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ABSTRACT 

Mobile Augmented Reality (MAR) is a setting where digital information 

is viewed from a real-world perspective and is created using Augmented 

Reality (AR) that is integrated into a mobile application. AR is one of the 

emerging technologies in Construction 4.0 Strategic Plan (2021-2025) in 

Malaysia. Although many scholars have pointed out many benefits of 

MAR to the construction industry, nevertheless, the implementation of 

MAR practice with specific reference to cost management in the 

Malaysia construction industry is still at the rudimentary stage. Without 

MAR, professionals tend to rely on traditional technologies with limited 

real-time visualization, which can lead to data misunderstanding and 

decision-making delays. Besides, there will be a lost potential for early 

detection of cost overruns when MAR is not implemented in cost 

management. Hence, this paper is prepared to present the outcome of 

study on the identification of obstacles that can hinder the 

implementation of MAR practice, and suitable strategies for improving 

MAR with specific reference to the cost management practice in the 

construction industry. The study was designed with a qualitative research 

strategy that in compasses of semi-structured interview with seven (7) 

professionals that have established knowledge, skills, and experience in 

cost management. The interviewed data was analysed using content 

analysis and descriptive statistical analysis methods. The findings from 

the study have established that the financial issues such as high 

investment cost has been identified as a key obstacle that can hinder the 

MAR implementation in cost management practice. To overcome the 

limitations of MAR implementation, the study has identified several 

strategies that could be appropriate for the recommendations to improve 

the MAR practice in the construction industry. Providing financial 

support by the financial agencies is found to be the most effective strategy 

to enhance MAR implementation for cost management in the 

construction industry. Additionally, the research adds up to the body of 

knowledge on MAR implementation that can become significant input to 

enhance the cost management practice in Malaysia.  

Keywords: augmented reality, construction, cost management, mobile 

augmented reality 
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1.0 INTRODUCTION 

Cost management is an important stage in the life cycle of a construction project in order to execute it on 

time, within budget and with high quality. Nonetheless, one problem that frequently arises in construction 

projects is cost overrun, which is difficult to totally eradicate (Sepasgozar et al., 2022). According to Sohu et 

al. (2023), studied data indicated that around 55% of the projects experienced cost overruns in Malaysia. 

Hence, alternatives that can solve this issue have to be taken such as the implementation of emerging 

technology, Mobile Augmented Reality (MAR) as it is able to prevent cost overruns and assist in cost 

management practice (Hernandez & Brioso, 2018). Augmented Reality (AR) is a technology that allows the 

computer graphics and real world to overlay (Machado & Vilela, 2020). Pace et al. (2018) claim that early 

versions of AR implementation relied on laptop-connected visualization devices such Head Mounted Displays 

(HMDs). As more powerful and compact mobile devices are being introduced, using Handheld Devices (HHD) 

like smartphones for MAR is becoming more appealing due to its portability and accessibility (Zaher et al., 

2018). Through MAR, an actual project situation is intended to be represented and translated into a 3D model 

that is displayed by a mobile application (Shouman et al., 2021). According to Construction Industry 

Development Board Malaysia (CIDB) (2020), the construction industry should utilize innovative techniques 

and emerging technologies to generate higher quality work as it is anticipated that project demands will become 

more complex and interrelated. Nonetheless, MAR is still not widely applied and recognized in the Malaysian 

construction industry despite the benefits that MAR technology has for cost management (Zakaria et al., 2021). 

According to CIDB (2020), the potential causes of low adoption of these emerging technologies such as MAR 

in Malaysia include people, governance, economy, and technology itself (CIDB, 2020). These four categories 

of causes are identified as the main resources required for MAR. Due to its low implementation in the whole 

construction industry itself, it results in a less implementation of MAR for the purpose of managing 

construction costs by those involved in cost management. To apply MAR in cost management, the current 

implementation, perception of the stakeholders on the technology, obstacles, and strategies to enhance its 

implementation must be addressed. Hence, this paper is prepared to present the outcome of study on the 

identification of obstacles that can hinder the implementation of MAR practice by getting into detail for each 

of the categories, and suitable strategies for improving MAR with specific reference to the cost management 

practice in the construction industry. 

2.0 REVIEW OF MOBILE AUGMENTED REALITY (MAR) IMPLEMENTATION IN MALAYSIA 

CONSTRUCTION 

Malaysia Airlines was among the first businesses in the nation to employ MAR in their 2010 advertising 

campaign, allowing customers to scan the sky to locate the nearest airport and receive flight discounts (Wafa 

& Hashim, 2016). Users can scan their mobile devices to access bargains through the implementation of AR. 

Nevertheless, the majority of Malaysian enterprises using AR technology are not local, rather, the technologies 

have been imported and recovered from first-world countries such as the United States or United 

Kingdom (Mohammad Azlan et al., 2022). 

 

Figure 1. Strategic framework for construction 4.0 (Source: CIDB, 2020, pg. xii) 
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The Construction 4.0 Strategic Plan 2021–2025 in Malaysia includes AR as one of the twelve innovative 

technologies that would be heavily incorporated into the Malaysia construction sector as shown in Figure 1 

(CIDB, 2020). Therefore, initiative was taken by MMC Gamuda KVMRT (T) Private Limited (MGKT) to 

utilize MAR for the infrastructure project, Klang Valley Mass Rapid Transit (KVMRT). Ballesteros (2021) 

notes that MMC Gamuda KVMRT (T) Private Limited (MGKT) has made a name for itself by successfully 

leveraging AR technology to monitor construction progress from pre-construction to post-construction, which 

led to the creation of the BIMAR app. Since they were aware of how costly it was to employ AR-specific 

devices like the Microsoft HoloLens, an internal BIMAR app which could be used on regular mobile devices 

was created (MMC GAMUDA, 2020). According to Kai (2023), a walkthrough of the proposed layout and the 

vibe of the future town can be done using tablet devices. This indicates that even by 2030, there is a high 

chance that MAR technology will still not be used in Malaysia for the entire construction life cycle. Currently, 

MAR has not been implemented widely in construction and its implementation is still restricted as there is 

inadequate study of AR and a lack of awareness of the technology in Malaysia (Zakaria et al., 2021; CIDB, 

2020).  

2.1 MAR for Cost Management 

Construction cost management is crucial throughout the project life cycle. Construction cost management 

has an impact on every stage of the project. Planning and design at the early phase of construction will 

require cost management and it is closely followed by estimating, variation orders, on-site contractors and 

the result (Maslam, 2023). According to the CIDB’s publication "Digital Cost Management - Enhancing 

Cost Effectiveness and Project Performance in Malaysia Construction Industry", consultants and contractors 

have begun to use digital solutions for cost management of construction projects (Fariq et al., 2021). MAR 

is one of the technologies that has the ability to assist in cost management and construction projects can 

benefit from MAR's assistance with planning, estimating, budgeting, and controlling which are the 

components that determine the efficiency of construction cost management (Senanayake et al., 2022). 

Previous studies have demonstrated that MAR may effectively control a project's construction costs through 

a variety of means, including visualization, comprehension of design, planning, information access, and 

error detection.  

2.1.1 Visualization 

AR projects virtual items as holograms overlaid on the actual world, in contrast to multimedia and Virtual 

Reality (VR) (Kanivets et al., 2020). Because of its visualization capabilities, MAR is frequently used to 

visualize construction projects at different phases and make sure that construction costs are controlled 

appropriately. Furthermore, real-time project visualization makes it easier to track developments (Heinzel et 

al., 2017; Ratajczak et al., 2019; Farghaly et al., 2023; Gounaridou et al., 2023). In addition to saving the 

stakeholders' travel expenses as they do not have to be physically present at the site, this can also guarantee 

early prevention of issues that may result in costs at the site. 

2.1.2  Understanding Design  

According to Senanayake et al. (2022), AR can reduce design defects, related variations, and cost overruns 

by improving design comprehension made possible by such technological advancements. According to a study 

conducted by Hajirasouli et al. (2022), it is discovered that implementing AR for design and constructability 

review sessions can enhance decision-making, enhance design modifications, boost the efficacy of problem-

solving actions, and enhance the quality of visual presentations during the design phase of the project life 

cycle. On top of that, MAR can also assist the designers to better comprehend the design choices’ consequences 

and the final output (Mohammad Azlan et al., 2022). Due to these, the project's overall cost and time can be 

reduced (Hajirasouli et al., 2022). 

2.1.3 Cost Planning 

Construction project planning will greatly improve with MAR's capacity to visualize and enhance design 

understanding, particularly for large-scale projects. Utilizing MAR to gain accurate information during the 

planning phase is indeed crucial as this phase of a construction project will highly give impact to the cost 

estimating and control (Bademosi & Issa, 2018). Accordingly, using a technology like MAR for efficient 

cost management will result in efficient cost planning for construction projects (Ahmed et al., 2017; 

Senanayake et al., 2022). In addition, according to Ahmed et al. (2017), AR can save cost of the construction 

projects during the cost planning phase of construction (Ahmed et al., 2017; Reljić et al., 2021).  



Journal of Project Management Practice, Vol.4, Issue 2, 2024, 23-36 

 26 

2.1.4 Access to Information 

MAR technology provides an experience that permits the display of virtual elements with all the necessary 

information and graphics in the physical world (Adebowale & Agumba, 2022). This is supported by a study 

that asked participants to use augmented reality (AR) to co-design concepts in the creation of an interactive 

interior design system. Using this technology, participants were able to contribute crucial system design 

information during the discussion (Shouman et al., 2021). According to Abdeen et al. (2022), MAR 

implementation minimize expenses and delays resulting from performance incompatibility by offering a wide 

variety of stakeholders prompt and easy access to information that will allow for remedial measures to be 

planned and executed. 

2.1.5 Detect Errors 

In construction, MAR can identify any errors that will or have occurred (Carlsén & Elfstrand, 2018; Li et 

al., 2018; Cao et al., 2023). Preventing design flaws prior to the start of construction can lower the occurrence 

of variation orders and related expenses (Kassis et al., 2023). Project managers can save time and money by 

utilizing AR technologies which can aid in project precision while lowering labour costs and expenses related 

to construction rework and errors (Ahmed et al., 2017). In addition, AR's monitoring capabilities make it easy 

to identify any mistakes or deviations in a facility during building monitoring operations (Pace et al., 2018). 

2.2 Review of Obstacles Hindering MAR Implementation for Construction Cost Management 

In Malaysia, the adoption rate of MAR remains low despite its potential benefits for construction cost 

management (Zakaria et al., 2021; Mohammad Azlan et al., 2022). People, governance, economy, and 

technology itself are the categories of the obstacles of MAR implementation listed by CIDB (2020). These 

categories fall under the resources that must be obtained to use MAR. Due to the inability of acquiring these 

resources, it has become the obstacles that hinders the MAR implementation.  

2.2.1  People 

The lack of awareness about MAR technology makes it difficult to draw in highly qualified workers and a 

workforce who are ready for the future (CIDB, 2020). A few studies have noted that there are low numbers of 

professionals who are enthusiastic to study MAR technology due to a lack of understanding about MAR and 

AR in general (Piroozfar et al., 2018; Cao et al., 2023; Pan & Isnaeni, 2024). According to a study by Lin 

(2021), lack of understanding emerging technologies such as MAR will hinder our ability to advance in the 

building sector. Hence, there is a lack of professionals who have sufficient knowledge in MAR technology to 

apply it for construction cost management purposes.  

2.2.2 Governance as well as Internal and External Pressure 

It will be challenging to expand the use of MAR technology in the absence of clear regulations for systems 

or equipment supporting IR4.0 technologies and procedures (CIDB, 2020). In fact, the construction parties 

will not execute the MAR broadly and extensively due to the absence of pressure or directions from the 

governance (Zakaria et al., 2021). Given that MAR implementation include unique work methods which can 

only be handled by experts, the adoption process could be accelerated by the creation of a standard or guideline 

(Zakaria et al., 2021). Previous studies did indicate the government regulations influence the rate of adoption 

of MAR (Mugumya et al., 2019; Sidani et al., 2021; Wang et al., 2023). 

2.2.3 Economy and Financial 

According to several studies, the cost of adopting AR technology is a widely faced obstacle (Chai et al., 

2019; Delgado et al., 2020; Zakaria et al., 2021; Mohammad Azlan et al., 2022; Wang et al., 2023). CIDB 

(2020) noted in the strategy plan for construction 4.0 that the high cost of implementing and investing in AR 

technology is impeding the deployment of technology. Any business that intended to use AR technology in 

the past had to make a large financial investment. Our economy is not steady and is still catching up to rise, 

therefore it will be challenging to apply these technologies right away (Mohammad Azlan et al., 2022). 

Furthermore, the higher upfront expenses of purchasing AR technology and updating infrastructure to support 

it have limited the adoption of AR. Many of the respondents believed that changing from the current procedure 

to a new one would result in expenses when deploying new technologies. Their main concern when introducing 

new technology is its higher cost. The cost can include purchasing the required software and hardware in 

addition to having the license renewed (Zakaria et al., 2021). In addition, it is expensive to continue using AR 

technology (CIDB, 2020).  
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2.2.4 Technology 

A few other researchers pointed out that the complexity of AR is impeding its adoption in the construction 

industry (Masood & Egger 2019; Shouman et al., 2021; Oke & Arowoiya, 2022). There is no denying that 

increased technological complexity will make MAR adoption more challenging. Furthermore, most senior 

staff members and higher management had difficulty adjusting to new technologies. Furthermore, powerful 

authorities oppose the growth of innovative technologies in the building sector, preferring to stick to outmoded 

practices and be secure. This makes the use of AR technology itself challenging (Mohammad Azlan et al., 

2021).  

2.3 Review of Strategies to Enhance MAR Implementation for Cost Management 

Due to these obstacles listed, strategies have been planned to enhance MAR implementation for 

construction cost management. Researchers have mentioned a few strategies that can address these obstacles 

which can be categorized according to the resources categories which are people, governance, financial and 

technology.  

2.3.1 People 

To create a workforce that is recognized by the industry, a new type of upskilling and reskilling program 

that includes education for anticipated new competencies is needed (Roslan et al., 2021). This can be used to 

produce MAR technology experts. According to a study by Zakaria et al. (2021), learning and training 

programs should be made available to boost MAR knowledge and generate the technology professionals in 

Malaysia. Researchers widely have also emphasized how crucial training is to enhance the implementation of 

this technology (Carlsén & Elfstrand; 2018; Ahmed, 2019; Rajaratnam et al., 2021). 

2.3.2 Governance 

In the Construction 4.0 Strategic Plan 2021–2025, CIDB (2020) states that the government can use specific 

technologies such as MAR to enhance government policy interventions. Senanayake et al. (2022) claimed that 

the government should create regulations to guarantee the standardization of AR implementation in the 

construction sector, likewise, supporting this. The government will take action to promote AR's use in the 

construction industry because it is recognized as a new technology in our nation and is included in the 

Construction 4.0 Strategic Plan (2021–2025). 

2.3.3 Financial 

Despite technical advancements, the Malaysian construction industry still does not routinely adopt new 

technologies due to a number of issues, one of which is cost (Syed Zakaria & Singh, 2021). Numerous 

academics have discovered that there are problems with MAR technology investments. According to research 

by Nassereddine et al. (2022), lack of financial resources is an obstacle that is hindering the implementation 

as well. It is crucial to attract investors and attention needs to be paid to developing capital budgeting and 

investment assessment studies for AR in the building sector during this process (Rajaratnam et al., 2021).  

2.3.4 Technology 

Mohammad Azlan et al. (2022) state that researchers believe AR technology can be improved in the 

Malaysian industry if everyone is fully aware and exposed to the idea of these technologies. Everyone who 

possesses knowledge on MAR, regardless of social standing will be able to adapt to this technology. According 

to Chai et al. (2019), if industry participants possess a strong understanding of AR, they ought to be able to 

maintain or even boost their competitiveness in both domestic and global markets. The most effective way to 

address technological problems like technology complexity will be to increase knowledge in MAR.  

3.0 METHODOLOGY 

As Malaysia is still new in applying MAR in the construction industry, there are less professionals in the 

construction industry who have implemented MAR implementation and this led to the lack of MAR’s experts 

(Zakaria et al., 2021; Mohammad Azlan et al., 2022). Therefore, this study used a qualitative research method 

to address these limitations. Semi-structured interview is applied in this study where it allows the respondents 

to express their opinions about how MAR is currently used in Malaysian construction cost management. 

Besides, if a new or exciting line of inquiry emerges during the interview, the researcher can follow up with 

additional questions (Mannan, 2020). This will boost the amount of data obtained from the interview session 

while also allowing for the collection of more detailed information. Furthermore, semi-structured interviews 
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enable them to stay on top of their study while also providing the flexibility and adaptability to ask their 

interviewee any questions they may have (Mannan, 2020; Ruslin et al., 2022). As a result, a semi-structured 

interview was chosen as the data collection approach, as there are few practitioners of MAR technology in the 

construction industry who are involved in cost management. Semi-structured interviews will assist the 

researcher in gathering in-depth data exclusively from those involved in cost management for the MAR 

application in construction cost management.  

The respondents are chosen based on the set of criteria listed such as the respondents must possess at least 

the knowledge, experience and expertise in MAR and cost management to ensure the data obtained from the 

interview is reliable and valid. The questions for the interviews consist of both open-ended and closed-ended 

questions. Open-ended questions seek for more detailed information from the interviewee in their response 

while closed-ended questions ask the interviewee to score the questions using a Likert scale to obtain their 

level of agreement on the questions. These closed-ended questions are designed to gather comprehensive 

information about the current issues surrounding the MAR implementation for cost management, its 

advantages in the industry and the industry players' acceptance of the technology. Snowball sampling has been 

applied to collect the data for this research. The respondents were identified by the researcher through various 

social media platforms such as LinkedIn, Facebook, WhatsApp, and Telegram. Keywords such as "cost 

management," "construction management," "quantity surveying" and “cost engineer” were used to search for 

possible respondents from these platforms. Personalized connection requests and messages were then issued 

to ask people to take part in the study. The respondents chosen are those who have been involved in the 

construction cost management practice and those who met the set of criteria as listed below. 

i. The respondent possesses a degree or certificate in the built environment field such as quantity 

surveying, architecture, engineering, project management, town planning, landscape 

architecture, facility management and any related courses.  

ii. The respondent must have at least one or two years of experience working in the built environment 

field. 

iii. The respondent possesses at least the necessary knowledge and/or has any experience and/or expertise 

in MAR and cost management.  

iv. The respondent is willing to participate and support this study.  

The data collected from the respondents were analysed using content analysis and descriptive statistical 

analysis. For open-ended questions, content analysis will be used to analyse the data while descriptive analysis 

was used to analyse the data obtained from close-ended questions. As for content analysis, an essay-style 

detailed explanation was done for open-ended questions. According to Miles et al. (2014), descriptive analysis 

reduces complex datasets and provide concise, interpretable insights which are required for exploratory or 

preliminary studies.    Hence, it is suitable to be applied to this research as MAR is still at the exploratory stage 

for cost management. Descriptive statistical analysis included for this research are mean ranking analysis and 

standard deviation which are used to analyse questions using Likert scale. The mean ranking analysis was done 

to figure out which item responses can be classified as highly significant and should be included in the answer 

set of the corresponding questions (Ahmad & Ayob, 2023). Items with mean scores greater than 3.75 are 

considered highly significant (Ayob & Abdul Rashid, 2020). Meanwhile, standard deviation was calculated to 

determine the level of consensus attained among the respondents (Ayob & Abdul Rashid, 2020). Table 1 shows 

the standard deviation values which serve as the evaluation standards for determining the degree of agreement 

reached by the respondents (Ayob & Abdul Rashid, 2020).  

Table 1. Standard deviation and level of consensus (Ayob & Abdul Rashid, 2020) 

Standard deviation (SD) Level of consensus achieved. 

0 ≤ X < 1 High level of consensus 

1 ≤ X < 1.5 Reasonable/ fair level of consensus 

1.5 ≤ X < 2 Low level of consensus 

2 ≤ X No consensus 
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4.0 RESULTS 

4.1 Demographic Background 

This section shows the background information of the interviewees that met the set of criteria listed and 

participated in the semi-structured interview. Table 2 represents the respondents’ background which include 

their years of experience in cost management, involvement in projects using MAR and the type of project 

used MAR. Meanwhile, Table 3 shows the necessary information of the respondents’ organizations. These 

are part of the questions in Section A of the questionnaire. 

4.1.1 Background of Respondents 

Table 2. Background of Respondents. 

Respondent 
Experience in cost 

management 

Involvement in 

project using MAR 
Type of project 

1 More than 10 years Yes Buildings 

2 Between 1 to 5 years Yes Buildings 

3 Between 5 to 10 years No - 

4 Less than 1 year No - 

5 More than 10 years No - 

6 Between 5 to 10 years No - 

7 Between 1 to 5 years No - 

Respondents' backgrounds demonstrate a wide variety of cost management experience. Some have more 

than ten years of experience, while others have less than a year. This variation offers a thorough understanding 

of how cost management knowledge affects MAR uptake and efficacy. In addition, the fact that only two 

respondents had direct experience with MAR projects where both of which are building-related type of project 

indicates that MAR may not be widely used or understood in the sector. The majority of respondents who did 

not participate in MAR point to possible adoption or accessibility gaps, underscoring the necessity of 

investigating obstacles like ignorance or change aversion. 

4.1.2  Background of Respondents’ Organizations  

Table 3. Background of Respondents’ Organizations 

Respondent Type of organizations MAR implementation Type of project 

1 Developer To a certain extent Buildings 

2 Consultant To a certain extent Buildings 

3 Project Management Consultant To a certain extent Infrastructure 

4 Contractor To a certain extent Fabrication 

5 Urban Rail Developer To a certain extent Infrastructure 

6 Contractor Not at all - 

7 Consultant Not at all - 

According to data collected, the respondents involved came from a variety of organizational kinds and it 

is said that the MAR implementation is described as partial or having a limited extent. This illustrates different 
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adoption levels which are probably impacted by company priorities or resources. The emphasis on construction 

projects highlights MAR's sector-specific significance and raises the possibility that it could be useful in cost 

control for these kinds of projects. The inadequate adoption, however, suggests difficulties such as lack of 

funding, technological difficulties or insufficient knowledge. These results imply that resolving these 

organizational issues and broadening MAR's application beyond construction projects are essential to its 

efficacy and wider adoption. 

4.2 Obstacles Hindering MAR Implementation for Construction Cost Management 

The data collected for the obstacles that are hindering the MAR implementation for cost management are 

shown in table 4. The interviewees had to rate their level of agreement for each of the obstacles to know how 

these obstacles are applied to them who are the current players in the industry associated with cost 

management. 

Table 4. Obstacles that hinders MAR implementation for cost management. 

Rank Obstacles Mean Standard Deviation 

1 High investment cost for MAR 4.71 0.49 

2 

High cost to change method to MAR 4.57 0.54 

High expenses (apps, license, maintenance) 4.57 0.54 

3 
Lack of support from the Governance 4.43 0.54 

Unable to adjust to new technology 4.43 0.54 

4 Ignorance in MAR 4.43 0.79 

5 Absence of precise MAR's guideline 4.14 0.69 

6 Absence of MAR experts 4.00 1.00 

7 Complex operation 3.43 0.79 

8 Higher risks 3.29 0.95 

As for the Section B of the questions, the interviewees are required to state their degree of agreement on 

all the obstacles that are hindering the MAR implementation for cost management of construction projects in 

Malaysia. Table 4 shows the outcome of the data collected from the interviewees including the mean and 

standard deviation scores. It has been found out that financial issues are chosen as the most dominant obstacles 

as the mean score exceed 3.75 score. The financial issues are high investment cost (mean 4.71), high cost to 

change the traditional method to MAR and high expenses of items related to MAR such as apps, license and 

maintenance (mean 4.57). Out of these top three ranked obstacles, the high investment cost ranked as number 

one with the highest mean score and lowest standard deviation (0.49) that has been identified as the key 

obstacle for the MAR implementation for cost management in the construction industry. Besides, most of the 

obstacles which are lack of support from the Governance, unable to adjust to new technology, ignorance in 

MAR, absence of precise MAR’s guideline and absence of MAR experts achieved mean score more than 3.75. 

However, the calculated mean score for complex operation and higher risks were less than 3.75. This is because 

R1, R3, R5 and R6 were neutral on this obstacle. In addition, R4 disagreed on complex operation as the obstacle 

of MAR implementation and indicated that the operation of MAR is not complex and can be operated if there 

is knowledge. Meanwhile, most of the interviewees are neutral in agreeing that higher risks are the obstacle 

and some disagreed that the MAR technology has higher risks. Furthermore, the standard deviation score for 

all the obstacles except for absence of MAR experts are less than 1.00 which shows that the interviewees have 

high level of consensus on the degree of agreement for these obstacles. As for absence of MAR experts, it 

achieved a score of 1.00 which proved that it has achieved a reasonable level of consensus among the 

interviewees. 
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From an open-ended question, interviewee 3 said that most businesses rely on the policies of their clients, 

which presents another challenge. Only when the client requests the technology or method like MAR 

technology will money be spent. For instance, no business will invest the money to buy the software and send 

employees for training if the client does not want the work program in Primavera P6 format. The business will 

continue to create work programs using the conventional style of Microsoft Project software. It has to do with 

MAR technology. The business will take the initiative to implement MAR for the projects if the client requests 

that MAR technology be employed. 

4.3 Strategies to Enhance MAR Implementation for Construction Cost Management 

Table 5 shows the strategies that can be implemented in Malaysia to enhance the implementation of MAR 

for construction cost management. This part also requires the interviewees to rate their level of agreement for 

these strategies which are to provide financial support, educate on MAR, provide training, and establish proper 

guidelines for MAR technology. 

Table 5. Strategies to enhance MAR implementation for cost management. 

Rank Strategies Mean Standard Deviation 

1 Give financial support (Government supporting future budgets) 4.71 0.49 

2 Educate on MAR technology 4.57 0.54 

3 Provide training to produce experts in MAR 4.29 0.49 

4 Establish proper guidelines and standard regulations 4.29 0.76 

Section C of the questionnaire required the interviewees to rate their degree of agreement on the strategies 

that can be applied to enhance the MAR implementation for cost management of construction projects in 

Malaysia. All the strategies listed in this section achieved the mean score more than 3.75. This shows that all 

of the strategies are highly significant to the enhancement of MAR implementation for cost management. 

Giving financial support to use MAR is the most significant strategy chosen by the interviewees (mean 4.71) 

with the lowest standard deviation (0.49) that has been identified as the key strategy recommended by the 

respondents for the study. Furthermore, the standard deviation for all of the strategies calculated were less than 

1.00 which indicate that high level of consensus has been achieved for all of the strategies. Giving financial 

support and providing training to produce experts in MAR shared the highest standard deviation score of 0.49 

which indicate that these strategies have the highest level of consensus among the interviewees. Additionally, 

interviewee 3 emphasized in the open ended question that the government or customer should incorporate 

MAR technology use by contractors or businesses into their regulations. Companies or contractors working on 

the project will be forced to utilize MAR technology once it is incorporated into the policies.  

5.0 DISCUSSIONS 

5.1 Obstacles Hindering MAR Implementation for Cost Management  

The interviewees have agreed that high investment cost for MAR as the main obstacles of its 

implementation for cost management. This is aligned with some of the past research studies that stated the 

technology itself requires high costs to be invested to acquire it (Zakaria et al., 2021; Pan & Isnaeni, 2024). 

Due to this, the companies become reluctant to spend on MAR technology with high costs and persist on using 

the traditional method. Besides, high cost to change the traditional method to MAR and the expenses related 

to MAR also recorded as relatively high mean score and level of consensus from the standard deviation score 

among the interviewees. In relation to this, MAR technology requires some costs to be allocated to buy 

appropriate mobile devices and for its expenses such as the apps, license, and maintenance. This is agreed as 

past literatures stated that the cost of upgrading, maintaining, and other related expenses is included in the high 

cost of switching to MAR technology (Chai et al., 2019; Adebowale & Agumba, 2022). Next in rank is the 

lack of support from the Governance which can be seen as there is no financial support, policy, framework, 

and partnership with stakeholders. This is also noted in the Construction 4.0 Strategic Plan (2021–2025), where 

the government's support in a few areas were emphasized (CIDB, 2020). The inability to adjust with MAR 

also shares the same rank as the previous obstacles as it is partly due to their lack of understanding about it 

(Mohammad Azlan et al., 2022). Without the knowledge and understanding, it influences the ignorance in 



Journal of Project Management Practice, Vol.4, Issue 2, 2024, 23-36 

 32 

MAR technology to increase as agreed by most of the interviewees. 

This is followed by the absence of precise MAR's guidelines for cost management. The interviewees 

mostly agreed on this obstacle, and it is aligned with the literature which mentioned that guidelines shall be 

provided by government authorities to major stakeholders for the adoption of new technologies (Mugumya et 

al., 2019). These guidelines are important to contribute to the enhancement of the MAR implementation. Next, 

the absence of MAR experts also contributes highly to the implementation of MAR as experts are needed to 

operate MAR technology efficiently. Nevertheless, despite the fact that there is availability of the tools, 

devices, data, and software to apply MAR, there are not many MAR experts because of a lack of knowledge 

and interest in Malaysia (Ahmed, 2019; Zakaria et al., 2021; Kassis et al., 2023). Furthermore, the complex 

operation of MAR is next in rank. Most of the interviewees agreed on this obstacle as the technology itself is 

quite complex at the first place. In fact, the system will become more complex with the addition of lack of 

expertise, the need for additional funding and reluctance to using the technology (Shouman et al., 2021). 

However, as time passed by, researchers have stated that the operation of MAR is getting easier which is why 

there are some interviewees such as R4 who also stated that MAR technology can be utilized easily nowadays. 

This is supported by CIDB (2023) which stated that AR is one of the easy tools to be used in construction. 

Reljić et al. (2021) also mentioned that as opposed to other systems that use standard audio or video 

communication, MAR offers simpler ways to operate the technology. Lastly, higher risks are the least agreed 

obstacles by the interviewees. Nonetheless, it is undeniable that finding strategies for effectively integrating 

emerging technologies like MAR always necessitates taking significant risks and effort in order to ensure 

project success (Wang et al., 2023).  

5.2 Strategies to Enhance MAR Implementation for Cost Management 

Giving financial support for the construction players to apply MAR in cost management is crucial as 

financial issues have been identified as the main obstacles for MAR implementation to be applied in cost 

management. The government can be part of the sources of funding that provide financial assistance to enhance 

MAR implementation for cost management. According to Oke & Arowoiya (2021), the government should be 

prepared to offer subsidies in order to facilitate the increasing adoption of these advanced technologies in the 

construction sector. Next, the interviewees agreed on providing education on MAR technology as this can 

increase the knowledge regarding MAR technology for cost management. Professionals involved in cost 

management should get education and training to encourage the use of developing technologies like MAR 

according to the Construction 4.0 Strategic Plan (2021–2025) (CIDB, 2020). 

Third in rank is to provide training to produce more experts in MAR technology as most of the interviewees 

agreed that this strategy is highly significant to MAR implementation enhancement. According to Rajaratnam 

et al. (2021), raising awareness and offering training will aid in addressing the problems associated with a lack 

of MAR experts and a lack of understanding of MAR technology. Lastly, establishing proper guidelines and 

standard regulations for MAR to be applied in cost management has a high mean and consensus among the 

interviewees. According to Mohammad Azlan et al. (2022), guidelines are crucial to improve MAR 

implementation as it will allow the experts in the field to have appropriate regulations to refer to while utilizing 

MAR technology in the building sector, guidelines are crucial to improve its implementation. 

5.3 Limitations  

Some limitations were discovered while doing this investigation. As a result, it is critical to recognize these 

limitations and interpret the results in light of them. Firstly, there are a few experts in the built environment 

industry who have knowledge, experience or skill in MAR for construction cost management. This study 

discovered a very small number of eligible interviewees. As a result, the outcome may differ if more eligible 

interviewees are available. Secondly, the research was undertaken in a short timeframe, resulting in a small 

number of interviewees. Furthermore, the obstacles are confined to only four (4) main categories for MAR due 

to time constraints in study. As a result, the outcome may not reflect in-depth findings. Besides, when analyzing 

the study, it is crucial to consider that the results are mostly applicable to mid-sized construction enterprises in 

developed regions with relatively established technological infrastructure. The findings may not be 

immediately applicable to small businesses or those operating in areas with limited access to technologies. As 

a result, while the study implies that MAR may improve cost management efficiency in specific circumstances, 

future research is needed to determine its application in other regions. 
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6.0 CONCLUSION 

This paper has presented the obstacles that can hinder the MAR implementation in cost management of 

construction projects, and suitable strategies that can be appropriately for recommendation to improve the 

MAR practice. The study has identified eight (8) obstacles that have hindered the MAR implementation where 

the high investment cost has been identified as the key obstacle. The study has identified four (4) strategies 

where the respondents have reached consensus that providing financial support as the key strategy to overcome 

the obstacles of MAR implementation for cost management practice. Apart from identifying the obstacles and 

strategies, this research contributes to the insight’s knowledge about MAR implementation in construction cost 

management which will indirectly boost the awareness about MAR technology for cost management. Limited 

research currently available on the implementation of MAR for cost management, hence it is appropriate for 

recommendation a second phase of study to be carried out on the effectiveness of MAR application for cost 

control that could add up to the body of knowledge in the cost management practice in the construction 

industry.  
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