between people and technology and designing
systems that accommodate these dynamics. Another critical concept is that of open systems, which view
organizations as entities that constantly interact with their environment. This perspective acknowledges
that changes inside the organization can affect and be affected by external factors, requiring a flexible and
adaptive approach to organizational design and management. STS also emphasizes the importance of
minimal critical specifications, variance control at the source, the need for multi-skilled workers, and the
design of work to support both individual autonomy and group collaboration. In conclusion, STS offers a
comprehensive, nuanced view of organizational design and development. It underscores the importance of
considering the complex interplay between social and technical factors in work systems and provides a
guiding framework for creating more integrated, adaptive, and human-centered organizations. As
businesses and technologies continue to evolve, the principles of STS remain relevant, guiding efforts to
enhance organizational effectiveness, adaptability, and the quality of work life in an increasingly complex
and fast-paced world.

Actor-Network Theory (ANT)

ANT is a conceptual approach that views social, technological, and natural entities not as distinct and
separate but as collectively forming a network of relations. ANT posits that actors, or actants, encompass
both human and non-human entities, such as technological artefacts, which are equally capable of
influencing and shaping socio-technical networks. The theory's key concept revolves around understanding
how these diverse entities collaborate, interact, and form alliances to create a network or a socio-technical
system. ANT is fundamentally about exploring the interconnectivity and relationality of things,
emphasizing that the nature of an entity is defined by its relationships within a network [41; 42].

The theory is particularly notable for its focus on how networks are maintained, the role of power within
them, and how change occurs as actors negotiate and translate their interests. It challenges conventional
distinctions between humans and non-humans, subject and object, society and technology, instead
proposing that the socio-technical system is a result of the associations between various entities. This
perspective allows for a deeper exploration of the intricacies of technological and social change, as it
acknowledges the influential role of non-human entities in shaping human society and vice versa. In
practice, ANT has been utilized to analyse a wide range of phenomena, particularly in the field of science
and technology studies, organizational studies, and sociology [43]. It has been applied to study the
development and implementation of technologies, organizational changes, and more broadly, the
understanding of complex socio-technical arrangements. Researchers use ANT to trace the network of
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relations and understand how technological systems, policies, and organizational structures evolve and are
stabilized or changed over time. Its application often involves case studies where the network of relations
is meticulously traced and analysed to understand the formation and transformation of socio-technical
systems. WST, GST, STS, and ANT are influential theories in the field of systems and organizational studies
that have found wider applications in IS. Each offers a unique lens through which to understand complex
systems, their components, and their interactions. Below is a comparative table that outlines their features.

Table 1. Comparison of Four Major IS Theories

Theory Focus Holism  Dynamic Sociotechnical ~ Complexity = Design
Interaction Integration Orientation

WST Work systems in v v A% v v
organizations

GST Interconnected parts of v v Partial v Partial
a system

STS Social and technical v v \% % \%
subsystems

ANT Networks of human v v % % Partial

and non-human actors

Based on Table 1 above, it is evident that of the four system-based IS theories, WST and STS are tied
given the comparison metrics. However, while STS provides valuable insights into balancing social and
technical components, WST enables a more comprehensive and practical framework for developing a UTM
framework for UAS operations in Sarawak. The holistic approach of WST for integrating technical
innovation with human and environmental factors, adapting to unique environments, and highlighting
practical outcomes such as efficiency, safety, and sustainability makes WST more suitable than STS. Its
broader scope and design focus make WST mostly well-suited for addressing Sarawak's complex
operational and environmental requirements. Hence, the choice of WST in developing the UTM framework
for the operation of UAS in Sarawak.

MATERIALS AND METHODOLOGY

To evaluate the suitability of WST for developing UTM frameworks in Sarawak, this study adopts a multi-
method approach (mixed method). Using quantitative and qualitative methods to generate new knowledge
is known as mixed methods (or multimethod) research. These methods can be used sequentially or
concurrently to pursue a path of inquiry. Their shortcomings can be overcome, while their complementary
strengths can be activated through combination [44]. The integrated mixed methods enable researchers to
pursue emergent topics instead of restricting their work to questions that lend themselves to a specific
method [45]. The methodology of this research comprises the following steps:

Literature Review: A comprehensive review of existing UAS operations, UTM frameworks, and
information system theories was conducted. Sources included academic journals, industry reports, and
regulatory documents to have a clear understanding of the practical challenges and requirements of UTM
for UAS operations in Sarawak, including geographic, economic, and regulatory factors. The literature
review also aimed to identify the strengths and limitations of different IS theories, such as ANT, STS, GST,
and WST.
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Comparative Framework Analysis: Related UTM UAS frameworks were methodically compared using
criteria that include contextual adaptability, design guidance, and stakeholder inclusivity. Then WST’s
principles were mapped against Sarawak’s UTM needs to determine WST’s relevance and applicability.

Conceptual Model Development: A conceptual UTM model grounded in WST is developed based on
the mapping of UTM’s requirements to the WST framework. The model integrates key components,
including operational processes, stakeholder interactions, and regulatory compliance mechanisms.
Feedback from local stakeholders and domain experts was incorporated to refine the model.

Validation through Expert Consultation: Semi-structured interviews were conducted with selected
experts in UAS, traffic management, and information systems. Their valuable feedbacks are used to validate
the theoretical and practical alignment of the WST-based model with Sarawak’s requirements.

RESULTS AND DISCUSSION

Based on the identified components of the UAS UTM framework and the facts (known, partial, and
unknown) in the components determined through a literature review, the elements are mapped into the
WST framework as shown in Table 2. The mapping to the WST framework is tailored to suit the needs of
medical delivery in Sarawak while adhering to the laws and regulations regulating UAS operations in
Sarawak, Malaysia.

Table 2. Mapping of UAS UTM Framework for Medical Delivery to Work System Framework

Components Status Facts identification Source Method
Processes and Known + Permit application. CAAM Civil Aviation Directive  Literature review
Activities « Operational — 6011 Part (V)
Assessment.
« Safety Management
System.
Unknown « Loading and unloading  Sibu General Hospital Clinical =~ Semi-structured
medical parcels Research Centre and Interview.
+ Delivery and handover Pharmacy Department
Participants Partial e Number of crew and Apex flight Semi-structured
roles. Interview.
Unknown -« Healthcare providers' Clinical Research Centre & Focus Group
involvement Pharmacy Sibu Hospital Interview
Information Known « Operational CAAM Civil Aviation Directive  Literature review
requirements. — 6011 Part (V)
« Technical
Requirements.
« Personnel
Requirements.
Unknown -« Data from UAV. Aerlift Semi-structured
Interview.
Unknown -« Data from UTM. Apex Flight Semi-structured
Interview.
Unknown « Flight route information Satellite map and actual aerial ~ Survey Operation
such as topography survey
Unknown « Parcel type and special Sibu General Hospital Clinical =~ Literature review.
requirements Research Centre and Semi-structured
Pharmacy Department Interview.
Technologies  Known « Delivery UAS model. Aerlift Literature review
Partial » Unmanned Traffic Apex Flight Literature review.

Management.

Semi-structured
Interview.
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Customers Unknown -« Actual recipient based Sibu General Hospital Clinical ~ Semi-structured
on scenario. Research Centre and Interview.
Pharmacy Department
Products/ Unknown -« Actual payload based on  Sibu General Hospital Clinical =~ Semi-structured
Services scenario. Research Centre and Interview.
« Type of delivery EVLOS  Pharmacy Department
/ BVLOS).

Environment  Known » UAS operation CAAM Civil Aviation Directive  Literature review
regulations. — 6011 Part (V)

Unknown -« Healthcare provider Jabatan Kesihatan Negeri Structured
opinion on UAS medical Sarawak (JKNS) / Sarawak Interview
parcel delivery. State Health Department

Unknown -« Hospital policy on UAS  Sibu General Hospital Clinical =~ Semi-structured
medical parcel delivery.  Research Centre and Interview.

» Medical parcels Pharmacy Department
procedures
« Ethical considerations
Infrastructure Unknown e« Technical infrastructure « Sibu General Hospital Clinical =~ Semi-structured
« Human infrastructure &  Research Centre and Interview.
« Information Pharmacy Department
infrastructure needed to + Apex Flight
support the UAS « Aerlift
operation.

Strategies Unknown « Strategy to integrate Sibu General Hospital Clinical ~ Semi-structured
into existing Healthcare = Research Centre and Interview.
logistics management. Pharmacy Department

Unknown . Strategy to conduct To be formulated as a Analysis of
UAS medical parcel Framework interviews
delivery under traffic
management

A UTM framework based on WST enables the following:
1. Operational Coordination: Ensuring seamless interaction among drones, manned aircraft, and air
traffic control systems.
2. Regulatory Compliance: Integrating local and international aviation regulations while considering
Sarawak’s unique needs.

3. Safety and Efficiency: Designing processes to mitigate risks and optimize airspace utilization.
4. Stakeholder Engagement: Involving local communities and stakeholders in framework design to

enhance acceptance and effectiveness.

CONCLUSION

Given the growing adoption of UAS globally in several sectors such as healthcare, agriculture, logistics,
search and rescue, among others, it became imperative for UAS activities to be regulated to ensure safety
and secure operations comparable to conventional aviation industries. Driven by this need, several
Governments (US, UK, EU, Korea), regulatory bodies (ICAO, FAA, NASA), and stakeholders (the Single
European Sky ATM Research (SESAR), European Union Aviation Safety Agency (EASA), the Global UTM
Association (GUTMA)) are actively engaged in drafting, promulgating, enforcing regulations and active
research and funding for the development and implementation of UTM for ensuring safe and efficient
airspace management. As a result of differences in topology and regulations, each nation formulated
regulations to regulate UAS operations in its territory. The location of Sarawak at the heart of Borneo,
characterized by mountainous terrain and enclosing rivers, making commuting an arduous task. Hence, the
adoption of UAS is seen as a viable alternative for logistics purposes such as medical delivery and rescue
operations in Sarawak. Based on the definition of “UTM as a system of stakeholders and technical systems
collaborating in certain interactions, and according to certain regulations to ensure air traffic management”,
selecting a suitable IS theory becomes crucial for effective framework development. Hence, this work
compared WST with other related theories and perspectives within the IS field, including GST, STS, and
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ANT. Each of these theories offers different lenses for understanding the complexity and dynamics of
systems within organizations, with WST providing a unique focus on IT-reliant work systems and their life
cycle within the organizational context.

In the context of developing UAS’s UTM framework for Sarawak, WST emerges as a superior IS theory
due to its holistic perspective and practical design focus to address the limitations of other theories,
providing a robust foundation for navigating the complexities of UAS integration. Future research should
focus on pilot implementations of WST-based UTM frameworks in domains such as medical delivery of
essential medical supplies to rural hospitals and clinics, and in search and rescue missions to further
validate their applicability and refine their methodologies for broader adoption in other sectors across
Sarawak.
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