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	This project explores the digitalization of Emergency Response Team (ERT) inspections by applying Kaizen principles in a manufacturing company. Previously, the company utilized a Microsoft Forms-based autonomous inspection checklist, which led to inefficiencies such as prolonged response times, difficulty in tracking historical data, and an increased risk of errors. By the third quarter of 2024, the average response time for completing inspections and reporting findings through the company’s system (SAP) was 10 minutes. The manual process posed challenges, including burdensome categorization, difficulty in retrieval, and unnecessary motion, contributing to longer response times and reduced overall effectiveness. To address these issues, a digital solution was implemented using Kaizen’s continuous improvement principles and Cadence mobile apps for real-time mobile data capture. The transition to a digital inspection process significantly improved efficiency, reduced inspection times, and enhanced the accuracy of reported findings. Real-time data collection facilitated faster responses, streamlined the identification and resolution of safety issues, and minimized disruptions. This approach fostered better adherence to safety protocols, improved interdepartmental teamwork, and enabled quicker decision-making. Additionally, digital records provided valuable insights into safety performance, aiding ongoing improvements. The findings demonstrate the positive impact of digital tools and Kaizen principles in enhancing ERT efficiency through mobile and safety management, resulting in a safer and more responsive manufacturing environment.
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1. Introduction

In today’s fast-paced and technology-driven manufacturing environment, maintaining safety, operational efficiency, and regulatory compliance is critical. Emergency Response Team (ERT) plays a crucial role in ensuring that manufacturers are prepared to respond effectively to any unexpected incidents, minimizing risks to personnel, property, and the environment [1-3]. One of the core responsibilities of ERT is conducting regular safety inspections to identify hazards, assess risks, and ensure the organization’s emergency protocols are up to date and properly implemented. However, traditional methods of inspection, such as paper-based checklists or manual reporting, can often be inefficient, prone to human error, and time-consuming [4-5]. These limitations create challenges in maintaining real-time information, tracking inspection outcomes, and improving the overall effectiveness of emergency response efforts [6]. 
Moreover, this project aimed to explore the digitalization of ERT inspections in a manufacturing company through the application of Kaizen, a Japanese management philosophy that focuses on continuous improvement [8]. Kaizen encourages small, incremental changes that, over time, lead to significant improvements in operational processes. By integrating Kaizen principles with digital tools, this project pursued to enhance the efficiency, accuracy, and timeliness of safety inspections, providing a more responsive and proactive approach to emergency management in manufacturing environments [1,2,4]. Through this initiative, the study intended to explore how digital technologies such as mobile applications, data analytics, and cloud-based platforms can streamline the inspection process, improve communication between team members, and facilitate the documentation and reporting of findings.
2. Methodology
Research methodology encompasses the specific procedures used to identify, select, process, and analyze information pertinent to the research objectives. This chapter outlines the overall methodology employed in this study, which focuses on improving the ERT inspection process through digitalization and the application of Kaizen principles within a manufacturing environment.
2.1 Research Design

This study employs a qualitative research method to obtain data and insights to fulfill all the research objectives. The qualitative method involves analyzing primary data obtained from current ERT inspection processes, focusing on inefficiencies, errors, and challenges inherent in the manual inspection methods, such as delays in response times. Observations conducted during "Go and See" walkthroughs and Kaizen activities served as the primary source of real-time operational data. These observations provided direct insights into the limitations of the current manual inspection workflows and highlight areas for improvement. By analyzing this data, the study addressed the first objective identifying the limitations of the emergency response team (ERT) inspection practices in a manufacturing company. 

In addition, a literature review has been conducted to identify the best practices in digitalization and Kaizen approaches for safety inspection processes. This review examined prior studies on how digital tools like mobile apps and IoT devices improve operational efficiency, data accuracy, and workflow speed [9], and how Kaizen principles have been applied to safety inspections in manufacturing settings. By analyzing whether the challenges observed in current ERT inspections align with factors identified in past research, the study met the second objective in analyzing the comparing manual ERT inspection processes with digital inspection practices, with a specific focus on efficiency, accuracy, and data management. 
In essence, based on the inefficiencies identified from primary data, insights from the literature review, and feedback from stakeholders during Kaizen improvement sessions, the study proposed a digitalized workflow for ERT inspections. This digital solution was designed using Kaizen principles to ensure continuous improvement that focus on streamlining inspection processes, real-time data tracking, and automating notifications. The solutions are utilizing Cadence Apps to enhance operational efficiency, ensure compliance, and ultimately achieve the third objective in enhancing the implementation of digital inspections using Cadence mobile apps and Kaizen methods. This approach enabled a shift to digital inspections that foster continuous improvement while reducing response times and minimizing safety risks within the manufacturing environment. The research flowchart for this study is as indicated in Fig. 1 below.
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Fig. 1: Research flowchart
2.2 Data Collection

The primary data collection for this project involved conducting Plant walk-throughs (Go & See) and direct observations of the ERT inspection process. These walk-throughs and observations were guided by a checklist used as the primary research instrument for recording both quantitative and qualitative data. The quantitative data were derived from numerical counts or frequencies of specific behaviours and activities observed during the inspections, while qualitative data included descriptive or categorical information reflecting the nuances of the ERT inspection process. This approach provided an in-depth understanding of the current inspection procedures and enabled the identification of any inefficiencies within the system. Furthermore, it allowed for the collection of first-hand insights regarding the use of physical autonomous inspection checklists during the inspections. The objective of these data collection methods was to highlight real-time issues within the inspection process and identify areas that could benefit from targeted improvements.
The secondary data for this project was gathered by analyzing company inspection records and documentation, offering insights into trends, issues, and potential opportunities for improvement. In addition, secondary data was sourced from various reputable outlets, such as academic journals, books, articles, news platforms, reputable websites, and other trustworthy online resources. These secondary sources helped contextualize the research, expand its findings, and enrich the understanding of the overall inspection process and its associated challenges.
2.3 Data Analysis

The data analysis was carried out to assess the efficiency and effectiveness of current processes using Kaizen principles and digital tools like Cadence Apps. Data was collected from inspection records and non-compliance reports to identify recurring issues and areas requiring improvement. The analysis focused on classifying these issues, such as equipment, personnel, methods, and materials, allowing for the identification of high-priority concerns. Cadence Apps helped track data in real-time, enabling immediate identification of inefficiencies for swift action, providing a comprehensive view of performance
The data analysis involved root cause analysis tools such as Fishbone diagrams and the 5 Why’s technique to dig deeper into the underlying issues. Fishbone diagrams were used to break down problems into categories, while the 5 Why’s technique traced issues to their core causes. This approach helped to move beyond surface level problems and uncover the true reasons behind inefficiencies, enabling the development of targeted solutions. By addressing root causes rather than symptoms, the analysis provided valuable insights into process weaknesses and areas for improvement.
The data analysis further incorporated brainstorming sessions with teams to develop collaborative solutions, driving effective problem-solving. Cross-functional teams came together to generate ideas for addressing the identified issues, fostering a more holistic approach to improvement. These discussions helped create actionable solutions and ensured that a wide range of perspectives was considered. Overall, the data analysis provided a clear direction for enhancing compliance, optimizing processes, and sustaining long-term improvements by addressing inefficiencies at their root.
3. Results and Discussion
This section presents the findings of the research project and discusses the implications of the results. The results and discussion focus on the current practice of the ERT inspection process, the identification of inefficiencies, and the application of Kaizen methods to drive the improvements. The section is structured into current ERT inspection process, identification of inefficiencies and issues in the ERT inspection process, application of Kaizen tools for process improvement, results of digitalizing the inspection process, and discussion of key findings.
3.1 Kaizen Methods-Based Go & See and Observation Results

A detailed result of the Kaizen methods-based Go & See and observations in the company for this research study is provided as follows.
3.1.1 Current Practice of ERT Inspection Process

The current ERT inspection process, as depicted in the flowchart in Fig. 2 illustrates the key steps and challenges faced by both ERT members and Health, Safety, and Environment (HSE) personnel. ERT members must first walk to the designated equipment location and scan a QR code to access the inspection form in Microsoft Forms. The ERT members then inspect based on the checklist, update the form, and submit it. For HSE personnel, the process is more complex and time-consuming, requiring them to open the Microsoft Form responses, download the data, extract it into Excel, and update a separate Excel sheet to monitor and display monthly progress. Then HSE screenshot the latest updates and share progress in the team's WhatsApp group, sending reminders to members who have not yet completed their inspections.

This workflow involves multiple manual steps, including scanning, data extraction, and external communication, which increases the potential for errors, inefficiencies, and delays in managing inspection data and ensuring compliance. The starred points, highlight critical challenges where automation or streamlined solutions could significantly improve the process.
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Fig. 2: Current ERT procedure in the company 
3.1.2 Limitations of the Current Practices of ERT Inspection 

The current ERT inspection process has several key limitations or problems that impact its efficiency, accuracy, and time management. Firstly, ERT members must physically go to the designated equipment location and scan a QR code to access the inspection form, which introduces dependency on the availability of the QR code system and may cause delays if technical issues occur.

Secondly, the reliance on Microsoft Forms for data collection requires ERT members to log in with their company accounts, which can be inconvenient and slow down the inspection process. For HSE personnel, the process is highly time-consuming, taking an estimated 10 minutes per inspection record to complete repetitive manual tasks such as opening and downloading inspection responses, extracting data into Excel, and updating a separate monitoring sheet.

Additionally, the process involves taking screenshots to document progress and sharing these updates via WhatsApp. These tasks are inefficient, prone to errors, and make it difficult to maintain accurate and up-to-date records. The reliance on external tools such as WhatsApp for tracking and reminders further complicates the workflow, resulting in delays and inconsistent follow-ups. These limitations not only increase the workload for HSE personnel but also hinder the seamless tracking of inspection progress and timely compliance, emphasizing the need for a more automated and integrated system to streamline the process and reduce time wastage. Table 1 summarizes the limitations or problems associated with the current use of physical autonomous inspection that are possible for Kaizen opportunity. 
Table 1: Limitations of the current use of physical autonomous inspection
	Limitation 
	Root Cause 
	Impact on Workflow

	Manual data extraction from Microsoft Forms into Excel
	Lack of automation and integrated system for real time data tracking 
	Time consuming (exceed 10 minutes per task) and error prone

	Dependency on manual tracking of progress 
	Absence of automated systems to track and update inspection status 
	Delays, inconsistent follow-ups, and missed tasks

	Manual reminders for task completion 
	Lack of automated notification system for timely task completion
	Missed inspections, delays in completing tasks

	Repetitive workflows and reliance on external tools
	Disconnected systems leading to manual intervention Absence of automated systems to track and update inspection status
	Increased workload, inefficient data handling and tracking


3.2 Analysis of the Root Causes of Inefficiencies using a Fishbone Diagram and 5 Whys 

The Fishbone diagram analysis as depicted in Fig. 3 reveals several inefficiencies in the ERT inspection workflow, primarily caused by repetitive processes, time-consuming manual tasks, and the absence of integrated systems. One significant issue is the need for HSE personnel to manually extract data from Microsoft Forms into Excel for updating a separate sheet that tracks ERT team progress. This redundant step slows down the workflow and increases the workload due to the lack of an automated, real-time tracking system.

Additionally, the time spent on transferring data often exceeds 10 minutes per task, as multiple workflows and manual handling are involved, with no viable alternatives to using Microsoft Forms and Excel. This leads to substantial delays and hampers overall efficiency. If possible, redraw Fig. 3 to make it clearer.
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Fig. 3: Current ERT procedure in the company 

Another major inefficiency is the dependency on constant reminders for inspection completion, which can result in missed tasks and unnecessary delays. These reminders are not automated, further compounding the manual nature of the process. Audits often highlight findings related to missed or incomplete ERT inspections, reinforcing the need for a more streamlined and effective inspection process. The root causes of these issues point to the absence of an integrated, automated system that would allow for real-time progress tracking, better data handling, and fewer manual interventions.

Furthermore, a more in-depth root cause analysis is conducted using the 5 Whys tool, as illustrated in Fig. 4. Addressing these inefficiencies would significantly improve the workflow and reduce the burden on personnel.


[image: image4]
Fig. 4: In-depth root cause analysis using the 5 Whys tool

3.3  Application of Kaizen Tools for Process Improvement

The application of Kaizen tools has significantly improved the ERT inspection process by identifying and addressing inefficiencies, enhancing automation, and increasing data transparency. By utilizing the 5 Whys technique its systematically identified the root causes of recurring inefficiencies, such as manual data entry, communication gaps, and lack of real-time feedback during inspections. For example, the repetitive and time-consuming process of transferring data was traced back to outdated, manual workflows and insufficient digital integration. These insights informed the implementation of improvements, streamlining the process and eliminating unnecessary steps.

The introduction of Total Productive Maintenance (TPM) principles through tools like the Cadence App enabled sequential action and automated task management to enhance inspection efficiency. The app allows real-time tracking and direct verification of autonomous inspection completion, ensuring all steps are executed without delays or missed checkpoints. Additionally, enhanced data visibility allows teams to retrace inspection records, identify parts needing attention more quickly, and address issues proactively. These improvements reduce downtime, improve accountability, and foster a culture of continuous improvement consistent with Kaizen principles. As a result, the ERT inspection process is now more reliable, transparent, and aligned with industrial standards.

3.4 Results of Digitalizing the Inspection Process

The outcomes were presented in terms of applying digital tools, particularly Cadence Apps to the ERT inspection process.
3.4.1 Analysis of Cadence App in Improving Real- Time Data Tracking and Monitoring

The analysis of the Cadence App highlights its capability to significantly enhance real-time data tracking and monitoring in the ERT inspection process. By providing an integrated and automated platform, the app eliminates the need for repetitive manual tasks such as scanning, data extraction, and external communication. These processes, when performed manually, often lead to increased errors, inefficiencies, and delays in managing inspection data and ensuring compliance. With real-time tracking, the app ensures that inspection data is instantly accessible, enabling teams to monitor progress and address issues promptly.

Furthermore, the app's automation capabilities streamline workflows by cutting off unnecessary steps, reducing the time and effort required for data processing. This not only increases operational efficiency but also minimizes the risk of human errors associated with manual data handling. By consolidating real-time data tracking with enhanced monitoring, Cadence ensures compliance with standards while improving the overall reliability and speed of the inspection process. This results in a more seamless and error-free approach to managing inspections and maintaining compliance in critical operations.

3.4.2 Comparison of Pre- and Post-Digitalization of Inspection Performance

Before digitalization, HSE personnel spent considerable time tracking and managing data, which led to inefficiencies and increased workload. The process involved redundant tasks, particularly in monitoring and cross-referencing data from the ERT team, requiring the use of multiple platforms and systems. This not only consumed additional time but also created potential for errors and inconsistencies in the data.

However, after digitalization, these challenges were significantly alleviated by consolidating all data into a single platform, resulting in substantial time savings. With the ability to manage and analyze data more efficiently, there was no longer a need for redundant work or switching between multiple tools. This streamlined approach allowed HSE personnel to focus on more critical tasks, improving both the speed and accuracy of inspections while reducing administrative burdens. Fig. 5 summarizes the comparison of pre- and post-digitalization inspection process and further comparison as show in Table 2 summary of incomplete data retrieved during the period from 2022 to 2024, emphasizing the limitations of these methods.
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Fig. 5: Comparison of pre- and post-digitalization of inspection process

Table 2: Summary of incomplete data retrieved during the period of 2022 – 2024
[image: image6.png]Manual Inspection Reporting

Pro Digital Reporting

Year

Area

2022

2023

Jan- Apr

May - Aug

Sept-Dec

Jan- Apr
May - Aug

AT

Office

\ \ Sept-Dec

Warehouse

N

Toolerib

Machine
Shop

Weld Shop

QC

NN E

NN NN





3.4.3 Pre-Digitalization by Using Microsoft Forms
Before digitalization, the inspection process relied heavily on Microsoft Forms and Excel, leading to various inefficiencies. Tracking and managing data were labour-intensive, requiring HSE personnel to manually consolidate and retrieve information. This process often resulted in delays and increased workloads. Inspections involving QR code scanning posed additional challenges, as ERT members frequently had to re-login to their accounts when switching forms. This repetitive process added unnecessary steps, extending the time required to complete each scan and diminishing overall efficiency.

Furthermore, HSE personnel depended on Excel for data tracking and analysis, which involved redundant tasks such as monitoring and cross-referencing information across multiple platforms. This manual approach not only consumed significant time but also increased the risk of errors and inconsistencies, further complicating data management. The inefficiencies of the Microsoft Forms interface as shown in Fig. 6 (a), while the challenges of Excel-based data tracking are depicted in Fig. 6 (b).
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Fig. 6: (a) The Microsoft interface and (b) Excel-based data tracking
3.4.4 Post-Digitalization by Using Cadence Apps
The Cadence app offers a transformative improvement in the inspection process by addressing the inefficiencies of the previous system. Unlike the earlier method that required QR code scanning and frequent re-logins, ERT members now benefit from a streamlined approach with a single, one-time login on their phones. The intuitive interface of the Cadence app by mobile, designed with user-friendliness in mind, provides quick access to inspection forms and tools, reducing the time needed to complete inspections. This enhancement significantly improves efficiency, as seen in Fig. 7.
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Fig. 7: The interface of Cadence Apps in mobile

For HSE personnel, the app integrates all data into a centralized platform, featuring a visually organized dashboard for easy data tracking and analysis. This interface simplifies real-time monitoring and enables seamless access to inspection results immediately after submission. The automation and consolidation of data tracking eliminate the need for manual entry, cross-referencing, or navigating multiple tools. This unified system reduces administrative burdens, minimizes errors, and ensures accurate and timely reporting, as presented in Fig. 8.
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Fig. 8: Data tracking and analysis
Overall, the Cadence app's modern interface not only expedites the inspection process but also enhances usability for both ERT members and HSE personnel. By consolidating processes into a single, efficient platform, it allows HSE staff to focus on critical safety tasks, ensuring better compliance and operational effectiveness.

Furthermore, the Cadence app is designed with robust data integrity features, such as preventing backdating of entries, which ensures reliable and transparent documentation. Its real-time tracking capability provides precise details about inspections, including the inspector's name, as well as the exact time and date, as illustrated in Fig. 9.
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Fig. 9: Data tracking and analysis

The app's checklist interface further simplifies the inspection process, enabling users to systematically address predefined checklist items, as depicted in Fig. 10. This structured approach ensures thoroughness and consistency during inspections, minimizing the likelihood of oversight. With an intuitive design tailored to the needs of HSE teams, the Cadence app facilitates seamless navigation and responsive feedback, making it an indispensable tool for maintaining high safety standards in the workplace.
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Fig. 10: The app's checklist interface
3.4.5 Benefits of Integrating Digital Tools and Kaizen
The benefits of Kaizen in the context of TPM with the Cadence App are significant in streamlining inspection processes and enhancing overall operational efficiency. By using a sequential approach, the app ensures actions are taken in a systematic order, improving workflow consistency and reducing errors. The direct verification feature allows for real-time confirmation of autonomous inspection completion, ensuring tasks are properly completed and reducing the risk of missed inspections. Increased data visibility and retracing make it easier to track the inspection process, enabling quick identification of any issues or inconsistencies. Finally, the ability to easily identify parts within the app helps streamline the inspection process, saving time and ensuring more accurate assessments continuous improvement through Kaizen as Fig. 11. 
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Fig. 11: Benefits of Kaizen
3.5 Discussion of Key Findings 

This study comprehensively achieved the objectives that were set, which are summarized below.

3.5.1 Digitalization the Autonomous Inspection Checklist Based on Kaizen Methods

Digitalizing the autonomous inspection checklist using Kaizen methods significantly improves the ERT inspection process by reducing response times and enhancing data management. By implementing real-time data input through digital tools, ERT team can instantly report issues and track progress, eliminating delays and errors associated with paper-based checklists. The Kaizen approach ensures this system continuously evolves through small, incremental improvements. With feedback from users, the digital checklist becomes more efficient over time, further enhancing the speed at which non-conformities are detected and addressed. This shift aligns directly with the objective of improving response times during ERT inspections in manufacturing facilities and machinery.

3.5.2 Improving Data Management and Visibility of Inspection Through Mobile Apps

The Cadence app enhances the Emergency Response Team (ERT) inspection process by integrating Kaizen principles of continuous improvement and driving digital transformation. By replacing traditional paper-based systems with a mobile-friendly platform, the app optimizes workflows, improves data visibility, and eliminates inefficiencies. Its real-time tracking, accurate data recording, and prevention of backdated entries ensure reliable and transparent inspection management. These features enable quicker responses, better resource allocation, and stronger safety standards, demonstrating how mobile technology modernizes ERT operations and supports ongoing operational excellence.

4. Conclusion

In conclusion, the digitalization of ERT inspections, using Kaizen principles and Cadence mobile apps, has greatly improved efficiency in the manufacturing company. By replacing manual log entries with real-time mobile data capture, the inspection process became faster and more accurate. Kaizen’s continuous improvement approach allowed for quick identification and resolution of safety issues, ensuring quicker responses and minimizing disruptions. This integration of technology and improvement methods created a more agile and effective ERT, significantly enhancing safety management.

The results of this project showed a clear reduction in inspection time, better adherence to safety protocols, and improved teamwork across departments. The use of mobile devices allowed ERT members to instantly share critical information, leading to faster, more informed decision-making during safety incidents. Digital records also provided valuable data for analyzing safety performance and guiding future improvements. These outcomes highlight the power of digital tools and continuous improvement in creating a safer and more efficient manufacturing environment.
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