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Abstract

This study aims to develop a web-based COT Monitoring application that supports real-time operating room
status monitoring at Universitas Indonesia Hospital. The problem addressed is the use of manual and
spreadsheet-based monitoring, which caused information delays, input errors, and limited operational
reporting. The study used a qualitative case study approach through observation, interviews, documentation
study, and literature review. The application was developed using the Waterfall model, covering requirements
analysis, system design, coding, and Black-Box Testing. The system provides login, real-time dashboard, user
management, operation status management, operating room master data, and sequential status update
features. Black Box Testing was conducted on the main system functions, and the results showed that all tested
features produced outputs in accordance with the expected scenarios. This indicates that the application
functions properly and meets the defined functional requirements. The system currently runs on an internal
hospital network and is not integrated with external hospital information systems. This article contributes a
practical web-based monitoring design that improves information flow, supports transparency, reduces delays
in status updates, and enhances the efficiency of operating room services.
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1. Introduction

Operating room management needs accurate information because room status changes in line with clinical and
operational workflows. In a hospital environment, operating rooms involve surgeons, anesthesiologists, nurses,
administrative officers, information technology staff, and management. Each party needs updated status
information to prepare resources, monitor case progress, and coordinate patient flow. Delayed information can
slow communication and degrade the quality of operational decision-making. For this reason, health service

organizations need information systems that can record, process, and present data in a timely and structured manner
(Kim et al., 2021; Kraus et al., 2021).

At Universitas Indonesia Hospital, the previous monitoring and reporting process for operating room activities
relied on manual work or spreadsheets. The primary case source identified several obstacles, including delayed data
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processing, risk of input errors, limited analysis, weak accessibility, incomplete operating room status history, and
limited reporting support. These conditions made it difficult for management to obtain timely, accurate information
on operational schedules and room allocation. Similar problems have appeared in other health information system
studies, where fragmented data and manual recording reduce the speed of service coordination (Ananda et al., 2023;
Tristiyanto & Adelliani, 2021).

Previous studies have developed several hospital information systems, such as web-based medical record systems,
patient visit reporting systems, clinic information systems, and inpatient service applications. These studies show
that web-based systems can support data recording, service administration, and reporting in healthcare institutions.
However, most of them focus on general hospital administration. They do not specifically address real-time
monitoring of operating room status, sequential status validation, role-based status updates, and centralized status
history in operating room operations. This limitation underscores the need for a monitoring system designed for the
specific workflow of operating room services.

A web-based monitoring system can reduce these obstacles by enabling users to access updated information in a
browser and to record operational data in a centralized system. Laravel and PostgreSQL were used as supporting
technologies in this study. However, the main focus of this research is not the technical advantages of the tools but
rather the design of a monitoring model that aligns with the operating room workflow, supports timely status
updates, and improves operational visibility.

The research gap addressed in this article is the lack of a focused web-based monitoring application for the flow of
operating room status in the observed hospital unit. Prior studies and related healthcare web applications discuss
hospital information systems, medical records, patient visit reports, clinic services, or inpatient services. This study
focuses on operating room status monitoring and the operational need to update room status sequentially (Ananda
et al., 2023; Kadim et al., 2025; Sekarini & Widhiyanti, 2023).

The novelty of this study lies in the development of a focused COT Monitoring application that combines real-time
dashboard monitoring, role-based access, centralized status recording, and sequential room status validation. This
system differs from previous hospital monitoring applications because it is designed specifically for operating room
workflow control. The application not only displays but also stores operational data. It also guides status changes
in accordance with the defined sequence of operating room activities. This feature helps prevent inconsistent status
updates and supports more reliable monitoring information.

The specific objective of this study is to design, implement, and test a COT Monitoring application for internal
operating room monitoring at Universitas Indonesia Hospital. Beyond system implementation, this study provides
a scientific contribution by proposing a practical monitoring model that integrates workflow analysis, role
separation, centralized recording, sequential status validation, and functional testing. This contribution can be used
as a reference for developing internal hospital monitoring systems that require real-time visibility, data consistency,
and operational transparency. Recent operating room literature shows that operating room planning and surgical
scheduling remain complex because time, resources, staff, and uncertainty factors affect utilization, delays, and
service performance (Dodaro et al.,, 2022; Rahimi & Gandomi, 2021; Taaffe et al., 2021). Digital health
implementation research also shows that technology success depends on workflow fit, user adoption, organizational
readiness, and sustainability of use (Braa et al., 2023; Butcher & Hussain, 2022; Haleem et al., 2021; Kim et al.,
2021; Kraus et al., 2021; Makumbani & Tsibolane, 2025; Wienert et al., 2022).

2. Methods

This study used a qualitative case study approach to understand the actual workflow, user needs, and problems in
the operating room management process at Universitas Indonesia Hospital. Qualitative inquiry was suitable
because the system requirements were derived from field conditions rather than from a purely numerical
experiment. The data collection techniques consisted of observation, interviews, document analysis, and literature
review. An observation was conducted to understand the current workflow, the previous manual or semi-digital
process, and the obstacles hospital staff face in managing operating room activities. Interviews were conducted with
five respondents, selected purposively because they were directly involved in operating room monitoring and
information system support. The respondents consisted of one hospital information technology staff member, one
operating room administrative officer, two operating room operators, and one management representative. These
respondents were selected based on three criteria: direct involvement in operating room monitoring, knowledge of
the previous reporting process, and ability to explain user needs or system constraints. The interviews focused on
workflow monitoring, data input issues, room status reporting, user roles, and expectations for the proposed
application. The documentation study used internal records, such as operation schedules, operating room status
notes, room usage reports, and standard operating procedures. Literature review supported the theoretical basis for
information systems, web applications, real-time monitoring, operating room management, software development,
and software testing.
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The software development method followed the Waterfall model. This model organizes development into
sequential phases: requirements analysis, system design, coding, and testing (Maspupah, 2024; Subecz, 2021). The
Waterfall model was selected because the main requirements were identified before implementation, the system
scope was limited to internal hospital monitoring, and the development process needed clear documentation
through diagrams, database design, interface design, and testing tables. Compared with Agile or iterative methods,
Waterfall was more suitable for this study because the functional requirements were relatively stable and the project
followed a structured academic development process. Current references on software quality, software testing, and
web application security strengthen the development stages. These references support the use of structured
requirements, interface design, functional validation, access control, and traceable testing in application
development (Sarwosri et al., 2023; Maspupah, 2024; Kamal et al., 2024; Perdana et al., 2024).

The requirements analysis phase identified functional requirements for two main roles. The administrator requires
login, dashboard access, operation status management, operating room master data management, and user
management. The operator requires a responsive web interface and limited authority to update operating room
status. Non-functional requirements include availability on the internal hospital network, simple browser-based
access, clear validation to reduce input errors, and access control based on user roles.

The design phase translated requirements into a database structure, use-case flows, activity logic, interface layouts,
and status transition logic. Visual modeling was used to organize interactions and workflows because current
software-quality references emphasize clear requirements, functional suitability, maintainability, and traceable
validation (Salsabila et al., 2025). The implementation phase used Laravel, PHP, PostgreSQL, HTML, CSS,
JavaScript, Bootstrap, Laragon, Composer, Visual Studio Code, and common web browsers. The testing phase
used Black Box Testing to verify functional behavior from given input without inspecting internal code structure
(Salsabila et al., 2025).

Figure 1 presents the research method and development flow used in this study. The figure should be provided at a
higher resolution in the final publication to improve the readability of each development stage.

Research Method and Development Flow

COT Monitoring Application for Operating Room Service Optimizatio
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Figure 1. Research method and development flow of the COT Monitoring application

3. Results and Discussion

3.1 Problem analysis and system needs

The analysis found that the main operational problems were delayed operational schedule information, a lack of
real-time room status notifications, and difficulty preparing structured COT activity reports. The previous manual
or semi-digital process created inefficient communication between units. These findings show that the core issue
was not only data entry but also the absence of a centralized monitoring mechanism that could update room status
and present it to the right users quickly.

The system needs were grouped into administrator and operator needs. The administrator needs account
management, operation status management, room master data, and dashboard monitoring. The operator needs a
responsive interface and controlled access for status updates. This role separation is important because hospital
information systems must limit user actions based on their responsibilities. It also supports accountability because
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users can perform only the functions related to their operational role. From the information system perspective, the
proposed application changes the workflow from fragmented recording into centralized recording. Centralized
recording supports faster data retrieval and reduces the duplication of manual notes. From the hospital management
perspective, this change helps staff and management obtain the same operational view through the dashboard.
3.2 System design and operating room status flow
The database was designed to support efficient storage, processing, and retrieval. The main data objects include
users, operating rooms, operation statuses, and status history. Entity-Relationship Diagrams and Logical Record
Structures were used to model the relationships among these objects. This design supports integrity because each
update can be linked to a room, a status, and a user. The system uses a sequential status update approach. This
approach prevents status changes that do not follow the operational process. For example, an operator should not
update a room directly from Sterile to Incision without passing the anesthesia preparation status. This rule supports
process discipline and reduces inconsistent data. The application also applies status ordering, so active, empty, or
cleaning rooms are displayed in a more useful sequence for medical staff. The interface design uses a dashboard as
the central monitoring page. The dashboard displays operating room status and allows authorized users to update
data. Bootstrap supports responsive interface development, while HTML, CSS, and JavaScript support structure,
presentation, and user interaction (Santoso, 2019).

3.3 Application implementation

The application was implemented as a web-based system for the internal hospital network. It is not published online
because the monitored data relates to internal operating room operations. This deployment decision supports access
control and reduces unnecessary exposure to public networks. Users access the application through a browser on
client computers connected to the local hospital network. The main features include login, real-time dashboard,
user management, master operation status, master operating room data, and operating room status updates. The
administrator can add, edit, delete, and reorder operation statuses. The administrator can also manage users and
room master data. The operator can update room status according to the permitted workflow. These features
directly address the earlier problems of slow status updates, weak accessibility, and limited reporting structure.

The technology stack supports modular development. Laravel structures the backend through controllers, routes,
middleware, and models. PostgreSQL stores structured operating room data. HTML, CSS, JavaScript, and
Bootstrap provide the interface layer. This combination is aligned with current web application development
practices and supports maintainability for a small internal system (Subecz, 2021; Sinlae et al., 2024; Salunke &
Ouda, 2024). The technical references were also updated to support the selected tools. Laravel was used as the web
framework, PostgreSQL as the relational database, Bootstrap as the interface toolkit, and OWASP Top 10 as the
security reference for common web application risks (Subecz, 2021; Siregar & Yahfizham, 2024; Salunke & Ouda,
2024; Perdana et al., 2024).

3.3.1 Implementation visualization

To strengthen the implementation section, visual evidence is presented in five parts: user interface, implemented
features, application usage flow, implementation outcomes within the institution, and Black-Box Testing evidence.
These figures were prepared from the thesis documentation and are intended to make the implementation process
easier to understand.

Figure 2 shows the main interface of the application. The login page controls access for administrators and
operators, while the dashboard presents real-time operating room status information in a simple layout.
a. Main user interface of the COT Monitoring application
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Figure 2. Main user interface of the COT Monitoring application
Figure 3 summarizes the main features that were implemented in the system. These include user management,
operation status management, and operating room master data management. Together, these modules support
operational control and data consistency in the monitoring process.
b. Implemented features in the COT Monitoring application

Figure 4 illustrates the basic use flow. The operator first selects an operating room, then updates the status according
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to the defined sequence, and finally monitors the result on the dashboard. This sequence reflects the intended
operating procedure of the application.
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Figure 3. Implemented features in the COT Monitoring application

c. Basic usage flow of the application
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Figure 4. Basic usage flow of the application

Figure 5 explains the implementation context and the practical results observed in the institution. The application
is used internally through the hospital intranet by administrators and operators. In practice, the system enables
faster access to room status, greater transparency, and reduced communication delays during operating room
monitoring.

d. Institutional implementation context and observed results
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Figure 5. Institutional implementation context and observed results
3.3.2. System testing
Figure 6 presents the Black Box Testing evidence and a concise testing summary. The login, master status, master
operating room, and update status modules all produced valid results in accordance with the expected functional
requirements. These findings indicate that the application aligns with user needs.
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Figure 6. Black Box Testing Evidence and Summary
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Figure 6. Black Box Testing summary and documentation

Testing used Black Box Testing scenarios for the main system modules. The scenarios compared test input, expected
output, actual result, and validity conclusion. The testing scope was expanded to cover login and authentication,
user management, operation status master data, operating room master data, operating room status updates,
dashboard display, validation rules, access control, and error handling. This wider scope was used to ensure that
the application not only produced correct outputs but also handled invalid input, unauthorized access, duplicate
data, inactive rooms, and incorrect status sequences.

Table 1. Summarizes the Black-Box Testing results for the system implementation.

Module Main Scenario Expected Result Conclusion
Login and Valid login, wrong password, Valid users can enter the system, while  Valid
authentication empty username, empty password invalid login attempts are rejected with
messages

User Add user, edit user, delete user, System saves valid data and rejects Valid
management reject empty input, reject invalid or duplicate data

duplicate username.
Operation status ~ Add status, edit status name, Status list changes according to valid Valid
master delete status, reorder status, reject  input, and validation appears for

empty and duplicate status. invalid input.
Operating room  Add room, edit room name, Room data is updated correctly, and Valid
master deactivate room, reject empty and  inactive rooms do not appear in

duplicate room names. operator monitoring.
Operating room  Update status according to Room status changes only when the Valid
status update sequence; reject skipped sequence; selected update follows the permitted

reject empty status; reject inactive  rule.

room updates.
Dashboard Display the active room status, Dashboard presents updated operating  Valid
monitoring refresh the updated status and room status for authorized users

show the room condition clearly.
Access control Administrator accesses master User access follows the assigned role, Valid

data, operator accesses status and unauthorized functions are

update only restricted
Error handling Submit empty forms, duplicate The system displays validation Valid

and validation

data, and invalid status transitions

messages and prevents incorrect data
storage

The test results in table 1 show that the system exhibited the expected behavior across all tested modules. The login
and authentication module accepted valid users and rejected incorrect credentials. The user management module
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handled valid user additions, edits, and deletions, while also rejecting empty input and duplicate usernames. The
operation status module allowed valid status changes and prevented empty or duplicate status entries. The operating
room master module supported room activation control, which is important because inactive rooms should not
appear in operator monitoring. The most important result appears in the operating room status update module. The
system accepted status changes that followed the defined sequence and rejected those that skipped it. This behavior
is relevant to operating room monitoring because the status sequence represents the actual operational process. If
users can skip status stages at will, the dashboard may display inaccurate clinical workflow information. The
validation therefore improves data consistency and helps management better understand the operational situation.
From a service-optimization perspective, the application offers three benefits. First, it reduces manual recording by
moving the update process to a structured web interface. Second, it improves transparency by allowing updated
room status to be viewed on the dashboard. Third, it supports data-driven decision-making because room status
records can serve as a foundation for future reporting. These benefits match the broader role of digital information
systems in supporting operations and management (Kraus et al., 2021; Alfarisi et al., 2023).

3.5 Discussion

The findings confirm that a web-based monitoring system can address a practical operational gap in a hospital unit.
The application does not replace clinical judgment or surgical scheduling policy. Instead, it strengthens the
information layer that connects staff activity, room status, and management visibility. This role is consistent with
recent health information system studies that view digital systems as tools for improving coordination,
documentation, and operational control (Ananda et al., 2023; Chen et al., 2021; Fahrudin et al., 2024).

The findings are consistent with operating room management studies that emphasize the importance of timely data,
schedule visibility, uncertainty management, and structured rescheduling in improving operating room utilization
and operational decision-making (Dodaro et al., 2022; Rahimi & Gandomi, 2021; Taaffe et al., 2021).

However, the current deployment has several limitations. First, the application runs only on the hospital intranet,
so access is limited to users connected to the internal network. Second, the system is not yet integrated with the
hospital information system, electronic medical records, surgical scheduling system, or notification platform. This
condition may still require duplicate data entry when users need to update information in different systems. Third,
the application has been tested only through functional Black-Box Testing and has not yet been evaluated through
long-term operational metrics, such as time reduction, error rate, room utilization, user satisfaction, and reduced
communication delays. Fourth, the system does not yet include advanced features such as an audit trail, automatic
alerts, graphical reporting, and mobile device integration.

These limitations show that the current application is suitable as an initial internal monitoring system, but further
development is needed before wider implementation. Future integration with hospital information systems should
consider data security, privacy, access control, audit trail, and interoperability. Web applications that handle
operational hospital data should apply secure configuration, validation, and role-based access control to reduce
operational and security risks (Siregar & Yahfizham, 2024). The article also shows that system development in
healthcare should combine technical design with an understanding of workflows. Without observation and
interview, the application could miss important operational rules such as status sequence and role separation. For
this reason, requirements analysis is a critical phase in hospital software development, especially when the system
affects real-time coordination among staff (Makumbani & Tsibolane, 2025; Wienert et al., 2022).

4. Conclusion

This study developed a web-based COT Monitoring application for operating room status monitoring at Universitas
Indonesia Hospital. The main features include login, real-time dashboard, user management, operation status
management, operating room master data, and sequential room status updates. Black Box Testing showed that the
tested modules produced the expected outputs. The system validated input, managed master data, supported
dashboard monitoring, restricted user access based on roles, and prevented status updates that skipped the permitted
sequence. These results indicate that the application can support more reliable operating room monitoring by
improving data consistency, accelerating information flow, and strengthening transparency in internal operating
room management.

The scientific contribution of this study is the proposed monitoring model that integrates workflow analysis, role
separation, centralized status recording, sequential status validation, and functional testing to optimize operating
room service. This model can become a reference for hospitals that still use manual or spreadsheet-based monitoring
and need a structured internal system for real-time operational visibility. The system has the potential to be adopted
in other hospitals with similar operating room monitoring problems. However, implementation in other institutions
should account for differences in workflow, user roles, infrastructure, data governance, and integration
requirements. Future research should measure quantitative impacts before and after implementation, such as time
reduction, error rate, room utilization, reporting speed, and user satisfaction. Future development should also add
automatic notifications, graphical reports, an audit trail, stronger role-based access control, and integration with
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hospital information systems.

Recommendation

The hospital should provide user training for operators and administrators before full operational use. Future
development should add automatic notifications, graphical reports, an audit trail, integration with the hospital
information system, and stronger role-based access control. Cloud access can be considered only when security,
privacy, and data governance requirements are clearly defined.

Limitations and avenues for future research

This article is limited to application development and functional testing in an internal hospital context. It does not
measure quantitative impacts such as time reduction, error rate, room utilization, or user satisfaction after long-
term deployment. Future research should use operational data before and after implementation, involve more user
groups, and compare the system with integrated hospital information systems.
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