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ABSTRACT 

Building maintenance is a complex operation that requires the right skills, 

experience and technology to manage a building premise. Technology utilisation, such 

as mobile technology is very important for accurate information to be accessed by the 

right person in charge at the right time and place. Thus, this study aims to establish an 

information delivery system of context-awareness applications for building 

maintenance of public universities in Malaysia based on user requirement and 

maintenance workflow. A total of eighteen public universities were chosen in the 

process of reviewing the development and current practice of building maintenance. 

Next, the current tools and technologies for building maintenance were examined and 

based on this information, the requirements of building maintenance in relation to 

context-aware information were identified. The identification was made by comparing 

several workflows from government agencies, universities and published journals to 

obtain common elements for establishing a standard building maintenance report for 

context- awareness. The validation of the establishment standard was done by 

employing semi- structured interviews with user-centred design method that 

emphasised user requirement and its context elements. To ease the validation process, 

a prototype of mobile technology for building maintenance reporting system known as 

i- Maintenance was developed. It was found that there were six common stages for

establishing the standard building maintenance report and the concept of “on-the-go

Maintenance” was well accepted with 80% respondents agreed, 80% respondents

agreed that context-aware technology had potential value and contained extra features,

whereas 85% respondents agreed on the workability and user friendliness of i-

Maintenance. The weakness of building maintenance reporting system that engaged

with the context-aware technology was the unstable cellular phone signals. However,

what was interesting about this technology was that specific information would be

delivered individually to the specific person in charge. Finally, it can be concluded that

the concept of supplying specific information and services to the building maintenance

manager has become technically and financially feasible because of the capability of

integrating mobile devices, context-awareness, data, voice and positioning

technologies.
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ABSTRAK 

Penyelenggaraan bangunan adalah operasi kompleks yang memerlukan 

kemahiran, pengalaman dan teknologi yang tepat untuk mengurus premis bangunan. 

Penggunaan teknologi, seperti teknologi mudah alih adalah sangat penting supaya 

maklumat yang tepat dapat diakses oleh individu yang bertanggung jawab pada waktu 

dan tempat yang diperlukan. Oleh itu, kajian ini bertujuan untuk mewujudkan sistem 

penyampaian maklumat aplikasi menggunakan context- aware untuk penyelenggaraan 

bangunan universiti awam, di Malaysia berdasarkan keperluan pengguna dan carta 

kerja penyelenggaraan. Sebanyak lapan belas universiti awam telah terlibat dalam 

proses kajian pembangunan dan amalan semasa penyelenggaraan bangunan. 

Kemudian, alat dan teknologi terkini untuk penyelenggaraan bangunan ditentukan 

berdasarkan maklumat kajian tersebut. Keperluan penyelenggaraan bangunan 

berkaitan dengan maklumat yang sesuai dengan context-aware juga dikenal pasti. 

Pengenalpastian dibuat dengan membandingkan beberapa carta kerja dari agensi 

kerajaan, universiti dan jurnal yang diterbitkan untuk mendapatkan elemen umum bagi 

membangunkan laporan penyelenggaraan bangunan piawai bagi context-aware. 

Pengesahan piawai dilakukan secara temu ramah separa berstruktur dengan kaedah 

reka bentuk berpusatkan pengguna yang menekankan keperluan pengguna dan elemen 

context-aware. Untuk memudahkan proses pengesahan, prototaip teknologi mudah 

alih untuk sistem pelaporan penyelenggaraan bangunan yang dikenali sebagai i-

Maintenance telah dibangunkan. Didapati enam peringkat umum untuk membuat 

laporan penyelenggaraan bangunan piawai dan konsep "on-the-go Maintenance" telah 

diterima dengan baik dengan 80% responden bersetuju bahawa teknologi yang 

context-aware mempunyai nilai potensi dan mengandungi ciri-ciri tambahan, 

sementara 85% responden bersetuju dengan fungsi dan persekitaran mesra pengguna 

i-Maintenance. Konsep penyediaan maklumat dan perkhidmatan khusus kepada

pengurus penyelenggaraan bangunan telah didapati berdaya maju dari sudut teknikal

dan kewangan kerana kemampuan mengintegrasikan peranti mudah alih, context-

aware, data, suara dan teknologi penentuan lokasi. Akhir sekali, segala kelebihan ini

menjadi peranan penting untuk memajukan sistem maklumat berkaitan pengurusan

penyelenggaraan bangunan dan ianya juga boleh digunakan bagi mana-mana cabang

dalam industri pembinaan.
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

1.1 Research Background 

 

Investment in building maintenance was vast worldwide, contributing nearly 

50% of the total revolution of the construction industry (Lateef, 2009). The 

construction sector in Malaysia accounted for a gross output value of RM 204.4 billion 

in 2017, compared to RM 177.9 billion in 2015, with a yearly growth rate of 7.2% 

annually (Hauashdh et al., 2020). Malaysia is a prosperous country that is thriving in 

all kinds of property investments, the total residential properties of current stock as far 

as the third quarter of 2019 were found about 5,692,646 units (National Property 

Information Centre, 2019). Overall, the number of buildings in Malaysia was huge and 

ascended in both the private and public sectors (Lateef et al., 2010). As reported by the 

National Property Information Centre (NAPIC) in 2019, the performance of Malaysian 

market property had registered at the modest enhancement in 2019 which about 

328,647 transactions worth RM141.40 billion were documented, interpreting an 

increment of 4.8% in figure and 0.8% in value in as compared to 2018. Most of the 

sub-sectors observed growth in activity, for examples, residential property market 

(6.0%), commercial property market (7.2%), Industrial property market (3.8%) and 

Agriculture (2.0%).  The growth of such activities incurred in management issue as 

poor building maintenance practices was still common in Malaysia, and buildings 

were not maintained efficiently in the public or private sector due to several issues 

such as knowledge, skill of workers and application methods (just to name a few). 

 

Knowledge on the significance of appropriate building maintenance and 

management system became the fundamental supporting factor to the facilities of 

facility management in Malaysia (Syed Mustapa et al., 2008). The decision for building 

maintenance requires various types of knowledge created by different members of 

construction teams, such as maintenance records, work orders, causes, and knock-on effects 
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of failures.  The facility department usually handles maintenance records involving various 

fields such as architecture, surveyor, engineer, and administrative personnel that deem 

proper fundamental management team. 

There were five fundamental management problems in administrating 

Malaysian state-owned properties, which were the lack of appropriate unit or 

department in charge of the property within a ministry, shortage of expertise, 

insufficient proper strategies, inadequacy in proper management procedures and 

insufficient usage of IT (Abdullah et al., 2011; Khalid et al., 2019). These problems 

affected everyone by increasing the health and safety risks, reducing economic 

competitiveness, ineffective maintenance strategies, reduced value of the nation’s built 

assets, and urgency to enhance funding in maintaining the built environment. In most 

situations, this thorough inefficacy will eventually generate demands for 

“contemporary” buildings and engineering works, even when appropriate facilities 

managed by the asset manager. 

Asset managers were the individuals in charge of handling the important 

maintenance, repair, and renewal works. It was their duty to improve the expenses and 

enlarge the value of the properties over their life cycle. Moreover, asset managers had 

to make numerous complicated decisions concerning the repairing works of their 

current building properties economically, using a few devices, as examples, the 

literature or smart computer software, to aid them in making decisions (Hooper 

et al., 2009; Love & Matthews, 2019).  Integrating computer technology with facilities 

information could enhance the asset manager performance. 

Integrated information system generated room for implementing mobile 

information and service conveyance for construction management (Boddy et al., 2007; 

Chu et al., 2018) and building maintenance (Cha et al., 2018). Instead of integrated 

information, decision-makers also required a detailed and updated view of their project 

information as a part of their business planning (Rajegopal et al., 2007).  Indeed, 

communication and visibility were the crucial aspects for a successful administration 

process, thus allowing the business to sustain a constant perspective of the issues 

throughout the length and breadth of the organisation. 
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The growth and advanced development of mobile communications recently has 

changed the way people and organisations communicated and interacted. It had 

revolutionised the built environment by adjusting to how the information was 

transmitted and perceived (Löfgren, 2007; Park et al., 2016; Šuman & Pšunder, 2008). 

The advancements in mobile communication technologies, including wireless 

technology (Aziz et al., 2006; Ferrada et al., 2014; Kim et al., 2008; Skibniewski & 

Jang, 2006) and global positioning system (GPS) technology (Andoh et al., 2012; Lu 

et al., 2007). have brought a great impact towards the construction industry. Besides, 

these applied sciences have also enhanced the acceleration of information progress and 

collaboration (Demian & Walters, 2014; Kirisci et al., 2004), increased the efficacy 

and usefulness of the information and communication technology (ICT) (Leung et al., 

2008; Vähä et al., 2013) and reduced the cost of information transfer. The ICT was 

also a fundamental element of building maintenance which abled to enhance the 

efficiency, effectiveness and accountability of the people who managed buildings 

(Talamo & Bonanomi, 2015). The use of ICT in building maintenance could help 

prolong the lifespan of the building by providing the proper and advanced maintenance 

approaches. 

 

 

1.2 Problem Statement 

 

Malaysia is proud of its ability to provide world-class infrastructure, but it falls 

short when it comes to building maintenance. Defects and damage in new buildings, 

commercial buildings, and infrastructure, particularly those developed by the 

government, are frequent problems arising in building maintenance management 

(Nawi et al., 2017). It can be seen in various statements appearing in research papers 

which indicated that the country is facing problems in managing its property assets and 

facilities, especially relating to building defects, maintenance, abandoned projects, 

lack of expertise, inappropriate work culture, and a below-par quality system among 

others (Hashim et al., 2015; Hong, 2008; Isa et al., 2016; Suffian, 2013; Zainol et al., 

2014). 
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Since building maintenance is a fundamental practice in facility management 

that supported the longevity of a building, the increasing costs of maintenance 

practices is a challenge for the facility management professionals as building 

maintenance decisions often comprised complex and conflicting criteria. (Besiktepe et 

al., 2020). Where as, building maintenance and repair was listed among the most 

typical functions of facilities management activities (Alexander, 2013; Booty, 2009; 

Falorca et al., 2014; Langston & Lauge-Kristensen, 2013; Raposo et al., 2011) and it 

needs the involvement and contributions from the researchers in order to respond to 

the current situation (Alexander, 2013; Falorca et al., 2014). Globally, the financing 

investment of building maintenance was enormous as it represented almost  50% of the 

overall turnover of the construction (Lateef et al., 2010). In the Malaysia scenario, the 

allocation sum for upgrading, renovating and maintaining various facilities were 

increasing as stated under the Tenth Malaysia Plan (2011 – 2015) in which the 

government had allocated the sum of USD120m, which then increased greatly in the 

Eleventh Malaysia Plan (2016-2020) to USD963 mil (Shah Ali, 2009) which include 

ICT technology in building maintenance towards the development of smart cities. 

 

Undoubtedly, ICT can provide organisations with powerful strategic and 

tactical tools that, if properly applied and used, can help them promote and strengthen 

their competitiveness (Aziz et al., 2016). ICT enables the firm to better manage their 

business processes through new and improved business models and increase their 

supply chain and outreach activities interaction (Shelbourn et al., 2012). Therefore, the 

demand for improved workplace quality of life (QOL) had prompted ICT 

Programmers to create a variety of software/tools in Facilities Management (FM) 

(Aziz et al., 2016). 

 

The application of ICT in facilities management is necessary compared to the 

conventional method in supporting the maintenance practices in building permises that 

include public universities. The important aspects that need to be improved are; the 

facility assessment, diagnosis, and decision-making processes. The continuous 

development of current ICT-based system resources is part of the basis for forming an 

effective framework, which will then be used to support the improvement in 

maintenance management practices (Ismail, 2018). In general, the ICT could help 
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optimise and innovate the current FM processes, models, and services. 

 

Many stakeholders in maintenance management practice had gained benefit 

from using ICT in carrying their work such as engineers, technical staff, 

administrators, and policy makers, which helps make an informed decision  

specifically on the maintenance, repair, and renewal of an asset. Informed decisions 

depend on reliable data, solid engineering principle and acknowledged economic 

values. If reliable data and efficient decision-supporting tools should be employed, the 

rate of maintaining, repairing and restoration could be lowered, and the services would 

be well-timed, with fewer interruptions. These enhancements will potentially lower the 

cost by increasing the efficiency and effectiveness of administrating assets and 

infrastructures.  

 

Therefore, this study aims to establish an information delivery system of 

context-aware applications for        building maintenance in Malaysia. This was done by 

investigating the challenges and understanding user requirements, maintenance 

workflow, and relevant frameworks amongst the maintenance managers in managing 

the assets and infrastructure. Accordingly, eighteen public universities were selected as 

sample cases for data collection purposes, including two phases of data collection. It 

started with investigating user requirements through semi-structured interview and 

document review, followed by system development methodology. It is crucial to collect 

the field data, which would help develop an appropriate software application that could 

perfectly accommodate the user needs.  The following section will discuss the research 

significance pertaining to this study. 

  

 

1.3 Significance of the Research 

 

The extensive utilisation of smartphones in work, mobile learning and 

emergency services had envisioned an expanding market for new applications (Grant 

& Barbour, 2013; Murata et al., 2019; Thurnher et al., 2006). It was well-understood 

that utilising mobile information and communication technologies (ICT) was crucial 
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in administrating projects as the right information needed to be conveyed to the correct 

individual at the precise time and at a specific place (Bowden et al., 2006; Ismail, 

2018). 

Mobile ICT, through its applications, could be customised to users’ demands 

if they were context-aware (using technology that can ascertain the users’ real goals 

by estimating any relevant additional information provided for the purpose). Context-

awareness was aimed to utilise the information in the customs context by complying 

with the style of the devices that corresponded to any situations in a suitable medium 

(Dey & Abowd, 2000; Masango et al., 2016). 

Thus, changes in the distinctive forms of context-aware information will lead 

to various operations introduced by the applications, as if an individual would react to 

similar signs. It has been suggested as a possible phase in the future of technological 

enhancement as it offered a lot of potentials (such as in intelligent environments, 

flexible user interfaces and more adaptable use of devices) (Häkkilä, 2008) by 

considering the specific natures of mobile devices, in which they will set up an 

appropriate platform of context-aware application enhancement. 

This study was steered by the requirement to analyse the relevance of context-

aware mobile technologies for building maintenance management. This study focused 

on a contemporary communication model for building managers by providing relevant 

information at a particular time in a distinguished place through mobile devices. The 

transfer of context-specific information and services to the building managers might 

increase their governance capabilities by supplying personalised information and 

services according to their current context. It is often argued that providing 

personalised information to the managers will help them make an informed decision 

and prevent an information overload (Roetzel, 2019); thus increasing the effectiveness 

and efficiency in their decision-making and service delivery. 
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1.4 Research Aim 

 

To establish an information delivery system of context-aware applications for 

building maintenance in Malaysia based on user requirement and maintenance 

workflow. 

 

 

1.5 Research Questions 

 

The following research questions which related to the research have been 

identified as follows: 

 

1) What is the current state of building maintenance in Malaysian public 

universities? 

 

2) What are the current tools available for building maintenance work in 

Malaysian public universities? 

 

3) What are the requirements of professional parties in developing the tools 

for maintaining buildings? 

 

4) What are the user requirements for effective building maintenance 

practices in Malaysia? 

 

5) How can the current mobile technologies enhance the information delivery 

related to building maintenance in Malaysia? 

 

 

1.6 Research Objectives 

 

The objectives of the research are: 

 

1) To review the development and current practice of building maintenance 
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in Malaysian higher education facilities. 

2) To determine the current tools and technologies for building

maintenance practices.

3) To identify the requirements of building maintenance in relation to

context- aware information delivery system.

4) To develop functional specifications of a context-aware information

services delivery system for building maintenance.

5) To develop a proof-of-concept prototype system according to the

developed specification using a combination of ICT tools.

The research programme and methodological approach for this study will be 

discussed in the next section. 
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1.7 Research Programme 
 

 

 

Figure 1.1 Outline of the Research Programme and Methodological Approach. 

 

The outline of the research programme and methods presented in Figure 1.1 

summerised the main activities undertaken, represented in a graphical model. The 

study was categorised into six stages, which were generated repetitively with a number 

of feedback loops (represented by arrows in Figure 1.1). Those phases were (a) 

research problem and design; (b) review and scoping studies; (c) user requirements 

study; (d) system development; (e) system demonstration and evaluation; and (f) 

conclusions and recommendations. 

 

In the first phase, numerous works of literature had been reviewed to recognise 

the field of work to be considered. This revision involved the field of building 

maintenance management, building maintenance technology, information technology 
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and context-aware computing. It was a basic phase in narrowing down the scopes and 

aims of the study. An analytical outline was then initiated, consisting of the objectives, 

unit of analysis and designs of applicable data-gathering methodologies, accompanied 

by a research programme. The research programme was formulated upon identifying 

the principal focus of the study, objectives, methods used to attain the objectives and 

estimating the length of each task and activity. 

 

The second phase involved reviewing and scoping the research studies. The 

literature review, technologies, research methods, and introductory semi- structured 

interviews were carried out to enhance the researcher’s understanding of the field of 

study and explain some notable challenges in building maintenance management, 

information systems, research techniques, and facilitating technologies of context-

aware computing. It had increased the awareness of the research challenges and 

approaches, which in sequence, developed the urgency of being more particular in the 

literature review with an in-depth observation on the field of building maintenance 

management, building maintenance’s software, mobile information systems and 

analytical research method approaches (nested research  approach). 

 

In the third phase, the user requirements were studied by conducting interviews 

among 18 maintenance managers in the public universities to gather specific 

information about the requirements and users’ demands. The information obtained 

using the semi-structured interviews was analysed and applied accordingly in the 

formation of the system design and a theoretical prototype, leading to the 

establishment of the functional specifications. Later in the next phase, the architectural 

system and prototype were established, and their functions were then evaluated. 

 

The prototype was interactively presented and assessed by the maintenance 

manager of all the universities in the fifth phase. The functions and practicality of the 

prototypes were evaluated and the data gathered through the evaluations will be 

analysed and explained. Built upon the observation, the model was then improved. 

Consequently, the last phase epitomised and wrapped up the conclusions of the study. 

Depended upon those conclusions, recommendations for future research were made. 

The next section will give a brief outline of this thesis. 
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1.8 Thesis Outline 

 

This thesis documented the works undertook in the research project and 

divided them into eight chapters. The content of each chapter can be summarised as 

follows: 

 

Chapter 1: Introduction 

 

Firstly, Chapter 1 will introduce the research project by providing a general 

background to the research. It was followed by pointing out the problem statement and 

significance of the research. Next, the aim, research question, and research objectives 

were stated. This chapter also provides a diagram of the research programme and the 

methodological approach used in this study. Finally, it ended with highlighting the 

thesis outline. 

 

Chapter 2: Literature Review 

 

This chapter provides reviews and discussions on building maintenance. 

Firstly, as an introduction, it presented the definition of building maintenance, 

subsequently described the issues in building maintenance operation. Later, it provided 

some reviews of the building maintenance practice in Malaysia. Chapter 2 also 

discussed the current technology in supporting the building maintenance works. The 

chapter then provides discussions on the computerised maintenance management 

system, followed by the context-aware application system. 

 

Chapter 3: Research Methodology 

 

This chapter analysed, explained, and demonstrated the research principles, 

methods and techniques accessible to tackle the research problems. It was divided into 

two phases: the first phase concentrated on data collection to data analysis and content 

analysis, whilst in second phase, it discussed the system development and prototyping 

to usability evaluation. 
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Chapter 4: Data Analysis 

The data analysis of this study will be presented in this chapter. It will start with 

developing the building maintenance workflow, followed by analysis of the 

maintenance activities practised in Malaysian universities. The user requirement study 

as a major part of this thesis was also  being discussed in chapter 4. 

Chapter 5: System Development 

The system developed in chapter 5 began with explaining the supporting tools 

such as the server, language, programming, and kit. It was followed by analysing the 

user requirements according to the maintenance workflow and developing the user 

requirement to suit into the system. The final stage of chapter 5 was developing the 

interface between the screen layout based on the maintenance workflow, user, and user 

requirements. 

Chapter 6: Proof of Concept Demonstration and Evaluation 

Chapter 6 involves the demonstration and evaluation of the prototype. Towards 

the end, it will list down the comments and suggestions obtained from the practitioners. 

This chapter also discussed the building maintenance practice, technologies involved 

(especially on the computerised maintenance management system and context-aware), 

and the prototype development. 

Chapter 7: Conclusion and Recommendation 

This final chapter starts with discussing the synthesis of the research. It will 

briefly explain the finding of each objective. There will also be some write-ups 

provided on the limitation and conclusion of the research. Chapter 7 ends with the 

contribution of the research, recommendation and concluding remarks. 



223 

REFERENCES 

Abd Rani, N. A., Baharum, M. R., Akbar, A. R. N., & Nawawi, A. H. (2015). 

Perception of maintenance management strategy on healthcare 

facilities. Procedia-Social and Behavioral Sciences, 170, 272-281. 

https://doi.org/10.1016/j.sbspro.2015.01.037 

Abdullah, S., Abdul Razak, A., Hanafi, M. H., & Salleh, M. N. (2011). 

Managing government property assets: The main issues from the 

Malaysian perspective. Journal of Techno Social, 3(1), 1-18. 

https://publisher.uthm.edu.my/ojs/index.php/JTS/article/view/250  

Abd-Wahab, S. R. H., Sairi, A., Che-Ani, A. I., Tawil, N. M., & Johar, S. 

(2015). Building maintenance issues: a Malaysian scenario for high 

rise residential buildings. International Journal of Applied 

Engineering Research, 10(6), 15759-15776. 

https://www.academia.edu/27696403 

Aboulnaga, M. M. (2006). Towards green buildings: Glass as a building element—the 

use and misuse in the gulf region. Renewable Energy, 31(5), 631-653. 

https://doi.org/10.1016/j.renene.2005.08.017 

Abowd, G. D., & Mynatt, E. D. (2000). Charting past, present, and future 

research in ubiquitous computing. ACM Transactions on Computer- 

Human Interaction (TOCHI), 7 (1), 29-58. 

https://doi.org/10.1145/344949.344988 

Abowd, G. D., Atkeson, C. G., Hong, J., Long, S., Kooper, R., & Pinkerton, 

Abowd, G. D., Dey, A. K., Brown, P. J., Davies, N., Smith, M., & Steggles, 

P. (1999). Towards a better understanding of context and context- 

awareness. In H. W. Gellersen (Ed.), Handheld and Ubiquitous 

Computing. HUC 1999. Lecture Notes in Computer Science  (Vol. 1707, 

pp 304-307). Springer. https://doi.org/0.1007/3-540-48157-5_29 

Abu Samah, B., & Abdul Halim Hadi, A. H. (2006, February 20). Kesan kerosakan - 

PM arah JKR sedia garis panduan senggara elak pembaziran. Utusan 

Malaysia. http://www.utusan.com.my 



224 

Ahmad, M., Mokhtar, S., Che Ani, A. I., & Ramly, A. (2011).  Pembangunan 

model sistem maklumat pemeriksaan dan diagnosis bangunan untuk 

kerja-kerja penyenggaraan bangunan. Malaysian Surveyor, 46(2), 21-

27. 

https://www.yumpu.com/id/document/view/32730861/pembangunan

-model-sistem-maklumat-pemeriksaanpdf

Ahmed, A. (2000). Management System in maintenance of infrastructure. Fahimta 

Publishing Company. 

Ahn, D., & Cha, H. (2014). Integration of building maintenance data in 

application of Building Information Modeling (BIM). Journal of 

Building Construction and Planning Research, 2(2), 166-172. 

https://doi.org/10.4236/jbcpr.2014.22015 

Alaghbari, W. E., Kadir, M. R. A., & Salim, A. (2007). The significant factors causing 

delay of building construction projects in Malaysia. Engineering, Construction 

and Architectural Management, 14(2), 192-206.

https://doi.org/10.1108/09699980710731308 

Alani, A. M., Tattersall, R. P., & Okoroh, M. I. (2002). Quantitative models 

for building repair and maintenance: A comparative case‐study. 

Facilities, 20(5/6), 176-189. 

https://doi.org/10.1108/02632770210426666 

Albers, M., & Still, B. (2010). Usability of complex information systems: 

Evaluation of user interaction. CRC Press. 

Albert, W., & Tullis, T. (2013). Measuring the user experience: Collecting, 

analyzing, and presenting usability metrics (2nd ed.). Burlington, 

Morgan Kaufmann. 

Aleksy, M., Butter, T., & Schader, M. (2008). Architecture for the 

development of context-sensitive mobile applications. Mobile 

Information Systems, 4(2), 105-117. 

https://doi.org/10.1155/2008/142986 

Alexander, K. (Ed.). (2013). Facilities management: Theory and practice. 

Taylor & Francis. 

Allen, D. (1993). What is building maintenance?. Facilities, 11(3), 7-12. 

https://doi.org/10.1108/EUM0000000002230 



225 

Alner, G. R., & Fellows, R. F. (1990). Maintenance of local authority school 

building in UK: A case study. Paper presented at the Proceedings of 

the International Symposium on Property Maintenance Management 

and Modernisation (pp. 90-99). Singapore. 

Alshawi, M., & Faraj, I. (1995). Integrating CAD and Virtual Reality in 

construction. Paper presented at the Proceedings of the Virtual Reality 

and Rapid Prototyping for Engineering Conference, Salford 

University. 

Alshehri, A., Motawa, I., & Ogunlana, S. (2015). The common problems facing the 

building maintenance departments. International Journal of Innovation, 

Management and Technology, 6(3), 234-237.

https://doi.org/10.7763/IJIMT.2015.V6.608 

Amaratunga, D., Baldry, D., & Sarshar, M. (2000). Assessment of facilities 

management performance–What next?. Facilities, 18(1/2), 66-75. 

https://doi.org/10.1108/02632770010312187 

Andoh, A. R., Su, X., & Cai, H. (2012). A framework of RFID and GPS for 

tracking construction site dynamics. Construction Research Congress 

2012: Construction Challenges in a Flat World. 

https://doi.org/10.1061/9780784412329.083 

application tool for individual maintenance users on high-rise 

residential buildings in South Korea. Paper presented at the MATEC 

Web of Conferences, 167. 

https://doi.org/10.1051/matecconf/201816701002 

Arayici, Y., Egbu, C. O., & Coates, S. P. (2012). Building information 

modelling (BIM) implementation and remote construction projects: 

issues, challenges, and critiques. Journal of Information Technology 

in Construction, 17, 75-92. http://usir.salford.ac.uk/id/eprint/22736/  

Ariansyah, D., Rosa, F., & Colombo, G. (2020). Smart maintenance: A Wearable 

augmented reality application integrated with CMMS to minimize unscheduled 

downtime. Computer-Aided Design & Applications, 17(4), 740-751. 

http://dx.doi.org/10.14733/cadaps.2020.740-751 

Architects push for inspection every five years. (2008, May 9). The Star. p. N33. 

https://www.thestar.com.my/news/nation/2008/05/09/architects-push-for-

inspection-every-five-years 

https://doi.org/10.1051/matecconf/201816701002


226 

Armstrong, J. H. (1987). Maintaining building services: a guide for 

managers. Mitchell. 

Atkin, B. (1987). Computerizing information systems: A case study. In A. 

Spedding (Ed.), Building Maintenance Economics and Management:  

Transactions of the research and development conference on the 

management and economics of maintenance of built assets: Held at 

Bristol Polytechnic (Department of Surveying) 13-15 May 1987. E & 

FN Spon. 

Au-Yong, C. P., Ali, A. S., & Ahmad, F. (2014). Preventive maintenance 

characteristics towards optimal maintenance performance: A case study of 

office buildings. World Journal of Engineering and Technology, 2(3B), 1-6. 

https://doi.org/10.4236/wjet.2014.23B001 

Au-Yong, C. P., Ali, A. S., & Chua, S. J. L. (2019). A literature review of routine 

maintenance in high-rise residential buildings. Journal of Facilities 

Management, 17(1), 2-17. https://doi.org/10.1108/JFM-10-2017-0051 

Avison, D., & Fitzgerald, G. (2003). Information systems development: 

methodologies, techniques and tools (3rd ed.). McGraw-Hill. 

Aziz, N. D., Nawawi, A. H., & Ariff, N. R. M. (2016). ICT evolution in facilities 

management (FM): building information modelling (BIM) as the latest 

technology. Procedia-Social and Behavioral Sciences, 234, 363-371. 

https://doi.org/10.1016/j.sbspro.2016.10.253 

Aziz, Z. (2005). Context-aware information delivery for mobile construction 

workers (Doctoral dissertation, Loughborough University). 

https://hdl.handle.net/2134/7749 

Aziz, Z., Anumba, C. J., Ruikar, D., Carrillo, P., & Bouchlaghem, N. M. 

(2005). Context aware information delivery for on-site construction 

operations. Paper presented at the Proceedings of the 22nd CIB-W78 

Conference on Information Technology in Construction, Institute for 

Construction Informatics, Technische Universitat Dresden, Germany, 

CBI Publication. https://itc.scix.net/pdfs/w78-2005-D6-2-Aziz.pdf 

Aziz, Z., Anumba, C. J., Ruikar, D., Carrillo, P., & Bouchlaghem, D. (2006). 

Intelligent wireless web services for construction —A review of the 

enabling technologies. Automation in Construction, 15 (2), 113-123. 

https://doi.org/10.1016/j.autcon.2005.03.002 

https://doi.org/10.1016/j.sbspro.2016.10.253


227  

Aziz, Z., Anumba, C., & Law, K. (2006). Using context-awareness and web-

services to enhance construction collaboration. Paper presented at the 

Joint International Conference on Computing and Decision Making in 

Civil and Building Engineering, Montréal, Canada. 

https://itc.scix.net/pdfs/w78-2006-tf464.pdf 

Babar, M. A., Zhu, L., & Jeffery, R. (2004). A framework for classifying and 

comparing software architecture evaluation methods. Proceedings of the 

Australian Software Engineering Conference. (pp. 309-318). 

https://doi.org/10.1109/ASWEC.2004.1290484. 

Babbie, E. (2015). The practice of social research (14th ed.). Cengage Learning. 

Baecker, R. M., Grudin, J., Buston, W. A. S., & Greenberg, S. (2014). Readings in 

Human-Computer Interaction: Toward the year 2000. Elsevier. 

Bagadia, K. (2006). Computerized maintenance management systems made 

easy: How to  evalua t e ,  s e l ec t ,  and  manage  CMMS.  McGraw-

Hill Professional. 

Baldauf, M., Dustdar, S., & Rosenberg, F. (2007). A survey on context - aware 

systems. International Journal of Ad Hoc and Ubiquitous Computing, 

2(4), 263-277. https://doi.org/10.1504/IJAHUC.2007.014070 

Baldwin, G. (1994). Property management in Hong Kong: An overview. 

Property Management, 12(4), 18-23. 

https://doi.org/10.1108/02637479410071027 

Banfield, G. (2004). What's really wrong with ethnography?. International 

Education Journal, 4 (4), 53-63. 

https://files.eric.ed.gov/fulltext/EJ903808.pdf  

Bangunan Parlimen bocor lagi.  (2008, May 8). Utusan Malaysia.  

http://www.utusan.com.my/utusan/info.asp?y=2008&dt=0508&sec=Parlimen

&pg=pa_10.htm. (Retrieved on 14/11/2013) 

Barrett, K. & Power, R. (2003) State of the art: Context management. [online] 

Waterford: M-Zones. Retrieved March 2, 2009, from http://www.m- 

zones.org/deliverables/d1_1/papers/4-01-context.pdf 

Bates, R. (1987). A maintenance information system.  In A. Spedding (Ed.),  

Building Maintenance Economics and Management: Transactions of 

the Research and Development Conference on the Management And 

Economics of Maintenance of Built Assets: Held at Bristol Polytechnic 

(Department of Surveying) 13-15 May 1987. E & FN Spon. 



228  

Baxter, G., & Sommerville, I. (2011). Socio-technical systems:  From design 

methods to systems engineering. Interacting with computers, 23(1), 4-

17. https://doi.org/10.1016/j.intcom.2010.07.003 

Behzadan, A. H., Aziz, Z., Anumba, C. J., & Kamat, V. R. (2008). Ubiquitous 

location tracking for context-specific information delivery on 

construction sites. Automation in Construction, 17 (6), 737-748. 

https://doi.org/10.1016/j.autcon.2008.02.002 

Beiske, B. (2002). Loyalty management in the Airline industry. Diplomica Verlag 

GmbH. 

Bellotti, V., Shum, S. B., MacLean, A., & Hammond, N. (1995). 

Multidisciplinary modelling in HCI design… in theory and in practice. 

Proceedings of the SIGCHI conference on Human factors in 

computing systems, 146-153. https://doi.org/10.1145/223904.223923 

Bernama. (2009). Government identifies initiatives for national asset management 

concept. Bernama. http://www.kettha.gov.my/en/printpdf/node/882 

Bertrand, C., & Bourdeau, L. (2010). Research interviews by Skype: A new data 

collection method. In J. Esteves (Ed.), Proceedings from the 9th European 

Conference on Research Methods (pp 70-79). IE Business School. 

https://www.researchgate.net/publication/256117370 

Besiktepe, D., Ozbek, M. E., & Atadero, R. A. (2020). Identification of the criteria for 

building maintenance decisions in facility management: First step to 

developing a multi-criteria decision-making approach. Buildings, 10(9), 166. 

https://doi.org/10.3390/buildings10090166 

Biswas, A., Donaldson, T., Singh, J., Diamond, S., Gauthier, D., & Longford, M. 

(2006). Assessment of mobile experience engine, the development toolkit 

for context aware mobile applications. Proceedings of the 2006 ACM 

SIGCHI international conference on Advances in computer entertainment 

technology, 8-es. https://doi.org/10.1145/1178823.1178834 

Blandford, A., Bryan-Kinns, N., & Thimbleby, H. (2000). Interaction 

modelling for digital libraries. Paper presented at the Workshop on 

Evaluation of Information Management Systems, QMW. 

http://www.eis.mdx.ac.uk/ridl/camdx.pdf 



229 

Boddy, S., Rezgui, Y., Cooper, G., & Wetherill, M. (2007). Computer 

integrated construction: A review and proposals for future direction. 

Advances in Engineering Software, 38 (10), 677-687. 

https://doi.org/10.1016/j.advengsoft.2006.10.007 

Bogdan, R. C., & Biklen, S. K. (1992). Qualitative research for education: 

An introduction to theory and methods (2nd ed.). A l l yn  a n d  B a c o n .  

Booty, F. ( E d . ) .  (2009). Facilities management handbook (4th ed.). 

Routledge. 

Bor, R., & Watts, M. (2010). The trainee handbook: A guide for counselling & 

psychotherapy trainees. Sage Publications. 

Borsci, S., Kurosu, M., Federici, S., & Mele, M. L. (2013).  Computer systems 

experiences of users with and without disabilities: An evaluation guide 

for professionals . CRC Press. 

Bowden, S., Dorr, A., Thorpe, T., & Anumba, C. J. (2006). Mobile ICT support 

for construction process improvement. Automation in Construction, 

15(5), 664-676. https://doi.org/10.1016/j.autcon.2005.08.004 

British Standards Institution. (1964). British Standard BS 3811: 1964 – Glossary of 

Maintenance Management Terms in Terotechnology. British Standards 

Publishing Ltd. 

British Standards Institution. (1993). British Standard BS 3811: 1964 –

Glossary of Maintenance Management Terms in Terotechnology. 

British Standards Publishing Ltd. 

Brown, P. J., Bovey, J. D., & Chen, X. (1997). Context-aware applications: 

from the laboratory to the marketplace. IEEE Personal 

Communications, 4(5), 58-64. https://doi.org/10.1109/98.626984. 

Bryman, A., & Bell, E. (2003). Business research methods. Oxford University Press. 

Bryman, A., & Bell, E. (2011). Business research methods (3rd Edition): Oxford 

University Press. 

Bryman, A., & Bell, E. (2015). Business Research Methods (4th ed.). Oxford 

University Press. 

Buede, D. M., & Miller, W. D. (2016). The engineering design of systems: Models and 

methods (3rd ed.). John Wiley & Sons. 



230  

Burhanuddin, M. A., Halawani, S. M., & Ahmad, A. (2011). An efficient 

failure-based maintenance decision support system for Smalland 

medium industries. In C. Jao (Ed.), Efficient Decision Support 

Systems: Practice and Challenges from Current to Future (pp. 195-

210). IntechOpen. https://doi.org/10.5772/18187 

Burrell, J., & Gay, G. K. (2001). Collectively defining context in a mobile, 

networked computing environment. Paper presented at the CHI'01 

Extended Abstracts on Human Factors in Computing Systems (pp. 

231-232. https://doi.org/10.1145/634067.634205 

Bushell, R. J. (1981). Assessing maintenance priorities: Guidelines based on 

health service experience. Chartered Institute of Building. 

Candolin, C., & Kari, H. H. (2003). An architecture for context aware 

management. Paper presented at the IEEE Military Communications 

Conference, MILCOM 2003 (Vol.1, pp. 237-241) Boston, MA, USA.  

https://doi.org/10.1109/MILCOM.2003.1290109. 

Casellas, N. (2011). Legal ontology engineering: Methodologies, modelling 

trends, and the ontology of professional judicial knowledge. Law, 

Governance and Technology Series 3. New York: Springer Science & 

Business Media. https://doi.org/10.1007/978-94-007-1497-7 

Cha, H.-S., Kim, J., Kim, D.-H., Shin, J., & Lee, K.-H. (2018). Mobile 

Chan, K., Lee, R. H. K., & Burnett, J. (2001). Maintenance performance: a 

case study of hospitality engineering systems. Facilities, 19(13/14), 

494-504. https://doi.org/10.1108/02632770110409477 

Chanter, B., & Swallow, P. (2008).  Building maintenance management (2nd 

ed.). John Wiley & Sons. 

Chen, G., & Kotz, D. (2000). A survey of context-aware mobile computing 

research. 2000 Technical Report. Dartmouth .  

Chen, J. Q., & Heath, R. D. (2006). Building web applications: Challenges, 

architectures, and methods. Information Systems Management, 18(1), 

68-79. https://doi.org/10.1201/1078/43194.18.1.20010101/31266.8  

Cho, Y. C., & Sagynov, E. (2015). Exploring factors that affect usefulness, ease of 

use, trust, and purchase intention in the online environment. International 

Journal of Management & Information Systems (IJMIS), 19(1), 21-36. 

https://doi.org/10.19030/ijmis.v19i1.9086 



231 

Choi, S., & Kim, E. (2015). Building crack inspection using small UAV. 17th 

International Conference on Advanced Communication Technology 

(ICACT) (pp. 235-238). PyeongChang, Korea (South). 

https://doi.org/10.1109/ICACT.2015.7224792. 

Christensen, H. B. (2016). Flexible, reliable software: Using patterns and 

agile development ( 2nd ed.). CRC Press. 

Christiansson, P. (1997). Experiences from developing a building 

maintenance knowledge node. In R. Drogemuller (Ed.), International 

council for building research studies and documentation. workshop 

(1997, Cairns) Information technology support for construction process 

reengineering Proceedings of CIB workshop - w78 “Working 

commission on information technology in construction” and tg10 “Task 

group on computer representation of design standards and building 

codes”. Cairns, Queensland, Australia. http://itc.scix.net/paper/w78-

1997-89 

Chu, M., Matthews, J., & Love, P. E. (2018). Integrating mobile building 

information modelling and augmented reality systems: An 

experimental study. Automation in Construction, 85, 305-316. 

https://doi.org/10.1016/j.autcon.2017.10.032 

Chua, S. J. L., Zubbir, N. B., Ali, A. S., & Au-Yong, C. P. (2018). Maintenance of 

high-rise residential buildings. International Journal of Building Pathology 

and Adaptation, 36(2), 137-151. https://doi.org/10.1108/IJBPA-09-2017-0038 

Cleven, A., Gubler, P., & Hüner, K. M. (2009). Design alternatives for the 

evaluation of design science research artifacts.  DESRIST ’09: 

Proceedings of the 4th International Conference on Design Science 

Research in Information Systems and Technology, 1-8. 

https://doi.org/10.1145/1555619.1555645 

Coetzee, J. L. (1999). A holistic approach to the maintenance “problem”. 

Journal of Quality in Maintenance Engineering, 5(3), 276-281. 

https://doi.org/10.1108/13552519910282737 

Coetzee, M. (2007). Practising education, training and development in South African 

Organisations. Juta and Company. 

Cohen, D., & Crabtree, B. (2006). Qualitative research guidelines project. 

http://www.qualres.org/ 



232 

Cohen, L., Manion, L., & Morrison, K. (2013). Research methods in education. Taylor 

& Francis. 

Construction Industry Development Board. (2007). Construction quarterly statistical 

bulletin – Fourth quarter 2006. CIDB Press. 

Corporate and Communication Department of UiTM. (n.d.). Workflow of 

UiTM E-Reporting system. 

https://onyx.uitm.edu.my/aktif/aduankorporat.nsf/8ff7ea4a919323fd4

825768f00277e15/$FILE/CARTA%20ALIR%20SIASATAN%20ADU

AN.pdf 

Couper, P. R. (2020). Epistemology. In Audrey Kobayashi (Ed.), International 

Encyclopedia of Human Geography (2nd ed.) (pp. 275-284). Elsevier.  

Cranor, L. F., & Garfinkel, S. (2005). Security and usability: Designing secure 

systems that people can use. O'Reilly Media. 

Cress, U., Dimitrova, V., & Specht, M. (2009). Learning in the Synergy of 

Multiple Disciplines. 4th European Conference on Technology 

Enhanced Learning, EC-TEL (Vol. 5794). Springer. 

Creswell, J. W. (1998). Qualitative inquiry and research design: Choosing 

among five traditions. Sage. 

Creswell, J. W. (2013). Research design: Qualitative, quantitative, and mixed methods 

approaches (4th ed.). Sage Publications. 

Cripps, D. J. (1984). Building maintenance-present and future: Building 

maintenance-a client’s viewpoint. 15-19. 

Crotty, M. (1998). The foundations of social research: Meaning and perspective in the 

research process. Sage Publication. 

Cruzan, R. (2020). Manager's guide to preventive building maintenance. CRC Press. 

Cworks. (n.d.). Computerized Maintenance Management Systems (CMMS). 

www.cworks.com.my 

Dao, D., Rizos, C., & Wang, J. (2002). Location-based services: technical and 

business issues. GPS Solutions, 6 (3), 169-178. 

https://doi.org/10.1007/s10291-002-0031-5 

Davies, C., & Greenough, R. (2000).  The use of information systems in fault 

diagnosis. 

http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.121.346  

http://www.cworks.com.my/


233  

de Almeida, D. R., de Souza Baptista, C., & Gomes de Andrade, F. (2006). 

Using ontologies in context-aware applications.  17th International 

Workshop on Database and Expert Systems Applications (DEXA'06), 

349-353. https://doi.org/10.1109/DEXA.2006.145. 

de Nitto Personè, V., Grassi, V., & Morlupi, A. (1998). Modeling and 

evaluation of prefetching policies for context-aware information 

services. Proceedings of the 4th annual ACM/IEEE international 

conference on Mobile computing and networking, 55-65. 

https://doi.org/10.1145/288235.288249 

Demian, P., & Walters, D. (2014). The advantages of information 

management through building information modelling. Construction 

Management and Economics, 32 (12), 1153-1165. 

https://doi.org/10.1080/01446193.2013.777754 

Dempsey, D. A. (2006). Impedance network with minimum contact 

impedance. https://patents.google.com/patent/US20040056756 

Department of Maintenance and Building Facility of Public Works 

Department. (n.d.). Workflow for the reporting of building and 

structure defect. 

http://bspnjkrselangor.blogspot.com/2011/06/prosedur-permohonan-

penyiasatan.html 

Deresky, H., & Christopher, E. (2011). International management: Managing cultural 

Diversity. Pearson Australia. 

Dey, A. K., & Abowd, G. D. (2000). Providing architectural support for 

building context-aware applications. https://doi.org/Georgia Institute 

of Technology. 

Dey, A. K., Abowd, G. D., & Salber, D. (2001). A conceptual framework and 

a toolkit for supporting the rapid prototyping of context -aware 

applications. Human–Computer Interaction, 16 (2-4), 97-166. 

https://doi.org/10.1207/S15327051HCI16234_02 

Diao, P.-H., & Shih, N.-J. (2019). BIM-based AR Maintenance System 

(BARMS) as an intelligent instruction platform for complex plumbing 

facilities. Applied sciences, 9(8), 1592. 

https://doi.org/10.3390/app9081592 



234 

Doherty, G., & Blandford, A. (Eds.). (2007). Interactive Systems. Design, 

Specification, and Verification: 13th International Workshop, DSVIS 2006, 

Revised Papers (Vol. 4323). Springer Science & Business Media. 

Dybkjær, L., Hemsen, H., & Minker, W. (Eds.). (2007). Evaluation of text and 

speech systems. Text, Speech and Language Technology Series 38  

Springer Science & Business Media. 

East, W. E., & Brodt, W. (2007a). BIM for construction handover. Journal of 

Building Information Modeling, 28-35.

https://www.brikbase.org/sites/default/files/Pages%20from%20jbim_fall07-

4.east_.pdf

Easterby-Smith, M., Thorpe, R., & Jackson, P. R. (2012). Management 

research (4th ed.). Sage. 

Economic Planning Unit. (2006). Ninth Malaysian Plan 2006-2010. Retrieved April 

18, 2021, from https://www.epu.gov.my/en/economic-

developments/development-plans/rmk/ninth-malaysia-plan-2006-2010 

Edwards, W. K., Bellotti, V., Dey, A. K., & Newman, M. W. (2003). The 

challenges of user-centered design and evaluation for infrastructure. 

Proceedings of the SIGCHI Conference on Human Factors in 

Computing Systems, 297-304. https://doi.org/10.1145/642611.642664 

Einabadi, B., Baboli, A., & Ebrahimi, M. (2019). Dynamic predictive maintenance in 

industry 4.0 based on real time information: Case study in automotive 

industries. IFAC-PapersOnLine, 52(13), 1069-1074. 

https://doi.org/10.1016/j.ifacol.2019.11.337 

European Multimedia Usability Services. (1999). Multimedia Usability Guidelines 

CELLO: Evaluation by inspection. 

Eyke, M. (1988). Building automation system—A practical guide to selection 

and implementation. BSP Professional Books. 

Fairbairn, D., & Parsley, S. (1997). The use of VRML for cartographic 

presentation. Computers & Geosciences, 23 (4), 475-481. 

https://doi.org/10.1016/S0098-3004(97)00014-9 

Falorca, J., Calejo Rodrigues, R., & Mendes da Silva, R. (2014). Research 

measurement of knowledge advances in building maintenance issues. 

Structural Survey, 32(1), 61-71. https://doi.org/10.1108/SS-08-2012-

0023 



235  

Farahani, A., Wallbaum, H., & Dalenbäck, J. (2019). The importance of life-cycle 

based planning in maintenance and energy renovation of multifamily 

buildings. Sustainable Cities and Society, 44, 715-725. 

https://doi.org/10.1016/j.scs.2018.10.033 

Fathi, M. S. (2009). Micro-and macro-level context-aware information delivery for 

construction programme managers (Doctoral dissertation, Loughborough 

University). https://hdl.handle.net/2134/35859 

Fathi, M. S., Anumba, C., & Carrillo, P. (2006). Context awareness in 

construction management-Key issues & enabling technologies. Paper 

presented at the Joint International Conference on Construction 

Culture, Innovation and Management (CCIM), Dubai, UAE. 

http://www.irbnet.de/daten/iconda/CIB4449.pdf 

Fellows, R. F., & Liu, A. M. M. (2015). Research methods for construction (4th ed.). 

Wiley-Blackwell. 

Ferrada, X., Sepúlveda, M., Serpell, A., Núñez, D., & Neyem, A. (2014). A 

lessons-learned mobile system for construction companies: 

Motivation and design. Procedia Engineering, 85, 157-165. 

https://doi.org/10.1016/j.proeng.2014.10.540 

Ferreira, D., Goncalves, J., Kostakos, V., Barkhuus, L., & Dey, A. K. (2014). 

Contextual experience sampling of mobile application micro-usage. 

MobileHCI’ 14: Proceedings of the 16th International Conference on Human-

Computer Interaction with Mobile Devices & Services, 91-100. 

https://doi.org/10.1145/2628363.2628367 

Frank, O. L., Omer, S. A., Riffat, S. B., & Mempouo, B. (2015). The indispensability 

of good operation & maintenance (O&M) manuals in the operation and 

maintenance of low carbon buildings. Sustainable Cities and Society, 14, e1-

e9. https://doi.org/10.1016/j.scs.2014.06.002 

Franzosi, O. (2004). Content analysis: Objective, systematic, and 

quantitative description of content.  

https://sociologie.cuso.ch/fileadmin/sociologie/Content -Analysis---

Introduction.pdf 

Fujita, H., Selamat, A., & Haron, H. (Eds.). (2014). New trends in software 

methodologies, tools and techniques: Proceedings of the Thirteenth 

SoMeT_14. IOS Press. 



236  

Gabriel, G., Saad, M., & Tracey, A. (2001). Using FM Web central as a portal 

to an integrated database in Archibus/FM. In L. Calabrese (Ed.), 

Integrated Global, Mobile Solutions with Archibus/FM (pp. 157-179). 

Archibus/FM.  

Galer, M., Harker, S., & Ziegler, J. (Eds.). (2016).  Methods and tools in user-

centred design for information technology. Elsevier. 

Galer, S. (2013). The secrets of successful Smes. Business Innovation from 

SAP. 

Garbarino, S., & Holland, J. (2009). Quantitative and qualitative methods 

in impact evaluation and measuring results. Issues Paper. 

https://gsdrc.org/docs/open/eirs4.pdf 

Gediga, G., Hamborg, K.-C., & Düntsch, I. (1999). The Iso Metrics usability 

inventory: an operationalization of ISO 9241-10 supporting summative and 

formative evaluation of software systems. Behaviour and Information 

Technology, 18(3), 151-164. https://doi.org/10.1080/014492999119057 

Gellersen, H. W., Schmidt, A., & Beigl, M. (2002). Multi-sensor context- 

awareness in mobile devices and smart artifacts. Mobile Networks and 

Applications, 7 (5), 341-351. https://doi.org/10.1023/A:1016587515822 

Ghaoui, C. (Ed.). (2005). Encyclopedia of human computer interaction. Idea 

Group. 

Giacomin, J. (2014). What is human centred design?. Design Journal, 17(4), 

606-623. https://doi.org/10.2752/175630614X14056185480186 

Gonzales, C. K., & Leroy, G. (2011). Eliciting user requirements using 

appreciative inquiry. Empirical Software Engineering, 16(6), 733- 

772. https://doi.org/10.1007/s10664-011-9156-x 

Government Asset Management Committee. (2010). Sejarah pewujudan JPAK. 

Retrieved November 14, 2013, from 

http://jpak.jkr.gov.my/index.php/pengenalan 

Grant, M. M., & Barbour, M. K. (2013). Mobile teaching and learning in the 

classroom and online: Case studies in K-12. In Z. Berge & L. 

Muilenburg (Eds.), Handbook of Mobile Learning (pp. 285-292). 

Routledge. 

Grote, K.-H., & Antonsson, E. K. (Eds.). (2009). Springer Handbook of 

Mechanical Engineering (Vol. 10). Springer. 



237 

Guan, Y., Fang, Z., & Wang, T. (2018). Fire risk assessment and daily 

maintenance management of cultural relic buildings based on ZigBee 

technology. Procedia Engineering, 211, 192-198. 

https://doi.org/10.1016/j.proeng.2017.12.004 

Hafni, H. (2003). Laporan kos penyelenggaraan bangunan sekolah-sekolah teknik 

(Unpublished report). Jabatan Pendidikan Teknik dan Vokasional. 

Kementerian Pendidikan Malaysia. 

Häkkilä, J. (2008). Towards usable context-aware mobile handheld 

applications. 

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.93.9895&re

p=rep1&type=pdf 

Hakkila, J., & Mantyjarvi, J. (2005).  Collaboration in context-aware mobile 

phone applications. Proceedings of the 38th Annual Hawaii 

International Conference on System Sciences HICSS ’05, 331-337. 

https://doi.org/10.1109/HICSS.2005.145 

Hamilton, B., & Wan Salleh, M. (2001).  Maintenance of building important. 

http://www.hba.org.my/news/2001/601/maintenance.htm  

Han, S., Love, P., & Peña-Mora, F. (2013). A system dynamics model for assessing 

the impacts of design errors in construction projects. Mathematical and 

Computer Modelling, 57(9-10), 2044-2053. 

https://doi.org/10.1016/j.mcm.2011.06.039 

Hao, Q., Xue, Y., Shen, W., Jones, B., & Zhu, J. (2010). A decision support system 

for integrating corrective maintenance, preventive maintenance, and 

condition-based maintenance. In Construction Research Congress 2010: 

Innovation for Reshaping Construction Practice (pp. 470-479).

https://doi.org/10.1061/41109(373)47 

Hashim, A. (2004). Planning and control of safety in construction 

refurbishment projects (Unpublished PhD dissertation). Universiti 

Teknologi MARA. 

Hashim, A. E., Samikon, S. A., Ismail, F., & Ismail, Z. (2015). Managing 

facilities on Malaysian low-cost public residential for sustainable 

adaptation. Procedia-Social and Behavioral Sciences, 168, 52-60. 

https://doi.org/10.1016/j.sbspro.2014.10.209 



238 

Hassanain, M. A., Froese, T. M., & Vanier, D. J. (2003). Framework model for 

asset maintenance management. Journal of Performance of 

Constructed Facilities, 17(1), 51-64. 

https://doi.org/10.1061/(ASCE)0887-3828(2003)17:1(51) 

Hauashdh, A., Jailani, J., & Rahman, I. A. (2020). Building maintenance 

practices in Malaysia: a systematic review of issues, effects and the way 

forward. International Journal of Building Pathology and Adaptation, 

38(5), 653-672. https://doi.org/10.1108/IJBPA-10-2019-0093 

Helander, M. G. (2014). Handbook of human-computer interaction. Elsevier. 

Hevner, A., & Chatterjee, S. (2010). Design research in information systems: 

Theory and practice. Integrated Series in Information Systems (Vol. 

22). Springer.  

Holzinger, A. (2008). HCI and Usability for Education and Work: 4th 

Symposium of the Workgroup Human-Computer Interaction and 

Usability Engineering of the Austrian Computer Society, USAB 2008, 

Graz, Austria, (Vol. 5298). Springer Science & Business Media. 

Hong, M. (2008). Addressing critical issues in managing government assets 

and facilities (Unpublished Bachelor dissertation). Universiti Sains 

Malaysia. 

Hooper, R., Armitage, R., Gallagher, A., & Osorio, T. (2009). Whole-life 

infrastructure asset management: Good practice guide for civil 

infrastructure. CIRIA.  

Horner, R. M. W., El‐Haram, M. A., & Munns, A. K. (1997). Building 

maintenance strategy: a new management approach. Journal of 

Quality in Maintenance Engineering, 3(4), 273-280. 

https://doi.org/10.1108/13552519710176881 

Huang, T., Kong, C., Guo, H. L., Baldwin, A., & Li, H. (2007). A virtual 

prototyping system for simulating construction processes. 

Automation in Construction, 16 (5), 576-585.

https://doi.org/10.1016/j.autcon.2006.09.007 

Huberman, A. M., & Miles, M. B. (1994). Data management and analysis 

methods. In N. K. Denzin & Y. S. Lincoln (Eds.), Handbook of 

Qualitative Research (pp. 428–444). Sage Publications. 



239  

Hunter, R. C. (2009). The public school infrastructure problem: Deteriorating 

buildings and deferred maintenance. School Business Affairs, 75(2), 10-12. 

https://files.eric.ed.gov/fulltext/EJ918584.pdf 

Hwang, H., Shin, S., Kim, K., Lee, S., & Kim, C. (2007). A context-aware 

system architecture using personal information based on ontology. In 

5th ACIS International Conference on Software Engineering 

Research, Management & Applications (SERA 2007) (pp. 610-615). 

Busan, Korea (South). https://doi.org/10.1109/SERA.2007.9. 

Imielinski, T., & Viswanathan, S. (1994). Adaptive wireless information 

systems. Rutgers University. https://doi.org/10.7282/T35T3Q0R 

International Organization for Standardization. (1997). Ergonomic 

requirements for office work with visual display terminals (VDTs) -

Part 8Requirements for displayed colours. 

https://www.iso.org/standard/16883.html 

International Organization for Standardization. (1999). ISO 13407: Human-

centred design processes for interactive systems. http://www.ash-

consulting.com/ISO13407.pdf 

Isa, H. M., Ismail, K., Zainol, H., & Othman, M. F. (2016). Tracking 

architectural defects in university building in Malaysia. MATEC Web 

of Conferences (Vol. 66). 

https://doi.org/10.1051/matecconf/20166600017 

Islam, R. Nazifa, T. H., Mohammed, S. F., Zishan, M. A., Mohd Yusof, Z., Mong, S. 

G. (2021). Impacts of design deficiencies on maintenance cost of high-rise 

residential buildings and mitigation measures. Journal of Building 

Engineering, 39, 102215. https://doi.org/10.1016/j.jobe.2021.102215 

Ismail, Z.-A. (2017). Improving conventional method on precast concrete 

building maintenance. Towards BIM implementation.  Industrial 

Management & Data Systems, 117(7), 1485-1502. 

https://doi.org/10.1108/IMDS-09-2016-0380 

Ismail, Z.-A. (2018). ICT-based system for Malaysian residential 

maintenance projects–literature review. Journal of Facilities 

Management, 16(3), 354-371. https://doi.org/10.1108/JFM-06-2016-

0026 

https://doi.org/10.1016/j.jobe.2021.102215


240 

Jackson, K. M., & Trochim, W. M. (2002). Concept mapping as an alternative 

approach for the analysis of open-ended survey responses. Organizational 

Research Methods, 5 (4), 307-336. 

https://doi.org/10.1177/109442802237114 

Jivani, M., & Panth, S. (2014). Wireless IEEE 802.11 based Device Control 

Ad-hoc Network using Responsive Web Design (RWD). International 

Journal of Emerging Technologies and Applications in Engineering, 

Technology and Sciences (IJ-ETA-ETS), 7(1), 69-72. 

https://www.researchgate.net/publication/263327593 

Johnson, J. (2020).  Designing with the mind in mind: Simple guide to understanding 

user interface design guidelines (3rd ed.). Morgan Kaufmann. 

Johnson, S. A. (2005). The art of the author interview: And interviewing creative 

people: University Press of New England. 

Johnson, J., & Henderson, A. (2002). Conceptual models: Begin by designing 

what to design. Interactions, 9(1), 25-32. 

https://doi.org/10.1145/503355.503366 

Jones, K., & Collis, S. (1996). Computerized maintenance management  

systems. Property Management, 14(4), 33-37. 

https://doi.org/10.1108/02637479610150757 

JPAK Secretariat. (2010). Pembangunan sistem pengurusan aset tak alih kerajaan 

(mySPATA). Retrieved November 14, 2013, from 

http://jpak.jkr.gov.my/index.php/arkib-berita/3-newsflash/46-artikel-1  

Kamberelis, G., & Dimitriadis, G. (2013). Focus groups: From structured interviews 

to collective conversations. Routledge. 

Kans, M. (2009). The advancement of maintenance information technology. 

Journal of Quality in Maintenance Engineering, 15(1), 5-16. 

https://doi.org/10.1108/13552510910943859 

Khalid, E. I., Abdullah, S., Hanafi, M. H., Said, S. Y., & Hasim, M. S. (2019). 

The consideration of building maintenance at design stage in public 

buildings: The current scenario in Malaysia.  Facilities, 37(13/14), 

942-960. https://doi.org/10.1108/F-04-2018-0055

Khosrowshahi, F., Ghodous, P., & Sarshar, M. (2014). Visualization of the 

modeled degradation of building flooring systems in building 

maintenance. Computer‐Aided Civil and Infrastructure Engineering, 

29(1), 18-30. https://doi.org/10.1111/mice.12029 



241 

Kim, G. J. (2015). Human-computer interaction: Fundamentals and practice. 

CRC press. 

Kim, H., Kim, J., Lee, Y., Chae, M., & Choi, Y. (2002). An empirical study of 

the use contexts and usability problems in mobile Internet. Proceedings of 

the 35th Annual Hawaii International Conference on System Sciences, 

1767-1776. https://doi.org/10.1109/HICSS.2002.994090. 

Kim, Y. S., Oh, S. W., Cho, Y. K., & Seo, J. W. (2008). A PDA and wireless 

web-integrated system for quality inspection and defect management 

of apartment housing projects. Automation in Construction, 17(2), 

163-179. https://doi.org/10.1016/j.autcon.2007.03.006

Kirisci, P., Hunecke, H.-H., Hribernik, K. A., & Dikici, C. (2004). A wireless 

solution for mobile collaboration on construction sites. International 

Workshop on Wireless Ad-Hoc Networks, 1 66 - 171 .  

https://doi.org/10.1109/IWWAN.2004.1525563 

Kjeldskov, J., & Graham, C. (2003). A review of mobile HCI research methods. 

In L. Chittaro (Ed.), Human-Computer Interaction with Mobile 

Devices and Services. Mobile HCI 2003. Lecture Notes in Computer 

Science (Vol. 2795, pp. 317-335). Springer. 

https://doi.org/10.1007/978-3-540-45233-1_23 

Ko, A. J., LaToza, T. D., & Burnett, M. M. (2015). A practical guide to controlled 

experiments of software engineering tools with human participants. Empirical 

Software Engineering, 20(1), 110-141. https://doi.org/10.1007/s10664-013-

9279-3 

Krippendorff, K. (2018). Content analysis: An introduction to its 

methodology (2nd ed.). Sage Publications. 

Kunz, J. C., Jin, Y., Levitt, R. E., Lin, S., & Teicholz, P. M. (1995). Support 

for integrated value- based maintenance planning. IEEE Expert, 11(4), 

35-44. https://doi.org/10.1109/64.511775.

Kurosu, M. (2019). Nigel Bevan and concepts of usability, ux, and 

satisfaction. Journal of Usability Studies, 14 (3), 156-163. 

https://uxpajournal.org/wp-

content/uploads/sites/8/pdf/JUS_Kurosu_May2019.pdf  

Kyte, T., & Kuhn, D. (2014). Expert oracle database architecture (3rd ed.). Apress. 



242  

Labib, A. W. (2004). A decision analysis model for maintenance policy 

selection using a CMMS. Journal of Quality in Maintenance 

Engineering, 10(3), 191-202. 

https://doi.org/10.1108/13552510410553244 

Lakoff, G., & Johnson, M. (2008). Metaphors we live by (2nd ed.). University of 

Chicago Press. 

Lam, K. (2011). Planning and execution of business-centered maintenance 

for perfect buildings in year 2000.  

http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=B0AAB8B0

153BD22D5E515A44D0372231?doi=10.1.1.111.2265&rep=rep1&typ

e=pdf 

Langston, C., & Lauge-Kristensen, R. (2013). Strategic management of built 

facilities. Routledge. 

Lapstun, P., Silverbrook, K., Hollins, M., Dehghani, Z., & Newman, A. T., 

Lateef, O. A. (2009).  Building maintenance management in Malaysia. 

Journal of Building Appraisal, 4 (3), 207-214. 

https://doi.org/10.1057/jba.2008.27 

Lateef, O. A., Khamidi, M. F., & Idrus, A. (2010). Building maintenance 

management in a Malaysian university campus: A case study. 

Construction Economics and Building, 10 (1-2), 76-89. 

https://doi.org/10.5130/AJCEB.v10i1-2.1593 

Lawton, G. (2009). The changing face of open source. Computer, 42(5), 14-17. 

https://doi.org/10.1109/MC.2009.162 

Leblanc, R., & Gillies, J. M. (2010). Inside the boardroom: How boards really work 

and the coming revolution in corporate governance. John Wiley & Sons. 

Lee, H. H. Y., & Scott, D. (2009). Overview of maintenance strategy, 

acceptable maintenance standard and resources from a building 

maintenance operation perspective. Journal of Building Appraisal, 

4(4), 269-278. https://doi.org/10.1057/jba.2008.46 

Leung, S., Mak, S., & Lee, B. L. P. (2008). Using a real-time integrated 

communication system to monitor the progress and quality of 

construction works. Automation in Construction, 17 (6), 749-757. 

https://doi.org/10.1016/j.autcon.2008.02.003 



243 

Lew, S. C. (2000). Sistem maklumat penyelenggaraan bangunan untuk sektor 

swasta (Unpublished Bachelor’s project paper) . Universiti Teknologi 

Malaysia.  

Lewis, B. T. (1999). Facility manager's operation and maintenance 

handbook. McGraw-Hill Education. 

Lewis, B., & Payant, R. (2007). Facility manager's maintenance handbook (2nd ed.). 

MCGraw-Hill. 

Lieberman, H., & Selker, T. (2000). Out of context: Computer systems that 

adapt to, and learn from, context. IBM Systems Journal, 39(3-4), 617- 

632. https://doi.org/10.1147/sj.393.0617

Lindgaard, G. (1994). Usability testing and system evaluation: A guide for 

designing useful computer systems. Chapman & Hall. 

Lo, S. M., Lam, K. C., & Yuen, R. K. K. (2000). Views of building surveyors 

and building services engineers on priority setting of fire safety 

attributes for building maintenance. Facilities, 18(13/14), 513-523. 

https://doi.org/10.1108/02632770010328153 

Löfgren, A. (2007). Mobility in-site: Implementing mobile computing in a 

construction enterprise. Communications of the Association for 

Information Systems, 20(1), 594-604. 

https://doi.org/10.17705/1CAIS.02037 

Loosemore, M., & Hsin, Y. Y. (2001). Customer‐focused benchmarking for 

facilities management. Facilities, 19(13/14), 464-476. 

https://doi.org/10.1108/EUM0000000006204 

Love, P. E. D., & Matthews, J. (2019). The ‘how’ of benefits management for 

digital technology: From engineering to asset management. 

Automation in Construction, 107, 102930. 

https://doi.org/10.1016/j.autcon.2019.102930 

Lowdermilk, T. (2013). User-centered design: A developer's guide to 

building user-friendly applications. O'Reilly Media. 

Lu, M., Chen, W., Shen, X., Lam, H.-C., & Liu, J. (2007). Positioning and 

tracking construction vehicles in highly dense urban areas and 

building construction sites. Automation in Construction, 16 (5), 647- 

656. https://doi.org/10.1016/j.autcon.2006.11.001

M. (1997). Cyberguide: A mobile context‐aware tour guide. Wireless

Networks, 3(5), 421-433. https://doi.org/10.1023/A:1019194325861 



244  

Ma, H. M., Ma, J. X., Xu, X., & Li, Z. W. (2018, May). Compilation standard of 

specification for construction and quality acceptance for urban utility Tunnel 

of Shaanxi Province. In IOP Conference Series: Earth and Environmental 

Science (Vol. 153, No. 5, p. 052024). IOP Publishing. 

https://doi.org/10.1088/1755-1315/153/5/052024 

Maciaszek, L. A., & Zhang, K. (2013). Evaluation of Novel Approaches to 

Software Engineering. 6th International Conference, ENASE 2011, 

Revised Selected Papers (Vol. 275). Springer. 

https://doi.org/10.1007/978-3-319-94135-6 

Mackay, W. E., & Fayard, A.-L. (1997). HCI, natural science and design: 

a framework for triangulation across disciplines. Proceedings of the 

2nd conference on Designing interactive systems: processes, 

practices, methods, and techniques, 223–234. 

https://doi.org/10.1145/263552.263612 

Madu, C. N. (2000). Competing through maintenance strategies. 

International Journal of Quality & Reliability Management, 17(9), 

937-949. https://doi.org/10.1108/02656710010378752 

March, S. T., & Smith, G. F. (1995). Design and natural science research on 

information technology. Decision support systems, 15 (4), 251-266. 

https://doi.org/10.1016/0167-9236(94)00041-2 

Marcus, A. (2002). User-interface design, culture, and the future. 

Proceedings of the Working Conference on Advanced Visual 

Interfaces, 15–27. https://doi.org/10.1145/1556262.1556264 

Masango, M., Mouton, F., Nottingham, A., & Mtsweni, J. (2016). Context 

aware mobile application for mobile devices. Proceedings of the 

Information Security for South Africa (ISSA), 85-90. 

https://doi.org/10.1109/ISSA.2016.7802933. 

Mayer, R. E. (1997). Chapter 33 - From novice to expert. In M. G. Helander, 

T. K. Landauer & P. V. Prabhu (Eds.), Handbook of Human-Computer 

Interaction ( 2 n d  ed . )  ( pp. 781-795). Elsevier. 

Mayhew, D. J. (1999). The usability engineering lifecycle: A practitioner’s 

handbook for user interface design. Morgan Kaufmanm. 



245 

McArthur, J. J., Shahbazi, N., Fok, R., Raghubar, C., Bortoluzzi, B., & 

An, A. (2018). Machine learning and BIM visualization for 

maintenance issue classification and enhanced data collection. 

Advanced Engineering Informatics, 38, 101-112. 

https://doi.org/10.1016/j.aei.2018.06.007 

McConnell, S. (1996). Rapid development: Taming wild software schedules. 

Pearson Education. 

Menzel, K., Keller, M., & Eisenblätter, K. (2004). Context sensitive mobile 

devices in architecture, engineering and construction. Journal of 

Information Technology in Construction (ITcon), 9 (28), 389-407. 

https://www.itcon.org/2004/28 

Ministry of Finance. (1991). Pekeliling Perbendaharaan Bil. 2 Tahun 1991. Retrieved 

November 14, 2013, from 

http://www.treasury.gov.my/pekeliling/pp/pp021991.pdf 

Mobley, R. K. (2002). An introduction to predictive maintenance (2nd ed.). 

Elsevier.  

Mobley, R. K. (2014). Maintenance engineering handbook (8th ed.). McGraw-Hill 

Education. 

Mohagheghi, P. (2008). Evaluating software development methodologies 

based on their practices and promises. In New Trends in Software 

Methodologies, Tools and Techniques (pp. 14-35). IOS Press. 

https://doi.org/10.3233/978-1-58603-916-5-14 

Mohamed @ Abdul Ghani, M. A. (1997). Sistem pengurusan maklumat untuk 

penyenggaraan bangunan (Unpublished Bachelor’s project paper).   

Universiti Teknologi Malaysia. 

Mohamed Hussain, A. (2007). Asset management in Malaysia: Opportunities & 

readiness. Retrieved November 14, 2013, from 

http://www.kkr.gov.my/files/Asset%20Management%20in%20Malaysia.pdf. 

Mohanta, A., & Das, S. (2016). ICT-based facilities management tools for buildings. 

In S. Satapathy, A. Joshi, N. Modi, & N. Pathak (Eds.), Proceedings of 

International Conference on ICT for Sustainable Development. Advances in 

Intelligent Systems and Computing (Vol. 408, pp 125-133). Springer. 

https://doi.org/10.1007/978-981-10-0129-1_14 



246 

Mohd. Noor, M. A. (1997). Sistem pengurusan maklumat penyenggaraan dan 

kemudahan di Jabatan Kesihatan Kelantan (Unpublished Bachelor’s 

project paper).   Universiti Teknologi Malaysia. 

Mohd-Noor, N., Hamid, M., Abdul-Ghani, A. A., & Haron, S. N. (2011). Building 

maintenance budget determination: an exploration study in the 

Malaysia government practice. Procedia Engineering, 20, 435-444. 

https://doi.org/10.1016/j.proeng.2011.11.186 

Moon, S.-M., Hong, D., Kim, S.-W., & Park, S. (2012). Building wall 

maintenance robot based on built-in guide rail. Proceedings of the 

IEEE International Conference on Industrial Technology, 498-503. 

https://doi.org/10.1109/ICIT.2012.6209987. 

Moore, M., & Finch, E. (2004). Facilities management in South East Asia. 

Facilities, 22(9/10), 259-270. 

https://doi.org/10.1108/02632770410555986 

Muhammad, H. (1998). The relationship between school resources and 

student academic achievement in Indonesian (Unpublished Doctoral 

dissertation). University of Pittsburgh. 

Murata, M., Ahmetovic, D., Sato, D., Takagi, H., Kitani, K. M., & Asakawa, 

C. (2019). Smartphone-based localization for blind navigation in

building-scale indoor environments. Pervasive and Mobile 

Computing, 57, 14-32. https://doi.org/10.1016/j.pmcj.2019.04.003 

Myers, M. D., & Avison, D. (Eds.). (2002). Qualitative research in information 

systems: A reader. Sage. 

Nadj, M., Maedche, A., & Schieder, C. (2020). The effect of interactive analytical 

dashboard features on situation awareness and task performance. Decision 

Support Systems, 135, 113322. https://doi.org/10.1016/j.dss.2020.113322 

Nagel, K., Kidd, C. D., O’Connell, T., Dey, A., & Abowd, G. D. (2001). The 

family intercom: Developing a context-aware audio communication 

system. In G. D. Abowd, B. Brumitt & S. Shafer (Eds.), Ubicomp 

2001: Ubiquitous Computing. UbiComp 2001. Lecture Notes in 

Computer Science (Vol. 2201, pp. 176-183). Berlin, Heidelberg: 

Springer. https://doi.org/10.1007/3-540-45427-6_14 

Narayan, V. (2012). Business performance and maintenance. Journal of Quality in 

Maintenance Engineering, 18(2), 183-195.

https://doi.org/10.1108/13552511211244210 



247 

Nathwani, S., & Shroff, A. (1995). Effective bridge maintenance using 

multimedia and mobile systems. Paper presented at the Sixth 

International Conference on Structural Faults and Repairs, London, 

England. 

Naumann, J. D., & Jenkins, A. M. (1982). Prototyping: the new paradigm for 

systems development. Mis Quarterly, 6 ( 3 ) ,  29-44.

https://doi.org/10.2307/248654 

Nawi, M. N. M., Baharum, F., Ibrahim, S. H., & Riazi, S. R. M. (2017). A review 

study of maintenance and management issues in Malaysian commercial 

building towards sustainable future practice. In AIP Conference 

Proceedings (Vol. 1891, No. 1, p. 020100). AIP Publishing LLC. 

Nazaruddin, M. J. (1989). pengurusan kelengkapan sekolah termasuk pusat sumber 

pendidikan di sekolah-sekolah rendah dan menengah di Malaysia 

(Unpublished thesis). Universiti Pertanian Malaysia. 

Negandhi, V., Sreenivasan, L., Giffen, R., Sewak, M., & Rajasekharan, A. (2015). 

IBM predictive maintenance and quality 2.0 technical overview. IBM 

Redbooks. 

Neuman, L. W. (2007). Social research methods: Qualitative and quantitative 

approaches (6th ed.). Pearson Education. 

Newton, N. (2010). The use of semi-structured interviews in qualitative 

research: strengths and weaknesses. Exploring Qualitative Methods, 

1(1), 1-11. https://www.academia.edu/1561689 

Nyman, D., & Levitt, J. (2001). Maintenance planning, scheduling, and 

coordination (2nd ed.). Industrial Press. 

Oberg, C. P. (2010). Managing maintenance as a business. 

http://www.maintenanceworld.com/managing-maintenance-as-a-

business/ 

Offutt, J., & Ammann, P. (2008). Introduction to software testing. University 

Press Cambridge. 

Ofori, I., Duodu, P., & Bonney, S. (2015). Establishing factors influencing building 

maintenance practices: Ghanaian Journal of Economics and Sustainable 

Development, 6(24), 184-193.

https://www.iiste.org/Journals/index.php/JEDS/article/view/27920 

perspective. 



248  

Ojala, T., Korhonen, J., Aittola, M., Ollila, M., Koivumäki, T., Tähtinen, 

J., … Karjaluoto, H. (2003, December). SmartRotuaari-Context-

aware mobile multimedia services. Paper presented at the MUM 2003. 

Proceedings of the 2nd International Conference on Mobile and 

Ubiquitous Multimedia, Norrköping, Sweden. 

https://www.academia.edu/2490129 

Ollila, A., & Malmipuro, M. (1999). Maintenance has a role in quality. TQM 

Magazine, 11(1), 17-21. https://doi.org/10.1108/09544789910246589 

Omar, N. S., Hatem, W. A., & Najy, H. I. (2019). Predictive modeling for developing 

maintenance management in construction projects. Civil Engineering 

Journal, 5(4), 892-900. https://doi.org/10.28991/cej-2019-03091297 

Ormerod, P. (2007). Why most things fail: Evolution, extinction and economics. John 

Wiley & Sons. 

Oseghale, G. E., Ikpo, I. J., Oseghale, B. O., & Adetooto, J. D. (2019). 

Perception of stakeholders on the maintenance management strategies for 

sports facilities in selected Universities in Southwestern, Nigeria. British 

Journal of Marketing Studies (BJMS), 7 (5), 87-99. 

https://www.eajournals.org/wp-content/uploads/Perception-of-

Stakeholders-on-the-Maintenance-Management-Strategies.pdf 

Palmquist, M. (2006). Overview: Content analysis. Fort Collins, CO: 

Colorado State University.  

Palmquist, M. (2010). Writing guide: Content analysis. Fort Collins, CO: 

Colorado State University.  

Park, C. S., Le, Q. T., Pedro, A., & Lim, C. R. (2016). Interactive building 

anatomy modeling for experiential building const ruction education. 

Journal of Professional Issues in Engineering Education and Practice, 

142(3), 04015019. https://doi.org/10.1061/(ASCE)EI.1943-

5541.0000268 

Pascoe, J. (1998). Adding generic contextual capabilities to wearable 

computers. Digest of Papers. Proceedings of the Second International 

Symposium on Wearable Computers (Cat. No. 98ex215), 92-99. 

https://doi.org/10.1109/ISWC.1998.729534 



249 

Pascoe, J., Ryan, N., & Morse, D. (1999). Issues in developing context- aware 

computing. In H. W. Gellersen (Ed.), Handheld and Ubiquitous 

Computing. HUC 1999. Lecture Notes in Computer Science  (Vol. 1707, 

pp 208-221. Springer. https://doi.org/10.1007/3-540-48157-5_20 

Pashtan, A. (2005). Mobile web services. Cambridge University Press. 

Pastikan kerja penyelenggaraan sempurna. (2006, February 21). Utusan Malaysia. 

http://www.utusan.com.my 

Pathirage, C. P., Amaratunga, D. G., & Haigh, R. P. (2007). Tacit knowledge and 

organisational performance: construction industry perspective. Journal of 

Knowledge Management, 11(1), 115-126. 

https://doi.org/10.1108/13673270710728277 

Pellegrinelli, S., & Partington, D. (2006). Pitfalls in taking a project-based 

view of programmes. Paper presented at PMI® Global Congress 

2006—EMEA. Project Management Institute. 

https://www.pmi.org/learning/library/pitfalls-project-based-view-

programs-pmbok-8182 

Peng, Y., Liu, X., Li, M., Li, Z., Hu, T., … Mi, X. (2020). Sensing network security 

prevention measures of BIM smart operation and maintenance system. 

Computer Communications, 161, 360-367. 

https://doi.org/10.1016/j.comcom.2020.07.039 

Pernici, B. (Ed.). (2006). Mobile information systems: Infrastructure and 

design for adaptivity and flexibility.  Springer. 

Pettit, R. (1983). Computers aid in the management of housing maintenance. 

Paper presented at the Proceedings of BMCIS & BRE Seminar, 

Feedback of Housing Maintenance. Building Research Establishment, 

Watford. 

Pitt, T. J. (1997). Data requirements for the prioritization of predictive building 

maintenance. Facilities, 15(3/4), 97-104. 

https://doi.org/10.1108/02632779710160612 

Poór, P., & Basl, J. (2019). Predictive maintenance as an intelligent service in Industry 

4.0. Journal of System Integration, 10(1), 3-10. 

http://dx.doi.org/10.20470/jsi.v10i1.364 

Preece, J., Sharp, H., & Rogers, Y. (2015). Interaction design: Beyond human-

computer interaction (4th ed.). John Wiley & Sons. 



250  

Presser, S., Couper, M. P., Lessler, J. T., Martin, E., Martin, J., Rothgeb, J. M., … 

Singer, E. (2004). Methods for testing and evaluating survey questions. Public 

Opinion Quarterly, 68(1), 109-130. https://doi.org/10.1093/poq/nfh008 

Prime Minister Department. (1995). Surat Pekeliling Am Bil. 2 Tahun 1995. Retrieved 

November 14, 2013, from 

http://www.jpm.gov.my/userfiles/file/Surat%20Pekeliling%20Am%20Bil_%

202% 

Prime Minister Department. (2003). Pekeliling Am Bil 1 Tahun 2003. Retrieved 

November 14, 2013, from 

http://www.jpm.gov.my/userfiles/file/Pekeliling%20Am%20Bil%201%2020

03.pdf. 

Prime Minister Department. (2009). Pekeliling Am Bilangan 1 Tahun 2009: Manual 

Pengurusan Aset Menyeluruh Kerajaan. 

https://www.jpm.gov.my/images/PDF/pekeliling_am/Pekeliling_Am_Bil_1_

Tahun_2009_-_MPAM.pdf dated 19/4/2020 

Puķīte, I., & Geipele, I. (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 

Pusuluri, N. R. (2006). Software testing Concepts and tools. Dreamtech Press. 

R. (2010). System for enabling access to information. 

https://patentimages.storage.googleapis.com/c3/67/8e/0ad963d089df

d9/US20070125860A1.pdf 

Rad, H. N., & Khosrowshahi, F. (1997). Visualisation of building 

maintenance through time. Proceedings. 1997 IEEE Conference on 

Information Visualization (Cat. No. 97TB100165), 308-314. 

https://doi.org/10.1109/IV.1997.626538. 

Radatz, J. (1990). EEE Standard Glossary of Software Engineering 

Terminology. IEEE Std 610.12-1990, 1-84. 

https://doi.org/10.1109/IEEESTD.1990.101064. 

Rajegopal, S., McGuin, P., & Waller, J. (2007). Project portfolio 

management: Leading the corporate vision. Palgrave Macmillian. 

https://www.jpm.gov.my/images/PDF/pekeliling_am/Pekeliling_Am_Bil_1_Tahun_2009_-_MPAM.pdf%20dated%2019/4/2020
https://www.jpm.gov.my/images/PDF/pekeliling_am/Pekeliling_Am_Bil_1_Tahun_2009_-_MPAM.pdf%20dated%2019/4/2020


251 

Ramkumar, A., Stappers, P. J., Niessen, W. J., Adebahr, S., Schimek-Jasch, T., Nestle, 

U., … Song, Y. (2017). Using GOMS and NASA-TLX to evaluate human–

computer interaction process in interactive segmentation. International 

Journal of Human–Computer Interaction, 33(2), 123-134. 

https://doi.org/10.1080/10447318.2016.1220729 

Ramly, A. (2002). Prinsip dan praktis: Pengurusan penyenggaraan 

bangunan. Pustaka Ilmi. 

Ramly, A., Amad, N. A., & Ishak, N. H. (2006). The effects of design on the 

maintenance of public housing buildings in Malaysia–Part 1. Building 

Engineer Journal, 81 (4), 30-33. 

Raposo, S., de Brito, J., & Fonseca, M. (2011, April). Planned preventive 

maintenance activities: Analysis of guidance documents. Paper presented at the 

12th DBMC International Conference on Durability of Building Materials and 

Components, Porto, Portugal. 

https://www.researchgate.net/publication/283326820 

Remenyi, D., Williams, B., Money, A., & Swartz, E. (1998). Doing research 

in business and management: An introduction to process and method. 

Sage Publications. 

Richter, M., & Flückiger, M. (2014). User-centred engineering: Creating 

products for humans. In M. Richter & M. Flückiger (Eds.), User-

Centred Engineering (pp. 11-24). Springer. 

https://doi.org/10.1007/978-3-662-43989-0 

Rieman, J., Franzke, M., & Redmiles, D. (1995). Usability evaluation with 

the cognitive walkthrough. CHI ’95 Conference companion on Human 

factors in computing systems, 387-388. 

https://doi.org/10.1145/223355.223735 

Ritter, F. E., Baxter, G. D., & Churchill, E. F. (2014). Foundations for 

designing user-centered systems: What system designers need to know 

about people. London Springer-Verlag. https://doi.org/10.1007/978-1-

4471-5134-0 

RM3.2 billions contracts to be awarded. (2009, March 4). New Straits Times. 

https://www.nst.com.my 

Roberts-Holmes, G. (2011). Doing your early years research project: A step by step 

guide (2nd ed.). Sage Publications. 



252 

Robson, C. (2002). Real world research: A resource for social scientists and 

practitioner-researchers (2nd ed.). Blackwell Publishers. 

Roetzel, P. G. (2019). Information overload in the information age: A review 

of the literature from business administration, business psychology, 

and related disciplines with a bibliometric approach and framework 

development. Business Research, 12(2), 479-522. 

https://doi.org/10.1007/s40685-018-0069-z 

Rogers, Y., Sharp, H., Preece, J., & Tepper, M. (2007). Interaction design: 

beyond human-computer interaction. networker, The Craft of 

Network Computing, 11(4), 34. 

Roldán-Molina, G. R., Ruano-Ordás, D., Basto-Fernandes, V., & Méndez, J. R. (202).  

An ontology knowledge inspection methodology for quality assessment and 

continuous improvement. Data & Knowledge Engineering, 133, 101889. 

https://doi.org/10.1016/j.datak.2021.101889 

Royal Institution of Chartered Surveyors. (1990).  Planned building 

maintenance: A guidance note. Royal Institution of Chartered 

Surveyors. 

Rubin, J., & Chisnell, D. (2008). Handbook of usability testing: how to plan, 

design and conduct effective tests. John Wiley & Sons. 

Rusu, I. A. (2016). User-creatable custom workflows. 

https://patentimages.storage.googleapis.com/c1/e8/99/b5f7a004833b5

e/US20140337863A1.pdf 

Ryan, G., & Bernard, H. R. (2003). Data management and analysis methods. 

In N. K. Denzin & Y. S. Lincoln (Eds.), Collecting and interpreting 

qualitative materials (2nd ed.) (pp. 769-802). Sage. 

Ryan, N., Pascoe, J., & Morse, D. (1998). Enhance reality Fieldwork: The 

Context-aware archaeological assistant In L. Dingwall, S. Exon, V. 

Gaffney, S. Laflin & M. van Leusen (Eds.), Archaeology in the Age 

of the Internet. CAA97. Computer Applications and Quantitative 

Methods in Archaeology. Proceedings of the 25th Anniversary 

Conference, University of Birmingham, April 1997 (BAR 

International Series 750) (pp. 269-274). Archaeopress. 

http://proceedings.caaconference.org/files/1997/44_Ryan_et_al_CA

A_1997.pdf 



253  

Salber, D., Dey, A. K., & Abowd, G. D. (1999). The context toolkit: aiding the 

development of context-enabled applications. Proceedings of the 

SIGCHI conference on Human Factors in Computing Systems, 434-441. 

https://doi.org/10.1145/302979.303126 

Sampaio, A. Z. (2012). Virtual reality technology applied in teaching and 

research in civil engineering education. Journal of Information 

Technology and Application in Education, 1 (4), 152-163. 

https://issuu.com/sep2011--now/docs/pp152-163_jitae10040 

Sánchez Riera, A., Redondo, E., Fonseca, D., & Navarro, I. (2013). 

Construction processes using mobile augmented reality: A study case 

in building engineering degree. In Á. Rocha, A. Correia, T, & K. 

Stroetmann (Eds.), Advances in Information Systems and Technologies 

(Vol. 206, pp. 1053-1062). Springer. https://doi.org/10.1007/978-3-

642-36981-0_100 

Sattineni, A., & Schmidt, T. (2015). Implementation of mobile devices on 

jobsites in the construction industry. Procedia Engineering, 123, 488-

495. https://doi.org/10.1016/j.proeng.2015.10.100 

Saunders, M., Lewis, P., & Thornhill, A. (2007). Research methods for business 

students (4th ed.). Financial Times Prentice Hall. 

Saunders, M., Lewis, P., & Thornhill, A. (2009). Research methods for business 

students (5th ed.). Financial Times Prentice Hall. 

Schilit, B. N., & Theimer, M. M. (1994). Disseminating active map 

information to mobile hosts. IEEE Network, 8(5), 22-32. 

https://doi.org/10.1109/65.313011. 

Schilit, B. N., Adams, N., Gold, R., Tso, M. M., & Want, R. (1993). The 

PARCTAB mobile computing system. Proceedings of IEEE 4th 

Workshop on Workstation Operating Systems (WWOS-III), 34-39. 

https://doi.org/10.1109/WWOS.1993.348175. 

Schilit, B. N., Hilbert, D. M., & Trevor, J. (2002). Context-aware 

communication. IEEE Wireless Communications, 9 (5), 46-54. 

https://doi.org/10.1109/MWC.2002.1043853. 

Schilit, B., Adams, N., & Want, R. (1994). Context-aware computing 

applications. First Workshop on Mobile Computing Systems and 

Applications, 85-90. https://doi.org/10.1109/WMCSA.1994.16.  



254 

Schmidt, A., Gellersen, H., & Stuhr, T. (2001, September). Context-

phonebook extending mobile phone applications with context. Paper 

presented at the Proceedings of Third Mobile HCI Workshop 3rd, 

Lille, France. https://eprints.lancs.ac.uk/id/document/15092 

Seeley, I. H. (1976). Building maintenance (2nd ed.). Macmillan 

International Higher Education. 

Seeley, I. H. (1987). Nature and importance of building maintenance. In I. H. Seeley 

(Ed.), Building Maintenance (pp. 1-31). Palgrave. https://doi.org/10.1007/978-

1-349-18925-0_1

Shabha, G. (2003). A low‐cost maintenance approach to high‐rise flats. 

Facilities, 21(13-14), 315-322. 

https://doi.org/10.1108/02632770310507971 

Shah Ali, A. (2009). Cost decision making in building maintenance practice 

in Malaysia. Journal of Facilities Management, 7(4), 298-306. 

https://doi.org/10.1108/14725960910990044. 

Shelbourn, M., Sheriff, A., Bouchlaghem, D., El-Hamalawi, A., & Yeomans, S. 

(2012). Collaboration: Key concepts. In D. Bouchlaghem (Ed.), Collaborative 

working in construction (pp. 6–25). Spon Press. 

Shen, H., Wall, B., Zaremba, M., Chen, Y., & Browne, J. (2004). Integration 

of business modelling methods for enterprise information system 

analysis and user requirements gathering. Computers in Industry, 

54(3), 307-323. https://doi.org/10.1016/j.compind.2003.07.009 

Shen, Q. (1997). A comparative study of priority setting methods for planned 

maintenance of public buildings. Facilities, 15(12/13), 331-339. 

https://doi.org/10.1108/02632779710188324 

Shen, Q., & Lo, K. (1999). Optimisation of resources in building maintenance-

An analytical approach. Journal of Building Surveying, 1(1), 27-32. 

https://hkjo.lib.hku.hk/archive/files/092128eab27c640cc9a665a74c

815f74.pdf 

Shreve, D. H. (2003). Integrated condition monitoring technologies.  

https://irdproducts.com/assets/integratedconditionmonitoringtechnolog

ies.pdf 

Silverman, D. (2015). Interpreting qualitative data.  Thousand Oaks, CA: Sage. 



255 

Singhvi, V., Fish, W., & Terk, M. (2003). Context-aware information system 

for construction site applications. Proceedings of the Construction 

Research Congress: Wind of Change: Integration and Innovation. 

https://doi.org/10.1061/40671(2003)115 

Sistem Pemantauan Pengurusan Aset. (n.d.). Sistem. Retrieved from 

http://sppa-hq.moh.gov.my/portalSpa/login.cfm 

Skibniewski, M. J., & Jang, W.-S. (2006). Ubiquitous computing: Object tracking 

and monitoring in construction processes utilizing ZigBee networks. 

Proceedings of the 23rd International Symposium on Automation and Robotics 

in Construction (ISARC), 282-292. https://doi.org/10.22260/ISARC2006/0055 

Skinner, J. (Ed.). (2013). The interview: An ethnographic approach. Bloomsbury 

Publishing. 

Sláma, L., (2016). Prediktivní údržba v digitalizovaném průmyslu. http://www.act-

in.cz/nase-publikace/prediktivni-udrzba-v-digitalizovanem-prumyslu. 

Smith, R., & Mobley, R. (2003). Industrial machinery repair: Best maintenance 

practices pocket guide. Butterworth-Heinemann. 

Spedding, A. (1987). Building maintenance economics and management: 

Transactions of the Research and Development Conference on the 

Management and Economics of Maintenance of Built Assets: Held at Bristol 

Polytechnic (Department of Surveying) 13 -15 May 1987. E & FN Spon. 

Stake, R. E. (2006). Multiple case study analysis. Guilford Press. 

Stemler, S. (2000). An overview of content analysis. Practical Assessment, 

Research, and Evaluation, 7 (17), 1 -10 . 

https://www.researchgate.net/publication/269037805 

Stufflebeam, D. L., & Coryn, C. L. S. (2014). Evaluation theory, models, and 

applications (2nd ed.). Jossey-Bass. 

Suffian, A. (2013). Some common maintenance problems and building 

defects: Our experiences. Procedia Engineering, 54, 101-108. 

https://doi.org/10.1016/j.proeng.2013.03.009 

Šuman, N., & Pšunder, M. (2008). Mobile computing changing the traditional 

ways of organizing the construction company. American Journal of 

Applied Sciences, 5 (1), 42-47.

https://doi.org/10.3844/ajassp.2008.42.47 

http://www.act-in.cz/nase-publikace/prediktivni-udrzba-v-digitalizovanem-prumyslu
http://www.act-in.cz/nase-publikace/prediktivni-udrzba-v-digitalizovanem-prumyslu


256  

Sutcliffe, A. (2012). User-centred requirements engineering: Theory and 

practice. London: Springer-Verlag. https://doi.org/10.1007/978-1-

4471-0217-5 

Swan, J. (1997). Using cognitive mapping in management research: decisions 

about technical innovation. British Journal of Management, 8(2), 

183-198. https://doi.org/10.1111/1467-8551.0050 

Swanson, L. (2001). Linking maintenance strategies to performance. 

International Journal of Production Economics, 70 (3), 237-244. 

https://doi.org/10.1016/S0925-5273(00)00067-0 

Syed Mustapa, S. A. H., Adnan, H., & Jusoff, K. (2008).  Facility management 

challenges and opportunities in the Malaysian property sector. Journal 

of Sustainable Development, 1(2), 79-85. 

https://doi.org/10.5539/jsd.v1n2p79 

Talamo, C., & Bonanomi, M. (2015). Knowledge management and 

information tools for building maintenance and facility management 

Cham:  Springer. https://doi.org/10.1007/978-3-319-23959-0 

Tallon, M., Winter, M., Pryss, R., Rakoczy, K., Reichert, M., Greenlee, M. W., … 

Frick, U. (2019). Comprehension of business process models: Insight into 

cognitive strategies via eye tracking. Expert Systems with Applications, 136, 

145-158. https://doi.org/10.1016/j.eswa.2019.06.032 

Tan, J. L., Goh, D. H. L., Ang, R. P., & Huan, V. S. (2013). Participatory evaluation 

of an educational game for social skills acquisition. Computers & Education, 

64, 70-80. https://doi.org/10.1016/j.compedu.2013.01.006 

Tan, Y., Shuai, C., & Wang, T. (2018). Critical Success Factors (CSFs) for the 

adaptive reuse of industrial buildings in Hong Kong. International Journal of 

Environmental Research and Public Health, 15(7), 1546. 

https://doi.org/10.3390/ijerph15071546 

Thayalan, S. (2005). Development of computerised maintenance management 

system (CMMS) for ready mix concrete plant production facilities 

(Unpublished Master’s thesis). Universiti Teknologi Malaysia. 

Then, D. S. S. (1996). A conceptual framework for describing built assets 

maintenance standards. Facilities, 14(7/8), 12-15. 

https://doi.org/10.1108/02632779610123335 

https://doi.org/10.1016/j.compedu.2013.01.006


257 

Thurnher, B., Grill, T., Hummel, K., & Weigl, R. (2006, June). Exploiting 

context-awareness for usability evaluation in mobile HCI. Paper 

presented the Proceedings of Usability Day IV, Vorarlberg. 

https://www.researchgate.net/publication/230724939 

Tse, P. W. (2002). Maintenance practices in Hong Kong and the use of the 

intelligent scheduler. Journal of Quality in Maintenance Engineering, 

8(4), 369-380. https://doi.org/10.1108/13552510210448540 

Turrell, P. (1997). Small is different: A strategy of effective management of 

maintenance in non-profit-making organization. The Royal Institution of 

Chartered Surveyors. 

Uhlemann, T. H. J., Lehmann, C., & Steinhilper, R. (2017). The digital twin: Realizing 

the cyber-physical production system for industry 4.0. Procedia Cirp, 61, 335-

340. https://doi.org/10.1016/j.procir.2016.11.152

Universiti Sains Malaysia. (n.d.). BEAM V2. Retrieved from 

https://dev.eng.usm.my/index.php/perkhidmatan/cmms-beam 

Vähä, P., Heikkilä, T., Kilpeläinen, P., Järviluoma, M., & Gambao, E. (2013). 

Extending automation of building construction—Survey on potential 

sensor technologies and robotic applications. Automation in 

Construction, 36, 168-178. 

https://doi.org/10.1016/j.autcon.2013.08.002 

Voelker, G. M., & Bershad, B. N. (1994). Mobisaic: An inform ation system 

for a mobile wireless computing environment. First Workshop on 

Mobile Computing, 185-191. https://doi.org/10.1109/WMCSA.1994.28. 

Walsh, D., & Bull, R. (2012). Examining rapport in investigative interviews with 

suspects: Does its building and maintenance work?. Journal of Police and 

Criminal Psychology, 27(1), 73-84. https://doi.org/10.1007/s11896-011-9087-

x 

Wan Fauzai, W. F. (2012). Penyenggaraan bangunan di bawah kelolaan 

Jabatan Kerja Raya (JKR) Kuala Terengganu, Terengganu 

(Unpublished Bachelor’s Project paper) . Universiti Teknologi 

Malaysia. 

Want, R., Hopper, A., Falcão, V., & Gibbons, J. (1992). The active badge 

location system. ACM Transactions on Information Systems (TOIS), 

10(1), 91-102. https://doi.org/10.1145/128756.128759 



258  

Wechsung, I., & Naumann, A. B. (2008). Evaluation methods for multimodal systems: 

A comparison of standardized usability questionnaires. In E. André, L. 

Dybkjær, W. Minker, H. Neumann, R. Pieraccini & M. Weber (Eds.), 

Perception in Multimodal Dialogue Systems. PIT 2008. Lecture Notes in 

Computer Science (Vol. 5078, pp. 276-284). Springer. 

https://doi.org/10.1007/978-3-540-69369-7_32 

Weiser, M. (1999). Some computer science issues in ubiquitous computing. 

ACM SIGMOBILE Mobile Computing and Communications Review, 

3(3), 12. https://doi.org/10.1145/329124.329127 

Weiser, M. (2002). The computer for the 21st century. IEEE Pervasive 

Computing, 1(1), 19-25. https://doi.org/10.1109/MPRV.2002.993141. 

Weiss, C. H. (1998). Evaluation: Methods for studying programs and policies 

(2nd ed.). Pearson College Division. 

White, D. (1969). Management science for maintenance. Paper presented at 

the Conference on Building Maintenance, London. 

Wilson, A. (2002). Asset maintenance management: A guide to developing 

strategy & improving performance. Industrial Press. 

Wise, J. A., Hopkin, V. D., & Garland, D. J. (2016). Handbook of aviation 

human factors (2nd ed.). CRC Press. 

Wolcott, H. F. (1994). Transforming qualitative data:  Description, analysis, 

and interpretation. Sage Publications. 

Wood, B. (1999). Intelligent building care. Facilities, 17(5/6), 189-194. 

https://doi.org/10.1108/02632779910259288 

Wood, B. (2003). Approaching the care‐free building. Facilities, 21(3/4), 

74-79. https://doi.org/10.1108/02632770310469389 

Yahya, M. R., & Ibrahim, M. N. (2011, November). Building maintenance policy 

issues in high rise commercial buildings. Paper presented at the 2nd 

International Conference on Public Policy & Social Sciences (ICoPS), 

Kuching, Sarawak, Malaysia. http://irep.iium.edu.my/8473/ 

Yin, R. K. (2003). Case study research: Design and methods ( 3rd ed.). 

Sage Publications.  

Zaharias, P. (2009). Usability in the context of e-learning: A framework augmenting 

‘traditional' usability constructs with instructional design and motivation to 

learn. International Journal of Technology and Human Interaction (IJTHI), 

5(4), 37-59. https://doi.org/10.4018/jthi.2009062503 



259 

Zainol, N. N., Mohammad, I. S., Baba, M., Woon, N. B., Ramli, N. A., Nazri, 

A. Q., … Lokman, M. A. A. (2014). Critical factors that lead to green

building operations and maintenance problems in Malaysia: A 

preliminary study. Advanced Materials Research, 935 , 23–26. 

https://doi.org/10.4028/www.scientific.net/amr.935.23 

Zakaria, A., & Hamzah, S. (2007, August 15). Pelan kualiti elak projek hadapi 

masalah: Majlis Aset Kebangsaan mampu tingkatkan kecekapan 

penyeggaraan. Berita Harian. p.2 https://www.bharian.com.my/ 

Zakiyudin, M. Z., Fathi, M. S., Tobi, S. U., & Rambat, S. (2016). Building 

maintenance information systems: the adaptation of context aware 

technology. International Journal of Research in Chemical, 

Metallurgical and Civil Engineering (IJRCMCE), 3 (1), 90-93. 

https://doi.org/10.15242/IJRCMCE.IAE0316420 

Zavadskas, E., Kaklauskas, A., & Bejder, E. (1998). Raising the efficiency 

of the building lifetime with special emphasis on maintenance. 

Facilities, 16(11), 334-340. 

https://doi.org/10.1108/02632779810233610 

Zhou, L., & Nunes, J. M. B. (2015). Research paradigm and methodology. In L. Zhou 

& J. M. B.  Nunes (Eds.), Knowledge Sharing in Chinese Hospitals: Identifying 

Sharing Barriers in Traditional Chinese and Western Medicine Collaboration 

(pp. 39-52). Springer-Verlag. 

Zreik, K., & Parfouru, S. (2005, June). A context driven information retrieval 

for online urban disaster management system. Paper presented at the 

Third International Conference on Innovation in Architecture, Engineering and 

Construction (AEC'05), Netherlands. Retrieved from https://hal.archives-

ouvertes.fr/hal-00324929/document 



260 

Appendix A Interview Form 



261  

 



262  

 



263 



264 



265  

Appendix B Verification Form 
 

 
 



266 



267 



268 



269  

 



270 



271 



272 



273  

 



274 



275 



276  

 



277 



278 



279 



280 



281 



282 



283 



284  

 



285 



286 



287 



288 



289  

 



290 



291  

 



292 



293 



294 

Appendix C Software Review of the Universities 



295 



296  

 

 

  

 

 
 



297 



298 



299  

 

 

 

 

 

 

 



300  

Appendix D 

The Analysis of Maintenance Reporting System Workflow from BSPN or Bahagian Senggara Persekutuan Negeri (The State and Federal Maintenance Division), The Facilities Management Office of UiTM and 

Journal paper by Lateef (2010). 

 

 



301  

LIST OF PUBLICATIONS 

 

 

Scopus Index Journals 

 

Mohd Zulakhmar Zakiyudin, Mohamad Syazli Fathi, Shuib Rambat, Siti 

Uzairiah Tobi, and Nor A’ini Rajab. A Pilot Study of User-requirements for 

Building Maintenance Systems in Malaysian Higher Education Institutions. 

Applied Mechanics and Materials. Vols 773-774 (2015) pp 875-879 © (2015) 

Trans Tech Publications, Switzerland. 

 

Mohd Zulakhmar Zakiyudin, Mohamad Syazli Fathi, Shuib Rambat, Siti 

Uzairiah Tobi and Nor A'ini Rajab. The User Requirements for Building 

Maintenance Management Systems in Malaysian Public Universities. IOP 

Conference Series: Materials Science and Engineering, Volume 620, Sriwijaya 

International Conference on Science, Engineering, and Technology 15–16 

October 2018, Palembang, Indonesia. 

 

Mohd Zulakhmar Zakiyudin, Mohamad Syazli Fathi, Shuib Rambat, Siti 

Uzairiah Mohd Tobi, Narimah Kasim, and Aryani Ahmad Latiffi. The 

Potential of Context-Aware Computing for Building Maintenance 

Management Systems. Published by Applied Mechanics and Materials Vols. 

405-408 (2013) pp 3505-3508 © (2013) Trans Tech Publications, Switzerland. 

 

Other Journal (Non-Index) 

 

Mohd Zulakhmar Zakiyudin, Mohamad Syazli Fathi, Siti Uzairiah Tobi, and 

Shuib Rambat. Building Maintenance Information Systems: The Adaptation of 

Context Aware Technology. International Journal of Research in Chemical, 

Metallurgical and Civil Engg. (IJRCMCE) Vol. 3, Issue 1 (2016) ISSN 2349- 

1442 EISSN 2349-1450. 

 

Conference Proceeding 

 

Mohd Zulakhmar Zakiyudin, Mohamad Syazli Fathi, Siti Uzairiah Tobi, and 

Shuib Rambat. A Technology Review of Context Aware Information Systems 



302  

in Building Maintenance in the 13th Annual Research Conference on 

Advancement in Business, Science and Technology, ARC-2014, Istanbul, 

Turkey, August 26-27, 2014. 

 

Mohd Zulakhmar Zakiyudin, Dr. Mohamad Syazli Fathi, Dr. Shuib Rambat, 

Dr. Siti Uzairiah Tobi and Noraini Rejab. Building Maintenance Management 

in Malaysia: An Overview.7th IRERS IBIMA International Conference, 

INSPEN, Selangor, 29 - 30 April 2014. 

 




