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Abstract


Building Information Modeling (BIM) has gained a lot of traction in Nepal lately due to many AEC firms’ desire to improve their productivity. This research explores the current state and potential of Building Information Modeling in the Nepalese context. The main objective of this research was to gain a holistic view of the digital design and construction approach in the AEC sectors and identify the current state of practice, future trends and opportunities, and challenges for the wider adoption of BIM in the AEC sector. A systematic survey was conducted among various AEC stakeholders; based on their responses, the status of BIM maturity is presented in this paper. We found that the lack of standards and guidelines slows stakeholders’ efforts to unify BIM implementation in projects. However, the survey results show that AEC stakeholders are eager to learn, explore, and implement BIM in their workflows of design and construction practices. The wider implementation of BIM can improve the productivity of design and construction in developing countries such as Nepal. The contributions of this research are methodological and practical. It is demonstrated in this study that qualitative and quantitative data can be integrated in different ways to allow for different avenues of analysis. The logistic regression model deployed in this study identifies the determinants of BIM use and the intensity of their effects on the future use of BIM in the Nepalese AEC industry. The findings of this study can help to formulate BIM standards and training materials that are specific to the Nepalese AEC industry.
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1. Background


The productivity of the construction industry compared to other industries has stagnated in the past few decades [1]. Many new tools and techniques such as Building Information Modeling (BIM), artificial intelligence (AI), construction manufacturing, etc., augment construction productivity, but still, construction productivity is not able to compete with other sectors [2]. Globally, the productivity of the construction industry is declining due to various reasons, such as poor coordination and supervision, traditional design processes, incomplete drawings or lack of shop drawings, and so on [3]. In addition, construction, unlike manufacturing industries, lacks repetition, which is also a reason for slow productivity growth. To achieve the goal of a smart industry and integration in the fragmented construction industry, various technologies and techniques have emerged [4]. The construction industry is still lagging behind other industries in terms of productivity, efficiency, quality, and sustainability, although it is considered one of the biggest industries in the world [5]. Construction projects typically involve multiple teams working simultaneously, which requires complex coordination. The barriers to construction productivity include waiting time for crew rework, unnecessary movement and handling of materials, unused inventories of workspaces and materials, etc. [6]. Modern construction projects are becoming much more complex and difficult to manage, so there is a need for a paradigm shift from the traditional working ways of construction to more collaborative approaches such as BIM-based workflow [7]. To ensure success in projects that consist of inter-organizational stakeholders, trust between the different project partners is acknowledged as a key success factor [8]. BIM-based tools enhance transparency, hence leading to more trust in the stakeholders. The digital coordination between stakeholders in the construction project system is the most popular application of Building Information Modeling (BIM), as it helps to develop collaboration techniques and commitment protocol among the team members [9]. Information management is a key challenge in construction management [10] in both developed and developing countries. The complex and dynamic nature of construction makes it challenging to implement any new process or technology in a project as each project is unique and needs a unique solution [11]. People’s inertia toward change or new technology adoption is another issue [12]. Over the past 40 years, the productivity of the construction industry has stagnated while manufacturing and other industries have been able to improve their productivity significantly through the utilization of digital tools and techniques [2]. Construction project managers in general spend about 75% of their time dealing with data and mundane day-to-day tasks, resulting in poor planning and ultimately lowering the productivity of the project. To improve project productivity, frameworks for information exchange and management have been developed; however, there is still a lot of human involvement and it is typically manual [1]. Information management impacts both individuals and organizations. The availability of critical information is often not complete or not available at all. This issue often leads to delays in project delivery [13]. The construction industry plays an important role in contributing to gross domestic product (GDP) in both developed and developing countries; a slight improvement in productivity in this sector can boost economic performance globally [14]. The modernization of construction results in improved productivity and value for many stakeholder groups [15], such as owners, architects, contractors, and entire supply chain stakeholders. Digital project delivery tools such as BIM can potentially improve productivity toward the level of developed countries in the future [16]. BIM is seen as a foundational step to many of the informational inefficiencies and systemic failures inherent in the construction industry [17]. There have been many consolidated efforts to improve the productivity of the construction industry by the use of Big Data, such as Building Information Modeling (BIM), Mixed Reality, Blockchain, LIDAR technology, and AI [2]. However, these efforts are not enough to improve staggering productivity issues in the industry. Other efforts such as automation and off-site manufacturing (OSM) have been employed in both developed and developing nations [18]. Furthermore, the challenges of construction productivity also significantly differ between developed and developing nations.



In the developed world, labor forces have access to modern tools and technologies; on the other hand, the construction industry in the developing world lacks proper skills and training to prepare them for the job [19]. In addition, most of these workers are manual or semi-equipped, unlike in the developed world [20]. The challenges of the Nepalese construction industry are no different than many of the challenges faced by developing countries. However, its problem is unique because of the size of the economy, the technical strength of manpower, and poor construction funding. Among the many issues the construction industry faces, information management is a key challenge. Government projects are usually design–bid–build, and projects are given to the lowest bidder. In some cases, the project even lacks the proper 2D documentation [21].



Nepal is a landlocked country situated between two of the fastest-growing economies, India and China. With a gross domestic product (GDP) of about USD 34 billion in 2020, and total construction spending of about 30% on capital infrastructure, Nepal has an opportunity to harvest the power of digital tools and techniques to improve productivity, safety, and quality of construction and information management. Building Information Modeling has started to make an appearance in AEC industries. However, the familiarity with tools and techniques is inconsistent among AEC stakeholders. There exists a lack of centralized guidelines and digital protocols in projects. Both government and private sectors have not fully realized the potential of BIM implementations for timely and quality construction rather than an early funding burden.



The main goal of this research was to understand the current state of BIM implementation in Nepal, and the roles of various stakeholders in the development of guidelines to execute projects digitally. The research findings will help universities and academia to develop the training materials and curriculum needed for students of architecture, engineering, and construction to expedite the wider implementation of BIM. In addition, there is a need for training to improve the adoption of BIM among practicing architects/engineers. For developing countries such as Nepal, research on the BIM implementation framework, i.e., technical, social, and economical aspects which relate to data exchange, is necessary because such countries are under-represented in this research field [22]. Thus, the objective of this research was to understand how information is stored/shared/maintained in the AEC industry of Nepal using BIM and to provide recommendations to increase BIM adoption. In addition, the adoption of new tools and technology such as BIM is given little attention in developing countries for infrastructure and building projects due to various barriers [23] such as lack of funding for tools and technology, lack of training, lack of standards, lack of awareness, etc. Understanding the current barriers in the industry will provide the basis for examining what is next for the implementation process of BIM deliverables and how to overcome obstacles to the adoption of BIM. Currently, BIM in Nepal is in a primitive stage, lagging compared with other developing nations, and little research been put forward for it to thrive. Our survey results can provide practical answers from AEC practitioners related to the status of BIM and its implementation in Nepal.




2. Introduction


BIM is an intelligent 3D model-based process to equip professionals with information at the right time, directed to the right person. It enables stakeholders to efficiently plan, design, construct, and manage facilities [24]. The quality of produced documentation and constructability increases while enabling more proactive decision making [25]. BIM has transformed the process of pre-construction, design, construction, and post-construction phases of infrastructure projects [26]. BIM can be treated as an advanced stage of CAD (computer-aided design) [27]. A BIM project constitutes a complete database, considering not only a geometric model, which is the most visible part of the process, but also the type of materials expected to be used for the building and its mechanical properties and physical characteristics [28]. BIM is viewed as a technology that digitally constructs one or more accurate virtual models of a building to support design through its phases, allowing better analyses and control than the manual process [4]. The origins of BIM date back to the 1960s with the definition of a Building Description System. The vision of BIM was to create a complete virtual representation of a building within a computer system [13]. BIM technology allows an accurate virtual model of the facility in a computer system where such a model contains accurate and well-defined geometry and pertinent digital data required to facilitate the construction process, such as construction sequencing [29], fabrication [30], procurement activities [31], etc. The utilization of BIM in the construction industry can help practitioners by improving visualization, communication, and integration in construction operations [32]. BIM technology has transformed the paradigm of the construction industry from 3D-based drawing information systems to 3D object-based information systems [33]. BIM can be considered as the major change in the process of transforming construction worldwide, covering the entire life cycle of the building, and can create [34], coordinate, document, manage/operate, and update information about the facility [5]. The industry has introduced BIM as a powerful tool to increase productivity and safety performance, reducing project costs by the means of digital technology [35]. According to [36], multiple construction stakeholders, change orders, requests for information (RFIs), project delays, and construction conflicts can be reduced, and BIM can provide incentives.



There have been many efforts to make information readily available in the project management process, and digitalization of the construction process with the help of BIM is considered one of them [37]. However, the influences of digital disruption in the developing world seem to be slow and challenging compared to the developed world [22]. Industry 4.0 is characterized by the acceleration of the use of digital technology and the automation of various manufacturing tasks and services in areas such as industrial robots, additive manufacturing, 3D printing, Big Data and cloud computing, computer-aided design and computer-aided manufacturing (CAD/CAM), artificial intelligence, and machine learning [11]. These significantly improve efficiency in terms of reducing costs and improving processes, but digitalization also presents major challenges for resources, workers, and technology due to the vast digital divide that exists between developed and underdeveloped nations. In addition, the immigration of highly skilled workers, engineers, and researchers, the lack of accumulation of internal competencies, and weak research and development activities pose additional challenges to retaining skilled workers [22]. The success of a construction project depends on team collaboration; the use of BIM augments collaboration to the next level by bringing visual tools and spatial coordination [38]. The application of BIM is not just limited to architects, engineers, and contractors but also to owners, facility managers, contractors, and fabricators using BIM [39]. BIM tools can be used in many ways from project inception, design (pre-construction), and construction and operation (post-construction). In each phase of the project, visual aid and spatial information enable better collaboration and understanding between various stakeholders [40]. The BIM engineer coordinates and develops ideas and provides solutions to issues before the problem has high-cost impacts on the project during the design phase, while the BIM practicing contractor and site engineer follow the construction sequence of the design to translate the virtual BIM model into a real BIM model during the construction phase. In addition, BIM can be used for maintenance scheduling, building system analysis, asset management, and space management after the construction phase [41]. Building Information Modeling can be used for the following purposes:




	(1)

	
Visualization: The in-house rendering function of the BIM software can easily generate the required 3D visualization. The model-based/3D information is easy to interpret, and the focus of stakeholder discussion can be tailored toward creative solutions.




	(2)

	
Fabrication/shop drawings: The coordinated drawings with all the respective building systems can be generated once the BIM models of the involved disciplines have been finalized [42].




	(3)

	
Integrated project delivery (IPD) and code reviews: The BIM models could be used for performing reviews of the building projects by the fire department and other officials. Paired with IPD, the risks and rewards are shared and there is increased trust between stakeholders [43].




	(4)

	
Forensic analysis: Illustration of potential failures, leaks, evacuation plans, etc., can be graphically achieved utilizing the building information models [38].




	(5)

	
Facilities management: Retrofitting, renovations, space planning, energy evaluations, and maintenance operations can utilize BIM in the facilities management phase by the respective infrastructure department [44].




	(6)

	
Cost estimating: Cost and material quantity can be estimated in the BIM software as most software choices consist of built-in functions for these purposes [45].




	(7)

	
Construction sequencing and clash detection: 4D BIM can be performed for extracting schedules, bills of quantities, and fabrication. Interference checking can be executed visually in the scaled 3D environment for verifying intersections, clashes, and conflicts with the various building systems [46].









2.1. Benefits of BIM in the AEC Industry


The benefits of BIM include improved design accuracy, enhanced collaboration and communication, cost and time reduction in construction project management, project documentation, and the entire life cycle of the construction project [16,47,48]. BIM can improve communication, scheduling [49], coordination, visualization, clash detection, cost, quantity takeoffs, information in the model, marketing, logistics/planning, production drawings, etc. Commercial construction professionals collectively indicated clash detection, coordination, and marketing as the most common perceived advantages of BIM within their respective companies [50]. The application of BIM applies to existing buildings, offering a variety of alternative potential benefits for the built environment, including facility management activities, as-built renders, heritage and historical documentation, maintenance, tracking warranty and service information, quality control, monitoring and assessment, energy management, emergency management, and retrofit planning.



According to 60% of the respondents to the survey detailed in [9], cost saving is one of the biggest benefits of BIM in construction projects. It is estimated that BIM can eliminate unbudgeted changes by 40%, reduce the time to complete a project by 7%, and decrease the time needed to generate a cost estimate by up to 80% [51]. The BIM approach provides better supervision and coordination between stakeholders, which promotes actual savings in terms of monitoring valued between 5% and 10% of design costs, according to 40% of interviewees involved in one survey [52]. The use of BIM decreases the number of change orders due to the geometrically precise BIM model, which has helped designers and engineers find almost all the clashes and design mistakes during the design phase, which has improved the quality of the design as well as shortened the construction project timeline to bring time management benefits [53]. The six BIM uses introduced by [54] are phase planning (4D modeling), cost estimation (quantity take-offs), coordination, construction system design/virtual mockup, and digital fabrication, which each have potential benefits in their own right. These six BIM uses are categorized into three different indexes, namely Rework Cost Reduction (RCR), Schedule Delay Reduction and Delay Penalty Reduction (SDR and DPR), and Accurate Quantity Estimation (AQE). The contractors and customers can visualize the proposed project earlier in the design process. As comments and feedback on the design and changes to be made during the final phase are addressed before the document delivery, BIM helps to save the time invested in document amendment, as the 3D BIM model is directly linked to the document and any changes to the model are automatically changed in the prepared document [55].



2.1.1. Benefits of 3D BIM


For every 3D element within the model, specific relevant building information is instantly generated while drafting using the BIM process because it is tied to the synchronous database creation associated with the elements [56]. So, quick extraction of plans and sections from the 3D BIM model is possible at any time, making coordination easier between various engineering disciplines [54]. The database can be formed in a way that its 3D objects can easily be visualized with rich data and structured information for various automation purposes [57]. A single coordinated 3D BIM model is generated for all the project stakeholders, encouraging a collaborative working environment and relationships. Further, the coordinated model engages the project stakeholders in important meetings concerning the clashes that arise between various disciplines [51]. These clashes help reduce the project cost once they are solved by the respective stakeholder [48].




2.1.2. Benefits of 4D BIM


Four-dimensional BIM is a 3D model tied with scheduling for powerful application in construction planning [41]. Four-dimensional BIM improves preliminary project planning due to visual power [58]. It can aid in safety management by planning the route for crew and activity flows. Re-planning or making contingency plans can take up a lot of time in the construction environment. By utilizing 4D BIM, the team can enhance their project planning [59]. The 4D BIM model, therefore, aims to support the planning of safety, risk assessment, and proper communication along with proper visualization of the project while introducing or explaining the project schedule to the staff or project participants on site. The project time management benefits also maximize due to the BIM function known as clash detection, which is a part of 4D BIM [60]. Clash detection is one of the leading applications in BIM that saves project time and costs. It mitigates the iterations that may occur in the construction phase of any project [61]. The mistakes and clashes of several components of the building which went unnoticed during the design stage all appear while going through this process, which allows the responsible party in the project to save time and budget the project [62]. Thus, there is no further loss but rather more benefits. Ref. [29] provided a detailed description of the process (and the challenges) of importing and linking the separate 3D model and program data before defining the visual parameters of how and when objects appear in a 4D simulation. Four-dimensional BIM is a process that maximizes project time management benefits when several inputs in the 3D modeling phase are available and ready for execution [56].




2.1.3. Benefits of 5D BIM


Five-dimensional BIM is 3D BIM that is tied to the cost [63]. It is the process of applying costs to any designed model, which is a step in BIM workflow that enables the use of 5D for quantity takeoff and cost estimation. The most crucial factors that lead to cost overruns or quantity mistakes and risks are a lack of expertise in identifying the problems in automated quantities [11], improper payment methods and cloud-based collaborations [64], poor supply chain management, inconsistent modeling standards in both private and public sectors, and lack of certified practicing BIM professionals [65]. In this phase, the cost estimating department of the company can participate in data and information exchange with the respective stakeholders, rather than in isolation, to offer a well-structured estimate of costs along with their management [66]. This enables better collaboration with the overall construction phase and at the same time focuses on the client’s needs effectively. The automatic generation of the quantities from the model allows the estimator in the company to estimate the costs quickly and accurately through easy visualization of the 3D model [67]. As there is mandatory interoperability of the software files between all the project’s key participants who are working in a common data environment collaboratively, 5D cost estimation reduces risks during the cost estimation process. The estimator is also able to identify the areas where the costs may be lower than estimated.





2.2. BIM Adoption and Its Challenges


BIM is like other innovations and technologies which come with challenges and barriers to adoption and implementation [68]. The adoption of the new technology of BIM in the construction industry is slow in developed and developing countries [26]. Though the overall economic benefits of BIM on a theoretical level are comprehensible, it is necessary to understand the factors that lead to and hinder BIM implementation, which can be examined at the individual, organizational, and institutional levels [69]. The greatest obstacles facing the adoption of BIM in developing countries are listed as technology-related barriers, economic-related barriers, process/people-related barriers [4], adequate training, senior management buy-in [36], etc. Ref. [70] stated that ownership and copyright issues, responsibility for inaccuracies, licensing problems, and incomplete national standards are some of the legal issues facing BIM adoption. Uncoordinated, unsystematic BIM adoption without leadership or regulation may lead to varied expectations and different levels of ability, thus diminishing the fulfillment of potential benefits for all organizations in the construction process, which is also a major challenge faced by large construction clients in adopting BIM [71]. If the government body plays a proactive role in BIM promotion within a country, this will help reduce or remove barriers the AEC industry faces in adopting BIM [70]. Table 1 below shows BIM standards by region [72].





3. Methodology


This exploratory study embraces a combination of positivism and pragmatism as philosophical paradigms. This worldview implies that the study gathers factual data, mirrors reality, and seeks to understand real-world practices. We aimed to explore the status of BIM implementation in the AEC industry in Nepal. To achieve this goal, a detailed literature review was carried out, followed by a subject matter expert survey. An instrument of this study was developed in two steps: the first deals with creating measurement items; then, each item was assigned to a specific group. There was a total of five clusters of items.



	○

	
The first section gathered the demographic information of the respondents.




	○

	
The second section assessed professional BIM experience drawn from the items of years of experience, type of company, respondents’ discipline, role, educational qualification, project delivery method familiarity, CAD experience, and BIM familiarity.




	○

	
The third section grouped the items related to BIM implementation status, including BIM proficiency level, BIM-based workflow, BIM tools and services, BIM cost, and the effect of BIM on project performance.




	○

	
In the fourth section, respondents were asked to select drivers and barriers, and also provided options to evaluate BIM benefits on a 5-point Likert-type scale (1 = low intensity, 5 = high intensity).




	○

	
The final section was intended to provide participants an opportunity to give their opinion and recommendations regarding BIM in future projects.







A total of 33 items, including both categorical and continuous variables, which comprised nominal, ordinal, and ratio response options, were developed. The instrument was administered online to a sample of 110 AEC professionals in different capacities such as architects, civil engineers, surveyors, structural engineers, architecture/engineering students, MEP engineers, and real estate developers throughout Nepal. To achieve a comprehensive perspective and data from subject matter experts in relevant fields, the selection of these categories of participants was made. We observed a 39% response rate as we collected a total of 43 valid responses. At the beginning of data analysis, inter-rater reliability was measured to examine the agreement between respondents. Then, responses were analyzed using descriptive statistics, statistical tests, and visualization in R.




4. Analysis and Results


4.1. Inter-Rater Reliability


Inter-rater reliability accounts for strong agreements between respondents to calculate the proportion of items that observers agree on. Cohen’s kappa (K) is frequently suggested for nominal and ordinal data to measure inter-rater agreement or reliability [73]. Kappa was calculated as:


Cohen’s Kappa: K = fo-feN-fe








where fo and fe are the observed and expected frequencies of agreement, and N is the total number of units. The overall inter-rater reliability was r = 0.585, showing moderate agreement among raters [74]. This could be seen as confirmation of the reliability of the responses and results of the study. The R script used in the analysis is shown below and the results are shown in Table 2.


kappa2(df3[, c(“Rater1”, “Rater2”)], weight = “unweighted”)



(1)








4.2. BIM Implementation Status in Nepal


Out of the 43 participants who participated in this study, 5% of them were women and 95% of them were men, which reflects an imbalanced gender distribution in the Nepali AEC industry. Around 67% of participants were from private companies, 12% were in the government, 12% were in education, 2% were from non-profit organizations, and 7% were from other sectors. The results reveal that most of the respondents have bachelor’s degrees (49%), and 44% of the participants have master’s degrees. Participants were asked about the type of project delivery method that was being used in their projects. The most common project delivery method for construction projects was design–build (35%), followed by design–bid–build (28%), and 28% of responses indicated that they used both delivery methods in their past projects.



	(a)

	
Participant’s role in industry







The analysis of the participants identified that the majority of the respondents were from the engineering (67%), architecture (23%), and construction (7%) disciplines. In addition, structural engineer (33%) and architect (19%) are two major roles of the participants in the industry. Figure 1 shows the distribution of participants based on their current role in the industry.



The average of 7.74 years (SD = 5.45) of CAD experience of participants in the AEC industry indicates that the implementation of BIM in Nepal is in the early stage. Moreover, among the respondents, the average number of years of experience in the AEC industry was 6.18 years (SD = 5.73). To check the relationship between years of experience and CAD experience, Pearson’s correlation coefficient was calculated. There was a strong and significant positive linear relationship between CAD experience and total AEC industry experience. Pearson’s correlation (=0.90) in Figure 2 confirms that the professionals with more AEC industry experience have more BIM experience in general.



	
(b) BIM components in the design process






Figure 3 shows that more than two-thirds of the design execution in Nepal still follows the traditional design process. Therefore, there exists an opportunity to implement BIM-based design for the simplification of tasks to save both time and cost in the design process.



Based on the results, which indicated that only 5% of participants have an advanced level of BIM knowledge, while 0% have expert-level knowledge, 28% have intermediate-level knowledge, and 26% have beginner-level knowledge, it is evident that the overall BIM maturity in Nepal’s AEC industry is at a very early stage. Several benefits of BIM listed in the body of literature have not yet been realized by AEC professionals in Nepal.



	
(c) Definition of BIM






There are different definitions of BIM in the literature and among professionals in Nepal. BIM and 3D modeling are sometimes perceived as interchangeable. However, these two are different processes, each having its definition and characteristics, and 3D modeling is a sub-set of BIM. Therefore, it is also important to understand what BIM means to the professionals in the AEC industry in Nepal. To analyze the response to an open question about the definition of BIM, we applied a text mining method in Program R, called word cloud. This process of transforming unstructured text into a structured data format helps to identify significant patterns and insights. The most frequent five words that respondents used to define BIM, shown in Figure 4, were “building”, “information”, “design”, “software”, and “modeling”.



	
(d) BIM Software and Services






Revit, Tekla Structures, Archicad, and Navisworks are the four most popular BIM tools that are currently in use for BIM execution in Nepal. BIM services are generally considered functions that are essential to carry out BIM execution for designers, engineers, and builders to optimize the workflow. The analysis (Figure 5) showed that the adoption of BIM for visualization and rendering is the highest.




4.3. Barriers to BIM Implementation


It was also part of the objective of this study to discover whether there were any barriers to the implementation of BIM in the Nepalese AEC industry. Our study considers barriers as something that prevents BIM implementation. A list of potential barriers was provided to the participants, and they were asked to select the most appropriate options. To rank the results, we determined how many participants considered an item to be a barrier to implementing BIM in their workflow. The top five barriers were the lack of BIM education and knowledge, lack of BIM technology experts, limited knowledge about the benefits of BIM, that the practicability of BIM implementation is not well understood, and the lack of demand from the client (Table 3).



In our study, challenges were defined as the reasons why BIM was not implemented into the workflow. The lack of BIM education and training, lack of skilled personnel, and lack of adequate assessment of BIM benefits are the top three reasons behind the challenges of BIM implementation (Table 2). To identify the drivers, respondents were asked about factors motivating the use of BIM. Better productivity demand, clients’ interest in the use of BIM in their projects, and the desire for innovation and change were the three major perceived drivers of BIM implementation.




4.4. Regression Model between Future BIM Use and BIM Benefits


Participants were asked to input the intensity of BIM benefits, on a 1 to 5 scale, in their workflow. They were asked to respond to another question regarding whether they use BIM, whether they do not use BIM, or whether they would use BIM when allowed in their next project. It was important to check if there is a relationship between the future use of BIM and the BIM benefits. The logistic regression analysis was carried out.



The objective of a multinomial logistic regression model (accuracy = 85%, precision = 82.86%, recall = 90.62%) is to predict outcomes using multiple independent variables [75]. The logit can be modeled as a linear function of independent variables, and once logit is predicted, it can be executed back to a probability [76]. First, the sample data were imported in R. We had a total of 10 variables, including a target variable. The nominal target variable, BIM use in the next project (nexp), was loaded as a factor.



	Variable
	Description



	amdl
	Architectural BIM, independent variable (IV)



	smdl
	Structural BIM



	mepl
	MEP/HVAC BIM



	cost
	BIM-based cost calculation



	qtoc
	BIM-based quantity calculation



	sche
	BIM-based scheduling



	clas
	Clash detection



	drev
	Improving design review



	docm
	BIM-based documentation



	nexp
	BIM use in next project = yes, no, or maybe—target variable








Upon analyzing the sample of data, we discovered that the classes in the sample were very imbalanced, with a ratio of approximately 4:1 between the majority class and the minority class. Model performance is likely to worsen if the proportion of classes in the data is severely skewed [77]. To balance the sample, we used the ovun sampling method (ovun.sample) in R, which creates a possibly balanced sample by oversampling the minority class and undersampling the majority class [78]. A total of 200 balanced data samples were used in our model. We used 70% of the data for training, and the rest of the data were assigned as test data. We conducted random sampling on R using the sample() function and applied the set.seed() function to produce the same random sample every time and keep consistency. Finally, we developed a logistic regression model for our data using the glm() function. The s coefficients are shown below.



	
	Estimate
	Std. Error
	z Value
	Pr (>|z|)



	(Intercept)
	0.595
	0.8613
	0.691
	0.489675



	amdl
	0.5578
	0.5331
	1.047
	0.295329



	smdl
	1.3178
	0.8397
	1.569
	0.116577



	mepl
	−3.0562
	0.8096
	−3.775
	0.000160 ***



	cost
	−3.5853
	1.3046
	−2.748
	0.005990 **



	qtoc
	1.6418
	0.7931
	2.07
	0.038457 *



	sche
	1.9211
	0.8897
	2.159
	0.030835 *



	class
	−5.1517
	1.3478
	−3.822
	0.000132 ***



	drev
	1.8309
	1.115
	1.642
	0.100567



	docm
	4.4725
	1.0577
	4.228
	0.0000235 ***








Predictors that have a p-value in the range (0, 0.001] are represented by significance code ***.



Predictors that a p-value in the range (0.001, 0.01] are represented by significance code **



Predictors that a p-value in the range (0.01, 0.05] are represented by significance code *.



Predictors that a p-value in the range (0.1, 1] are represented by no signifi-cance code.



An open interval is the one where endpoints of the interval are not included and are indicated by parentheses (). The endpoints of a closed interval, on the other hand, are included and denoted by square brackets []. As an example, the interval (0.001, 0.01] refers to an interval that is greater than 0.001 and less than or equal to 0.01. As we used an alpha level(α) = 0.05 to determine which predictors were statistically significant in our logistic regression model, we have been able to find that all the predictors are statisti-cally significant except for amdl, smdl, and drev.



It was identified that all the predictors have a significant role, except three variables, architectural BIM, structural BIM, and improving design review. The regression model also shows AEC professionals’ familiarity with certain categories compared to others. This shows that there is a need for proper training for professionals. The matrix (Figure 6) contains the values that are predicated by the model and the values that are in the data set. Accuracy, true positive rate (TPR), true negative rate (TNR), precision, and recall are the measures of model performance [79]. Our model has accuracy = 85%, precision = 82.86%, recall = 90.62%, and F1 score = 0.8657.



In Figure 7, the receiver operating characteristic curve (ROC) reflects the discriminatory power of the logistic regression model. The area under the ROC curve (AUC) results are considered suitable for AUC values between 0.8 and 0.9 [80]. This further validates our regression model.



From this rigorous statistical model, we can verify the correlation between the future of BIM uses and BIM benefits based on the feedback of participants quantitatively and qualitatively. The model implies that if there are proper standards, training, and government incentives, the professionals have an interest and enthusiasm to implement BIM-based workflow in their business.




4.5. Suggestions Provided by the Participants


Participants were requested to write their opinion on how the landscape of BIM in Nepal could be improved. There was a consistent response regarding the need for training and education in Nepal. To date, the university curriculum in AEC education in Nepal has not incorporated BIM. Changing the educational curriculum in Nepal is a tedious process, unlike in many other countries where a professor can have flexibility. The respondents indicated that including BIM in architecture and engineering education can help produce professionals who would have some form of BIM understanding. Participants also suggested the mandatory need for standards and requirements in contracts.





5. Conclusions


Building Information Modeling has considerable potential to improve construction productivity in a developing country such as Nepal. The digitalization of construction in Nepal has progressed significantly over the past decade, but further work from all stakeholders is required to achieve the potential benefits of digital tools and technologies. Based on the participant feedback, literature reviews, and professional experience of researchers in the field, the following ten recommendations are proposed for the wider adoption of BIM in Nepal. Future researchers in the field can investigate which regulations, standards, and implementation strategies will suit Nepal’s construction dynamics.



	    i.

	
Government introduction of BIM policy, guidelines, and standards of practice.




	   ii.

	
Provide training and mentorship programs for practicing engineers and architects.




	  iii.

	
Provide technical assistance program for universities to incorporate a BIM-related curriculum.




	  iv.

	
Review national procurement acts to incorporate BIM-based project delivery.




	   v.

	
Educate and mandate private sector clients to have BIM as required deliverables.




	  vi.

	
Start discourse on the legal barriers to the implementation of BIM.




	 vii.

	
Municipalities can require a 3D model to obtain a construction permit.




	viii.

	
Develop a coherent ecosystem of information management in design, construction, and operation to enhance model reliability.




	  ix.

	
The government can give tax incentives to firms that push for digital project management.




	   x.

	
Make BIM learning a part of the licensure exam/renewal for architects and engineers so they remain up to date with current trends in the AEC industry.







In summary, policy-level intervention followed by an educational approach can significantly improve the adoption of BIM in Nepal. BIM-based courses and curricula at the university level can help push the implementation of the latest technology such as BIM. In addition, industry professionals need to be trained regularly to improve their skillsets in digital design and construction. A lack of comprehensive guidelines is slowing the wider adoption of BIM in Nepal. There is a need for comprehensive guidelines to encourage AEC stakeholders to utilize BIM in their workflow. The consorted efforts of education, training, and policy alignment can guide Nepali construction to higher productivity and wider implementation of BIM. The major contribution of this research is the identification of the current state of BIM practices in Nepal. This paper can be a foundation for future researchers who are focusing on Nepal’s digital tool adoption, construction digitization, and digital documentation process. In addition to Nepal’s specific body of knowledge, this paper also highlights a mixed methodology. This can guide construction researchers to future fuse qualitative and quantitative data to allow for different avenues of analysis. The logistic regression model deployed in this study identified the determinants of BIM use and the intensity of their effects on the future use of BIM in the Nepalese AEC industry.
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Figure 1. Roles of the participants in the industry. 
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Figure 2. Correlation coefficients and correlation tests between CAD experience (cade) and total AEC experience (year). 
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Figure 3. Design process. 
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Figure 4. Understanding of BIM in Nepali AEC. 
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Figure 5. BIM services. 
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Figure 6. Confusion matrix and performance measurement formulas. 
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Figure 7. ROC curve and AUC statistics. 
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Table 1. BIM Standards by region.
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	Country/Region
	BIM Standards





	Singapore
	The Building and Construction Authority (BCA) announced that by 2014, plan submissions of all projects with a gross floor area of more than 5000 sq m require BIM.



	Hong Kong
	The Hong Kong Housing Authority established BIM standards in 2014/2015.



	Canada
	The BIM Council was founded in late 2008.



	U.K.
	The Construction Project Information Committee (CPIC) required full BIM implementation by 2016.



	U.S.
	Not a national standard yet, but each agency has its road map for the BIM requirements.



	New Zealand
	New Zealand BIM Handbook, 2014.










 





Table 2. Cohen’s Kappa for inter-rater reliability.
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	Subjects=
	17



	Kappa=
	0.585



	Z=
	6.62



	p-value
	3.7 × 10−11










 





Table 3. BIM implementation barriers in Nepal.
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	BIM Implementation Barriers
	Rank
	Response





	Lack of BIM education and knowledge
	1
	81%



	Lack of BIM technology experts
	2
	67%



	Lack of policy, standards, and mandate from the government
	3
	66%



	Low knowledge about the benefits of BIM
	3
	65%



	The practicability of BIM implementation is not well understood
	4
	55%



	Lack of demand from the client
	5
	51%



	Higher software cost
	6
	50%



	Cultural barrier/Resistance to change
	7
	23%



	Fear of high risk of investment
	8
	23%



	Lack of infrastructure (computers and hardware) in the office
	8
	22%



	Legal issues (government procurement laws)
	8
	21%
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