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ABSTRACT

The government sector in Malaysia faces major challenges in managing maintenance
data. The development of technology and software for industry 4.0 has produced a vast
volume of data, and the increase is very high. The sudden rise of Big Data has left real
estate players unprepared to use it effectively. Furthermore, the Computerized
Maintenance Management System (CMMS) and Sistem Pengurusan Fasiliti Berpusat
(eSPFB) used in the government, especially in Putrajaya, are not working well. Based
on the research and monitoring conducted, the data in the CMMS are still incomplete
for analysis and projection to assist or support strategic decisions in managing
facilities. Although it can produce dynamic dashboarding for decision-making, it does
not involve Business Intelligence (BI) in providing real-time analysis or an interactive
dashboard to the user, making it easier for newcomers to understand the system.
Scattered, insufficiency and inaccuracy of maintenance data have become challenges
for the maintenance department, making modelling the process or the management of
maintenance activities enormously hard and complex. To mitigate this situation, the
government must have a framework that can assist in managing the maintenance data
management of public facilities, which encompasses an improvement tool through the
dashboard simulation model for enhancing current conventional maintenance practices
containing the necessary information to satisfy the stakeholder. Due to problems
arising in the management of government building maintenance, especially during the
decision-making stage, this research attempts to develop a new approach in managing
dispersed and complex domain structures using Business Intelligence. Three
objectives drove the study, firstly to identify data management challenges in
maintenance management; secondly to determine the existing big data and business
intelligence in federal government buildings, and thirdly to develop the big data
analytical framework in maintenance management for federal government buildings.
The Federal Territory of Putrajaya was chosen as the case study for this research. Three
research methodologies were employed to achieve the research objectives, a literature
review, a questionnaire survey and expert opinion. Firstly, the literature review
identified four barriers to CMMS and eSPFB implementation and eight elements of
data management challenges in government buildings. The respondents were asked to
choose their level of agreement with the barriers and data management challenges. The
respondent involved experts from the maintenance and asset management field,
making them reliable and relevant for validating the barriers and data management
challenges in maintenance management. Six experts were selected based on purposive
sampling. Next, questionnaires were distributed to the target group of 35 supervisors
who were selected through random sampling at the Jabatan Kerja Raya, Putrajaya.
Data were analysed using IBM SPSS 23. The result showed that 73% of the
respondents had difficulties collecting maintenance management data. Lastly, the big
data analytical framework was developed, grounded by a dashboard simulation model
and validated through expert opinions. The developed framework and dashboard
simulation model was recommended as a new approach to replace the existing
conventional method. In conclusion, this approach is an added value for the
govemnment in making structured knowledge in conveying maintenance data to the
users for decision-making and better performance of public facilities by Jabatan Kerja
Raya.
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ABSTRAK

Sektor kerajaan di Malaysia menghadapi cabaran besar dalam mengurus data
penyelenggaraan. Perkembangan teknologi dan perisian untuk industri 4.0 telah
menghasilkan jumlah data yang besar, dan kenaikannya sangat tinggi. Peningkatan
mendadak Data Raya (Big Data) menyebabkan pemain harta tanah tidak bersedia
untuk menggunakannya dengan berkesan. Tambahan pula, Sistem Pengurusan
Penyelenggaraan Berkomputer (CMMS) dan Sistem Pengurusan Fasiliti Berpusat
(eSPFB) yang digunakan dalam kerajaan khususnya di Putrajaya tidak berfungsi
dengan baik. Berdasarkan kajian dan pemantauan yang dijalankan, data dalam CMMS
masih tidak lengkap untuk dianalisis dan unjuran bagi membantu atau menyokong
keputusan strategik dalam pengurusan fasiliti. Walaupun ia mampu menghasilkan
papan pemuka dinamik untuk membuat keputusan, ia tidak melibatkan Kepintaran
Perniagaan (BI) dalam menyediakan analisis masa nyata atau papan pemuka interaktif
kepada pengguna, menjadikannya lebih mudah bagi pendatang baharu untuk
memahami sistem. Data penyelenggaraan yang bertaburan, ketidakcukupan dan
ketidaktepatan telah menjadi cabaran bagi jabatan penyelenggaraan, menjadikan
pemodelan proses atau pengurusan aktiviti penyelenggaraan menjadi sangat sukar dan
kompleks. Untuk mengurangkan keadaan ini, kerajaan mesti mempunyai rangka kerja
yang boleh membantu dalam menguruskan pengurusan data penyelenggaraan
kemudahan awam, yang merangkumi alat penambahbaikan melalui model simulasi
papan pemuka untuk meningkatkan amalan penyelenggaraan konvensional semasa
yang mengandungi maklumat yang diperlukan untuk memuaskan pihak
berkepentingan. Disebabkan masalah yang timbul dalam pengurusan penyelenggaraan
bangunan kerajaan, terutamanya semasa peringkat membuat keputusan, penyelidikan
ini cuba membangunkan pendekatan baharu dalam menguruskan struktur domain yang
tersebar dan kompleks menggunakan Kepintaran Perniagaan. Tiga objektif telah
mendorong penyelidikan iaitu pertama untuk mengenal pasti cabaran pengurusan data
dalam pengurusan penyelenggaraan; keduanya untuk menentukan konsep data raya
dan kepintaran perniagaan sedia ada dalam bangunan kerajaan persekutuan, dan yang
ketiga untuk membangunkan rangka kerja analisis data raya dalam pengurusan
penyelenggaraan bagi bangunan kerajaan persekutuan. Wilayah Persekutuan Putrajaya
telah dipilih sebagai kajian kes dalam penyelidikan ini. Tiga metodologi kajian telah
digunakan untuk mencapai objektif kajian iaitu tinjauan literatur, tinjauan soal selidik
dan pendapat pakar. Pertama, kajian literatur mengenal pasti empat halangan
pelaksanaan CMMS dan eSPFB, dan lapan elemen cabaran pengurusan data dalam
bangunan kerajaan. Responden diminta memilih tahap persetujuan mereka terhadap
halangan dan cabaran pengurusan data. Responden melibatkan pakar dari bidang
penyelenggaraan dan pengurusan aset, menjadikan mereka boleh dipercayai dan
relevan untuk pengesahan halangan dan cabaran pengurusan data dalam pengurusan
penyelenggaraan. Enam pakar telah dipilih berdasarkan pensampelan bertujuan.
Seterusnya, borang soal selidik telah diedarkan kepada kumpulan sasaran seramai 35
orang penyelia yang dipilih melalui persampelan rawak di Jabatan Kerja Raya,
Putrajaya. Data dianalisis menggunakan IBM SPSS 23. Hasil kajian menunjukkan
73% daripada responden menghadapi masalah dalam mengumpul data pengurusan
penyelenggaraan. Akhir sekali, rangka kerja analisis data raya telah dibangunkan,
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berasaskan model simulasi papan pemuka dan disahkan melalui pendapat pakar.
Rangka kerja yang dibangunkan dan model simulasi papan pemuka disyorkan sebagai
pendekatan baharu untuk menggantikan kaedah konvensional sedia ada.
Kesimpulannya, pendekatan ini merupakan nilai tambah kepada kerajaan dalam
membuat pengetahuan berstruktur dalam menyampaikan data penyelenggaraan

kepada pengguna untuk membuat keputusan dan prestasi kemudahan awam yang lebih
baik oleh Jabatan Kerja Raya.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Nowadays Maintenance Management (MM) is covering a primary role for
competitiveness in manufacturing. The industry of MM is experiencing the same
trend as other industries regarding its data generation, storage, and management.
Over time, MM expands from manual reports towards Computerised Maintenance
Management Systems (CMMS) and knowledge-based management. According to
John Walker (2014), CMMS's essential features include data analysis, reporting,
and information exchange. In short, CMMS software is used worldwide and takes
the place of manual maintenance activities (paper and pen tracking, as well as

excel spreadsheets).

Figure 1.1 explains how the maintenance industry has evolved throughout

technology's successive waves (White, 2004).



Technological evolution

Figure 1.1 Predicted Evolution of Maintenance Management (White, 2004)

Figure 1.1 shows that the MM industry has evolved from manual reporting
to electronic reporting. Manual maintenance methods mainly consist of random
phone calls, emails, and sticky notes. While some corporations have made
incredible advances in using technical tools like CMMS. A CMMS is software
that centralizes maintenance data and streamlines maintenance process. It helps
maximize the wuse of transportation, machines, communications, plant
infrastructures, and other assets. The maintenance system is also growing more
complex, allowing remote access to equipment. Those in control can use the
Internet to monitor equipment and gather maintenance data. While web-based
knowledge management offers online integration and access to vast amounts of
data resources, which pushes the growth of web-based knowledge management
(Masoni et al., 2017).

Effective maintenance requires proper data management - collecting,
analyzing, and using models for decision making. Besides, digitalization has
brought a vast amount of information and data sources that MM may exploit to
improve its processes and asset-related decision-making. This evolution of MM
has brough a lot of opportunities but also various criticalities about information
and data management. However, it is seldom that the maintenance data are
properly recorded and utilized in a systematic way especially government. The

number of data sources on which a government could count on is remarkably
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increased in the last years due to the digitalization process. We can witness
growing amounts and complexity of asset data; therefore one of the main
challenge lies in the area of data management and Information Technology (IT)
(Gavrikova er al, 2021). Without streamlined data management processes,
decision-making is frequently biased and not data-driven, which can lead to lower
efficiency of decisions, higher costs and increased risks of asset failure (Gavrikova

etal, 2021).

As the data-driven economy evolves, businesses have started utilized Big
Data (BD) and Business Intelligence (BI) techniques to support the data
management process. BD and BI are playing a pivotal role for processing large
amounts of production in real time (Desouza and Jacob, 2017). These
technological changes are essential to keep the Malaysian government up to date
and in line with developed countries. As we all know, government mainly involves
with vast amount of data, thus government have no choice but to embrace BD
management. Without the right tools and architectures, government won’t be able

to effectively use the information it has collected (Biddick, 2012).

1.2 Problem Statement

Since the early 2000s, the MM industry has been undergoing e-maintenance, a
developing concept in which assets are monitored and managed over the Internet
(Tretten and Karim, 2014). MM evolves from manual reports to Computerised
Maintenance Management Systems (CMMS) throughout time. Today's CMMSs are
well-designed and contain all of the information essential to complete the task at hand,
but there is always space for improvement. MM is a term that refers to the collection
of all technical and administrative actions, as well as managerial and supervisory
actions, taken during the life of an item in order to maintain or restore it to a state in
which it can perform a needed function. Due to the high risk of failure, it is critical to

continuously improve maintenance functions. Furthermore, the maintenance process



is aided by a diverse range of resources, including paperwork, staff, support

equipment, materials, spare parts, facilities, information, and information systems.

For several years, public sector organizations have seen several changes, not
only in their governance structures and management practices, but also in their MM.
In this respect, the Putrajaya's Jabatan Kerja Raya (JKR) serves as the regulating
agency for the operation and maintenance of the Federal Government Office Building
in Putrajaya. JKR's specialized responsibilities include ensuring that the office and all
of its equipment, including outdoor office space and common areas, operate and are
adequately maintained. Lighting systems, fire protection devices, air conditioning,
elevators, telephones, as well as cleaning and landscaping work, are all maintained
(Yah and Rahimi, 2000). A CMMS is a common interface in maintenance practice and
is the primary user of maintenance data in JKR. A CMMS provides support for the
entire maintenance process, including maintenance support planning, maintenance
planning, maintenance execution, maintenance assessment, and maintenance
improvement (Tretten and Karim, 2014) as well as assisting maintenance personnel in
creating work orders, registering ongoing tasks, obtaining instructions for maintenance

tasks, registering completed tasks, and reporting deviations/problems.

The evolution of MM has brought a lot of opportunities but also various
criticalities about information and data management. Due to this, the JKR has also use
CMMS to manage maintenance work on government facilities. A study was
undertaken on the JKR's use of CMMS and it was discovered that there are
inconsistencies and several key shortcomings that the department must fix. Among the
challenges associated with the usage of CMMS include unclear ownership of data and
applications, CMMS server infrastructure that is dispersed across multiple sites, as
well as security concems and unreliable analysis of government data. Additionally,
many suppliers are uninformed of the strategic value of their asset data and hence do
not collect data in a systematic manner (Ismail, 2021). A CMMS is believed to aid in
data management by managing maintenance alarms, work orders, actions, data storage,
completed activities, and status reporting, among other things. However, it frequently

lacks the power to facilitate the user in performing the activity, which results in human
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error, mistakes, poor data quality, and other criticism (Tretten and Karim, 2014).
According to Tretten and Karim (2014), a badly designed system can actively
encourage user mistake. In this situation, a CMMS with an inadequately designed user
interface (UI) can exacerbate the risk of user error and inaccuracy (Murthy ef al.,
2015a). As supported by Labib (2014), many CMMS lack of basic user-friendly design
as a result of the systems being created for accounting and IT users rather than for the
unique needs of maintenance employees. Although the role of a CMMS as a critical
tool to support MM, Nabilah er al. (2021) report that the successful implementation
rate of these systems is surprisingly low, between 25 to 40% and only 6 to 15% of all
users get the most of its full capability. Samad ef a/. (2013) argue that a maintenance
platform such as a CMMS should be able to track information history and handle vast
amounts of data. However, as per the study, the system is quite complicated due to the
fact that it performs a significant number of activities and collects data from the entire
manufacturing process. Additionally, Ismail (2021) argues that JKR's current CMMS
system was not intuitive, making it difficult to search for and locate key information.
He notes that achieving centralized, dynamic visibility and automated management
was problematic due to the fact that maintenance data was initially buried in paper files

and then dispersed across spreadsheets (Abd and Bin, 2017).

Adequate data management techniques, structures, and capabilities can result
in significant asset efficiency and effectiveness (Dahanayake and Sumanarathna,
2021). Thus, adopting sufficient techniques for maintenance data management appears
to be vital for any organization, but particularly for government. Maintenance
documentation often gave challenge for government as it require the process to collect,
store and record information (Marquez and Tung, 2008). According to Marquez and
Tung (2008), the success of maintenance documentation depends on having a multi-
tasking and a fast and easy-to-manage database. While many authors recognize the
value of a comprehensive approach to MM and data management (Gavrikova et al.,
2021), that available material appears to be restricted and fragmented. Previous studies
on MM mainly focused on maintenance optimization model, maintenance techniques,
maintenance scheduling, maintenance performance measurement and maintenance
policies (Garg and Deshmukh, 2006; Chang, 2014; Vieira and Cardoso, 2014; Duffuaa

and Raouf, 2015). There was not much emphasis on identifying the need for advanced
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technology in MM, particularly in terms of maintenance documentation. Furthermore,
the report does not focus on the government sector, which necessitated the
investigation. As mentioned by Labib (2014), documentation has long been prominent
on the list of recommended practices to improve development and help maintenance.
However, this field often lack of up-to-date documentation. For years, the importance
of documentation has been stressed by educators, processes, quality models and
despite of this we are still discussing why it is not generally created and maintained.
Documentation in government practice typically suffers from the following problems:
nonexistent or of poor quality; outdated; over abundant; difficult to access (for
example when the documents are scattered on various computers or in different
formats: text, diagrams); and, lack of interest from the programmers (Ahmed et al.,
2017). In addition, several investigations on software maintenance problems have
given high priority to the problems of lacking or inadequate maintenance

documentation, and a high turnover rate among maintainers (Samad et a/., 2013).

Proper data management in maintenance suited well with maintenance
software which can easily record and track data. However, the maintenance software
was not widely used in the Malaysian government and private sectors. Previous studies
reported that some organisations still use conventional data recording methods through
Microsoft Excel and Microsoft Word (Maslesa ef al, 2018). Nevertheless, this
approach is outdated and time-consuming, as data may be misplaced or mishandled
during the recording stage. According to Ismail (2020), Microsoft Excel and Microsoft
Word databases are not conveniently used that should be altered into more security
and using sophisticated technology with Information and Communication Technology
(ICT). The conventional method affects the quality and efficiency of MM process in
govemment sector (Razmi-Farooji ef al, 2019). In addition, using conventional
method of MM at government sector creates many problems (Razmi-Farooji et al.,
2019), among which is the file information is in mistaken handling, recorded in the
unsystematic database and difficult to edit yet to update because the data is made in
the non-collaboration database. Besides, vast and complex data leads to the limited
and slow operation or data processing (Illankoon and Lu, 2019). Naimi and Westreic
(2014) agreed that iterative data gathering and service delivery using the conventional

method could be time-consuming.



The government opted to build a new system that would be more robust, user-
friendly, effective, and capable of assisting with data management in JKR to address
these CMMS and maintenance documentation difficulties. eSPFB, or Sistem
Pengurusan Fasiliti Berpusat, is the name of the new system (Abd and Bin, 2017). The
JKR has taken the effort to design their own CMMS system and has given the
contractor some flexibility in terms of which CMMS software they can use instead of
eSPFB. However, following its implementation in late 2016, only twenty-four facility
management contractors among hundreds of government facilities maintained and
inspected by the JKRs have been recognized as using eSPFB in Malaysia. Only twelve
contractors in Putrajaya use the eSPFB technology (Abd and Bin, 2017). JKR
Putrajaya is a department that is responsible for the management of federally owned
facilities located at the national administrative centre, making them a distinct
government division with one of the world's largest asset portfolios under
management. As a result of these factors, MM data is frequently scattered across a
fragmented environment that is frequently maintained in organizational silos. As a
result, data are unavailable when they are needed, progress toward digital governance
is stymied, and there is little openness on what data is stored or how it is used (Abd
and Bin, 2017). As suggested by loannis (2021), there is an increasing need for
complete maintenance data and information to be available and in real-time for
decision-making. Currently, the main problem encountered in eSPFB is that the way
of reporting is static and unable to provide real-time dashboard thus stunting
government growth and productivity. According to Raza ef al, (2016), real-time
reports are necessary as it is visible and available at a moment’s notice to assist in
making important decisions. According to Nabilah et al., (2021), eSPFB lack of
training about how to operate the system makes the user difficult to use it. Besides
that, the use of this system is still in its early stages and many plans will be

implemented to improve this system.

Managing data related to maintenance is a crucial challenge for all businesses
(Lin et al., 2007; Brous et al, 2015), since the majority of enterprises lack the
necessary competencies to understand available data effectively and convert it to
valuable management information. Additionally, businesses generate an enormous

amount of asset data; yet, not all of this data is meaningful, and it is also insufficient
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for management decision-making (Chongwatpol, 2016). Additionally, we observed
that the emergence of the internet of things (IoT), BD and BI (D. Jin, 2018) has evolved
into one of the more complex and current data management platforms. Several articles
discuss the challenges of implementing information systems that enable maintenance
reporting and visualization (Raza et al., 2016) or data management in e-maintenance
(Loukopoulos et al., 2017, Razmi-Farooji ef al., 2019) as well as the challenge of using
Building Information Modelling (BIM) and data management concurrently
(Halmetoja, 2019). Often, government produce large datasets leaving them with no
choice to embrace BD management. Despite with the current situation in JKR makes
data management become critical in this study specifically in maintenance. The current
field of research is primarily concerned with asset optimization, operational decision-
making at the operational level (Gavrikova er al, 2021), and data quality in
maintenance management, including the inadequacy of management structures and
procedures. Campos (2014) take a similar approach, proposing a framework for data
governance that includes information systems, data sources, data analysis, and data
visualization. The framework should make it easier to comprehend asset data and
convert it to relevant management information. While, Campos (2014) focus on
supporting maintenance data management through developing data infrastructures that
comprise such elements as data, people, technology, standards, policy, processes and

data governance.

With the expanding volume of data in JKR, the government requires innovative
methods of data collection in order to conduct analysis and make data-driven choices.
It is critical for JKR to employ innovative data analytics tools and platforms in order
to stay current with recent issues. The current eSPFB is semi-automated and relies
heavily on Microsoft Excel spreadsheets for data analysis. This approach of showing
data provides only a limited amount of analytical visualization. Microsoft Excel is
quite limited when it comes to managing large data sets especially those with
structured and unstructured data thus make this complicated the data analysis and
reporting process (Vecherkov et al., 2017). To smoothly transform complex data into
knowledge, one such rapidly emerging technology is Business Intelligence (BI). The
concept of BI has grown in importance as a result of the promise of value creation

through BD. BI streamlines data collection, automatically analyses complex data sets,
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provides visuals of the maintenance performance, and give actionable insights.
According to Negash (2015), BI may be effectively used in business development to
disseminate solutions to complicated problems. The combination of BD and BI has the
potential to extract more inventive thoughts and solutions from the cloud of dust. BI
necessitates BD as a disruptive technology that relies on data analytics to get
actionable knowledge. This occurs because the nature of BI permits the storage of vast
amounts of data; thus, BI is well-suited for BD (Campos, 2014). Significantly, BI
allows the government to access real-time data and react quickly to make better
decisions. Furthermore, data management is a subset of BI that encompasses a wide
range of applications used across the complete BI system. Similarly, Toannis (2021)
stated that good data management techniques are a critical component of any BI
system's performance. Interestingly, BI is no longer an added utility, rather, it became
a requirement for government or any organisation looking to stay competitive, and
even to remain afloat, in an entirely new, data-driven environment (Chongwatpol,

2016)

BD and BI benefits maintenance industry in various way especially in
maintenance data management. BI works well with BD in making it easy for
maintenance department to comprehend and analyse the data. When it comes to
industrial maintenance, BD makes predictive analytics faster and easier from a more
diagnostic (or preventative) maintenance approach to a proactive one. With the help
of BI, it able to translate the maintenance data into meaningful and actionable
information (I. Lopes ef al., 2016). Reporting in maintenance department is essential
to know the current state of maintenance data in JKR, therefore BI able to help in
turning the data into decision making. BI help JKR make better decisions by showing
present and historical data within the maintenance context. Over the past few years, BI
has evolved to include more processes and activities to help improve business
performance. These processes include data mining, reporting, descriptive analytics,
data visualisation, visual analysis and data preparation (Kans and Galar, 2017). There
are many BI platforms available for reporting, data visualisation and creating
customized dashboard for multiple level of user which differs greatly from the
conventional method such CMMS and eSPFB utilize in JKR. The conventional

method affects the quality and efficiency of maintenance performance and processes.
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To date, little empirical research has been found in BD and BI literature on
maintenance management especially in JKR. According to Sun er al. (2018), most
firms include government sector are still stumbling around in the dark they seek to
fully understand the function and capabilities of BD and BI. As per literature review,
the majority of BD and BI adoption studies focus on the telecommunications,
insurance, retail and wholesale, tourism, manufacturing, advertising, healthcare, and
financial services industries (Sun ef al., 2018; Raza et al., 2016; Biddick, 2012; John
Walker, 2014). While many authors recognize the value of a holistic approach to
maintenance and data management (Komljenovic ef al., 2016; Munir et al., 2019b),
extant work focusing exclusively on BD and BI deployment appears to be limited. The
“maintenance” BI literature focuses on examination of competitive intelligence
practices in the maintenance sector, frameworks for managing and analysing data, and
mainly in the areas of computer science, transportation, marketing management and
geography (Mariani ef al., 2018). It's fascinating to consider how BD and BI may turm
government maintenance data into insight. Sun et a/. (2018) state that it is necessary
to keep software systems up-to-date and useful: Any software system reflects the world
within which it operates, when this world changes, the software needs to change
accordingly. Thus, additional study should be conducted on the integration of BD and
BI, as well as on the specific treatment of maintenance data management processes.
With BD and BI, it helps maintenance management in JKR move from traditional
descriptive analytics (what happened?) to advanced diagnostic analytics (why did it
happen?), predictive analytics (what will happen?), and prescriptive analytics (how

can we make it happen?) (Chongwatpol, 2016).

Based on the aforementioned issue, it was motivated to conduct the study of
data management particularly in maintenance for government sector in Putrajaya. Due
to issues occurring in the administration of government building maintenance,
particularly during the decision-making stage, the research to be conducted is critical.
Maintenance data that is scattered, insufficient, and inaccurate has become a burden
for the maintenance department, making modelling the process or managing
maintenance activities extremely difficult and complex. The evaluation of the
literature revealed a need for more research aimed at boosting the use of maintenance

data management in government in a more innovative and intuitive manner. Hence,
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the study developed the maintenance management dashboard simulation model in
improving maintenance management for federal government office buildings in
Malaysia particularly Putrajaya. We address this research gap and present a novel
approach for handling scattered and complicated domain structure maintenance data
using business BD and BI tools. More importantly, this research gives an overview of
the difficulties and requirements for maintenance with a particular emphasis on BD
and BI integration that aid in the management of maintenance through informed

decision-making and can be applied horizontally in government sector.

In a summary, through the problem identification related to the study has

revealed several major gaps that leads to the conducting of the research which were:

e Lack of consideration or paying little attention to BD and BI integration in
handling data management with specific to maintenance job function in
government office building;

e Discussion on data management in maintenance for government office
building is fragmented and limited;

e JKR’s lack of an advanced database management system has made it difficult
for the government to make educated decisions, making data management

crucial.

1.3 Research Gap

Since the existing government sector in Putrajaya has yet included proper
methods in handling government buildings particularly in terms of data management,
this study aims to fill the gap since not much of study focus on providing proper system
in maintaining maintenance data in JKR and aims to provides knowledge regard to the
areas. With the BD buzzword is paving its way within the local real estate industry, it
further adds to the burden for the government to handle the existing database
management system such as CMMS/eSPFB through conventional methods. The
proposed BD and BI analytical framework are expected to improve the conventional
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methods in maintenance related problems. And the development of dashboard
simulation model is an example of the application of BD and BI integration in
maintenance data management especially government office buildings in the Federal
Territory of Putrajaya. The integration of BD and BI is expected to change the work

process to be more proactive maintenance rather than preventative maintenance.

1.4 Research Question

Several research questions have been generated in facilitating the course of the

research for this study. The research questions are as followed:

i.  What is the data management challenge among federal government office

buildings in maintenance management?

ii. Is there any existing BD and BI adoption in federal government office
buildings, particularly in Putrajaya?
iii. How are BD and BI proposed for federal government office building’s

maintenance activities, particularly in Putrajaya?

1.5 Research Aim

The aim of this research is to develop a new approach of managing scattered
and complex domain of maintenance data through BD and BI adoption. The new
approach of managing maintenance data could improve the current conventional
method and performance of government sector in Putrajaya especially JKR in handling

maintenance management and better facilities performance.
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1.6 Research Objectives

Several objectives have been assigned to accomplish the aim of study which

are:

i. To identify data management challenges within the concept of Big Data
and Business Intelligence concept for maintenance management in federal

govemment office buildings.

ii. To determine the existing Big Data and Business Intelligence concept of

federal government buildings in Putrajaya.

iii. To develop the big data analytical framework in maintenance management
for federal government office building’s maintenance activities,

particularly in Putrajaya.

1.7 Research Scope

In light of the research question and objectives, the extent of the research work

1s limited to;

1. Existing BD and BI adoption in federal government office buildings,

particularly in Putrajaya.

ii.  The usage of data management by Putrajaya Jabatan Kerja Raya (JKR) in
handling maintenance data management of federal government office

buildings in Putrajaya.

iii.  Maintenance management data from the team that supervised Facility

Management contractors in Putrajaya’s government building.

iv.  Simulation of the maintenance management under the concept of big data and

business intelligence
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1.8 Research Significance

This research could provide support to the maintenance management practices

such as:

The maintenance management sections.

i. BD and BI adoption able to streamlined data management process in
maintenance practices thus allow governments to enhance staff competency
and quality of life.

ii.  BD and BI should facilitate the process of interpreting maintenance data to
meaningful management information and improve decision making based on
underlying data.

iii.  BD and BI tools allow JKR in government sector direct access to the data they
need to track maintenance more efficiently. It is ideal for a government that
wants to provide a centralized and interactive data analysis for industrial
revolution 4.0.

iv.  BD and BI increase the possibilities for; utilizing data from multiple origins;
processing large volume of data and making more advanced reasoning and
decision making.

v.  Contribute significantly on intelligent system that lets the government make an
integral part of decision-making and can be applied horizontally to solve the
problems in maintenance practice through business intelligence.

vi.  The develop maintenance management simulation model can be implemented

for benchmarking the similar units of business.

The federal, state and local authorities.

i.  The study may provide comprehensive and practical approaches towards

effective maintenance data management
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ii.  Each of the government tier-level may recognize any critical issues on the
maintenance management and optimize the resources allocated through the

understanding of the best practice maintenance management dashboard.

Other beneficiaries.

i.  Every related maintenance management from other public and private sectors
may implement and integrate the developed management dashboard towards

effective and sustainable maintenance management

1.9 Research Methodology

A mixed method was adopted in this study consisting the quantitative and
qualitative approach to accomplish the stipulated objective of the research. The

mixture of the research methods consisting of few methodologies which were:

1.  Literature review
ii.  Questionnaire survey
.  Case studies

iv.  Experts’ opinion

These activities were steered in sequence. Data collection was adopting
different methods to achieve each objective of the study. The comprehensive literature
review was conducted to obtain the theoretical foundation concerning the research
topic. Content analysis and expert’s validation was adopted to answer the first
objective which was to identify data management challenge among government office
buildings in maintenance management. The second objective was to investigate any

existing BD and BI adoption in government office buildings, particularly in Putrajaya.

The case studies and questionnaire survey were employed to answer this section.

Lastly, the developed maintenance management dashboard simulation model based on
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the results from the second objective, the dashboard was validated utilizing the
experts’ opinion. Further details and discussion for each research methods were

specified in Chapter 3.

1.9.1 Literature Review

The purpose of the literature review was to identify research gaps in
maintenance data management in the government sector. Following then, several
studies and research have been examined in order to achieve the notion of big data and
business intelligence in improving government maintenance data management.
Through a thorough literature review, eight data management challenges in
maintenance practises were discovered that should be considered for effective
maintenance management in the government sector. Adoption of big data and business
intelligence was investigated in determining the most effective tool to include in the

study to improve on present maintenance methods.

1.9.2 Questionnaire Survey

A questionnaire survey was constructed to find the answer of “Is there any
existing BD and BI adoption in government office buildings, particularly in
Putrajaya?” The questionnaire survey was developed based on a comprehensive
literature review on BD and BI integration in maintenance management practices. A
total of 35 sets of updated questionnaires were distributed to individuals who work
directly with the database management system in the Putrajaya government office

building. Descriptive and frequency analysis were employed to analyse the data.
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1.9.3 Case Studies

The case studies were conducted on government office building in Putrajaya.
The aim of conducting the case studies was to answer the second and third objective
of the study. JKR is the regulatory agency in implementing the maintenance of the
federal government office building located in Putrajaya. Therefore, it is necessary to
collect data and respondent from this building to ensure the result is reliable. The detail

explanation related to case studies can be seen in Chapter 3.

1.94 Expert’s Opinion for Validation

The experts’ opinions were pursued to validate the developed maintenance
management dashboard simulation model. The dashboard was developed based on the
established conceptual framework and big data analytical framework in the literature
review chapter and the findings from the data collection. The experts’ opinion is
concerning the features, content and design of the framework. Thus, the details for the
research methodology can be seen by referring to Chapter 3. It provides the flowchart

for this study and justification based on the research objectives.

1.10 Thesis Structure

This study consists of seven chapters that are organized to demonstrate the systematic

method of research.

Chapter 1: Introduction

This chapter explains the fundamental principle of the study through the background
of study and problem statement. Besides, the chapter outlined the research questions,
and to answer the questions, the aim and objectives of the research were justified.
Furthermore, the scope of the research and a brief explanation of the research

methodology were covered. The chapter is concluded with the contribution of the
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research to knowledge were primarily emphasized to show the significance of the

study.

Chapter 2. Literature Reviews

This chapter will discuss a review of previous studies related to overall big data and
business intelligence, particularly in maintenance management of government office
buildings in Malaysia. Also, this chapter detailed out building maintenance
management context in Malaysia and the challenge faced by maintenance management
on handling big data of maintenance management. The conceptual framework was
established as the basis for data collection and developing the proposed maintenance

management dashboard simulation model.

Chapter 3. Research Methodology

This chapter describes the methodology, the research stage, instruments for data
collection and data analysis techniques used for the study. It outlines the research
design and research approaches that specifically chosen to achieve the research
objectives. The mixed method is carried out in this study. The questionnaire survey,
case studies and experts’ opinions were considered suitable for answering the research
questions. Furthermore, every designated way helps to guide the data collection

techniques and analysis to execute the research process.

Chapter 4: Data Collection and Analysis

In this chapter, the data acquired through the questionnaire survey was analysed
empirically by employing the descriptive analysis through SPSS. As for the experts’
opinions, the Likert Scale was employed to analyse the level of agreement by the
experts. While, the Frequency Analysis were employed to analyse the data collected

in questionnaire survey.

Chapter S: Development of Big Data Analytical Framework in Maintenance
Management

This chapter aims to explain the process of developing big data analytical framework
and maintenance management dashboard simulation model using Microsoft Power
Business Intelligence, which can use big data concepts for maintenance management

in Putrajaya government office building.
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Chapter 6: Results and Discussion

In this chapter, the results from the analysis were discussed and highlighted. The
discussion of the analysis from the questionnaire survey regarding the data
management challenge and current maintenance management practices. Also, the last
part of the chapter deliberated the development of the maintenance management

dashboard and the validation conducted utilizing the expert’s opinion.

Chapter 7: Conclusion and Recommendations

This chapter represents the conclusion of the study and the assessments of the
accomplishments for each research objective. This study may be used and become a
platform for future research which looking for improvement and enhancement in terms

of methodology and outcomes.

19



References

Aapaoja, A., Haapasalo, H., & Soderstrom, P. (2013). Early Stakeholder
Involvement in the Project Definition Phase: Case Renovation. ISRN Industrial
Engineering, 2013, 1-14. https://doi.org/10.1155/2013/953915

Abd, N., & Bin, K. (2017). MASTER THESIS UM - Study of technology acceptance
of computerized maintenance management systems (CMMS) as a tool for
measuring contractor’s performance.

Adejola, A., Ventures, D., lledare, O., & Nnadili, P. (2021). Data-driven insights
from Nigeria’s natural gas data using PowerBl. Society of Petroleum Engineers
- SPE Nigeria Annual International Conference and Exhibition 2021, NAIC
2021. https://doi.org/10.2118/208238-MS

Ahmed, V., Tezel, A., Aziz, Z., & Sibley, M. (2017). The future of Big Data in
facilities management: opportunities and challenges. Facilities, 35(13—14), 725—
745. https://doi.org/10.1108/F-06-2016-0064

Aiello, G., Benitez, J., Carpitella, S., Certa, A., Enea, M., [zquierdo, J., & La Cascia,
M. (2021). A decision support system to assure high-performance maintenance
service. Journal of Quality in Maintenance Engineering, 27(4), 651-670.
https://doi.org/10.1108/JQME-11-2019-0107

Ajah, 1. A., & Nweke, H. F. (2019). Big data and business analytics: Trends,
platforms, success factors and applications. Big Data and Cognitive Computing,
3(2), 1-30. https://doi.org/10.3390/bdcc3020032

Al-sai, Z. A. (2019). Big Data Impacts and Challenges : A Review. April.
https://doi.org/10.1109/JEEIT.2019.8717484

Aljumaili, M. (2018). Data Quality of Maintenance Data : A Case Study in MAXIMO
CMMS. November.

Aljumaili, M., Wandt, K., Karim, R., & Tretten, P. (2015). EMaintenance ontologies
for data quality support. Journal of Quality in Maintenance Engineering, 21(3),
358-374. https://doi.org/10.1108/JQME-09-2014-0048

Allen, D. (1993). What Is Building Maintenance ? 11(3), 7-12.

Almeida, F., & Calistru, C. N. (2013). The main challenges and issues of big data
management The main challenges and issues of big data management. April,
10-20. https://doi.org/10.5861/ijrsc.2012.209

Aruldoss, M., Travis, M. L., & Prasanna Venkatesan, V. (2014). A survey on recent

300


https://doi.org/10.1155/2013/953915
https://doi.org/10.2118/208238-MS
https://doi.org/10.1108/F-06-2016-0064
https://doi
https://doi.org/10.3390/bdcc3020032
https://doi.org/10.1109/JEEIT.2019.8717484
https://doi.org/10.1108/JQME-09-2014-0048
https://doi.org/10.5861/ijrsc.2012.209

research in business intelligence. Journal of Enterprise Information
Management, 27(6). https://doi.org/10.1108/JEIM-06-2013-0029

Aspin, A. (2016). Pro Power BI Desktop. Pro Power BI Desktop.
https://doi.org/10.1007/978-1-4842-1805-1

Au-Yong, C. P, Ali, A. S., Ahmad, F., & Chua, S. J. L. (2017). Influences of key
stakeholders’ involvement in maintenance management. Property Management,
35(2), 217-231. https://doi.org/10.1108/PM-01-2016-0004

Authors, F. (2013). Legal challenges in ensuring regular maintenance and repairs of
owner-occupied apartment blocks. https://doi.org/10.1108/17561451011058807

Azma, F., Mostafapour, M. ali, & Rezaei, H. (2012). The application of information
technology and its relationship with organizational intelligence. Procedia
Technology, 1. https://doi.org/10.1016/j.protcy.2012.02.018

Biddick, B. M. (2012). The Big Data Management Challenge.

Boyd, D., & Crawford, K. (2012). Critical questions for big data - Provocations for a
cultural, technological, and scholarly phenomenon. Informacios Tarsadalom, 2,
7-23.

Brous, P., Janssen, M., & Herder, P. (2019). Internet of Things adoption for
reconfiguring decision-making processes in asset management. Business
Process Management Journal, 25(3), 495-511. https://doi.org/10.1108/BPMJ-
11-2017-0328

Bugwandeen, K., & Ungerer, M. (2019). Exploring the design of performance
dashboards in relation to achieving organisational strategic goals. South African
Journal of Industrial Engineering, 30(2), 161-175. https://doi.org/10.7166/30-
2-2021

Caldeira, J., Cunha, P. F., & Craveiro, J. T. (2013). Maintenance database. Procedia
CIRP, 7, 551-556. https://doi.org/10.1016/j.procir.2013.06.031

Campos, J. (2014). Current and prospective information and communication
technologies for the e-maintenance applications. Journal of Quality in
Maintenance Engineering, 20(3), 233-248. https://doi.org/10.1108/JQME-05-
2014-0029

Cao. (2017). Efficient Data Management and Processing in Big Data Applications.

Cates, J. E., Gill, S. S., & Zeituny, N. (2005). The Ladder of Business Intelligence
(LOBI): A framework for enterprise IT planning and architecture. /nfernational

Journal of Business Information Systems, 1(1-2), 220-238.

301


https://doi.org/10.1108/JEIM-06-2013-0029
https://doi.org/10.1007/978-1-4842-1805-1
https://doi.org/10.1108/PM-01-2016-0004
https://doi.org/10.1108/17561451011058807
https://doi.org/10.1016Zj.protcy.2012.02.018
https://doi.org/10.1108/BPMJ-
https://doi.org/10.7166/30-
https://doi.org/10.1016/j.procir.2013.06.031
https://doi.org/10.1108/JQME-05-

https://doi.org/10.1504/1JBIS.2005.007408

Cavanillas, J. M., Curry, E., & Wahlster, W. (2016). New Horizons for a Data-
Driven Economy: A Roadmap for Usage and Exploitation of Big Data in
Europe. New Horizons for a Data-Driven Economy: A Roadmap for Usage and
Exploitation of Big Data in Europe, 1-303. https://doi.org/10.1007/978-3-319-
21569-3

Chongwatpol, J. (2016). Managing big data in coal-fired power plants: A business
intelligence framework. Industrial Management and Data Systems, 116(8),
1779—1799. https://doi.org/10.1108/IMDS-11-2015-0473

Chugh, R., & Grandhi, S. (2013). Why Business Intelligence ? Significance of
Business Intelligence. August. https://doi.org/10.4018/ijeei.2013040101

Clayton, M. J. (1997). Delphi: A technique to harness expert opinion for critical
decision-making tasks in education. Educational Psychology, 17(4), 373-386.
https://doi.org/10.1080/0144341970170401

Dahanayake, K. C., & Sumanarathna, N. (2021). loT-BIM-based digital
transformation in facilities management: a conceptual model. Journal of
Facilities Management. https://doi.org/10.1108/JFM-10-2020-0076

Delbecq, A. L., & Van de Ven, A. H. (1971). A Group Process Model for Problem
Identification and Program Planning. The Journal of Applied Behavioral
Science, 7(4), 466—492. https://doi.org/10.1177/002188637100700404

Desouza, K. C., & Jacob, B. (2017). Big Data in the Public Sector: Lessons for
Practitioners and Scholars. Administration and Society, 49(7), 1043—1064.
https://doi.org/10.1177/0095399714555751

Djonli, Y., Latief, Y., & Machfudiyanto, R. A. (2020). Preventive maintenance of
mechanical component development guideline on government building based
work breakdown structure. Journal of Physics: Conference Series, 1516(1).
https://doi.org/10.1088/1742-6596/1516/1/012032

Electronics, P. (2019). A Review on Big Data Management and Decision-Making in
Smart Grid. 4(39), 1-13. https://doi.org/10.2478/pead-2019-0011

Farzaneh, M., Isaai, M. T., Arasti, M. R., & Mehralian, G. (2018). A framework for
developing business intelligence systems: a knowledge perspective.
Management Research Review, 41(12), 1358-1374.
https://doi.org/10.1108/MRR-01-2018-0007

Federer, L. (2016). Research data management in the age of big data : Roles and

302


https://doi.org/10.1504/IJBIS.2005.007408
https://doi.org/10.1007/978-3-319-
https://doi.org/10.1108/IMDS-11-2015-0473
https://doi.org/10.4018/ijeei.2013040101
https://doi.org/10.1080/0144341970170401
https://doi.org/10.1108/JFM-10-2020-0076
https://doi.org/10.1177/002188637100700404
https://doi.org/10.1177/0095399714555751
https://doi.org/10.1088/1742-6596/1516/1Z012032
https://doi.org/10.2478/pead-2019-0011
https://doi

opportunities for librarians. 36, 35—43. https://doi.org/10.3233/ISU-160797

Few, S. (2007). Dashboard Confusion Revisited. Perceptual Edge, 1-6.

Fink, L., Yogev, N., & Even, A. (2017). Business intelligence and organizational
learning: An empirical investigation of value creation processes. Information
and Management, 54(1), 38-56. https://doi.org/10.1016/j.im.2016.03.009

Foley, E., & Guillemette, M. G. (2011). What is Business Intelligence? International
Journal of Business Intelligence Research, 1(4), 1-28.
https://doi.org/10.4018/jbir.2010100101

Forward, A., & Lethbridge, T. C. (2002). The Relevance of Software
Documentation, Tools and Technologies: A Survey. Proceedings of the 2002
ACM Symposium on Document Engineering, 26-33.

Gang-Hoon, K., Silvana, T., & Ji-Hyong, C. (2014). Big-data applications in the
govemment sector. Communications of the ACM, 57(3), 78-85.

Garg, A., & Deshmukh, S. G. (2006). Maintenance management: Literature review
and directions. Journal of Quality in Maintenance Engineering, 12(3), 205-238.
https://doi.org/10.1108/13552510610685075

Gavrikova, E., Volkova, I., & Burda, Y. (2021). Implementing asset data
management in power companies. /nternational Journal of Quality and
Reliability Management. https://doi.org/10.1108/IJQRM-10-2020-0346

Golfarelli, M., & Rizzi, S. (2004). Beyond Data Warehousing : What ’ s Next in
Business Intelligence ? January. https://doi.org/10.1145/1031763.1031765

Gowthami, K., & Kumar, M. R. P. (2017). Study on Business Intelligence Tools for
Enterprise Dashboard Development. 2987-2992.

Hall, B. H. (2003). No Title. May.

Halmetoja, E. (2019). The conditions data model supporting building information
models in facility management. Facilities, 37(7-8), 484-501.
https://doi.org/10.1108/F-11-2017-0112

Haneem, F., Ali, R., Kama, N., & Basri, S. (2017). Descriptive analysis and text
analysis in Systematic Literature Review: A review of Master Data
Management. International Conference on Research and Innovation in
Information Systems, ICRILS, October.
https://doi.org/10.1109/ICRIIS.2017.8002473

Haneem, F., Kama, N., Taskin, N., Pauleen, D., & Abu Bakar, N. A. (2019).

Determinants of master data management adoption by local government

303


https://doi.org/10.3233/ISU-160797
https://doi.org/10.1016/j.im.2016.03.009
https://doi.org/10.4018/jbir.2010100101
https://doi.org/10.1108/13552510610685075
https://doi.org/10.1108/IJQRM-10-2020-0346
https://doi.org/10.1145/1031763.1031765
https://doi.org/10.1108/F-11-2017-0112
https://doi.org/10.1109/ICRIIS.2017.8002473

organizations: An empirical study. International Journal of Information
Management, 45(April 2018), 25-43.
https://doi.org/10.1016/j.ijinfomgt.2018.10.007

Hang, Y., & Fong, S. (n.d.). 4 Framework of Business Intelligence-driven Data
Mining for e-Business.

Hansoti, B. (2010). Business Intelligence Dashboard in Decision Making.

Horan, P. (2010). Developing an Effectiveness Evaluation Framework for
Destination Management Systems. 527.

ladanza, E. (2020). An integrated custom decision-support computer aided facility
management informative system for healthcare facilities and analysis. 135-145.

Illankoon, I. M. C. S., & Lu, W. (2019). Optimising choices of ¢ building services ’
for green building : Interdependence and life cycle costing. Building and
Environment, 161(June), 106247,
https://doi.org/10.1016/.buildenv.2019.106247

Intelligence, B., Information, F., & Management, S. (2008). Management Support
with Structured and Unstructured Data - An Integrated Management Support
with Structured and Unstructured Data — An Integrated Business Intelligence
Framework Henning Baars and Hans-George Kemper. 25(March), 132-148.
https://doi.org/10.1080/10580530801941058

loannis, M. (2021). EXPLORATORY DATA ANALYSIS AND VISUALIZATION
WITH POWER BI & KNIME Grammenou Sotiria The impact of the Call Center
experience on overall customer satisfaction 2. January.

Isik, O., Jones, M. C., & Sidorova, A. (2013). Business intelligence success: The
roles of BI capabilities and decision environments. Information and
Management, 50(1), 13-23. https://doi.org/10.1016/j.1m.2012.12.001

Ismail, Z. A. (2020). Analysing the gaps in the conventional e-complaint method for
maintenance management at Malaysian polytechnics. Social Responsibility
Journal, 16(6), 861-875. https://doi.org/10.1108/SRJ-12-2019-0404

Ismail, Z. A. (2021). The requirements for maintenance management systems
(MMS) at Malaysian polytechnic: a case study. Journal of Quality in
Maintenance Engineering. https://doi.org/10.1108/JQME-09-2020-0101

Janes, A., Sillitti, A., & Succi, G. (2013). Effective dashboard design. Cutter IT
Journal, 26(1), 17-24.

Jayakrishnan, M., Mohamad, A. K., & Yusof, M. M. (2019). Understanding big data

304


https://doi
https://doi.org/10.1080/10580530801941058
https://doi.org/10.1016/jim.2012.12.001
https://doi.org/10.1108/SRJ-12-2019-0404
https://doi.org/10.1108/JQME-09-2020-0101

analytics (BDA) and business intelligence (BI) towards establishing
organizational performance diagnostics framework. Infernational Journal of
Recent Technology and Engineering, 8(1), 128-132.

Jin, D. (2018). Integrated Understanding of Big Data , Big Data Analysis , and
Business Intelligence : A Case Study of Logistics.
https://doi.org/10.3390/sul 0103778

Jin, X., Wah, B. W, Cheng, X., & Wang, Y. (2015). Significance and Challenges of
Big Data Research . Big Data Research, 2(2), 59—64.
https://doi.org/10.1016/1.bdr.2015.01.006

John Walker, S. (2014). Big Data: A Revolution That Will Transform How We Live,
Work, and Think. International Journal of Advertising, 33(1).
https://doi.org/10.2501/ija-33-1-181-183

Jones, M. C., & Sidorova, A. (2013). Information & Management Business
intelligence success : The roles of Bl capabilities and decision environments.
50, 13-23. https://doi.org/10.1016/].im.2012.12.001

Kamal, M. M. (2006). IT innovation adoption in the government sector: Identifying
the critical success factors. In Journal of Enterprise Information Management
(Vol. 19, Issue 2). https://doi.org/10.1108/17410390610645085

Kans, M., & Galar, D. (2017). The Impact of Maintenance 4.0 and Big Data
Analytics within Strategic Asset Management. MPMM 2016, Maintenance,
Performance, Measurement & Management: Conference Proceedings,
November 2016, 96—103. http://www.diva-
portal.orghttp//urn.kb.se/resolve?urn=urn:nbn:se:lnu:diva-61491

Karahanna, E., Straub, D., & Chervany, N. L. (1999). ¢ MIS. June.
https://doi.org/10.2307/249751

Klijn, E., Eshuis, J., & Braun, E. (2012). THE INFLUENCE OF STAKEHOLDER
INVOLVMENT ON THE EFFECTIVENESS OF PLACE BRANDING Klijn , E .
H ., J. Eshuis, E. Braun ( 2012 ), The influence of stakeholder involvement on
the effectiveness of place branding , Public Management Review vol .
14(January), 1-17.

Kumar, A. (2017). Data Management in Machine Learning : Challenges ,
Techniques , and Systems.

Kumar, A., Boehm, M., Yang, J., & Columbus, B. (2017). Data Management in
Moachine Learning: Challenges, Techniques, and Systems Who We Are

305


https://doi.org/10.3390/su10103778
https://doi.org/10.1016/j.bdr.2015.01.006
https://doi.org/10.2501/ija-33-1-181-183
https://doi.org/10.1016/j.im.2012.12.001
https://doi.org/10.1108/17410390610645085
http://www.diva-
https://doi.org/10.2307/249751

Motivation: A Data-Centric View of ML.

Kumar, U., Galar, D., Parida, A., Stenstrom, C., & Berges, L. (2013). Maintenance
performance metrics: A state-of-the-art review. Journal of Quality in
Maintenance Engineering, 19(3), 233-277. https://doi.org/10.1108/JQME-05-
2013-0029

Labib, A. (2014). A decision analysis model for maintenance policy selection using a
CMMS. September 2004. https://doi.org/10.1108/13552510410553244

Laroche, M. (2020). Culture and the adoption of new information technologies :
Introduction to the special issue. Journal of Business Research, 121(February),

375-377. https://doi.org/10.1016/j.jbusres.2020.01.057

Lavy, S., Asce, M., Shohet, I. M., & Asce, M. (2007). Computer-Aided Healthcare
Facility Management Computer-Aided Healthcare Facility Management.
3801(April 2015). https://doi.org/10.1061/(ASCE)0887-3801(2007)21

Lee, C. K. M., Cao, Y., & Ng, K. K. H. (2016). Big data analytics for predictive
maintenance strategies. Supply Chain Management in the Big Data Era, June,
50-74. https://doi.org/10.4018/978-1-5225-0956-1.ch004

Lee, C. K. M., & Ng, K. K. H. (2017). Big Data Analytics for Predictive
Maintenance Strategies. January. https://doi.org/10.4018/978-1-5225-0956-
1.ch004

Lewis, J. J. (2020). COMPARATIVE STUDY OF BUSINESS INTELLIGENCE
TOOLS FOR UNIVERSITY DEPARTMENTAL SUCCESS Thesis Submitted to
The College of Engineering and Computer Science of Southern University and

A & M College In Partial Fulfillment of the Requirements for The Degree of .
May.

Lieberman, M. (2014). Visualizing Big Data : Social Network Analysis By Michael
Lieberman. Digital Research Conference.

Lopes, A. B., & Reinhard, N. (2006). Competing in the Brazilian real-time financial
information services industry: Commitment and adaptation. Information and
Management, 43(5), 587-597. https://doi.org/10.1016/;.im.2006.02.003

Lopes, 1., Senra, P., Vilarinho, S., Sa, V., Teixeira, C., Lopes, J., Alves, A., Oliveira,
J. A., & Figueiredo, M. (2016). Requirements Specification of a Computerized
Maintenance Management System - A Case Study. Procedia CIRP, 52, 268—
273. https://doi.org/10.1016/j.procir.2016.07.047

Mariani, M., Baggio, R., Fuchs, M., & Hoepken, W. (2018). Business intelligence

306


https://doi.org/10.1108/JQME-05-
https://doi.org/10.1108/13552510410553244
https://doi.org/10.1016/jjbusres.2020.01.057
https://doi.org/10.1061/(ASCE)0887-3801(2007)21
https://doi.org/10.4018/978-1-5225-0956-1.ch004
https://doi.org/10.4018/978-1-5225-0956-
https://doi.org/10.1016/jim.2006.02.003
https://doi.org/10.1016/j.procir.2016.07.047

and big data in hospitality and tourism: a systematic literature review.
International Journal of Contemporary Hospitality Management, 30(12), 3514—
3554, https://doi.org/10.1108/IJCHM-07-2017-0461

Marquez, A., & Tung, B. (2008). A review of e-maintenance capabilities and
challenges. Journal of Systemics, Cybernetics and Informatics, 1(1), 62—66.
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle: A+review+of
+e-maintenance+capabilities+and+challenges+.#0

Maskrey, S. A., Mount, N. J., Thome, C. R., & Dryden, 1. (2016). Participatory
modelling for stakeholder involvement in the development of flood risk
management intervention options. Environmental Modelling and Software, 82,
275-294. https://doi.org/10.1016/j.envsoft.2016.04.027

Maslesa, E., & Jensen, P. A. (2019). Drivers for IWMS implementation in real estate
management. Journal of Corporate Real Estate, 21(1), 72-87.
https://doi.org/10.1108/JCRE-08-2018-0025

Maslesa, E., Jensen, P. A., & Birkved, M. (2018). Indicators for quantifying
environmental building performance : A systematic literature review. Journal of
Building Engineering, 19(March), 552-560.
https://doi.org/10.1016/j.jobe.2018.06.006

Masoni, R., Ferrise, F., Bordegoni, M., Gattullo, M., Uva, A. E., Fiorentino, M.,
Carrabba, E., & Di Donato, M. (2017). Supporting Remote Maintenance in
Industry 4.0 through Augmented Reality. Procedia Manufacturing, 11(June),
1296-1302. https://doi.org/10.1016/j.promfg.2017.07.257

Mawed, M., & Aal-Hajj, A. (2017). Using big data to improve the performance
management: a case study from the UAE FM industry. Facilities, 35(13-14),
746-=765. https://doi.org/10.1108/F-01-2016-0006

Mielke, J., Vermalen, H., Ellenbeck, S., Fernandez, B., & Jaeger, C. (2016). Energy
Research & Social Science Stakeholder involvement in sustainability science —
A critical view. 17, 71-81.

Moro, S., Cortez, P., & Rita, P. (2015). Business intelligence in banking: A literature
analysis from 2002 to 2013 using text mining and latent Dirichlet allocation.
Expert Systems with Applications, 42(3), 1314-1324.
https://doi.org/10.1016/j.eswa.2014.09.024

Muntean, M., Bologa, A., & Bologa, R. (n.d.). Business Intelligence Systems in
Support of University Strategy. 118—123.

307


https://doi.org/10.1108/IJCHM-07-2017-0461
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:A+review+of
https://doi.org/10.1016/j.envsoft.2016.04.027
https://doi.org/10.1108/JCRE-08-2018-0025
https://doi.org/10.1016/jjobe.2018.06.006
https://doi.org/10.1016/j.promfg.2017.07.257
https://doi.org/10.1108/F-01-2016-0006
https://doi.org/10.1016/j.eswa.2014.09.024

Murthy, D. N. P, Karim, M. R., & Ahmadi, A. (2015a). Data management in
maintenance outsourcing. Reliability Engineering and System Safety, 142, 100—
110. https://doi.org/10.1016/].ress.2015.05.002

Murthy, D. N. P., Karim, M. R., & Ahmadi, A. (2015b). Data management in
maintenance outsourcing. Reliability Engineering and System Safety, 142, 100—
110. https://doi.org/10.1016/].ress.2015.05.002

Mutanov, G., Marquez, A. C., Kopnova, O., & Bolatkhan, M. (2020). Applied
research of data management in the education system for decision-making on
the example of Al-Farabi Kazakh National University. £3S Web of Conferences,
159. https://doi.org/10.1051/e3sconf/202015909003

Nabilah, N., Syahrizal, 1., Izieadiana, N., Mat, F., Zainab, N., & Azizan, N. (2021).
Review on maintenance issues toward building maintenance management best
practices. Journal of Building Engineering, 44(October 2020), 102985.
https://doi.org/10.1016/j.jobe.2021.102985

Naimi, A. 1., & Westreich, D. J. (2014). Big Data: A Revolution That Will
Transform How We Live, Work, and Think. American Journal of
Epidemiology, 179(9), 1143—1144. https://doi.org/10.1093/aje/kwu085

Nasir, A. A. . M., Az, S., Ujang, U., & Majid, Z. (2020). Conceptual model of 3D
asset management based on myspata to support smart city application in
Malaysia. International Archives of the Photogrammetry, Remote Sensing and
Spatial Information Sciences - ISPRS Archives, 44(4/W3), 313-322.
https://doi.org/10.5194/isprs-archives-XLIV-4-W3-2020-313-2020

Negash, S. (2015). Business Intelligence. January 2003.

Negrut, V. (2014). Power Bi: Effective Data Aggregation. Quaestus
Multidisciplinary Research Journal, 5, 146—152. https://powerbi.microsoft.com

Paivéarinta, T., & Munkvold, B. E. (2005). Enterprise Content Management : An
Integrated Perspective on Information Management. 00(C), 1-10.

Perkhofer, L. M., Hofer, P., Walchshofer, C., Plank, T., & Jetter, H. C. (2019).
Interactive visualization of big data in the field of accounting: A survey of
current practice and potential barriers for adoption. Journal of Applied
Accounting Research, 20(4), 497-525. https://doi.org/10.1108/JAAR-10-2017-
0114

Pitt, M. (2011). Measuring the performance of office buildings maintenance
management in Malaysia. https://doi.org/10.1108/14725961111148090

308


https://doi.org/10.1016/j.ress.2015.05.002
https://doi.org/10.1016/j.ress.2015.05.002
https://doi.org/10.1051/e3sconf/202015909003
https://doi.org/10.1016/jjobe.2021.102985
https://doi.org/10.1093/aje/kwu085
https://doi.org/10.5194/isprs-archives-XLIV-4-W3-2020-313-2020
https://powerbi.microsoft.com
https://doi.org/10.1108/JAAR-10-2017-
https://doi.org/10.1108/14725961111148090

Provost, F., & Fawcett, T. (2013). Data Science and its Relationship to Big Data and
Data-Driven Decision Making. Big Data, 1(1), 51-59.
https://doi.org/10.1089/big.2013.1508

Pukite, I., & Geipele, 1. (2017). Different Approaches to Building Management and
Maintenance Meaning Explanation. Procedia Engineering, 172, 905-912.
https://doi.org/10.1016/j.proeng.2017.02.099

Ratia, M., Myllarmiemi, J., & Helander, N. (2018). The new era of business
intelligence: Big Data potential in the private health care value creation.
Meditari Accountancy Research, 26(3), 531-546.
https://doi.org/10.1108/MED AR-08-2017-0200

Raza, T., Muhammad, M. Bin, & Majid, M. A. A. (2016). A comprehensive
framework and key performance indicators for maintenance performance
measurement. ARPN Journal of Engineering and Applied Sciences, 11(20),
12146-12152.

Razali, M. N_, Jamaluddin, A. F., Abdul Jalil, R., & Nguyen, T. K. (2020). Big data
analytics for predictive maintenance in maintenance management. Property
Management, 38(4), 513-529. https://doi.org/10.1108/PM-12-2019-0070

Razali, M. N., & Juanil, D. M. (2013). 4 study on knowledge management
implementation in property management companies in Malaysia.
https://doi.org/10.1108/02632771111146305

Razali, M. N., Othman, S. H., Jamaludin, A. F., Maimun, N. H. A, Jalil, R. A,
Adnan, Y. M., & Zulkarnain, S. H. (2021). Big data analytics for preventive
maintenance management. Planning Malaysia, 19(3), 423-437.
https://doi.org/10.21837/PM.V19117.1019

Razmi-Farooji, A., Kropsu-Vehkapera, H., Harkonen, J., & Haapasalo, H. (2019).
Advantages and potential challenges of data management in e-maintenance.
Journal of Quality in Maintenance Engineering, 25(3), 378-396.
https://doi.org/10.1108/JQME-03-2018-0018

Restrepo Klinge, S. (2019). No TitleEAENH. Ayan, 8(5), 55.

Richards, R. C., Rerolle, J., Aronson, J., Pereira, P. H., Gongalves, H., & Brancalion,
P. H. S. (2015). Governing a pioneer program on payment for watershed
services: Stakeholder involvement, legal frameworks and early lessons from the
Atlantic forest of Brazil. Ecosystem Services, 16, 23-32.
https://doi.org/10.1016/j.ecoser.2015.09.002

309


https://doi.org/10.1089/big.2013.1508
https://doi.org/10.1016/j.proeng.2017.02.099
https://doi
https://doi.org/10.1108/PM-12-2019-0070
https://doi.org/10.1108/02632771111146305
https://doi
https://doi
https://doi.org/10.1016/j.ecoser.2015.09.002

Rosman, M. R., Adnan, H., & Yahya, Z. (2015). The Extensiveness of ICT
Application in the Maintenance of Government Office Buildings in Malaysia
THE EXTENSIVENESS OF ICT APPLICATION IN THE MAINTENANCE OF
GOVERNMENT OFFICE BUILDINGS IN MALAYSIA. May.

Rouhani, S., Ashrafi, A., Zare Ravasan, A., & Afshari, S. (2016). The impact model
of business intelligence on decision support and organizational benefits. Journal
of Enterprise Information Management, 29(1), 19-50.
https://doi.org/10.1108/JEIM-12-2014-0126

Rubin, E., & Rubin, A. (2013). The impact of Business Intelligence systems on stock
return volatility. Information and Management, 50(2-3), 67-75.
https://doi.org/10.1016/1.im.2013.01.002

Saletti-cuesta, L., Abraham, C., Sheeran, P., Adiyoso, W., Wilopo, W_, Brossard, D.,
Wood, W, Cialdini, R., Groves, R. M., Chan, D. K. C., Zhang, C. Q., Josefsson,
K. W, Cori, L., Bianchi, F., Cadum, E., Anthonj, C., NIH Office of Behavioral
and Social Sciences, Deci, E. L., Ryan, R. M., ... IOTC. (2020). No £ r{@
REZPDE LE-EEBREICHS TS @REAERERIZEAT 58
& Title. Sustainability (Switzerland), 4(1), 1-9.
https://pesquisa.bvsalud.org/portal/resource/en/mdl-
20203177951%0Ahttp://dx.doi.org/10.1038/s41562-020-0887-
9%0Ahttp://dx.doi.org/10.1038/s41562-020-0884-
7%0Ahttps://doi.org/10.1080/13669877.2020.1758193%0Ahttp://sersc.org/jour
nals/index.php/IJAST/article

Salonen, A., & Bengtsson, M. (2008). Identification of Maintenance Performance
Indicators through stakeholder involvement. Conference: Swedish Production
Symposium 2008, At Stockholm, Sweden, January.

Samad, A., Basari, H., & Wahab, Y. A. (2013). Building Maintenance Management
Preliminary Finding of a Case Study in Icym. Middle-East Journal of Scientific
Research, 17(9), 1260-1268.
https://doi.org/10.5829/idosi.mejsr.2013.17.09.12286

Sarkar, B. K. (2017). Big data for secure healthcare system: a conceptual design.
Complex & Intelligent Systems, 3(2), 133—151. https://doi.org/10.1007/s40747-
017-0040-1

Scholtz, B., Calitz, A., & Haupt, R. (2018). A business intelligence framework for

310


https://doi
https://doi.org/10.1016/j.im.2013.01.002
https://pesquisa.bvsalud.org/portal/resource/en/mdl-
http://dx.doi.org/10.103
http://dx.doi.org/10.1038/s41562-020-0884-
https://doi.org/10.1080/13669877.2020.1758193%0Ahttp://sersc.org/jour
https://doi.org/10.5829/idosi.mejsr.2013.17.09.12286
https://doi.org/10.1007/s40747-

sustainability information management in higher education. International
Journal of Sustainability in Higher Education, 19(2), 266-290.
https://doi.org/10.1108/1JSHE-06-2016-0118

Schwabacher, M. A. (2005). A survey of data-driven prognostics. Collection of
Technical Papers - InfoTech at Aerospace: Advancing Contemporary
Aerospace Technologies and Their Integration, 2(September 2005), 887—-891.
https://doi.org/10.2514/6.2005-7002

Shikuku, K. M. (2019). Information exchange links , knowledge exposure , and
adoption of agricultural technologies in northern Uganda. World Development,
115, 94-106. https://doi.org/10.1016/j.worlddev.2018.11.012

Skulmoski, G. J., & Hartman, F. T. (2007). The Delphi Method for Graduate
Research. 6.

Soto-acosta, P. (2014). Using integrated information systems in supply chain
management. April 2017. https://doi.org/10.1080/17517575.2013.879209

Su, S. I, & Chiong, R. (2010). Business intelligence. Encyclopedia of Knowledge
Management, I(January 2004), 72—-80. https://doi.org/10.4018/978-1-59904-
931-1.ch008

Sun, S., Cegielski, C. G, Jia, L., & Hall, D. J. (2018). Understanding the Factors
Affecting the Organizational Adoption of Big Data. Journal of Computer
Information Systems, 58(3), 193-203.
https://doi.org/10.1080/08874417.2016.1222891

Surbakti, F. P. S., Wang, W., Indulska, M., & Sadiq, S. (2020). Factors influencing
effective use of big data: A research framework. Information and Management,
57(1), 103146. https://doi.org/10.1016/1.im.2019.02.001

Swert, K. De. (2012). Calculating inter-coder reliability in media content analysis
using Krippendorft > s Alpha. University of Amsterdam, 1-15.
https://www.researchgate.net/profile/Nirmala-Svsg/post/ Which-in-y our-
opinion-is-the-best-method-for-calculating-intercoder-reliability-in-media-
content-
analysis/attachment/59d63a2079197b8077997532/AS%3 A406353467199489%
401473893624743/download/Calculating+

Thompson, P., & Thompson, P. (2014). The Maintenance Factor in Facilities
Management.

Tonidandel, S., King, E. B., & Cortina, J. M. (2016). Big Data Methods: Leveraging

311


https://doi.org/10.1108/IJSHE-06-2016-0118
https://doi.org/10.2514/6.2005-7002
https://doi.org/10.1016/j.worlddev.2018.11.012
https://doi.org/10.1080/17517575.2013.879209
https://doi.org/10.4018/978-1-59904-
https://doi.org/10.1080/08874417.2016.1222891
https://doi.org/10.1016/j.im.2019.02.001
https://www.researchgate.net/profile/Nirmala-Svsg/post/Which-in-your-

Modern Data Analytic Techniques to Build Organizational Science.
Organizational Research Methods, 1-23.
https://doi.org/10.1177/1094428116677299

Torres, R., Sidorova, A., & Jones, M. C. (2018). Enabling firm performance through
business intelligence and analytics: A dynamic capabilities perspective.
Information and Management, 55(7), 822—839.
https://doi.org/10.1016/1.im.2018.03.010

Townsend, M., Le Quoc, T., Kapoor, G., Hu, H., Zhou, W, & Piramuthu, S. (2018).
Real-Time business data acquisition: How frequent is frequent enough?
Information and Management, 55(4), 422—429.
https://doi.org/10.1016/1.im.2017.10.002

Tretten, P., & Karim, R. (2014a). Enhancing the usability of maintenance data
management systems. Journal of Quality in Maintenance Engineering, 20(3),
290-303. https://doi.org/10.1108/JQME-05-2014-0032

Tretten, P., & Karim, R. (2014b). Enhancing the usability of maintenance data
management systems Journal of Quality in Maintenance Engineering Article
information : August. https://doi.org/10.1108/JQME-05-2014-0032

Trieu, V. H., Cockcroft, S., & Perdana, A. (2018). Decision-making performance in
big data era: The role of actual business intelligence systems use and affecting
external constraints. 26th European Conference on Information Systems:
Beyond Digitization - Facets of Socio-Technical Change, ECIS 2018.

Tumer, C. J., Emmanouilidis, C., Tomiyama, T., Tiwari, A., & Roy, R. (2019).
Intelligent decision support for maintenance: an overview and future trends.
International Journal of Computer Integrated Manufacturing, 32(10), 936-959.
https://doi.org/10.1080/0951192X.2019.1667033

Van Dyk, L., & Conradie, P. (2007). Creating business intelligence from course
management systems. Campus-Wide Information Systems, 24(2), 120—-133.
https://doi.org/10.1108/10650740710742727

Vecherkov, 1., Yanev, N., & Anastasova, Y. (2017). Sofiware tools for business
intelligence. 60.

Villegas-Ch, W., Palacios-Pacheco, X., & Lujan-Mora, S. (2020). A business
intelligence framework for analyzing educational data. Sustainability
(Switzerland), 12(14), 1-21. https://doi.org/10.3390/sul2145745

White, T. (2004). An exploratory study of the role of Internet technologies in the

312


https://doi.org/10.1177/1094428116677299
https://doi.org/10.1016/j.im.2018.03.010
https://doi.org/10.1016/jim.2017.10.002
https://doi.org/10.1108/JQME-05
https://doi.org/10.1108/JQME-05-2014-0032
https://doi.org/10.1080/0951192X.2019.1667033
https://doi.org/10.1108/10650740710742727
https://doi.org/10.3390/su12145745

field of industrial maintenance: is knowledge management the way forward?
JISTEM - Journal of Information Systems and Technology Management, 1(1),
93—109. https://doi.org/10.1590/S1807-17752004000100007

Wixom, Barb, & Watson, H. (2017). the Bi-Based organization. January 2010.
https://doi.org/10.4018/jbir.2010071702

Wixom, Barbara, & Watson, H. (2010). The BI-Based Organization. /nfernational
Journal of Business Intelligence Research, 1(1), 13-28.
https://doi.org/10.4018/jbir.2010071702

Wong, D. (2012). Data is the Next Frontier, Analytics the New Tool. Big Innovation
Center, November, 1-22.

Wu, X, Zhu, X., Wu, G.-Q., & Ding, W. (2014). Data Mining with Big Data
Xindong. leeexplore.leee.Org, 1-26.

Yafooz, W. M. S., Bakar, Z. B. A, Fahad, S. K. A., & Mithon, A. M. (2020).
Business Intelligence Through Big Data Analytics, Data Mining and Machine
Learning. In Advances in Intelligent Systems and Computing (Vol. 1016).
https://doi.org/10.1007/978-981-13-9364-8 17

Yah, Y., & Rahimi, M. (2000). Automation Of Knowledge Asset In Public Works
Department ( PWD ) Of Malaysia. 1-10.

Yang, E., & Bayapu, 1. (2020). Big Data analytics and facilities management: a case
study. Facilities, 38(3—4), 268-281. https://doi.org/10.1108/F-01-2019-0007

Yaqoob, I., Abaker, I., Hashem, T., Gani, A., Mokhtar, S., Ahmed, E., Badrul, N., &
Vasilakos, A. V. (2016). International Journal of Information Management Big
data : From beginning to future. Infernational Journal of Information
Management, 36(6), 1231-1247.
https://doi.org/10.1016/j.ijinfomgt.2016.07.009

Yu, T., Lin, M., & Liao, Y. (2017). Computers in Human Behavior Understanding
factors in fl uencing information communication technology adoption behavior :
The moderators of information literacy and digital skills. Computers in Human
Behavior, 71, 196-208. https://doi.org/10.1016/j.chb.2017.02.005

Zapf, A, Castell, S., Morawietz, L., & Karch, A. (2016). Measuring inter-rater
reliability for nominal data — which coefficients and confidence intervals are
appropriate ? BMC Medical Research Methodology, 1-10.
https://doi.org/10.1186/512874-016-0200-9

Zhang, L. (2014). Big Data Analytics for Fault Detection and its Application in

313


https://doi.org/10.1590/S1807-17752004000100007
https://doi.org/10.4018/jbir.2010071702
https://doi.org/10.4018/jbir.2010071702
https://doi.org/10.1007/978-981-13-9364-8_17
https://doi.org/10.1108/F-01-2019-0007
https://doi.org/10.1016/j.ijinfomgt.2016.07.009
https://doi.org/10.1016/jxhb.2017.02.005
https://doi.org/10.1186/s12874-016-0200-9

Maintenance, PhD thesis. http://www.diva-
portal.org/smash/get/diva2:1046794/FULLTEXTO1.pdf
Zhang, Y., Qiu, M., Member, S., & Tsai, C. (2015). Health-CPS : Healthcare Cyber-
Physical System Assisted by Cloud and Big Data. 1-8.
Ziemba, E., and Oblak, 1. (2013). Critical Success Factors For ERP Systems
Implementation In Public Administration. Journal Of Information, Knowledge, And
Management, 8(1), 1-19.
Ziora, A. C. L. (2015) The Role of Big Data Solutions in The Management of
Organizations. Review of Selected Practical Example, Procedia Computer Science.

Elsevier Masson SAS, 65, pp. 1006-1012.

314


http://www.diva-

LIST OF PUBLICATION

SCOPUS Indexed Journal

L.

Razali, M. N., Jamaluddin, A. F., Abdul Jalil, R., & Nguyen, T. K. (2020). Big
data analytics for predictive maintenance in maintenance management.
Property Management, 38(4), 513-529. https://doi.org/10.1108/PM-12-2019-
0070.

Razali, M. N., Othman, S. H., Jamaludin, A. F., Maimun, N. H. A, Jalil, R. A,
Adnan, Y. M., & Zulkarnain, S. H. (2021). Big data analytics for preventive
maintenance  management.  Planning  Malaysia, 19(3), 423-437.

https://doi.org/10.21837/PM.V19117.1019

Indexed Conference Proceedings

L.

Jamaluddin, A. F., Razali, M. N., Abdul Jalil, R., Othman, H. & Adnan, Y.
(2021). Identification of Business Intelligence in Big Data Maintenance of
Govemnment Sector in Putrajaya. In 2021 10th International Conference on
Software and Computer Application.

Jamaluddin, A. F., Razali, M. N., Abdul Jalil, R., Othman, H. & Adnan, Y.
(2020). Identification of Business Intelligence in Managing Maintenance
Management for Government Office Buildings in Putrajaya. In 4th Advanced
in Social Science Research International Conference 2020.

Jamaluddin, A. F., Razali, M. N., Abdul Jalil, R., Othman, H. & Adnan, Y.
(2020). Big Data and Business Intelligence in Government Office Buildings.
Asia Proceedings of Social Sciences (APSS) 2020.

335


https://doi.org/10.1108/PM-12-2019-
https://doi

