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Abstract

:

The Pakistan construction industry recorded a high growth rate of 9.05% in 2016–2017. However, it fails to complete the projects within the specified cost, time and quality due to the use of traditional management techniques. This can be easily overcome by adopting and implementing new technologies like Building Information Modeling (BIM). In this study, a questionnaire survey was performed to find the present state of BIM in Pakistan and highlight the barriers in its successful adoption. In addition, Interpretive Structure Modeling (ISM) and Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) analysis were used to identify interrelationships among these barriers. Out of 104 responses received, 63% of Architecture, Engineering and Construction (AEC) professionals were aware of BIM and among them, only 17% had utilized BIM in their projects, which is a very low percentage. The adoption of BIM in Pakistan is only at 11%. The respondents acknowledged that BIM helps in minimizing the cost and time of a project up to 57%. This study concluded that BIM is more economical and efficient than other management techniques. Moreover, this research also identifies the ISM and MICMAC analysis-based hierarchical model and three level strategy model that can facilitate the possible implementation. Solutions to common barriers around the globe are also proposed. Thus, by utilizing BIM, an economical, timely, properly managed project can be obtained in Pakistan and other developing construction markets all over the globe.
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1. Introduction


Pakistan’s economy is significantly helped by the construction industry. It provides the biggest proportion of employment [1]. Pakistan’s economic survey from 2016–2017 reported that the construction sector of Pakistan has a yearly growth rate of 9.05% [2]. Like developing nations, Pakistan’s construction sector also deviates from the planned quality, cost and time constraints, thus resulting in delays [3,4]. Furthermore, most of the projects fail to meet their goals due to budget and schedule overrun; consequently, the Pakistan construction sector can’t convey according to government plans [4]. By using advanced technologies like BIM, it can effectively achieve the desired results.



The objectives of this paper are to find BIM implementation in Pakistan, to know the benefits of BIM and to investigate BIM barriers and their interrelationships in Pakistan. In addition, effective barriers and their interrelatedness were established. Moreover, Interpretive Structural Modeling (ISM)-based hierarchical model and a three-level strategy were established utilizing ISM and Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) analysis. MICAMAC analysis is a general technique used to classify factors based on their ability to affect other factors.



1.1. Building Information Modeling (BIM)


Autodesk was the first to present 2D computer-aided design in 1982. 2D CAD provides better documentation, precise drafting and saves time. Because of the user-friendly behavior of AutoCAD, the architectural, engineers and construction professionals moved towards AutoCAD technology [5].



According to Bredella [6], Chuck Eastman and Robert were the first who presented the idea of BIM in 1970. For two decades, this arrangement of demonstrating was utilized under various nomenclature, for example, virtual structure, shrewd article and item model [7]. BIM has an edge over conventional CAD 2D models, such that the BIM model can be viably utilized for planning, designing, construction and operation tasks of the projects [8]. Design, engineering and construction experts are inclined towards BIM for the successful and productive structure and development of the board [9]. Building information modeling is not just a product, but is a total procedure [8,10]. In 1992, the term BIM was officially utilized, and in the 21st century, a program called “Revit Software” was developed. Later on in 2004, a similar program was offered to Autodesk and they acquired numerous changes in it. Presently, that product is named as “Autodesk Revit.” This technology has acquired progressive variations in the building design field [11].



Most of the issues can easily be solved using BIM. In BIM, the creation of intelligent computer models helps in integrating the planning, designing, execution and operation phases [12]. Autodesk360 cloud, also known as A360, provides a central room in the cloud for project documents and the individuals dealing with a task can easily access the files. Autodesk360 cloud is a community-oriented program through which all the team members communicate, and they upload their files to the A360 drive, as shown in Figure 1. The project team can view and access all the shared information and designs in the central workspace anywhere, anytime.




1.2. Difference between 2D-CAD and BIM


2D CAD varies from BIM in such a manner that 2D CAD clarifies a structure by detached 2D perspectives, for example, elevations, plans and sections. On the off chance that changes in one area are made, variations in all perspectives are required—a tiring procedure which is progressively inclined to ill-advised documentation and mistakes. Besides, 2D drafting shows information as a graphical element, e.g., arcs, circles and lines, with a contrast with the intelligent background of building information modeling models in which design elements are distinguished as building elements and frameworks, e.g., walls, beams, columns and slabs. Building information modeling incorporates the overall information required along with the materials, style, useful specifications and data identified with the venture lifecycle, moreover known as “smart objects” e.g., any warming unit in BIM stores data identified with its provider, activity, support techniques, stream rates and leeway prerequisites [13].




1.3. BIM Implementation Globally


Researchers throughout the world are constantly looking for the problems related to BIM implementation in the construction sector. Bhatti et al. [14] investigated the worldwide implementation of BIM in the Architecture, Engineering and Construction (AEC) industry and found that it was 26% in 2007 and reached 57% in 2016. The figures almost doubled within a decade. BIM implementation in developed countries is made compulsory by establishing policies [15]. In developing countries like Malaysia, BIM implementation has a low percentage due to the absence of national BIM policies, software integration, rivalry and reluctant behavior to transfer skills [16]. Table 1 identifies the percentages of BIM implementation in the various countries, and amongst them, advanced construction markets are working on BIM level 2.




1.4. BIM in Pakistan


Due to ill procedures in the construction industry, Pakistan’s infrastructure development falls in the lowest ranks [1]. Ill quality, improper planning, scope and design changes of a project, claims and disputes, incomplete design, corruption and changes in quantity are the major risks associated with Pakistan’s construction sector [18]. Additionally, some other factors that cause time and cost overruns are inadequate design, change in scope, not preparing drawings in the allotted time, late approvals, conflicts between designs, improper estimates, lack of planning, weak coordination links between stakeholders and unhealthy management of contracts [3]. BIM implementation in Pakistan is 11% and they have just used this technology to develop 3D drawings, which is very limited and only one of the applications of BIM [14] and should be increased. The government of Pakistan should make national policies and take measures to manage the problems faced by the construction sector [19].





2. Research Methodology


This research was completed in three phases (Figure 2). Phase 1, a systematic literature review technique (two-round) was used for preliminary investigation of BIM barriers that might affect the implementation of BIM in Pakistan. Some global barriers were also gathered to provide an overview and some common solutions. In phase 2, a questionnaire was developed and shared with the AEC professionals to rate the identified barriers and benefits of BIM in Pakistan. In the final phase, another survey was performed with the AEC professionals to get their opinions about the relationships amongst the barriers. Then ISM approach was made to model the interrelationships between the identified barriers and MICMAC analysis was performed to identify classes of barriers depending on their driving power and dependence power. By utilizing ISM and MICMAC analysis, a hierarchical model and the three-level strategy model were established which can facilitate the possible implementation.




3. Results and Discussions


After performing a two-round literature scan, 14 benefits and 12 barriers were obtained. A Google forms platform was used for the survey, on which the questionnaire was shared with the AEC professionals. The questionnaire split up into three parts: section A collected demographic data of the professionals. Section B asked about the benefits of BIM and its present status, and section C enlisted the barriers. Furthermore, another questionnaire was circulated among the BIM professionals to rate the co-relations among the existing twelve barriers.



Links were created and shared with the AEC professionals online via email. The contact information was obtained from the website of the Pakistan Engineering council, and some were shared via personal links.



3.1. Reliability Testing


The questionnaire items were tested for reliability using the Cronbach’s alpha technique to verify the consistency under the adopted Likert scale of measurement [20,21,22]. Cronbach’s alpha values lie between 0 and 1. If α is greater than or equal to 0.7, the scale is reliable [20,23,24]. Alpha values for this study were calculated using SPSS software (Table 2). The values obtained depict that the items are reliable, closely related and significant at less than 5%.




3.2. Demographic Section


The demographic profile of the respondents is shown in Figure 3a,b and describes the awareness percentages of the respondents. After analyzing the responses, it was found that only 63% of the AEC professionals in Pakistan were aware of BIM applications.




3.3. BIM Implementation


Figure 4a shows that only 17% out of 63% of the respondents who knew about BIM and its applications had used BIM in projects they planned, designed, managed, constructed and operated. Furthermore, Figure 4b illustrates that only 25% of the firms have some procedures/protocols regarding BIM. A question in the interview was “If the firms fail to adopt BIM quickly, what is your forecast that they will be left behind?” and 82% of the professionals responded with “Yes.” So, this predicts that the firms who want to survive in the future should adopt BIM quickly.




3.4. Benefits of BIM in Pakistan


In section B, questions about BIM benefits were asked and the respondents gave a rating from 0–5 on a Likert scale, with 0 representing 0% and 5 representing 100%. Then the mean percentage for each question was calculated using the mean percentage formula. Ratings are shown in Table 3, which suggest that BIM is a helpful tool and should be adopted for economic and efficient projects.




3.5. Barriers/Issues Related to BIM Adoption in Pakistan


The professionals were requested to judge the BIM barriers on a Likert scale from 0 to 5, with 0 being the lowest percentage and 5 representing 100%. The respondents’ ratings of the BIM barriers in the construction sector of Pakistan are shown in Table 4. The responses were then analyzed and the descriptive analysis was done through SPSS software. The frequencies of the barriers were obtained and listed in Table 4. The mean values were: lowest mean score = 2.5288 “Firms don’t provide software training to their employees,” and the highest was “Lack of government regulation about BIM” M = 3.6442.




3.6. Barriers/Issues Related to BIM Adoption in other Countries


Based on geographical location, construction type, literacy rate, social system, economic resources and technological advancement, various countries encounter different barriers and issues. In this section, various construction markets will be taken from developed, underdeveloped and developing countries to highlight the topmost problems related to BIM adoption. Table 5 provides the information showing that developed countries like the U.K., Germany and Singapore mostly encounter problems related to the complexity of BIM, interoperability issues and investment issues, while developing countries like the U.A.E. and Malaysia have major issues related to management commitment to adopt BIM, BIM understanding and standards, and the cyclic nature of the construction industry. In underdeveloped countries like Ghana and Uganda, most issues are related to socio-economical, inadequate knowledge and skills, delays in decision making and inconsistency in government policies.



In addition, barriers from other developing Asian countries sharing the same eco-social system with Pakistan were also studied and summarized in Table 6. If a comparison was performed with the barriers that were found in the survey in Pakistan, most of them were the same. The authors concluded that any findings of this research can be implemented in all developing countries as long as there are the same ranks of barriers in the respective industry.




3.7. ISM Methodology


To analyze interrelationships among different factors, the Analytical Network Process (ANP) and ISM are mostly used. However, the analytical network process fails to show complete dependencies [39], whereas ISM authorizes intuition into interrelationships among different elements with ranking and direction [40]. In the construction management field, researchers used ISM to analyze factors that affect a construction worker’s productivity [41], plus the design phase of construction risks [42]. This paper generates the structural mapping of complicated interconnections of BIM implementation barriers in Pakistan’s construction industry. The methodology adopted for ISM can be seen in Figure 5.



3.7.1. Step 1: Correlation Structure


Another questionnaire was developed through Google forms to collect the expert opinions about the interrelationship between the BIM barriers. The authors selected BIM professionals to respond to the online survey. Five responses were received. Questions about the interrelationship among each of the two BIM barriers were asked. The authors interpreted the responses of the professionals to get the contextual interrelationships between the BIM barriers and then put their responses in the Structural Self-Interaction Matrix (SSIM). Four symbols were used to represent i, j relationship:




	(1)

	
W: “barrier i can drive in barrier j”;




	(2)

	
X: “barrier j can result in barrier i”;




	(3)

	
Y: “barriers i and j can drive to each other”;




	(4)

	
Z: “barriers i and j are not related”.









“Majority wins” principle was adopted in cases where different professionals had different responses on the relationship between two barriers. Contextual relationships between the 12 barriers are shown in Table 7.




3.7.2. Step Two: Reachability Matrix


The W,X,Y,Z values in SSIM were replaced by 0 and 1 as mentioned in Table 8 [43]. The values in the reachability matrix were put as per the mentioned substitution rule. E.g., if (B1, B12) in the SSIM matrix is Y, then (B1, B12) in the reachability matrix would be 1. A preliminary matrix was established demonstrating the interrelationships among each of the 12 barriers as shown in Table 9. Further, the final reachability matrix was generated manually via excel as shown in Table 10. In Table 10, entry 1 shows incorporating transitivity. For instance, (B1, B5) is 1, which explains that there is an indirect relationship amongst barriers B1 (Lack of government regulation about BIM) and B5 (The top management do not support change).




3.7.3. Step Three: Level Partitioning


Antecedent and reachability sets of each barrier were identified using the final reachability matrix, and level partitions are formed and presented in Table 11. The antecedent set includes each barrier and the other barriers that may result, while the reachability set includes each specific barrier and any other barriers which may occur. Further, the intersection between the sets was obtained. Those barriers that have the same intersection and reachability sets occupy the topmost level 1 of hierarchical model, illustrating that the other barriers will often affect these barriers. When the topmost level is identified, these barriers are removed from the reachability set of remaining barriers and thus this cycle continues until all other barriers are identified.




3.7.4. Step 4: Development of ISM Diagraph and ISM-Based Hierarchical Model


Initial diagraph was formed based on level partitions by positioning the 12 barriers to show the interrelationships between the BIM barriers. The diagraph can be seen in Figure 6. An arrow pointing from barrier i towards barrier j shows that barrier i can lead to barrier j, and in both ways the arrow indicates a mutual relationship. The diagraph is then modified by changing the nodes with statements to get 5 levels of the ISM-based hierarchical model, as shown in Figure 7.



Table 10 and Figure 7 show that a high initial cost of BIM (B9) is the critical barrier in the hierarchy which forces the industry to continue with the old practices (B11-level IV). Communication gap in an Organization (B10) constitutes level-III, which further gives rise to the important level-II barriers, i.e., unavailability of government organization about BIM (B1), unavailability of BIM professionals (B4) and lack of abilities to manage projects through BIM (B7). Level-I consists of barriers (B2, B3, B5, B6, B8, B12) related to firm policies.




3.7.5. Step 5: Barriers Classification


In Figure 8, a MICMAC diagram can be seen which was formed by modifying the reachability matrix. A MICMAC diagram helps in evaluation of driving power and dependence power. If the value of dependence power is higher, it illustrates that the other barriers should be addressed before the barrier with the highest dependence power is eliminated. A higher driving power means that by eliminating this barrier, other barriers could be easily solved [40].



Researchers classified the diagram into four groups [44],




	(1)

	
Linkage variables




	(2)

	
Driver variables




	(3)

	
Dependent variables




	(4)

	
Autonomous variables









Figure 8 classifies the 12 BIM barriers based on the observations of MICMAC analysis. The common discussions on the BIM barrier classifications are:




	
B9 (high initial cost of BIM) has the healthiest ability to affect other barriers and should be addressed prior to others.



	
B3, B2 (BIM implementation requires organizational restructuring, Lack of conferences/seminars on new technologies by organizations) has high dependence power and the lowest driving power. Therefore, these barriers can be marked as the adverse result of other barriers.



	
An autonomous variable does not have any barrier, which means that all barriers can obstruct the BIM implementation in Pakistan.



	
Five BIM barriers, i.e., B1, B5, B6, B8, and B12 are classified as linkage variables. This means that any stance taken on these five barriers affects the other barriers, as they also react to themselves.











4. Recommendations for BIM Implementation in Pakistan and Other Developing Countries


The authors proposed a three-level strategy as shown in Figure 9 from the interrelationships of the 12 barriers for the promotion and implementation of BIM in Pakistan and other developing countries that share the same cultural and socio-economic environment. Level-IV and Level-V barriers were given the top priority while computing the fundamental level of the BIM strategy. Being a developing country, the government should finance the construction sector and create a bond amongst the industry and academia. Academia can further research the outcomes of traditional methods and new emerging technologies.



The second level of the BIM strategy should focus on the Level III barriers, which advise the government to design protocols for BIM based on the research of academia.



Setting up development work processes and mechanisms is required for the first time for the enterprise. People should try to ingest information and skills with respect to BIM through constant training and learning. Training programs concentrating on BIM duties can rapidly raise the BIM skills of an organization. Developing a successful and tech-accommodating workplace for BIM usage is envisioned. As the Level IV barriers are connected, effectively defeating them can lead to inputs for the primary level and build up the methodology for the third level.



The third level of the BIM strategy concentrates on the organization’s conduct towards the new rising advances like BIM. The government ought to urge the organizations to build up another structure for their associations which support the BIM selection. Many researchers have accentuated the mix of the two ideas, for example BIM and lean [45], to improve the performance of the projects. Furnished with lean reasoning, it could be almost certain for all stakeholders to gradually solve the levels III, II, and I barriers.



The barriers highlighted in this study are similar as reported by various researchers for incorporating new techniques like Lean construction and BIM in the construction industry [25,26,27,28,46]. Ahmed and Shakeel [46] performed a study to scrutinize the problems encountered during implementing lean construction in Bangladesh. The authors used Relative Important Index (RII) and Mann-Whitney U test for analyzing data. Their study found 41 barriers of implementation of lean construction. The highest challenges mainly involved training and lean techniques, lack of awareness, lack of management commitment, lack of skills and knowledge, unwillingness to support change, poor coordination between project stakeholders and cyclic nature of the construction projects. Furthermore, in Table 12, solutions are proposed to overcome the challenges mentioned for different countries by various researchers. Various barriers are grouped together and solutions are recommended. Overall, it can be deduced that new technologies should be introduced at the university program level. The benefits of BIM should be highlighted to top management of government, construction firms and clients so that they can form policies regarding implementation and legal issues, standard operating procedures and make decisions accordingly. Seminars, workshops, short training courses and conferences should be arranged regularly to create awareness, highlight benefits, train staff and develop skilled workers in BIM.




5. Conclusions


Pakistan’s construction sector has a low productivity in terms of finishing the projects at the prescribed time and cost due to communication gaps throughout the project lifecycle. The communication links should be developed to overcome these issues. BIM can effectively help in this regard. This research identified the present stage of BIM implementation in Pakistan, highlighted the benefits of utilizing BIM and the critical BIM barriers in the victorious implementation of building information modeling in Pakistan. It also gave an overview of the BIM barriers around the globe and a possible solution to overcome the issues. It further suggests the three-level strategy to help in the implementation of BIM in Pakistan. In total, 64% of the respondents had some knowledge about BIM and only 17% of them had used BIM in their projects. The respondents responded that BIM helps in minimizing the cost and time of a project up to 57%.



Interpretive Structural Modeling (ISM) was used to find the interrelationships between the barriers, and the model was prepared which shows the dependencies of barriers at different levels. Additionally, MICMAC was applied which classified the 12 barriers into three driver variables: five among them were linkage variables, three fell in the driver variables criteria and two were the dependent variables. The authors discovered a three-level strategy based on the interrelationships among the identified 12 barriers to help in the implementation of BIM in Pakistan as well as other developing construction markets. The government should take steps and invest in the implementation of BIM to get efficiency in their projects by tackling the barriers as shown in the ISM-based hierarchical model and three-level strategy. The solution proposed to grouped barriers in adoption and implementation of BIM will help other developing countries as well.



This paper still holds some limitations that could not be ignored. (1) Pakistan faces different BIM barriers and this study analyzed only the important 12 amongst them to overcome the complexity of the ISM technique. There could be more barriers which can be studied, such as lack of educational grooming, lack of awareness, lack of revolutionary ideas, etc. (2) The outcome may vary by choosing different sample size and different groups.
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Figure 1. A360 Cloud. 
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Figure 2. Research Flow. 
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Figure 3. Respondents demographic profile; (a) post, (b) BIM awareness. 
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Figure 4. Implementation of BIM; (a) BIM utilization in projects; (b) BIM policies in the organizations; and (c) prediction about BIM. 
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Figure 5. The adopted Interpretive Structure Modeling (ISM) methodology. 
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Figure 6. Initial Diagraph. 
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Figure 7. ISM-based hierarchical model for BIM barriers in Pakistan. 
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Figure 8. Results of Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) analysis of barriers. 
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Figure 9. Developed strategy for different stakeholders. 
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Table 1. Implementation percentages of Building Information Modeling (BIM) in various construction markets data obtained from [14,17].
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	Construction Markets
	Percentage
	BIM Level
	Construction Markets
	Percentage
	BIM Level





	Germany
	90%
	2
	New Zealand
	54%
	2



	U.S.
	79%
	2
	Japan
	46%
	2



	Denmark
	78%
	2
	Europe
	42%
	2



	Canada
	78%
	2
	Turkey
	35%
	1



	United Kingdom
	74%
	2
	Middle East
	25%
	1



	Brazil
	73%
	2
	Nigeria
	23%
	1



	China
	67%
	2
	India
	22%
	1



	Australia
	67%
	2
	South Africa
	20%
	1



	France
	65%
	2
	Malaysia
	20%
	1



	South Korea
	55%
	2
	Pakistan
	11%
	1
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Table 2. Cronbach’s alpha reliability test.
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Questionnaire Components

	
Reliability Statistics






	

	
Cronbach’s Alpha

	
N of Items




	
Benefits of BIM in Pakistan

	
0.752

	
14




	
BIM adoption barriers in Pakistan construction sector

	
0.757

	
12
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Table 3. Questions about implementation of BIM in projects.
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	S. No.
	Questions
	Rating





	01
	How much does BIM improve quantity estimation?
	79%



	02
	How much does BIM reduce reworks and clashes?
	77%



	03
	How much does BIM improve project documentation?
	77%



	04
	How much does BIM improve design review?
	74%



	05
	How much does BIM improve communication/coordination among project team members?
	74%



	06
	Is it easier for the new staff to understand the ongoing project?
	66%



	07
	How much does BIM reduce omissions and errors?
	66%



	08
	What is the client’s satisfaction with BIM projects?
	64%



	09
	Does BIM generate new sections, elevations and 3D views instantly?
	63%



	10
	How much does BIM help in the ‘‘planning’’ of a project?
	61%



	11
	How much does BIM reduce construction time?
	57%



	12
	How much does BIM reduce construction costs?
	57%



	13
	How much does BIM help in the ‘‘quality control’’ during the project?
	56%



	14
	How much does BIM minimize the problems faced during the execution of the project?
	53%
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Table 4. Descriptive Frequencies.
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	Questions
	Means





	B1
	Lack of Government regulation about BIM.
	3.6442



	B2
	Lack of conferences/seminars on new technologies such as BIM by organizations
	3.4038



	B3
	Restructuring of organization needed for BIM adoption
	3.3654



	B4
	Unavailability of BIM professionals
	3.3558



	B5
	The top management does not support change
	3.2788



	B6
	The firm doesn’t research for a healthier coordination process
	3.1538



	B7
	Lack of abilities to manage projects using BIM
	3.1442



	B8
	The firm doesn’t encourage initiatives in developing new solutions/processes
	3.1346



	B9
	Due to the high initial cost of BIM
	2.9712



	B10
	The communication gap in an organization
	2.8846



	B11
	Current practices are giving favorable results
	2.5962



	B12
	Organizations don’t arrange software training sessions
	2.5288
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Table 5. Barriers in various countries.
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Developed

	
Germany

	
The Complexity of BIM software

Model-based BIM software has a functional limitation

Technicality and technological development-related issues

Management and organizational issues

Economic resources for BIM-related investment

Digital BIM models in forma and content are not adequately standardized

	
[25,26]




	
UK

	
Lack of top management commitment

Lack of awareness and knowledge

Lack of collaboration

Cultural and human issues

Interoperability issue

	
[27,28]




	
Singapore

	
Lack of training sessions due to unwillingness of the top management

Requires organizational restructuring

The unwillingness to adopt new methods, systems and innovative technologies

Return of investment, time, cost, investment priority and technical competency

	
[29,30]




	
Developing

	
UAE

	
Complex and incomplete design

Lack of collaboration between contractors and professionals in the design phase

Lack of BIM standards

Lack of knowledge about BIM

Poor communication between stakeholders

	
[31]




	
Malaysia

	
Lack of top management attitude for change

Unawareness of the BIM construction applications

Enhanced collaboration, coordinated drawing and interoperability issues

Non-availability of parametric library

	
[32]




	
Under Developed

	
Uganda

	
Poor communication

Management skills

Poor teamwork, constructible design

People and process related issues

Economic related issues

Technology related issue

	
[33]




	
Libya

	
Lack of knowledge and inadequate skills

Lack of ability to measure progress

Lack of shared vision, group culture and consensus

Lack of organizational culture supporting teamwork

	
[34]




	
Ghana

	
Industry fragmented nature

Lack of technical and management skills

Subcontracting most of the work

Delays in making decisions

Lack of consistency in government policies

Lack of BIM-related codes and designs

Resistance to change from traditional setups

Lack of interest from clients and markets

Risk and uncertainties involved in new technologies

	
[35]











[image: Table] 





Table 6. Barriers in other Asian countries data obtained from [36,37,38].
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	No.
	Barriers





	1
	The high initial cost of BIM



	2
	Lack of awareness of BIM



	3
	Firms don’t accept or train their employees on new technologies



	4
	Resistance to change



	5
	The traditional method of contracting



	6
	Lack of BIM expertise



	7
	The complexity of BIM software



	8
	The top management and policy makers don’t support the change



	9
	Learning curve and training are costly



	10
	BIM learning difficulty



	11
	Clients don’t require it



	12
	Unavailability of time to experience new technologies
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Table 7. Structural Self-Interaction Matrix (SSIM) for barriers.
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	B12
	B11
	B10
	B9
	B8
	B7
	B6
	B5
	B4
	B3
	B2
	B1





	B1
	Y
	Z
	Z
	Z
	X
	X
	Z
	X
	Y
	Y
	Y
	-



	B2
	Y
	X
	Z
	Z
	Y
	Z
	Y
	W
	Y
	Z
	-
	



	B3
	W
	X
	Z
	X
	Z
	Y
	Y
	X
	X
	-
	
	



	B4
	X
	X
	Y
	X
	W
	W
	W
	W
	-
	
	
	



	B5
	W
	X
	Y
	X
	W
	Z
	W
	-
	
	
	
	



	B6
	Y
	X
	X
	X
	Y
	W
	-
	
	
	
	
	



	B7
	Y
	W
	Z
	Z
	X
	-
	
	
	
	
	
	



	B8
	Y
	X
	Z
	Z
	-
	
	
	
	
	
	
	



	B9
	W
	Z
	Z
	-
	
	
	
	
	
	
	
	



	B10
	Z
	Z
	-
	
	
	
	
	
	
	
	
	



	B11
	W
	-
	
	
	
	
	
	
	
	
	
	



	B12
	-
	
	
	
	
	
	
	
	
	
	
	










[image: Table] 





Table 8. Rule adopted for substitution.
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SSIM

	
REACHABILITY MATRIX






	
(i,j)

	
(i,j)

	
(j,i)




	
W

	
1

	
0




	
X

	
0

	
1




	
Y

	
1

	
1




	
Z

	
0

	
0
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Table 9. Initial Reachability Matrix.
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	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10
	B11
	B12





	B1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1



	B2
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	0
	1



	B3
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1



	B4
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0



	B5
	1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1



	B6
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	0
	1



	B7
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1



	B8
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1



	B9
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1



	B10
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0



	B11
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1



	B12
	1
	1
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
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Table 10. Final Reachability Matrix.
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	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10
	B11
	B12
	Driving Power





	B1
	1
	1
	1
	1
	1 *
	1 *
	1 *
	1 *
	0
	0
	0
	1
	9



	B2
	0
	1
	1 *
	0
	1
	1
	0
	1
	0
	0
	0
	1
	6



	B3
	0
	1 *
	1
	0
	1
	1
	0
	1 *
	0
	0
	0
	1
	6



	B4
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1 *
	9



	B5
	1
	1 *
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	7



	B6
	1 *
	1
	1
	0
	1 *
	1
	0
	1
	0
	0
	0
	1
	7



	B7
	1
	1 *
	1
	1 *
	1 *
	1 *
	1
	1 *
	0
	0
	0
	1
	9



	B8
	1
	1
	1 *
	0
	1 *
	1
	0
	1
	0
	0
	0
	1
	7



	B9
	1 *
	1 *
	1
	1
	1
	1
	1 *
	1 *
	1
	1 *
	1
	1
	12



	B10
	1 *
	1 *
	1 *
	1
	1
	1
	1 *
	1 *
	0
	1
	0
	1 *
	10



	B11
	1 *
	1
	1
	1
	1
	1
	1 *
	1
	0
	1 *
	1
	1
	11



	B12
	1
	1
	1 *
	0
	1 *
	1
	0
	1
	0
	0
	0
	1
	7



	Dependence power
	10
	12
	12
	6
	12
	12
	6
	12
	1
	3
	2
	12
	







Note: 1 * shows that transitivity is incorporated.
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Table 11. Level Partitioning.
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	Barrier
	Reachability Set
	Antecedent Set
	Intersection
	Level





	B1
	B1, B2, B3, B4, B5, B6, B7, B8, B12
	B1, B4, B5, B6, B7, B8, B9, B10, B11, B12
	B1, B4, B5, B6, B7, B8, B12
	2



	B2
	B2, B3, B5, B6, B8, B12
	B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, B12
	B2, B3, B5, B6, B8, B12
	1



	B3
	B2, B3, B5, B6, B8, B12
	B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, B12
	B2, B3, B5, B6, B8, B12
	1



	B4
	B1, B2, B3, B4, B5, B6, B7, B8, B12
	B1, B4, B7, B9, B10, B11
	B1, B4, B7
	2



	B5
	B1, B2, B3, B5, B6, B8, B12
	B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, B12
	B1, B2, B3, B5, B6, B8, B12
	1



	B6
	B1, B2, B3, B5, B6, B8, B12
	B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, B12
	B1, B2, B3, B5, B6, B8, B12
	1



	B7
	B1, B2, B3, B4, B5, B6, B7, B8, B12
	B1, B4, B7, B9, B10, B11
	B1, B4, B7
	2



	B8
	B1, B2, B3, B5, B6, B8, B12
	B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, B12
	B1, B2, B3, B5, B6, B8, B12
	1



	B9
	B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, B12
	B9
	B9
	5



	B10
	B1, B2, B3, B4, B5, B6, B7, B8, B10, B12
	B9, B10, B11
	B10
	3



	B11
	B1, B2, B3, B4, B5, B6, B7, B8, B10, B11, B12
	B9, B11
	B11
	4



	B12
	B1, B2, B3, B5, B6, B8, B12
	B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, B12
	B1, B2, B3, B5, B6, B8, B12
	1
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Table 12. Solutions to overcome various barriers in different construction markets around the globe.
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No.

	
Level

	
Barriers

	
Solution






	
1

	
5 (B9)

	
Learning curve and Training are costly and BIM has high initial cost of investment.

	
Government should develop policy and provide direction and support to construction sector to adopt and implement BIM.




	
2

	
4 (B11)

	
Traditional method of contracting is good and provides resistance to change

	
Top management may arrange and sponsor workshops to train the employees on new technologies. Accommodate the BIM adoption policy in the organizational policy of the company.




	
3

	
3 (B10)

	
The top management don’t provide support

	
Top management should provide support in adapting new culture and modification in the construction field. Training sessions should be conducted and the benefits of BIM should be highlighted using seminars and short courses.




	
4

	
2 (B1, B4, B7)

	
Lack of BIM expertise, lack of awareness of BIM and firms do not accept or train their employees on new technologies

	
Benefits of BIM should be highlighted to the decision makers in organization so that they encourage and arrange seminars, conferences and workshops on BIM for their employees. Firms should retain the trained and expert staff by giving them incentives and remuneration.




	
5

	
1 (B2, B3, B5, B6, B8, B12)

	
Complexity of BIM software and learning difficulty amongst the professionals

	
BIM courses should be offered in universities as part of the curriculum. In addition, through continuous professional development (CPD) activities learning difficulty can be overcome.




	
6

	
Additional Barriers

	
Clients do not require it.

	
Advantages of BIM technology should be shared with clients so that they have better information about BIM applications.




	
Inconsistency in government policies

	
Government should form a standard policy for implementing new technologies. Legal issues should be resolved and consistent policy should be followed.




	
Unavailability of time to experience new technologies.

	
The firms should use their resources and update their policies to give some time to practice new technologies as it can be the best investment in the future. Moreover, return of investment plans should be made, which will help in the adoption of new technologies.
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