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research in real-world healthcare units by proposing a new data model for a
healthcare service DT. The research highlights the importance of secure and
efficient database design through a case study at Hat Yai-Na Mom Hospital's
chemotherapy centre. This innovation integrates a DT into healthcare and fills the
gaps in literature on data systems for real healthcare units. The use of SQLite for
database development adds uniqueness, making this research a pioneering effort

Keywords: inimplementing DTs in a healthcare context. Overall, the research provides valuable
Digital twin; data system; data model; insights into database design considerations and possible applications in service
healthcare service system monitoring.

1. Introduction

The present-day markets are characterized by intense competition, as they face new challenges
due to the increased significance of software components. As a result, digitalization in manufacturing
is regarded as a promising avenue for attaining heightened levels of productivity and service
efficiency [1]. Consequently, through the utilization of digitalization technologies, virtual planning of
products and processes has become feasible. Subsequently, simulation and optimization tools
process, analyze, and evaluate the substantial volumes of data, thereby enabling real-time availability
for planning purposes [2]. Michael Grieves and his collaboration with John Vickers of NASA are
credited with the origin of the Digital Twin (DT) concept. The concept originated from a presentation
at the University of Michigan in 2002, with the objective of establishing a Product Lifecycle
Management (PLM) center in the industry. Since then, the fundamental concept of the DT model has
remained relatively stable. It is based on the idea that a digital representation of a physical system
can exist as a distinct entity, containing identical information to its physical counterpart. This digital
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replica, referred to as the "twin," maintains a continuous connection to the physical system
throughout its entire lifecycle [3].

Nowadays, research on DT has experienced exponential growth due to the rapid advancement of
communication technology, sensor technology, big data analysis, the Internet of Things (loT), and
simulation technology [4,5]. Interest in the DT has grown significantly in academia and industry over
the last ten years. Furthermore, the DT paradigm is currently garnering increased attention from
researchers across various fields, with a particular emphasis on the realm of smart health. This focus
has been greatly spurred by the rapid development of 10T [6-8]. Moreover, as highlighted by [9], the
integration of DTs into smart health is still in its nascent stages, signifying that smart health is poised
to become the primary application field for DTs in the future. In recent years, Karakra et al., [10-13]
developed a hospital DT model based on discrete event simulation. FlexSim Healthcare (HC), a 3D
simulation and modeling tool, has been used to model an initial proof-of-concept of the proposed DT
framework. They pointed out the process of developing a DT framework dedicated to real-time
monitoring of patients' pathways and predicting their near future to handle irregular, unusual, and
unexpected behaviors that may happen in hospitals. This helps make the right decision to mitigate
unpredictable situations. In addition, they proposed algorithms for initializing and synchronizing the
DT. However, an experimental platform has been developed using an emulator (replica hospital).
Connecting the DT with the real world is subject to some limitations in their studies [10-13].
Therefore, future research in this field of DT in hospitals should apply with a real medical unit instead
of an emulator to explore if any further issues could be found and need to be solved in the actual
working environment. To apply the DT to the existent medical system, a healthcare data system is
inevitably mandatory in fulfillment of the mission. A healthcare data system is a computer system
that aims to make patients' data available for staff to address healthcare service problems. A data
model is required to develop a DT for healthcare purposes in the real world. However, to our best
knowledge, no past study focused on data systems for a DT of a real healthcare unit. To prevent the
deficiency of a data system that could be a barrier to the successful implementation of a DT, the data
system of the DT in a case study of the chemotherapy center department at Hatyai-Namom Cancer
Centre is proposed herein. This model serves as an abstract representation that organizes data
elements and determines their relationships with each other and real-world entities. Database design
is the specific activity involved in this process [14].

A database is the one important component of the DT in terms of data connection. In certain
situations, such as the implementation of a DT in healthcare, safeguarding sensitive personal patient
information becomes crucial, particularly regarding unrelated or confidential data. In general, there
are two types of databases: the standalone unit of the database and the organized database. The
primary distinction between these databases lies in the fact that the standalone database is
dedicated solely to storing and accessing real-time data for the development of a DT model. In
contrast, the organized database stores various types of data, including human resources
information, financial records, client data, and more. Due to the sensitivity of patient information,
the organized database must implement information management or middleware to ensure security
and privacy. In particular, the organization network's DT might establish Application Programming
Interfaces (APIs) to securely and reliably handle the storage, management, and retrieval of data
records [15]. On the other hand, the standalone database can effectively provide the necessary data
with minimal risks in terms of data security. In this study, Structured Query Language (SQL)ite was
employed to develop a database for a DT of a chemotherapy center. SQLite is a relational database
that is open source and embedded in nature. It was initially introduced in 2000 with the primary
purpose of offering a user-friendly method for applications to handle data without the typical
complexities associated with dedicated relational database management systems. SQLite is
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renowned for its exceptional portability, simplicity, compactness, efficiency and reliability [16].

In this study, a novel data model for a DT in healthcare service is proposed to develop a DT in
service system monitoring of a healthcare unit. The case study was conducted at the outpatient
department chemotherapy center of Hat Yai—-Na Mom Hospital, the hospital with the highest
potential for treating patients in the lower southern region of Thailand.

2. Literature Reviews

In this section, the data model and data modelling methods are reviewed as follows. Data
modelling is a critical process in database design and software engineering that involves creating an
abstract representation of data and its relationships within a system. Within the domain of software
engineering, data modelling denotes the systematic procedure of formulating a data model by
employing formalized data model descriptions and specialized data modelling techniques. Data
modelling serves as a methodological approach for delineating the operational prerequisites of a
database. This practice is occasionally referred to as database modelling since the resultant data
model eventually undergoes implementation within a database system [17]. The term "data model"
encompasses dual interpretations. Initially, it denotes a data model theory, which serves as a formal
representation detailing the organization and accessibility of data. Secondly, it denotes a data model
instance, where a data model theory is implemented to generate a functional data model tailored
for a particular application. A data model theory comprises three pivotal constituents: the structural
component, which includes data structures employed in constructing databases representing the
entities or objects under consideration; the integrity component, which consists of regulations that
govern constraints to maintain structural coherence; and the manipulation component,
incorporating operators for data modification and querying within the database [18].

According to West's 2011 analysis, essential data characteristics can be classified into three
primary categories: (i) Attributes linked to data definition, (ii) attributes related to data content and
(iii) attributes that pertain to both definition and content. Relevance, clarity, and consistency are
attributes linked to data definition, while timeliness and accuracy are attributes related to data
content. Completeness, accessibility and cost pertain to both definition and content, while cost
evaluates the expenses associated with data acquisition and its readiness for utilization.

Ensuring that data is relevant is crucial for its applicability within a business context. Additionally,
clarity is essential for a well-defined and universally understood data description. Consistency is
necessary for data uniformity when sourced from various origins. Timeliness and accuracy are
important for data availability and veracity, respectively. Completeness determines the extent to
which required data is obtainable. Accessibility examines factors such as the locations, methods, and
recipients of data availability, including security considerations. Lastly, the cost aspect evaluates the
expenditures associated with data acquisition and its readiness for utilization [19].

To enhance data quality, data modeling commonly employs the Data-Flow Diagram (DFD), which
is a graphical representation that delineates the path of data within an information system. A DFD is
adept at visualizing data processing within the context of structured design by emphasizing data flow
rather than program control flow. Starting with the creation of a context-level data-flow diagram,
which illustrates the interactions between the system under examination and external entities, an
established practice involves elaborating upon this initial depiction to reveal finer system intricacies
and illuminate the intricate data flows that interconnect these constituent parts [20].

There are many types of database models, including the Object-Oriented Database model and
the Network model. However, the Relational Database model, developed by Dr. Codd, has been the
most widely used and popular choice for managing transactional data in various information systems
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for decades [21]. A relational database is essentially a collection of tables, or relations and the
interconnecting relationships that link them [22]. Each table in a relational database has data fields,
rows, a primary key and foreign keys. These tables store records in a two-dimensional structure with
columns (representing data fields) and rows, which are called tuples. Importantly, these tables
represent entities within the semantic or conceptual model of the database. Each column denotes
an attribute of the respective entity, and the primary key, usually made up of either a single attribute
or a combination of attributes within the table, uniquely identifies each row. Tables in a relational
database model establish and maintain relationships among themselves to represent relevant
system-related information. The use of foreign keys facilitates this relationship management by
establishing and maintaining references.

The difference between SQL and SQLite lies in their nature and functionality. SQL is a standardized
programming language used for managing and manipulating relational databases. It serves as a
language for defining, querying, and manipulating data in various relational database management
systems (RDBMS), such as MySQL, PostgreSQL, Microsoft SQL Server and others [23]. On the other
hand, SQLite is a specific implementation of an RDBMS. It is characterized by being serverless, self-
contained, and requiring minimal configuration. SQLite is designed for simplicity and ease of use,
making it a popular choice for embedded systems, mobile applications, and scenarios where a
standalone database server is impractical. Unlike SQL, which is a language, SQLite is a software library
that provides a relational database management system [24-26]. The key differences between SQL
and SQLite can be summarized in Table 1.

Table 1

Comparison feature of SQL and SQLite

Feature SQL SQlite

Nature Language Specific RDBMS implementation as a
software library

Deployment Client-server model Serverless, embedded within
applications

Scope Standardized language for RDBMS Self-contained, standalone database
engine

Compatibility Implemented by various RDBMS Specific implementation with its own

characteristics

Installation/Configuration
Concurrency/Transactions
Use Cases

Performance

Portability

Separate server installation and
setup

Robust features for concurrency,
transactions

Wide range of applications,
scalable

Optimized for high-concurrency
scenarios

Language supported across
various systems

Minimal setup, serverless, suitable for
embedded scenarios

Supports transactions and concurrency
with some limitations

Embedded systems, mobile
applications, lightweight scenarios
Performant, suitable for scenarios with
lower concurrency

Lightweight, portable, easy to integrate
into applications

3. Data modelling method

A relational database design process [27] was adopted to develop data modelling for a DT of a
chemotherapy centre. Several steps need to be followed: gather system requirements using a
contextual diagram, design the data input system, and create the physical database. Figure 1
describes the data modelling process.
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Data Modelling

System analysis

v

Data input system design

A 4

Physical database design

Fig. 1. Data modelling for a DT of a chemotherapy centre

Each step can be summarized as follows.
3.1 Gather System Requirements

Gathering system requirements for data modelling in database design is a critical step in the
database development process. Accurately capturing these requirements ensures that the database
will meet the needs of the organization and its users. In this research, the data flow diagram, a
graphical representation of the "flow" of data through an information system, was used to gather
system requirements for outpatient care at the chemotherapy centre of Hat Yai—Na Mom Hospital in
Thailand. The data flow diagram is designed to illustrate how the system is divided into smaller
components and to emphasize the flow of data between these parts. This diagram is then further
detailed to provide a more comprehensive representation of the system being modelled.

To accurately map out the the analysis of the system states, there are 2 main phases for creating
Data Flow Diagrams of outpatient care at the chemotherapy centre.

Phase I: Understanding System Requirements

Before creating the data flow diagram, it is crucial to gather information on key stakeholders,
including patients, medical staff (e.g., doctors, nurses, nurses and assistants), and IT teams. It is also
important to identify data sources such as electronic health records (EHR), 10T sensors, and patient
inputs. Additionally, key processes—such as patient data collection, service workflows, and DT
processing—must be clearly defined. Data storage and flow mechanisms, including both physical and
informational flows, should also be assessed. To effectively gather these requirements,
methodologies such as stakeholder interviews and a review of existing system documentation should
be employed.

Phase II: Developing the data flow contextual diagram

In this phase, the data flow contextual diagram was designed to illustrate both physical and
informational flows in patient care. First, a single process in the system and key entities—such as
patients, nurses, doctors, and pharmacists—were defined. Next, data interactions between these
entities and each process in the system were mapped. Finally, logical continuity was ensured,
verifying that both physical and informational flows progressed smoothly from one process to
another without missing connections.
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3.2 Data Input System Design

Designing a data input system plays a vital role in building a database that relies on user-
generated data. The goal is to create a user-friendly and efficient interface for users to input data
accurately and securely. After clearly defining the requirements for the data input system, including
the types of data to be collected, the frequency of data input, and any specific data or security
requirements, we considered the needs and preferences of users. Consequently, an interface that is
intuitive, user-friendly, and aligns with their workflow was designed.

3.3 Physical Database Design

Conceptual data modelling is about understanding the organization and gathering the right
requirements. Physical database design, on the other hand, is about creating stable database
structures that correctly express the requirements of a database management system (DBMS).
Physical design is where we translate the expected schemas into actual database structures.

In this research, the physical database design process ensures real-time data storage and retrieval
for patient management and chemotherapy treatment tracking. After gathering all the necessary
information to be recorded in the database by analysing the data flow contextual diagram, the
database is then designed using SQLite as the Database Management System (DBMS), following these
steps:

Step I: Divide the Information into Tables

First, the information items are categorized into major entities such as patient data, room status,
bed status, etc. These entities are then mapped to separate tables to ensure structured data storage.

Step II: Define Columns for Each Table

Next, the specific information that needs to be stored on each table is determined. Each data
item becomes a field, represented as a column in the table. For example, a patient data table might
include fields such as hospital number, queue position, and arrival time.

Step lll: Establish Table Relationships

Finally, the relationships between tables are defined. The data in one table may be related to
another through common fields. If necessary, additional fields or new tables are created to clarify
these relationships and ensure data integrity.

4. Results
4.1 System Analysis

The critical design factors for the DT in a healthcare unit are the physical entities and information
existing within an operational environment. To gather the relationship between the physical entities
and information in the environmental conditions and constraints, the data flow diagram was
adopted. Figure 2 presents the data flow contextual diagram of outpatient care in the chemotherapy
centre at Hat Yai—-Na Mom Hospital in Thailand.
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Based on Figure 2, data will be generated when a patient arrives at each station and receives the
required service. Furthermore, data will flow between the workstations. For instance, at station 1.0,
patients will be assigned to a queue and measured for their weight, height, heart rate, and blood
pressure. This data will then flow as a patient flow from station 1.0 to station 2.0, and so on until the
patient finishes treatment.

arrives meets

Patient 1.0 2.0 w

Register for queue &

preliminary examined Diagnosis by Doctor
Patient Queue, by nurse D Chemotherapy
D Weight, Height, &~ - > 2 Order
1 Heart Rate, Blood \\ / \\ A .
Pressure 1 1
1 I arrives !
| 1 r 1
____________________________________ 3 1 1
! \'4
|
4 N o
4.0 3.0 : Pharmacist
leaves arrives |
. Queue for :
--- repares
Patient Chemotherapy chemotherapy unit & < prep
treatment preliminary examined sends
by nurse Chemotherapy
\ J \ Drug
T T
1 |
1 |
1 |
Note: A4 \"4
. Treatment Time Patient Queue,
—> Physical flow ’ b
v D Patient Symptom, D Weight, Height,
4 3
- > Information flow I?ed Status, Heart Rate, Blood
Equipment Status Pressure

Fig. 2. Data flow diagram of a chemotherapy centre

4.2 Data Input System Design

In this research, the standalone database was applied since it can effectively provide the
necessary data with minimal risks in terms of data security. SQLite was employed to develop a
database for a DT of a chemotherapy center. As a result of analysing the data flow contextual
diagram, eight main stations will be needed to input the necessary data, connected by a local Wi-Fi
network for database connection. All relevant data are input into the database manually, adhering
to the terms of data security and privacy, as illustrated in Figure 3.

According to the complexity of healthcare-related issues, a particularly large and
multidimensional amount of data must be collected and organized for creating DTs and keeping them
updated. However, this study focuses on a DT in monitoring service systems in a healthcare unit.
Thus, the scopes of the proposed data model are listed as follows:

e The data that needs to be collected in a database for the construction of a DT in a healthcare
unit includes data related to physical entities such as patients, arrival time-date, queue,
treatment protocol, and bed status.

e The focus group consists of outpatients receiving chemotherapy, encompassing their entire
process within the outpatient healthcare system, from initial entry to eventual discharge.

e The procedure for dispensation and payment processing is not included.
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Fig. 3. Data input system
4.3 Physical Database Design

During the physical database design process, all input data, including entities, are mapped to a
table. In this system, a single table is created to store data that is input by users through the
application. For example, at Station 1, when patients scan the barcode on their appointment, a new
row is inserted into the table and the hospital number (HN) is entered through barcode reading.
Then, the queue is updated accordingly to the previous row, and the arrival time in Section 1 is
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updated with a timestamp. It's worth noting that both the date and time are assigned as text to
facilitate connection with other software, such as FlexSim Health Care, for developing a DT. Figure 4
displays the equipment for inputting data and the physical database design at Station 1.

Service_log

Date text
Hospital number text
Queue text
Arrival time text

lﬂ' i E - — !
Fig. 4. Data Input and storage setup at station 1

Occasionally, certain staff members at the workstation may have to input data under specific
conditions. For instance, they may need to assign patients to available diagnosis rooms,
chemotherapy beds, or chairs. As a result, additional tables have to be created in the database to
support these decisions. However, these tables are independent of one another and don't have any
relation. For example, Station 3 updates the arrival time with a timestamp and the room number is
entered through an application that can only select available rooms. Hence, it's necessary to create
a table for room status in this station. Figure 5 gives an illustration of the application for data input
and the physical database design in Station 3.

Service_log
Assign diagnosis room Arrival time . text

Room number integer

Room 1 Room 2 Room 3

Available = Not Available| Not Available
Room status
Room 1 text
Room 2 text
Room n text

Fig. 5. Data Input and storage setup at station 3

The database structure of the case study in this research is illustrated in Figure 6. The primary
table is the 'Service_log' table, while the other tables are additional individual tables for supporting
patient assignment to rooms, beds, and chairs. Consequently, it is not required to establish
relationships between the tables or specify primary keys and foreign keys.
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Room status
Date text Room 1 text
Hospital number text Room 2 text
Queue text
Arrival time Zone 1 text Room n text
Arrival time to examined text
Arrival time to diagnosed text Bed status
Room number integer Bed 1 text
Arrival time to pharmacist text Bed 2 text
Patient assignment text
Discharge time Zone 1 text Bed n text
Arrival time Zone2 text
Queue text Chair status
Arrival time to examined text Chair 1 text
Arrival time to text Chair 2 text
chemotherapy
Bed number integer
Discharge time Zone2 text Chairn text

Fig. 6. The database structure of a Chemotherapy Centre

In this step, a database was created on the local network system to store and access real-time
data electronically. The database was developed using SQLite for a DT of a chemotherapy centre. A
table with 16 columns, corresponding to input data, was generated in the SQLite database, as shown
in Figure 7. Each column corresponds to a specific attribute, while the rows represent individual
patients. After scanning the patient's barcode from the appointment form, the data was entered into
the table via a touchscreen application that generated transaction ID1. If a patient does not receive
chemotherapy, certain data required for the chemotherapy treatment process is marked as "NULL"
in the table, as shown in transaction ID1. Similarly, for patients who only enter the system for
chemotherapy, certain data needed for the diagnosis process could be marked as "NULL," as seen in
transaction ID3.

4.4 Statistical Analysis

Currently, the health data systems of the chemotherapy department at Hatyai-Namom Cancer
Centre rely on an organized database, with data input performed manually. However, the current
data systems do not support DT development, as the input data does not cover the entire service
process. Therefore, in this section, only diagnosis time is used for explicit comparisons between the
current health data systems and the proposed system. Statistical analysis to validate the
effectiveness of the proposed system is provided in this section. Following this, a thorough analysis
of the data entry error rate is conducted, and a hypothesis test is performed to determine whether
the population proportions of the two groups differ, using the normal approximation test. The testing
hypothesis is outlined as follows:

Null hypothesis Ho: p1-p2=0
Alternative hypothesis  Hi: p1-p2>0
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Fig. 7. The data within the database table
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Minitab software computes the P-value for the test. If the obtained P-value is greater than 0.05,
the null hypothesis (Ho) is not rejected, indicating no significant difference in the data entry error rate
between the current health data systems and the proposed system. Conversely, if the obtained P-
value is less than or equal to 0.05, the null hypothesis (Ho) is rejected, indicating the data entry error
rate by current health data systems (p1) is significantly higher than the data entry error rate by the
proposed system (pz). The results of the statistical tests for the data entry error rate of diagnosis time
between the current health data systems and the proposed system are shown in Table 2.

Table 2

The statistical tests for the data entry error rate of diagnosis time

Descriptive Statistics Sample N Event Sample p
Sample 1 535 214 0.400
Sample 2 263 23 0.087

Estimation for Difference Difference 95% Lower Bound for Difference
0.313 0.267
Cl based on normal approximation

Test Method Z-Value P-Value
Normal approximation 11.40 0.000

According to the population proportions of the data error rate and their corresponding P-values
in Table 2, we can claim that the proposed system outperforms current health data systems, primarily
due to its capacity to reduce data entry error rate.

5. Discussion and Conclusions

Comparing SQLite to server SQL database engines is not appropriate as it doesn't require
extensive administration. It works well in systems that require no expert human support. The
suggested data model proposes using a single database table for a DT of a chemotherapy center,
eliminating intermediate steps in the database design process, as shown in Figure 8. In Figure 8(a), it
can be seen the typical procedure for designing a relational database, which includes several
sequential steps such as collecting system requirements for the database, creating the conceptual
model (such as an Entity-Relationship Diagram or ER diagram), mapping the conceptual data model
to a logical data model, and translating the logical data model into the physical database design. This
type of design process suits complex data systems that demand complex relationships in a database
and require expertise from the developer. On the other hand, Figure 8(b) proposes a data model that
only needs user participation in extracting domain knowledge, which even non-technical users can
quickly handle. However, the accuracy of the results depends on the data inputted by healthcare
staff.
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Data Modelling Data Modelling
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[ System analysis ] System analysis
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Conceptual database
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A 4

Logical database
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y A 4

Physical database design Physical database design

(a) (b)
Fig. 8. Data modelling for a DT of a chemotherapy centre (a) Relational Database
Design Process [27] (b) The proposed data model

The typical procedure for creating a database structure can result in a complex structure with
many tables, relationships, primary keys and foreign keys, as shown in Figure 9(a). This type of
database is mainly used for storage, so the schema of entities can be used to identify their data type.
In contrast, the proposed procedure creates a simpler database structure, as it doesn't require the
identification of entities, primary keys, foreign keys, and table relationships, as shown in Figure 9(b).
Dates and times are assigned the data type of text to make it easier to integrate with other software
for developing a DT, such as FlexSim Healthcare. In summary, the proposed approach simplifies
dynamic data generation without user intervention in technical tasks which is particularly beneficial
for non-technical individuals in small and medium-sized healthcare units and support further
development of the DT model. The novelty of this research is accredited to the healthcare digital
transformation with a DT to remote monitoring of the chemotherapy unit through the integration of
undemanding applications, including devices and collective information. Furthermore, the proposed
data model addresses the gap in literature regarding data systems for a DT in an existent healthcare
unit. The utilization of SQLite for database development adds to the creativity, given its open-source,
embedded nature, and suitability for the healthcare context.
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assigned_branch_id: smallint unsigned (FK) ;

-

——

transaction

&, txn_id:integer unsigned

txn_date: datetime

txn_type_cd:varchar(10)
G< amount: double(10,2)

funds_avail_date: datetime

account_id:integer unsigned (FK)

teller_emp_id: smallint unsigned (FK)
execution_branch_id: smallint unsigned (FK)

Service_log
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Room status

Room 1 text

Room 2 text

Roomn text
Bed status
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Chairn text

(a)

Fig. 9. The comparison of database structures (a) Example of database structure by the typical procedure [28] (b) Database structure by proposed procedure
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5.1 Research Limitations

The data in this study is manually entered into the database, which can lead to incorrect data if
the staff are not following the rules. Although the proposed system in this study outperforms current
health data systems, as its data entry error rate is significantly lower, it still has an error rate of
approximately 8%. However, in the healthcare industry, acceptable data entry error rates vary
depending on the specific process and its impact on patient care. For instance, the Healthcare
Information and Management Systems Society (HIMSS) typically aims for an error rate below 1% in
critical healthcare systems, while the American Health Information Management Association
(AHIMA) recommends data accuracy levels of at least 98-99% for medical records. Therefore,
deploying digital technologies for data input, such as smart sensors and the loT, paves the way for
improved data accuracy and system efficiency. Nowadays, 10T is used to input data into applications.
For example, an loT-based GPS tracking system can help parents monitor their children's safety
during commutes [29] and an loT-based monitoring system can track ammonia, nitrate, pH and
temperature in real-time for aquaponic systems [30]. Nevertheless, there are some limitations in
implementing these technologies in the healthcare sector, which are outlined in the following main
points:

1) Cost: The initial setup and maintenance costs of implementing and maintaining these
technologies can be significant.

2) Data Security and Privacy: The use of automated data input technologies, such as loT for data
collection, raises concerns about the security and privacy of patient data. Ensuring the
security, privacy, and resilience of interconnected devices and systems is crucial [31].

3) Ethical: Ethical considerations may arise concerning the continuous monitoring of patients
and the potential misuse of collected data. Legal frameworks regarding patient consent and
data ownership need to be considered carefully.

5.2 Further Applications

The establishment of the data system for the healthcare DT of a Chemotherapy Centre in this
research can be deemed as the initiative. The DT concept is still in its early stages in the healthcare
domain. So, the ramifications of this technology are just around the corner. The applications of the
DT can emerge in other healthcare sectors in two aspects, encompassing a real-time monitoring
system and a decision support tool. In the real-time monitoring aspect, the utilization of the DT was
primarily directed towards the management of healthcare units. Specifically, monitoring healthcare
service systems aimed at identifying bottlenecks in which specific locations within the operational
process and devising strategies for operational enhancement. Furthermore, real-time monitoring
played a pivotal role in identifying unexpected events from the current state of the real world.

In the context of decision support, a discrete event simulation model built up in the DT was
employed to ascertain optimal scenarios applicable to real healthcare units. This involved
comprehensive consideration of various factors, including manpower, risks and finances, among
others. This enhanced the visibility of implications before decision-makers put plans into action.
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