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ABSTRACT 
 
Computerized Maintenance Management System (CMMS) is a software program used to maintain computer databases of information on maintenance activities. This research proposal focuses on the identification of user’s needs so that the software system can be enhanced and be matched to fit the user’s prioritization. This study explains about the functionality of CMMS software and the examination approach is fully discussed. The first objective is to identify the prioritized functionality of CMMS, while the second objective addresses the prioritized function in the work deployment of the system's implementation. The research scope is limited to FM-related industries and includes a questionnaire survey among three organizations. Purposive sampling technique and Cronbach's Alpha Test is used to analyse data. The analysis determines the prioritized function of CMMS based on its sub-functionalities. 90.6% of the respondents think that the current CMMS should be improved. Work order management presents difficulties for respondents; some assert that enhancing CMMS features can assist with resolving these problems. Feedback systems and continuous monitoring can further develop work order management within CMMS. The article emphasizes the importance of examining CMMS functionalities to assess their usefulness and usability. It also highlights the potential for improvements on the functionalities of CMMS in the work deployment of a multi-complex building. 
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1. 	INTRODUCTION 
 
Computerized Maintenance Management System (CMMS) are specialized IT platforms created to manage broadly defined maintenance in both small and big manufacturing organizations. The management of equipment, planning and upkeep of inspections, management of supervisory protocols, and service documentation are all supported by CMMS. They are responsible for managing maintenance personnel as well as recording events pertaining to the upkeep of production and measurement equipment, such as any failures, repairs, or inspection. CMMS helps to standardize maintenance data and streamline maintenance operations. Certain sectors are transitioning to more organized maintenance management. As a way to control their maintenance task, it is frequently employed in the manufacturing, oil and gas, electricity, and communication industries. There are several free CMMS programmes available, but the majority of them only offer the most basic functionality (Jasiulewicz, Piechowski, & Piotr, 2017). 
 	 
Most maintenance does not have a system to keep track of current and upcoming maintenance operations. This is due to the traditional method of paperwork and records that are made. Due to this, maintenance work is challenging to monitor and assess before, during, and after it is completed. Hence, a system will be created to help the industry's management oversee the maintenance operations more efficiently and with less effort. The development of computerized maintenance management systems (CMMS) as a tool for organizing maintenance tasks occurred in the 1970s and 1980s. They were developed specifically to assist in managing all facets of monitoring, planning, controlling, requesting, reporting, planning, and analysing maintenance tasks (Jasiulewicz, Piechowski, & Piotr, 2017). 
 
A modern manufacturing operation or industrial facility today would be impossible to envision without a well-functioning maintenance department (Shahin, Jamkhaneh, & Yarmohammadi , 2021). All manufacturing processes incorporate maintenance services, which oversee cost optimization, resource efficiency, and adherence to social standards in addition to ensuring the greatest degree of availability of machinery, equipment, and installations. For the effective management and evaluation of maintenance operations in modern production, computerized maintenance systems are a need (Jasiulewicz, Piechowski, & Piotr, 2017). 
 
 
1.1 	RESEARCH OBJECTIVES 
 
The aim of this study is to identify the prioritized functionality of CMMS and to examine work order management on the work deployment in a multi-complex building. 
 
 
2. 	BACKGROUND 
 
The complexity of managing maintenance in multi-complex building operation has a big impact on how profitable firm revenue is. In the past year, buildings used to be single-unit properties that were rented out as a single unit. Single-unit buildings would normally be a condo, a townhouse, or an occasional rental. While a multi-complex building has been separated into a number of independent buildings that are rented to several tenants (Craighead, 2013).  
 
The number of building structures present in single-unit and multi-complex building is the primary difference between them. Single unit would just have one dwelling unit, while multi-complex has more than three four or more which forms into a city. Whereas all buildings are gathered to become multiple buildings.  Each unit within a multi-complex building has a connection of commercial and residential building such as shopping mall, apartments, entertainments, institution, transportation hub and other leisure (Craighead, 2013). 
 
In some places, multi-complex buildings will proliferate and be difficult to manage manually. It will be more challenging to maintain since there are a lot of buildings, and technical workers will find it tough to perform maintenance in terms of handling operation, control cost, record keeping and data analysis. The government made a big effort with the adoption of Law 757 in 2013 to establish a clear framework for the upkeep and administration of stratified properties in Malaysia. However, there are important distinctions between residential and commercial properties when it comes to stratified property maintenance and management (Khalid, Ahmad, & Sakdan, 2019). 
 
Therefore, maintenance management would be extremely difficult without the use of a computer base (Wienker, Henderson, & Volkerts, 2016).  As a result, CMMS will soon be able to help with the efficient and effective management of pertinent maintenance tasks (Braglia, Carmignani, Frosol, & Grassi, 2016). Technical, financial, and historical data on the tool and the company's facilities are necessary for effective maintenance management, and this is accomplished through the use of the CMMS (Carnero, 
2015). 
 
 
3. 	LITERATURE REVIEW 
 
According to H Mohd Noor (2019), it is possible to implement CMMS capabilities through the integration of Industry 4.0 technologies. This is because technology is already in place and only must be integrated or shared among itself. It will increase the CMMS's unanticipated capabilities and centralise the database and maintenance tasks within the CMMS (Mohd Noor, Amrin, & Mazlan, 2019). As a reactive system, CMMS will no longer require human interaction in between processes. The machine will constantly communicate information to the CMMS via a smart device or sensor, allowing the CMMS to keep track of how the machine is behaving in relation to the established process criteria. Any operational issues will be identified, and the maintenance engineer will receive correction instructions for future action (Mohd Noor, Amrin, & Mazlan, 2019). 
 
This allows for the elimination of failure-related stops and causes. Integrating of this technology over the long run may significantly affect operating expenses, the quality and efficiency of work, employment, and business profitability. Start-up expenses, meanwhile, are a significant obstacle that has been identified to adapt to the adoption of this technology. To modernise each tool and complete system integration, management must invest a significant amount of money. A further factor that affects how successfully this technological integration is implemented is the local workforce's readiness and technical competence (Mohd Noor, Amrin, & Mazlan, 2019). 
 
The current version of CMMS, in accordance with Bagadia (Bagadia, 2006) and Kullolli (Kullolli, 2008) is largely used for directing scheduled preventive maintenance operations and to manage data linked to asset status (Amadi-Echendu, 2015). In the late 1980s early 1990s, as most organisations started switching from pen and paper to computers, the CMMS revolution got underway (Campbell-Kelly, Aspray, Ensmenger, & R. Yost, 2018). The use of "Access" and its programming started to develop in the 1990s, and this time the upkeep of the technology was based on modern technology, where information kept in databases made it simpler for people to record, search, analyse, and report (Cohen, F. Baretich, & M. Gentles, 2019). The timeline of evolution from the 1980s to today and is shown in the Figure 1. 
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Figure 1: The industrial revolution and the history of CMMS relate to one another (Mohd Noor, Amrin, & Mazlan, 2019) 
 
According to a book written by Schwab (Schwab, 2016) titled "The Fourth Industrial Revolution," which clarifies that the Fourth Industrial Revolution was marked by the rise of supercomputers, cunning robots, driverless vehicles, genetic alteration, and the development of "neurotechnology" that empowers people to better optimise brain function (Ariansyah, Rosa, & Colombo, 2019), the need for and increased specialisation in the field of technology offer about a new change. With the idea of "Big data," information may be analysed more thoroughly and quickly. This is made possible by the Internet of Things (IoT) network technology, which makes it possible to transmit data and communications to any location quickly (Maldonado, Ameigeiras, Soler, Jonathan Garzon, & Ortiz, 2019).   
 
As can be seen, the first three modern transformations resulted in the development of mechanical, electrical, and data innovations that were intended to increase profitability and verify company practises (Aleloul, Liew, Wan Abdullah Zawawi, & Mohammed, 2018). In the first early industrial revolution, productivity was to be increased with hydropower, improved steam power utilisation, and improved machine apparatuses. In the second modern revolution, power and mass production were presented, and in the third mechanical revolution, the use of robotization was expanded using devices and data innovation. The Cybersecurity System (CPS) method, which integrates physical engineering with information and communication technologies (ICT) for a more effective and competitive future industry, is what currently supports the fourth modern revolution (Aleloul, Liew, Wan Abdullah Zawawi, & Mohammed, 2018) 
 
2.1 	CMMS ON MULTI-COMPLEX BUILDING 
 
Computerized Maintenance Management Systems (CMMS) have become increasingly important in the field of facility management. CMMS are computer technology solutions used for building maintenance (Bouabdallaoui, Lafhaj, & Yim, 2020). These systems can be integrated with other technologies such as Building Information Modelling (BIM) and Building Energy Management Systems (BEMS) to improve maintenance processes and detect faults in buildings (Shalabi & Turkan, 2020). The deployment of CMMS has been shown to have positive effects on facility management, particularly in high-rise office buildings (Musa, Musa, & Chua, 2021). CMMS also have the potential to improve the interactions between occupants and buildings in the maintenance process (D'orazio, Giuseppe, & Bernardini, 2022). They are used to track, schedule, organize, and facilitate maintenance activities. Furthermore, CMMS can provide valuable data for evaluating occupants' satisfaction and building systems (Bortolini & Forcada, 2019). Many hotels utilize CMMS to organize and manage building maintenance works. Predictive methods based on recurrent neural networks can be developed using CMMS data to support facility managers in building maintenance tasks. Overall, CMMS play a crucial role in managing maintenance activities and improving the efficiency and effectiveness of building management processes (D'orazio, Giuseppe, & Bernardini, 2022). 
 
2.2 	MAINTENANCE CHALLENGES IN MULTI-COMPLEX BUILDINGS 
 
It will be challenging to perform maintenance work manually once multi-complex structures grow into cities. Due to the enormous number of buildings, maintenance will be more difficult, and technical staff will struggle to manage operations, control costs, maintain records, and analyse data (Buitelaar, Moroni, & Franco, 2020). Maintenance work can become more challenging in complex buildings due to several factors. With an increased complexity, a complex building often has intricate designs, multiple levels, and interconnected systems. This complexity can make it difficult to identify and access specific maintenance areas, equipment, or systems. Maintenance personnel may need to navigate through intricate mazes of corridors, mechanical rooms, and utility spaces to reach the area requiring attention (J Huang, Wang Y., & Li H., 2015). 
 
Besides that, complex buildings have diverse systems which typically incorporate a wide range of systems and equipment, such as HVAC (heating, ventilation, and air conditioning), electrical, plumbing, fire suppression, security, and specialized systems. Each system may have its own unique maintenance requirements, specialized tools, and knowledge base. Coordinating and managing maintenance activities for diverse systems can be challenging, requiring a broader skill set and expertise from maintenance personnel (Rinkinen, , Tulkki A, & J., 2017).nIn complex buildings, various systems and components often rely on one another. For example, the electrical system may be interconnected with the HVAC system or fire suppression systems. This interdependency can complicate maintenance work, as servicing one system may require shutting down or isolating other systems. Maintenance personnel must carefully plan and coordinate their activities to avoid disrupting critical building functions or inadvertently causing damage (Pang, Zhu, Wang, & Wu, 2018). 
 
Complex buildings often incorporate advanced technologies, such as building automation systems, energy management systems, and sophisticated control systems. While these technologies offer benefits in terms of efficiency and performance, they can pose challenges during maintenance. Maintenance personnel need to be familiar with these technologies and possess the necessary skills to troubleshoot and maintain them effectively (Mahalingam A. & Chua K. J., 2015). In many complex buildings, minimizing downtime is crucial to avoid disruptions in operations or occupant inconvenience. Maintenance activities need to be carefully planned and scheduled to ensure minimal impact on building occupants and operations. Coordinating maintenance work within limited windows of opportunity can be challenging, particularly in buildings that operate 24/7 or have high occupancy levels. 
 
Other than that, complex buildings can have intricate layouts, intricate designs, and confined spaces, making it challenging for maintenance personnel to access various areas for inspection and repairs. This limitation can hinder the efficiency of maintenance activities, prolonging the time required for tasks and increasing the risk of human error (Sone & Yoshida, 2021). Overall, the increased complexity of systems, equipment, interdependencies, advanced technology, and regulatory requirements make maintenance work more challenging in complex buildings. Effective maintenance management, planning, and the expertise of maintenance personnel are essential to ensure the smooth operation, longevity, and safety of these buildings. 
 
2.3 	CMMS FUNCTIONALITIES 
 
A CMMS's software applications and data files offer capability that is typically categorised into subsystems or modules for particular activity sets (W. Cato & Mobley, 2001). The functionalities of CMMS can vary based on the specific software and the needs of the organization, but generally include the following key features shown in Figure 2. 
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Figure 2: CMMS features and functionalities (Argawal, 2023) 
 
 
3. 	METHODOLOGY 
 
The research scope is limited to FM-related industries, particularly those who have expertise in CMMS. In this research study, purposive or judgmental sampling is used to collect data. The term "purposive sampling" describes a range of non-probability sampling procedures where units are chosen because they have the qualities that you need in the sample you are collecting. To target known or likely areas of risk, judgmental (i.e., nonstatistical) sampling involves selecting a sample of items for testing based on the professional judgement, expertise, and experience of the respondents. In the context of CMMS evaluation, judgmental sampling is a suitable sampling methodology especially when examiners are not required to form conclusions about the group of individuals under review (Office of the Comptroller Currency, 2020). People with prior CMMS usage expertise were chosen as responders. The selected responders must have the knowledge or experience of CMMS to answer the distributed questionnaire. 
A questionnaire survey was performed among three organizations at UTHM Pagoh, Sime Darby Property (Bandar University Pagoh) and Bangi Health Clinic with 32 responses. The analysis identifies the prioritized function of CMMS based on the score of its sub-functionalities. To assess the validity was the survey form and to offer crucial analysis on the selection and use of the CMMS, Descriptive Analysis and Cronbach’s Alpha Test were carried out for the data analysis. 
 
 
4. 	RESULTS AND DISCUSSION 
 
A total of 32 people responded to the survey. The online survey forms were distributed by email and WhatsApp after being produced using the Google Forms method. The questionnaire is distributed to people who has experience in CMMS. Respondents come from a wide range of demographic backgrounds since the questionnaire is distribute to selected people only from UTHM Pagoh, Bangi Health Clinic and Sime Darby Property. Table 1 shows the survey rate of respondents in this study. 
 
Table 1: Number of respondents’ rate 
 
	Sample size 
	Number of respondents 
	Respondent rate 

	32 
	32 
	100% 


 
As can be seen from the above table, the study's sample size was met with a total of 32 responses. Since every responder filled out and returned the questionnaire, the response rate was calculated as 100% of the sample size. The targeted goal was achieved because there were enough respondents who completed the online questionnaires. 
 
4.1 	DEMOGRAPHIC CHARACTERISTICS OF RESPONDENTS 
 
The researcher studied the background profile of the respondents. The age of the respondent is the first query in this demographic section. Table 2 shows the demographic percentages of respondents in Part A of this survey. 
Table 2: Summary of respondents' demographics 
 
	
	 
	Frequency 
	Percentage (%) 

	Gender 
	Male 
	23 
	71.9 

	 
	Female 
	9 
	28.1 

	Age 
	21 - 30 years old 
	9 
	28.1 

	 
	31 - 40 years old 
	20 
	62.5 

	
	41 - 50 years old 
	3 
	9.4 

	
	51 years and above 
	0 
	0.0 

	Job Position 
	Technician 
	22 
	68.8 

	 
	Facility Manager 
	1 
	3.1 

	
	Facility Executive 
	4 
	12.5 

	
	System Administrator 
	2 
	6.3 

	
	Assistant Engineer 
	2 
	6.3 

	
	IT officer 
	1 
	3.1 

	CMMS experience 
	Less than 1 year 
	3 
	9.4 

	 
	2 - 3 years 
	7 
	21.9 

	
	4 – 5 years 
	12 
	37.5 

	
	More than 6 years 
	10 
	31.3 


 
As shown in the Table 2, males account for 71.9% of respondents, while females account for 28.1%. A total of 23 respondents were male while 9 respondents were female. There were four age categories of respondents which were 21 – 30 years old with 28.1%, 31 – 40 years old with 62.5%, 41 – 50 years old with 9.4% while no one recorded for  the age of 51 years old and above. As a result, the most common age range for this study was 31 to 40 years old. There was a total of 6 positions/roles listed. However, technicians are the most common occupation, followed by facility excecutive, system administrator, assistant engineer and IT officer, with 68.8%, 12.5%, 6.3% and 3.1 % respectively. In addition, each respondent has different periods of working experience. 37.5% of respondents represent 4–5 years of job experience, 31.3% represent more than 6 years of work experience, 21.9% represent 2-3 years of work experience and 9.4% represent less than a year of work experience. 
 
4.2 	ANALYSIS OF LIKERT SCALE QUESTIONS 
 
Respondents are required to answer closed-ended questions about CMMS functionality in Part B. These closed-ended questions are usually five-point or above-scale questions that must be answered on a questionnaire that asks the respondent to rate how much they agree or disagree. Part B consists a set of seven questions and under one question there will be five sub questions intended to help the researcher determine whether or not the respondents are knowledgeable of the subject. Sub-questions serve to break down and go deeper into certain aspects of the primary inquiry topic. They are subsidiary questions that are connected to the main or primary question. The results of the data are summarized in Table 3. 
 
Table 3: Summary for Likert Scale Questions 
 
	Questions 
	
	Frequency 
	
	
	Percentage (%) 
	

	Scale 
	1 
	2 
	3 
	4 
	5 
	1 
	2 
	3 
	4 
	5 

	
	
	 
	
	
	
	

	A. Asset Management 
	
	
	
	
	
	

	Asset Registration 
	1 
	0 
	7 
	12 
	12 
	3.1 
	0.0 
	21.9 
	37.5 
	37.5 

	Asset Tracking 
	2 
	2 
	8 
	10 
	10 
	6.3 
	6.3 
	25.0 
	31.3 
	31.3 

	Asset accounting 
	1 
	3 
	9 
	10 
	9 
	3.1 
	9.4 
	28.1 
	31.3 
	28.1 

	Asset availability tracking 
	0 
	3 
	7 
	10 
	12 
	0.0 
	9.4 
	21.9 
	31.3 
	37.5 

	Asset performance management 
	0 
	3 
	8 
	7 
	14 
	0.0 
	9.4 
	25.0 
	21.9 
	43.8 

	B. Work Order Management 
	
	
	
	
	
	

	Work order creation 
	0 
	0 
	9 
	9 
	14 
	0.0 
	0.0 
	28.1 
	28.1 
	43.8 

	Work order approval 
	0 
	0 
	8 
	8 
	16 
	0.0 
	0.0 
	25.0 
	25.0 
	50.0 

	Work order distribution 
	1 
	1 
	7 
	9 
	14 
	3.1 
	0.0 
	21.9 
	28.1 
	43.8 

	Work order execution 
	0 
	0 
	6 
	8 
	18 
	0.0 
	0.0 
	18.8 
	25.0 
	56.3 

	Work order evaluation 
	0 
	0 
	7 
	10 
	14 
	0.0 
	0.0 
	21.9 
	31.3 
	43.8 

	C. Preventive Maintenance 
	
	
	
	
	
	

	Conduct regular maintenance 
	1 
	0 
	6 
	8 
	17 
	3.1 
	0.0 
	18.8 
	25.0 
	53.1 

	History records 
	0 
	1 
	3 
	10 
	18 
	0.0 
	0.0 
	9.4 
	31.3 
	56.3 

	Modify frequency and intervals 
	0 
	0 
	11 
	10 
	11 
	0.0 
	0.0 
	34.4 
	31.3 
	34.4 

	Track maintenance task 
	2 
	0 
	9 
	10 
	11 
	6.3 
	0.0 
	28.1 
	31.3 
	34.4 

	Assign multiple techs for one job 
	2 
	0 
	8 
	10 
	12 
	6.3 
	0.0 
	25.0 
	31.3 
	37.5 

	D. Reporting and Analytics 
	
	
	
	
	
	

	Data organization 
	0 
	1 
	4 
	11 
	16 
	0.0 
	0.0 
	12.5 
	34.4 
	50.0 

	Generate reports and analyze expenses 
	0 
	0 
	9 
	9 
	14 
	0.0 
	0.0 
	28.1 
	28.1 
	43.8 

	Produce performance indicator 
	0 
	1 
	6 
	13 
	12 
	0.0 
	0.0 
	18.8 
	40.6 
	37.5 

	Track maintenance KPI’s 
	0 
	2 
	5 
	9 
	14 
	0.0 
	0.0 
	15.6 
	28.1 
	43.8 

	Revenue and profitability analysis 
	2 
	1 
	9 
	6 
	14 
	6.3 
	0.0 
	28.1 
	18.8 
	43.8 

	E. Inventory Control 
	
	
	
	
	
	

	Track supplies and spare parts 
	0 
	2 
	8 
	10 
	12 
	0.0 
	0.0 
	25.0 
	31.3 
	37.5 

	Review status and track downtime 
	0 
	1 
	7 
	10 
	14 
	0.0 
	0.0 
	21.9 
	31.3 
	43.8 

	Stock level and reordering 
	0 
	3 
	5 
	8 
	16 
	0.0 
	0.0 
	15.6 
	25.0 
	50.0 

	Inventory audit 
	1 
	3 
	4 
	12 
	12 
	3.1 
	0.0 
	12.5 
	37.5 
	37.5 

	Warehouse stock transfer 
	1 
	2 
	9 
	10 
	10 
	3.1 
	0.0 
	28.1 
	31.3 
	31.3 

	F. Vendor Support 
	
	
	
	
	
	

	Vendor & supplier info 
	1 
	3 
	9 
	9 
	10 
	3.1 
	0.0 
	28.1 
	28.1 
	31.3 

	Technical support 
	0 
	2 
	11 
	8 
	11 
	0.0 
	0.0 
	34.4 
	25.0 
	34.4 

	Update & Maintenance 
	0 
	3 
	5 
	7 
	17 
	0.0 
	0.0 
	15.6 
	21.9 
	53.1 

	Bug Reporting & Resolution 
	0 
	0 
	9 
	8 
	15 
	0.0 
	0.0 
	28.1 
	25.0 
	46.9 

	License & Renewal 
	3 
	2 
	7 
	5 
	15 
	9.4 
	0.0 
	21.9 
	15.6 
	46.9 

	G. Mobile Accessibility 
	
	
	
	
	
	
	
	
	
	

	Easy access 
	1 
	4 
	6 
	6 
	15 
	3.1 
	0.0 
	18.8 
	18.8 
	46.9 

	Barcode scanning 
	2 
	3 
	5 
	15 
	7 
	6.3 
	0.0 
	15.6 
	46.9 
	21.9 

	Real time update 
	1 
	3 
	7 
	10 
	11 
	3.1 
	0.0 
	21.9 
	31.3 
	34.4 

	Offline functionality 
	3 
	2 
	10 
	6 
	11 
	9.4 
	0.0 
	31.3 
	18.8 
	34.4 

	Intergrate - data synchronization 
	2 
	5 
	6 
	8 
	11 
	6.3 
	0.0 
	18.8 
	25.0 
	34.4 


 
4.3 	MOST PRIORITIZED CMMS FUNCTION 
 
CMMS is a solution that is becoming more and more popular among companies trying to maximize their maintenance management operations since it offers a multitude of functional capabilities. Maintenance managers may track and actively manage assets across several business sites with the help of this technology, which gives them access to vital information from any device (Amadi-Echendu, 2015). According to Figure 3, the most prioritize CMMS function were work order management with percentage of 86%, followed by asset management, preventive maintenance, reporting and analytics, and vendor support with the same percentage of 65%, mobile accessibility with percentage of 62% and finally inventory control with percentage of 59%. People consider work order management crucial in a Computerized Maintenance Management System (CMMS) for several compelling reasons. Work order management ensures that maintenance tasks are systematically organized and tracked where it leads organizations to more efficient and effective task execution, reducing the risk of missed or delayed maintenance activities (Amadi-Echendu, 2015). 
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Figure 3: CMMS Functionality
4.3 	ANALYSIS OF DICHOTOMOUS QUESTIONS 
 
Respondents are required to answer closed-ended questions about users experience in CMMS and their perspectives towards improvement on the function of CMMS in a multi-complex building in Part B.  It consists of eleven questions intended to help the researcher determine whether the respondents are knowledgeable of the subject. The results of the data are summarized in Table 4. 
 
Table 4: Summary for Part B 
 
	
	Questions 
	Frequency 
	Percentage (%) 

	
	
	Yes 
	No 
	Yes 
	No 

	Question 1 
	Have you encountered any problem in CMMS based on your experience? 
	4 
	28 
	12.5 
	87.5 

	Question 2 
	Do you think that current CMMS software in the market is sufficient? 
	16 
	16 
	50.0 
	50.0 

	Question 3 
	Do you think CMMS can adapt to IR4.0 technologies? 
	23 
	9 
	71.9 
	28.1 

	Question 4 
	Do you think CMMS can be improved and upgraded? 
	29 
	3 
	90.6 
	9.4 

	Question 5 
	Have you heard about Intelligent Computerized Maintenance Management System (I-CMMS)? 
	2 
	30 
	6.3 
	93.8 

	Question 6 
	Is the current CMMS software able to handle diverse maintenance tasks on multi-complex building? 
	21 
	11 
	65.6 
	34.4 

	Question 7 
	Is the current CMMS software able to efficiently manage a high volume of work orders, assets, and associated data in a multi-complex building? 
	3 
	29 
	9.4 
	90.6 

	Question 8 
	Is CMMS capable of enabling seamless data exchange, providing a comprehensive view of the building's operations? 
	23 
	9 
	71.9 
	28.1 

	Question 9 
	Is Mobile CMMS sufficient to allow technicians access work orders, update information in real-time? 
	10 
	22 
	31.3 
	68.8 

	Question 10 
	Does the current CMMS require training? 
	24 
	8 
	75.0 
	25.0 

	Question 11 
	Is current CMMS able to generate automated work orders and tracking compliance with maintenance schedules in a multi-complex building? 
	26 
	6 
	81.3 
	18.8 


 
As an introduction to Part B, the researcher wants to be certain that everyone who answered the questionnaire understands and gives their opinion on current CMMS software. According to Table 4, 87.5% of respondents do not have any problem when using CMMS. Half of the total respondents think that current CMMS software in the market is sufficient while the other half thinks it is not enough. 71.9% of the respondents agree that CMMS can adapt to IR4.0 technologies and 90.6% of the respondents think that the current CMMS should be improved. CMMS capabilities can be implemented by integrating Industry 4.0 technologies. Human involvement will no longer be necessary between processes in CMMS (Mohd Noor, Amrin, & Mazlan, 2019). There are 93.8% respondents who never heard of I-CMMS before. 34.4% of the respondents agree that the current CMMS software will not be able to handle diverse maintenance tasks in multi-complex building. In terms of scalability, 90.6% respondents reported that CMMS software is not able to efficiently manage a high volume of work orders, assets, and associated data in a multi-complex building. Most structures are continuously being upgraded with new technology (Mohd Noor, Amrin, & Mazlan, 2019). The latest generation of CMMS software might not be adequate to oversee the general management of a multi-complex building. The entire building may be in danger of going out of date if CMMS software is not updated often and adjusted to IR4.0 technologies (Buitelaar, Moroni, & Franco, 2020).  
Next, 71.9% of respondents agreed that CMMS can enable seamless data exchange, providing a comprehensive view of the building's operations and facilitating proactive maintenance. While 68.8% of the respondents think that mobile CMMS is insufficient to allow technicians access work orders, update information, and retrieve asset details in real-time. 75% of the respondents think technicians and administrators are not able to quickly adapt to the system which they require training. Lastly, 81.3% of respondents agree that CMMS can provide scheduling recurring tasks, generating automated work orders, and tracking compliance with maintenance schedules in multi-complex building. 
 
Table 5: Summary for Part C 
 
	
	Questions 
	Frequency 
	Percentage (%) 

	
	
	Yes 
	No 
	Yes 
	No 

	Question 1 
	Is Mobile CMMS sufficient to allow technicians access work orders, update information, and retrieve asset details in realtime? 
	18 
	14 
	56.3 
	43.8 

	Question 2 
	Is the CMMS system able generate a simple work order that enables conversion to bar codes, handheld terminals, and other future technological advancements? 
	27 
	5 
	84.4 
	15.6 

	Question 3 
	Is the current CMMS system incomplete or give inaccurate Information? 
	20 
	12 
	62.5 
	37.5 

	Question 4 
	Have you experience any communication breakdown when receiving work order and there was ineffective communication between maintenance teams, managers, and requesters? 
	23 
	9 
	71.9 
	28.1 

	Question 5 
	Is the current CMMS able to track total cost of work order (at least in a simplified way)? 
	3 
	29 
	9.4 
	90.6 

	Question 6 
	Is the current CMMS lack of standardization? Do you think the format and procedure is inconsistent for creating and managing work orders? 
	25 
	7 
	78.1 
	21.9 

	Question 7 
	Does the CMMS system fail to prioritize work orders? Do you often face difficulties in prioritizing work order based on urgency, criticality, or unavailable resources? 
	26 
	6 
	81.3 
	18.8 

	Question 8 
	Is the CMMS system able support the creation of recurring or repetitive work orders for routine maintenance tasks? 
	19 
	13 
	59.4 
	40.6 

	Question 9 
	Can the CMMS system provide adequate planning and scheduling? leading to efficient resource utilization? 
	11 
	21 
	34.4 
	65.6 


 
For Part C, the researcher examines the prioritized function of CMMS which is work order management. This section contains a set of 9 questions. The researcher wants to find out whether the deployment of work order needs to be improved. According to Table 5, shows that 56.3% of respondents agree that the current CMMS system is reliable for creating and managing work orders where the task can be completed appropriately and efficiently. 62.5% of respondents agree that CMMS system is incomplete and can give inaccurate information where the work order lacks essential details, such as clear instructions, required materials, or accurate asset information. 71.9% of respondents had also experienced communication breakdown when receiving work orders and there was ineffective communication between maintenance teams, managers, and requesters. Misunderstandings, missed updates, and lack of collaboration can result in delayed or incomplete work orders (Amadi-Echendu, 2015). Next, 90.6% of respondents disagree that CMMS can track total cost of work order in a simplified way.  While 78.1% of respondents agree that CMMS lack standardization where they think the format and procedure is inconsistent for creating and managing work orders. Standardization is essential for clarity, communication, and effective reporting. inconsistencies can hinder collaboration and data analysis (Amadi-Echendu, 2015). While 81.3% of respondents agree that CMMS system fails to prioritize work orders where users often face difficulties in prioritizing work order based on urgency, criticality, or unavailable resources. Lastly, 65.6% of respondents disagree that CMMS system can provide adequate planning and scheduling, leading to efficient resource utilization. This may lead to unplanned downtime, resource shortages, and delays in task completion (Kamel, 2022). 
 
4.4 	SUGGESTIONS OR COMMENTS BY RESPONDENTS 
 
Table 6: Summary for Part D 
 
	Job Position 
	Comments 

	Assistant Engineer 
	i dont have a problem to fill the work request information, but i always have problem to attach image or pdf as prove because i need to upload first to the server, then its hard to find it again at server, because of mess folder at the server. Maybe can try another way to do attachment, or do a procedure how to upload pdf or image so user can easily do. 

	Facility 
Excecutive 
	Improvement in term of mobile phone application that can access by client and service provider so that easier to raise work order and monitor work order. 

	Technician 
	Using display colors with soft colors. 

	Technician 
	Basically the CMMS system used at UTHM Pagoh is very good but the functionality of the system can only be monitored and to some extent information leakage can be doubted. 

	Technician 
	Hope this CMMS complaint system can go directly through the mobile application for faster and easier. 

	System 
Administrator 
	The CMMS system needs to be expanded to the user to know the status of the report made. 


 
4.5 	CRONBACH ALPHA TEST RESULTS 
 
Cronbach's alpha is a variable used to assess the internal consistency or reliability between a number of items, measurements, or ratings. In other words, it determines the degree to which a rating or instrumentation, assessed by subjects and used to determine the stability of the tools, can be relied upon to produce accurate replies (Bujang, Omar, & Baharum, 2018). Cronbach created the alpha statistic, which was initially employed to gauge the validity of a psychometric test. Cronbach's alpha has a value between 0 and 1, with greater values indicating that the items measure the same dimension. On the other hand, if the value of Cronbach's alpha is low (close to 0), it indicates that some or all of the parts don't have the same dimension (Bujang, Omar, & Baharum, 2018).  
 
On the survey questionnaire, a reliability test (Cronbach's Alpha test) was conducted. This is due to the fact that only variables with Likert scales as possible answer options will require the Cronbach's Alpha to be performed. Additionally, a coefficient alpha of greater than 0.7 is regarded favourable (Nunnally, 1978). This statistic will be used to examine how stable the tools are over time by indicating how reliable the responses to a questionnaire (or domain of a questionnaire), instrumentation, or rating assessed by participants are. In addition, the statistical package for the social sciences (SPSS) software will be used to analyse Cronbach's Alpha for this study. Consequently, Table 7 demonstrates the Cronbach Alpha coefficient's rule of thumb. 
 
Table 7: Rule of thumb Cronbach alpha coefficient (Hair, Page, & Samouel, 2007) 
 
	Alpha Coefficient Range 
	Strength of Association 

	Less than 0.6 
0.6 to < 0.7 0.7 to < 0.8 
0.8 to < 0.9 
0.9 and above 
	Poor 
Moderate 
Good 
Very Good 
Excellent 


 	 
A reliability test (Cronbach's Alpha test) was performed on survey parts B and C. This is because Cronbach's Alpha will only need to be run for variables that include Likert scales as potential answer choices. Furthermore, according to Nunnally (1978), a coefficient alpha of more than 0.7 is considered favorable. By demonstrating the degree of reliability in participant-assessed ratings, instruments, or questionnaire responses (or domains), this statistic will be used to investigate the stability of the tools over time. Furthermore, this study will employ the statistical package for the social sciences (SPSS) software to analyze Cronbach's Alpha. Based on table 8, the reliability test result using SPSS 20.0 generated a value of 0.972. The questionnaire can be given to responders because this value is greater than 0.7. 
 
Table 8: Reliability Statistics 
 
	Cronbach’s Alpha 
	Cronbach's Alpha Based on Standardized Items 
	N of items 
	Internal Consistency 

	0.972 
	0.973 
	36 
	Excellent 


 
 
5. 	RESEARCH DISCUSSION 
 
This section presents the findings from the first objective, which is to address the most prioritized CMMS functionalities by respondents. The discussion then moves on to the second objective, which is to evaluate the sub-functionalities of CMMS and to recommend feasible recommendation to improve CMMS functionalities on the work deployment in a multi-complex building based upon previous literature reviews.  
 
5.1 	FIRST OBJECTIVE 
 
The first objective is achieved through the previous literature review. A comprehensive reading is carried out in order to address issues on the current Computerized Maintenance Management System (CMMS) in the market. The researcher looked through articles, books, and websites to find out every function of CMMS and its sub-function. The various functions and subfunctions within a CMMS serve specific purposes, addressing the diverse needs and complexities of maintenance operations. These subfunctions contribute to the overall effectiveness and efficiency of maintenance processes (Argawal, 2023). For the first questionnaire, there should be a clear purpose for each question that is related to the study's objectives, and it should be stated up front how the data will be used. Since every survey respondent is chosen based on a certain profile, the researcher uses purposive sampling to target a specific segment of the population. A questionnaire used in combination with sampling is often the most practical and efficient way to get data (Yaddanapudi, 2019).  
 
To reach the first objective, a pilot study has been made to validate the questionnaire before it is distributed to respondents. A total of 32 employees with CMMS competence in all were given a questionnaire, either in person or online. Every responder provided information that can be utilized to meet the study's objectives. Through the use of an online questionnaire, the first objective has been fulfilled. Regarding the first objective, all respondents have provided good comments on the significance and applicability of data parameters in CMMS software. Findings from the questionnaire given to respondents with CMMS experience are included in subtopic 4.4. The most prioritize CMMS function were work order management with percentage of 86%, followed by asset management, preventive maintenance, reporting and analytics, and vendor support with the same percentage of 65%, mobile accessibility with percentage of 62% and finally inventory control with percentage of 59%. 
 
Work order management was selected by the majority of respondents as the CMMS function that should be the most prioritized when asked about each function individually. People consider work order management is crucial in a Computerized Maintenance Management System (CMMS) for several compelling reasons. Work order management ensures that maintenance tasks are systematically organized and tracked where it leads organizations to more efficient and effective task execution, reducing the risk of missed or delayed maintenance activities (FTMaintenance, 2020). Besides that, work orders allow for the prioritization of maintenance tasks based on criticality, urgency, and resource availability. Prioritizing tasks helps optimize resource utilization, minimize downtime, and enhance overall asset reliability (FTMaintenance, 2020). Although there are other significant functions as well, the work order management has received the most votes because technicians made up the majority of the respondents. Perhaps the system administrator will prioritize reporting and analytics if the researcher asks more queries of it. It can be concluded that each worker has personal preferences based on their role. 
 
5.2 	SECOND OBJECTIVE 
 
The second objective is achieved through survey and distribution of questionnaire by face-to face and WhatsApp application to CMMS users in a range of FM-related roles. This part outlines the examination of the prioritized function of the CMMS on a multi-complex building. The questions in the questionnaire are binary in nature, asking respondents to select either "yes" or "no." In response to the first set of questions, the majority of respondents stated that while they don't have any issues with the CMMS software as it is, it has to be improved to better serve the needs of users. Of all the respondents, half believe that the CMMS software available on the market today is adequate. A total of 96% of respondents believe that the current CMMS should be improved, where user satisfaction and adoption are critical for the success of any software system. Improving user interfaces, navigation, and overall usability encourages widespread adoption and ensures that users can maximize the benefits of the CMMS (Hashim, 2006). 
 
For the second question, most respondent agree that current CMMS in multi-complex building can adapt to IR4.0 technologies. Technology is constantly evolving, and CMMS systems need to leverage new developments to enhance functionality, security, and user experience (Mohd Noor, Amrin, & Mazlan, 2019). As organizations grow, their maintenance needs become more complex. However, CMMS systems need to scale to accommodate increased assets, users, and maintenance requirements. H Mohd Noor (2019) states that CMMS capabilities can be implemented by integrating Industry 4.0 technologies. Human involvement will no longer be necessary between processes in CMMS. Through the use of a smart device or sensor, the machine will continuously transmit data to the CMMS, enabling the CMMS to monitor the machine's behavior in respect to the set process criteria. The maintenance engineer will receive rectification instructions for future action when any operational difficulties have been found (Mohd Noor, Amrin, & Mazlan, 2019). 
 
Next, 93.8% of the respondents had never heard of I-CMMS previously. Some individuals may not have been exposed to I-CMMS in their education or professional experiences. Without direct exposure, individuals may not be aware of the existence, purpose, or benefits of I-CMMS. It is crucial to include AI technologies as it automates repetitive tasks, saving time and effort in daily activities. When faced with challenges that are simply too huge for individuals to manage alone, AI CMMS solutions collaborate by leveraging AI's greatest asset—pattern detection. They are the next wave of problemsolving strategies for facilities managers that have to cope with incredibly complex asset inventories and workflows (Kamel, 2022). Other than that, 34.4% of respondents concur that certain maintenance activities in multi-complex buildings will be beyond the capabilities of the existing CMMS software. Most structures are continuously being upgraded with new technology. The latest generation of CMMS software might not be adequate to oversee the general management of a multi-complex building. The entire building may be in danger of going out of date if CMMS software is not updated often and adjusted to IR4.0 technologies (Buitelaar, Moroni, & Franco, 2020). 
 
The third section of the inquiry, the respondents acknowledged that they had certain challenges with work order management. Many responders concur with the assertion. However, other respondents disagree, possibly because they can get over this issue with the CMMS software they use. Additionally, a few of respondents reported that work order management within a CMMS can continue to develop with the use of feedback systems and continuous monitoring. Examining CMMS functionalities is essential to determine their usefulness and usability. To figure out whether the system offers the features and resources required to manage maintenance tasks efficiently, evaluation is crucial. Furthermore, it guarantees an intuitive user interface and facilitates maintenance staff adoption (Bagadia, 2006). 
 	 
5.3 	LIMITATIONS OF RESEARCH 
 
There are several limitations in this study that may have an impact on the findings that were unavoidable for the whole time it was conducted. The constraints of the advancement encountered are difficuties when collaborating between workers and experts. When distrubuting questionnaire researcher had trouble getting in touch with experts and scheduling in-person consultations. Experts can only be contacted through WhatsApp and email. As a result, they were asked identical questions in order to get their input on how to best accomplish the goal. 
 
Other than that, the time was limited for respondents to answer the questionnaire. The comparatively short time allotted for expert interviews was a constraint on the researcher's ability to carry out the investigation. This is since the researcher questioned are preoccupied with completing their actual work and only give up their little downtime to assist the researcher in finishing the research. It is only possible for the respondents to answer the questionnaire for five to seven minutes at most. Employees or respondents are also under time limitations during the questionnaire session since they must be ready to do their important jobs. 
 
5.3.1 	SAMPLE SIZE 
 
Originally, purposive sampling was to be used in this study; however, because of the unavailability of some technicians and workers, the questionnaire had to be completed online via google form, resulting in smaller sample sizes. Questions on Google Forms do not get a big enough sample size. The quality of responders might not accurately represent the defined job scopes, which could have an impact on the results. 
 
5.3.2 	DIFFICULTIES IN DISTRIBUTING QUESTIONNAIRES 
 
There were respondents who did not click on the link to complete the online survey. Some are not able to answer the survey form due to the limited time they have. Because of this, it is challenging to get information from respondents in the allotted time. Additionally, some people sent in their questionnaire answers after the deadline had passed. 
 
5.3.3 	LACK OF RESEARCH STUDY 
 
The first and second goals of this study are both accomplished by using the prior literature review and questionnaires. Nevertheless, the researcher encountered challenges locating relevant books, journals, papers, and previous studies that discussed workable strategies for obtaining the list of features or functionalities of the most recent information relating to CMMS software in the market. 
 
 
6. 	CONCLUSION 
 
By comprehending how CMMS functionality is evaluated, researcher is able to anticipate a system that supports the maintenance work priorities, suggest improvements to be made to current CMMS functionalities and optimizes work order management in a multi-complex building. In the end, these resulted in suggesting feedback systems and continuous monitoring that can further develop work order management within CMMS. The fact that CMMS users are dedicated to being organized and in charge shouldn't be shocking, but knowing this still is helpful. Users who haven't thought of all the features other customers have asked for should do some study to make sure they obtain what they really need. Any CMMS features that don’t include these functions might want to reevaluate its system in order to appeal to the widest possible pool of potential customers (Tawo, 2018). 
 
It's critical for vendors and third-party purchasers to understand that consumers are more concerned with fundamental CMMS functionality. By doing this, businesses can make sure that their CMMS systems aren't overly complicated or loaded with features when their clients aren't searching for them. On the other hand, if a user is unaware of a more sophisticated CMMS component, such as reporting, education regarding the significance of those capabilities may start to reverse this tendency (Tawo, 2018) . All things considered, this is a practical set of people who merely want to streamline their maintenance management process, and that is what they should be treated with. Finally, the researcher expects that this research will benefit everyone in a variety of ways, especially in terms of CMMS improvements. The results of the survey questionnaire, as well as the viewpoints of the respondents, should be taken seriously by all parties, particularly the relevant parties. 
 
 
6.1 	RECOMMENDATION FOR FUTURE STUDY 
 
The process of conducting research is ongoing and mutually beneficial. Therefore, additional research is required before a thorough proposal for the work deployment of a multi-complex structure can be submitted to I-CMMS. In order to address the limitations of the study, researchers advise conducting additional research on this subject. 
 
i. Interview experts to get more precise study results and understand the actual conditions affecting CMMS users. 
 
ii. Outline upcoming studies on users utilizing AI in the current CMMS. 
 
iii. If researchers are interested in conducting additional study, they can plan strategies to address the issues or barriers mentioned by respondents in subtopic 4.4 of the questionnaire. 
 
iv. To accurately provide respondents with verbal feedback and help them comprehend the issue, researchers need to gain a deeper understanding of the proposed technique. Because this method requires conducting interviews and questionnaires with respondents who have time constraints, researchers must prepare ahead of time. 
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