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Abstract

:

To maximize the benefits without sacrificing the functionality of projects, sustainability concepts should be used across all stages of the decision-making process when creating residential buildings. The primary sustainable aims may be improved with BIM activities. However, in the building sector of underdeveloped nations, BIM activities use informal methods. By examining the connection between overcoming BIM implementation challenges and the overall sustainable success (OSS) in building projects, this research seeks to establish a model for BIM implementation. Following the BIM hurdles identified in earlier research, 86 building stakeholders in the Egyptian building sector were given questionnaires. The structure of the obstacles was established and confirmed using partial least-squares structural equation modeling (PLS-SEM), and the connections between the OSS and overcoming BIM deployment were investigated. The adoption of BIM contributed 40.7% to the project’s long-term sustainability, according to the data, which demonstrated a strong link. The findings of this research will serve as a roadmap for decision-makers who want to use BIM in developing nations’ building sectors to save costs and increase sustainability.






Keywords:


BIM; sustainable success; building projects; partial least square; structural equation modeling












1. Introduction


Buildings are prerequisites for determining a country’s residents’ quality of life and health [1]. Systems for regulating temperature, power, ventilation, elevators, and water supply in buildings are called “building services” [2]. However, the demand for adequate housing exceeds availability in an expanding and more urbanistic environment [3]. Urbanization influences developed and developing nations because low-wage individuals have more challenges obtaining adequate accommodation [4]. For example, 828 million people below the poverty line live in slums and other low-cost dwellings in developing countries. By 2023, this number is anticipated to reach 1.4 billion. The projected increase in the world population from 3.6 to 6.3 billion people by 2050 indicates that more buildings would be needed to accommodate the rising demand for structures [5]. Consequently, cost-effective residential building regulations have been given top priority by national governments in several nations in order to achieve sustainable buildings [6]. In addition, a UN Environment Program (UNEP) assessment found that the building sector may significantly boost any country’s economy. According to UNEP research, the building industry creates 5 to 10% of all jobs nationwide and contributes between 5 and 15% to gross domestic product (GDP) [7]. Nevertheless, the building industry’s actions have had adverse environmental effects. For instance, UNEP research reveals that building projects produce 40% of the world’s energy and greenhouse emissions [8].



Furthermore, this sector produces a significant amount of waste and uses many natural resources [9]. Consequently, sustainable building is necessary for people to access eco-friendly buildings that use water, energy, and other resources wisely [10]. Another advantage of sustainable construction is lower operational expenses. Additionally, it raises productivity among residents and creates self-aware cities [11]. Overall, the information on sustainable buildings offers ways to deal with the ecological concerns. As a result, developing and industrialized nations strongly emphasize sustainable building [12]. Building activities have increased significantly in Egypt. The government is working to create a more sustainable strategy that will enhance the development of green buildings via the Egyptian Government Initiative [13]. The literature has emphasized the need of developing “sustainable buildings” that are resource-effective and ecologically benign [14]. Wolstenholme et al. [15] continue to fight for the building industry’s modernization by including efficient and environmentally friendly procedures.



Furthermore, when structures are constructed, building experts are unable to quantify the environmental impacts of such projects [16]. As a result, throughout the planning and design stages of a project, Building Information Modeling (BIM) may be coupled to sustainability techniques [17]. BIM is at the forefront of technological breakthroughs, and there is a wealth of literature on this concept and its uses, which may be integrated with successful approaches throughout the planning and execution stages of a project [18]. Autodesk [19] defined BIM as follows: “a method that is based on intelligent 3D models that provide experts in building, architecture, and engineering are three distinct yet interrelated areas with the information and tools necessary to improve the efficiency with which we plan, design, construct, and manage our buildings, as well as our infrastructure”. BIM has the potential to maximize productivity in building design, building, and maintenance [20].



BIM is still undergoing significant transformations in response to sector stakeholder demands for technology to solve the persistent systemic and recurring difficulties, such as those associated with productivity, cost, and time management [21]. The goal of BIM as a process is to use the most advanced technology possible to enhance production frequency and improve the return on investment (ROI) via simplified and uniform procedures [22]. In addition to existing projects, it allows the execution of a single hub of data that designers, engineers, mechanical, electrical, and plumbing (MEP) contractors, operators, and facility management (FM) businesses may use for various buildings of any kind and size [23]. As a result, BIM has been referred to as a vital lifecycle management tool that may significantly improve the lifetime of a building [24].



Although BIM is already a widespread technique for resolving building-related challenges in certain industrialized countries, most developing countries, including Egypt, have not yet given it the same attention. However, developing nations like Egypt are gradually using BIM, despite the shortage of study on the difficulties to BIM adoption in Egyptian residential building projects. This promotes ad hoc techniques that do not save building costs, such as poor collaboration. Because sustainable environmental regulations and other standards and procedures have suffered from stagnation since the year 2011, the BIM standard must be implemented in Egypt’s building sector [25]. As a result, BIM must be used in Egyptian residential building projects.



We formulated the following research question for this empirical investigation in light of our arguments. What effects would the elimination of implementation obstacles for BIM have on the OSS in residential building projects? Through the use of the partial least square (PLS) modeling technique, the current study sets out to fill this gap by statistically examining the link between overcoming the implementation challenges for BIM and the overall sustainable success (OSS). This study examines the relationship between removing the application barriers in BIM and sustainable building from the viewpoint of user application behavior. It also aims to identify the significant driving forces behind BIM application behavior to increase the effectiveness of BIM’s use in sustainable building. The current work explicitly develops a theoretical model by fusing the planned behavior theory with BIM implementation. As a result, embracing BIM will help decision-makers to complete their building projects successfully by reducing unnecessary costs and improving the quality of the buildings. The Egyptian building sector, where there is a lack of awareness of the value of BIM, should benefit from this study. The remaining portion of this paper discusses the current level of knowledge in this area, followed by the chosen research methodology. Then, the proposed PLS-SEM model and findings of this paper are discussed in light of the previous literature. Key findings and future recommendations are presented in the conclusion.




2. Research Model Development


2.1. Obstacles to BIM in Building Industry


Aranda-Mena et al. [26] highlighted one of the key challenges to using BIM as the issues with interoperability across the various BIM applications. According to Ku and Taiebat [27], different software packages cannot communicate straightforwardly; hence, the data captured in a specific software package must be processed once again on the software, rather than being tied to one another. Reaching this point is the primary objective of utilizing BIM. The exchanges mentioned above are referred to as interoperability. Interoperability is essential to the success of BIM, since a project is comprised of several interactions between the different parties involved throughout the building project’s life cycle [28]. According to recent studies, the BIM software support solutions of SMEs are only partially effective [29]. Because of the one-of-a-kind data structure inherent to BIM models, there have been problems over the ownership of the multiple pieces of information about design, manufacture, analysis, and building [30]. The investigation of the obstacles that stand in the way of BIM is one of the issues; one problem that emerges is the degree of responsibility for the precision that is required of each expert, as well as the question of who is to be held liable for design inaccuracy [26]. In the traditional, paper-based design method, the architect, in addition to engineers and other specialists, may be held responsible for his/her designs, but in the BIM program, accountability cannot be readily identified [31].



Preceding revisions, including those by Chan [32], argued that a lack of competent employees makes adopting BIM more difficult. In addition, Aranda-Mena et al. [26] was noted that in locations where there are no employees who can encourage the adoption of BIM, there is no difficulty talking about it because there are no individuals who can carry it out in those locations. Consequently, adopting BIM is an illusion in a location with a shortage of professionals with the requisite skills and training. However, Sebastian [33] states that utilizing BIM for projects that do not have appropriately coordinated and planned contract procedures are generally considered to be complex. This is because the contractual method is not adequately prepared to integrate such advanced technology. In addition, it was determined that resolving the issue of people’s roadblocks to contractual coordination is necessary to successfully apply BIM in a project that involves a substantial amount of cooperation. BIM cannot be accepted since its implementation must be included in the contract from the beginning, and if the processes are not adequately stated, BIM cannot be implemented [34]. Because modifications need to be made before BIM can be implemented effectively, some companies have chosen to avoid it. Using a centralized building model during the design phase and a synchronized collection of building models throughout the building and production phases are two of the most fundamental adjustments that must be made when a company adopts the BIM concept [27].



However, some industry experts still do not view BIM as a competitive alternative to traditional building techniques. This is because such individuals do not acknowledge the disadvantages of traditional building methods [35]. As is the case with most other developing nations in Sub-Saharan Africa, Nigeria has no government legislation focused on expanding BIM usage and comprehension. This constraint starkly contrasts the options that are accessible in industrialized countries such as the United States of America, the United Kingdom, and China [27,36]. The lack of a group similar to this inside the government has discouraged other private sectors from adopting BIM implementation efforts seriously. This is because the government continues to be the dominant owner of projects. Since this is the case, it is expected that they will lead the way for additional stakeholders to follow [36]. Similarly, the absence of activities and study areas on the part of the government is an obstacle to adopting BIM in Saudi Arabia [37]. Accordingly, the challenges that Saudi Arabian building companies experienced were a lack of participation from customers and stakeholders, limited competence from BIM groups, and a lack of mentorship from a BIM advocate [38]. The issue of who is responsible for the design, who may make ownership claims, who is entitled to patent rights, who should build and administer BIM, and how the expense of adoption should be split or divided, among other things, are all aspects of the difficulties associated with BIM adoption or usage [39]. Likewise, Gamil and Rahman [40] also suggested that the key hurdles for BIM are budgetary limits, a lack of awareness of BIM, inadequate understanding of BIM methodologies, a lack of awareness and advantages of BIM, and a lack of assistance from the government. Several elements operate as deterrents, some of which are dependent on the geographic location, the economic situation of the country, government policy, and willingness to change and are often a problem for the implementation of BIM. Several of these challenges, which a wide range of academics has noted, have been compiled and are shown in Table 1.




2.2. Overall Sustainable Success


Countless research has emphasized the topics related to environmental preservation [41]. The process of transforming projects’ sustainability management aims and plans into operational procedures is complex [42]. Maintaining a healthy equilibrium between social and economic sustainability and environmental considerations is crucial [41]. The proliferation of environmentally conscious building practices has prompted the building sector to look for real-world sustainability applications in the current office setting [43]. Drivers that might boost the extensive adoption of BIM throughout the key strategic stages include the need for sustainable improvement and the creative corporate social responsibility ethic applied by corporations [44]. Regarding environmentally friendly building practices, BIM’s contribution to the building procedures may be compared to the three significant components of sustainability, including sustaining the environment, the economy, and society.



2.2.1. Economic Variables


One of the most significant contributions to sustainable building comes directly from BIM through the cost estimating and risk management process. It is one of the many goals that BIM was designed to accomplish [45]. The process of estimating the expenses of the project and the resources that will be needed may be broken down into many steps in order to estimate and quantify the costs associated with each phase [46]. In contrast, project managers may incorporate time into their analysis and use 4D models to more effectively and efficiently analyse the risks associated with the project in order to reduce project costs in addition to the 3D models of BIM representations [47]. This strategy may make a project more progressive and cost-effective, but it is not sustainable unless it factors in the environmental advantages, enhances the quality of life, and prioritizes human well-being and societal values [48]. In addition, the application of BIM to other facets of the project may play a significant part in the overall economic efficiency of the endeavor. For example, by forecasting the future and improving collaboration and communication among the stakeholders, wastage can be decreased, time can be saved, building management may be improved, and the project’s overall cost can be reduced [45].




2.2.2. Environmental Variables


As the design evolves, BIM collects a large portion of the data required for performance analysis. Using a building information model, designers may quickly evaluate the design possibilities to achieve a greener design. BIM may predict a building’s performance after building [49]. The vast majority of BIM tools contain a variety of functions for analyzing energy and material consumption analyses, as well as the electrical and mechanical section of the building, so that it can provide specific information on reducing the amount of energy and materials wasted [50]. Some of the BIM software, such as Autodesk Ecotect and Revit, gives users access to a shared set of tools that process information and analyze the environmental aspects of a project. This makes it much easier for architects and designers to control energy and use resources effectively. This kind of software may integrate data to provide a more environmentally friendly design by analyzing the solar path, building orientation, shading design, and estimating heating and cooling needs [50,51].




2.2.3. Social Variables


According to the Western Australia Council of Social Services (WACOSS), social sustainability is defined as the circumstance in which formal and informal processes, systems, structures, and relationships actively support the capability of current and future generations to create healthy and liveable communities. This is how social sustainability is achieved. A high quality of life is provided with social equity, diversity, connectivity, and democratic governance in socially sustainable communities [52]. In most cases, the advantages of sustainability for social elements are addressed within the context of the improvements made to other areas of sustainability, which ultimately leads to the promotion of human well-being, comfort, and health [48]. Regarding sustainability, the social principle addresses a wide range of concepts and definitions, all of which can be broken down into the following two distinct categories regarding their relationship with BIM: dependent characteristics and independent features. In addition, these concepts and definitions can be broken down further into specific subcategories within each category. The dependent features of social sustainability are more quantitative and can be directly measured through a variety of other assessments that BIM can provide for a wide range of aspects of the environmental condition. These assessments include energy performance and lighting. These are the kinds of features that contribute to the social sustainability of an organization.



According to Sassi [48], negative conditions can encourage health issues such as stress, discomfort, and absenteeism, but positive conditions can improve some environmental elements through sustainable design, which induces health and performance-boosting effects. Therefore, the total impact of these kinds of considerations is beneficial to the entire community and society. On a societal scale, sustainable design can improve one’s quality of life in several additional ways, the most common of which are the transfer of knowledge, the improvement of environmental quality, the restoration of neighborhoods, and the reduction in health risks from the pollutants associated with the use of building energy [28].



Lin and Hsu [53] used a web-based application programming interface (API) to employ BIM to assist in problem envisioning and management. This example exemplifies the ability of BIM to identify difficulties and task progress early on. Raouf et al. [54] suggested that BIM has transformed typical engineering project management practices that impact the project lifecycle. BIM is utilized in a variety of ways during its lifespan, which is frequently broken up by participation from a wide variety of professions over the various phases of development, which will be abbreviated as design, building, and operation (e.g., designers), building (e.g., contractors), and operating stages (e.g., facility managers) [55,56]. As a consequence of this, based on our reasoning presented earlier in this study and displayed in Figure 1, this study made the following hypotheses (H1):



H1. 

There is a significant relationship between overcoming BIM implementation and the OSS.








3. Research Approach


This research aimed to analyze and identify the challenges that are preventing companies in the Egyptian building sector from using BIM. Consequently, a critical literature review methodology was implemented throughout the exploratory research, and several phases of data gathering and organization were utilized following this [57]. A critical review goes beyond the simple presentation of well-known articles to integrate some insight and conceptual creativity; it demonstrates that the author has methodically analyzed the prior research and substantially appraised the data [58]. Data for this study were acquired by considering a wide variety of materials, such as published publications, research papers, government documents, and green building codes. This method was used to acquire comprehensive information and knowledge. After this, the study of the data and the refining and categorizing of the earlier investigations were carried out. During the data review process, the quantity of information that was obtained was cut down through the processes of selection, simplification, and data abstraction. The preceding discussion deals with organizing the data into essential categories and structures [59]. This categorization was accomplished by ensuring that each piece of information was assigned to the relevant subgroups (subconstructs), which were then assigned to primary constructs [57].



Through a process of continuous review that includes data gathering, refinement, and categorization, this methodology assists the writers in interpreting raw data and formulating hypotheses. After this, the PLS-SEM was developed through an exhaustive review procedure to formulate hypotheses that could later be tested using empirical evidence [60]. The development of the conceptual model that will be used in this investigation is broken down into the following three primary stages:




	(1)

	
The identification of model constructs;




	(2)

	
The classification of model constructs;




	(3)

	
The investigation of the link between constructs.









Figure 2 demonstrates that the first step was completed by reviewing the current literature (BIM barriers and OSS). Subsequently, the classification of BIM barriers was carried out after this based on the categorization performed by Olanrewaju et al. [31]. The final step consisted of structural equation modeling (SEM) analysis to investigate the connection between a dependent construct (BIM barriers) and an independent construct (OSS). This brought the process to a successful conclusion (Figure 2).



Analytical Approach (Structured Equation Modeling)


The SEM methodology was utilized to investigate how successfully overcoming BIM hurdles impacted the OSS. The SEM approach draws attention to the relationship between many observable factors and non-observable variables [61]. SEM is an effective method for addressing issues about variables and mistakes [62]. This study used the SEM technique to evaluate the association between overcoming the BIM hurdles and OSS. The relationship between the specified indicators and each construct was observed while the investigation was carried out [63]. It is a process that takes the form of equations and includes both random variables and structural bounds [64]. SEM has only recently, according to Byrne [65], been identified as a non-experimental study method when proper techniques for hypothesis analysis are not used.



SEM has only recently, according to Byrne [65], been identified as a non-experimental study method when proper techniques for hypothesis analysis are not used.



Similarly, Ringle et al. [66] showed that the use of this technique has increased over the years and is often included in studies published in MIS Quarterly. It is also a widely used instrument in social science data [67]. In order to determine the nature of the connection between overcoming BIM hurdles and the OSS, the partial least square (PLS) model was established. This model takes into account both reflective and formative aspects. Despite this, the PLS-SEM analysis was performed on the data from this study using three different significant evaluations (standard method variance, measurement model, and structural model) [68]. PLS-SEM is commonly used as a route model because it establishes relationships between independent and dependent components [69].





4. Results


4.1. Common Method Bias


A computation of variance that affects the validity of the analysis and aims to highlight the error variance associated with the measured variables is referred to as common method bias [68]. To determine traditional method variance, a single-factor analysis was carried out on the suggested model [70]. It has been proven that typical technique bias will not affect the data gathered if the overall variance of the variables is less than 50% [71]. The results of this study demonstrate that the first group of components accounts for 33.43% of the overall variance; hence, the standard method variance is not capable of influencing the outcome because it is lower than 50% [71].




4.2. Measurement Model


The measuring model demonstrated the link between the items and the latent construct that lies behind them [72]. In PLS-SEM, assessing the reflective measurement items (BIM barriers and OSS) entails analyzing the instruments’ convergent and discriminant validity [73].



The concept of convergent validity refers to the degree of coherence and arrangement within two or more barriers of the same construct [74]. The convergent validity of a construct is evaluated using the construct validity sector. The following set of tests may be used in PLS-SEM to provide an estimate of the convergent validity of the suggested constructs [75]: composite reliability scores (   ρ c   ), Cronbach’s alpha (  α  ), and average variance extracted (AVE).



As shown in Table 2, Cronbach’s alpha also reached a value of 0.60. Nevertheless, according to Table 3, all of the BIM barriers and OSS constructs achieved composite reliability values of more than 0.60 and were consequently accepted [76]. Nevertheless, as shown in Table 2, Cronbach’s alpha also reached a value of 0.60. According to Perry et al. [77], recommendations indicate the dependability ranging from moderate to high. Additionally, the AVE was utilized to assess the converging validity of the construct variables. An AVE value that is more than 0.5 is considered to be appropriate. Fornell and Larcker [75] suggest that the measurement variables absorb at least 50% of the variance [78]. According to Table 2, taken from the PLS 3.0 program, the estimations of AVE values obtained from this study are more than 50% for each of the components. Based on these findings, it is clear that the measurement model is internally consistent and convergent. In addition, it suggested that the measurement components for each construct are accurate and do not quantify any of the other constructs included in the study model. However, according to Hulland [74], the value of the external load with a coefficient of 0.70 is preferable; however, if the analysis performed is explanatory, the value of the external load with a coefficient of 0.40 or higher is considered as suitable [17,61,79,80,81]. The outside loads for each measurement in the PLS model are displayed in Table 2 and Figure 3, respectively. As a result, all outside loads are acceptable [79], except for B3, B7, and B14.



Within the SEM study, the evaluation of discriminative validity has become an increasingly essential and well-liked approach [82]. Its purpose is to establish whether or not the construct under investigation can be empirically distinguished from others [83]. Within the scope of this study, discriminant validity was evaluated using the following approach:




	(1)

	
Fornell–Larcker criteria









According to Fornell and Larcker, the observations in Table 3 indicate that the discriminative validity of the BIM barriers and OSS constructs are acknowledged and approved. This is because the square root of the AVE needs to be higher than the correlation between the construct indicators and variables for this to be the case [84].




4.3. Second-Order Analysis


Strong relationships between the measurements of the formative measurement models were unexpected because the constructs for the BIM hurdles utilised in this investigation were formative. Correspondingly, the vital link among the formative factors indicates the existence of collinearity, which reflects a problematic situation [85]. Consequently, this study looked at the variable inflation factor (VIF) value to observe the collinearity among the formative elements of the construct. Since this study focuses on the reflective and formative kinds of first-order constructs, the findings demonstrate that all the VIF values were less than 3.5, indicating that each construct contributed to BIM obstacles separately. However, as indicated in Table 4, four first-order subscales for the BIM obstacles had a significant route coefficient (outer weight). These subscales were “Cost and standard”, “Technology and business”, “Process and economics” and “Training and people”.




4.4. Structural Model Analysis


The reliability and statistical significance of the data set selection, as well as the observed path coefficient (p-value and outer weight at the 95% confidence interval (CI0.95), respectively), were put to the test using this method [86]. In addition, the essential part of the analysis was to determine whether or not the proposed study hypothesis was correct. The importance of the model hypothesis was examined using the structure and essence of the bootstrapping method [87]. A bootstrapping method was utilized to produce fresh samples of the same size as the original data set. This was accomplished by randomly resampling the original data set [79]. It helps to determine the accuracy of the data set and, consequently, the inaccuracy of the measured path coefficients [88]. In addition, the following statement has also been made: “The value between each route is the path coefficient, which measures the influence of one construct on another” [89]. In light of this evidence, the hypothesis of a causal link between GBP (the overcoming BIM obstacles concept) and the OSS was formed. Therefore, in this circumstance, the structural link among the GBP, and EUR 1 equation in the structural model, which was recognized as the inner relationship, may be expressed as a linear equation as follows [90]:


µ = β £ + €1



(1)







By overcoming the BIM obstacles created at this structural level, residual variance is projected to exist in (EUR 1), where (β) is the route coefficient that links the two. Consequently, the weight of standardized regression analysis corresponds precisely to the weight of multiple regression analysis. The sign of the variable must be statistically significant and coincide with the prediction made by the model. However, it is challenging to ascertain the importance of the route coefficient, as denoted by Kineber et al. [80]. Regarding canonical factor analysis, a method called bootstrapping, part of the SmartPLS3.2.7 software, was utilized to calculate the errors of the route coefficient. Henseler et al. [91] extended this to 5000 different samples in light of this and developed the t-statistics for proposition testing. For the PLS model, one structural equation was constructed to overcome the BIM barrier construct. This equation was used to characterize the inner relations among the constructs and Equation (1). Therefore, the standardized (β) and p-values, in addition to the significance of the route, were assessed with the endogenous construct in mind (Table 5). Table 5 and Figure 4 explain the results obtained from the bootstrapping analysis. According to these findings, the impact of “overcoming BIM hurdles” and “OSS” was beneficial and statistically significant (p = 0.0005; (β) = 0.426). As a result, the two most important aspects of this study—overcoming the hurdles of BIM and OSS—head in the same direction (i.e., overcoming the BIM barriers as the OSS increases).




4.5. The Structural Model’s Explanatory Power (R2)


One of the most essential evaluations in PLS-SEM is determining the R2 value for the endogenous variables. The findings demonstrated that the R2 and modified R2 values for OSS in this study were 0.207. This indicates that the exogenous latent variable (BIM barriers) may be able to account for 20.7% of the OSS. These results demonstrated that the size set by the BIM barriers is sufficient and may be characterized as having a somewhat small impact size [61].




4.6. IPMA


The PLS-SEM methodology points to the importance of an independent construct in explaining the model’s dependent construct [73]. The outputs of the PLS-SEM were expanded with the help of the importance performance matrix analysis (IPMA), which also reflects the variable performance. The following should also be noted: “The IPMA study findings might be shown from two perspectives (importance and performance), both of which are critical for management is a systematic process” [73]. The overall implications of the structural model’s importance and the average value of the construct variable levels’ performance were considered to focus on crucial and significant aspects that contribute to improving management activities. Within the scope of this study, the IPMA serves as a dependent construct for the BIM barriers. The proposed model displays the exogenous variable’s (BIM barriers) degree of relevance and performance with “OSS” as the target variable; it was discovered that all of the variables had high relative importance (0.477) and performance with “OSS” as the target variable (65.8).





5. Discussion


5.1. Understanding the Role That Overcoming BIM’s Limitations Has in OSS Development and Deployment


PLS-SEM is used to explore the relationship among the constructs (overcoming BIM barriers BIM and OSS). According to the findings of our study, eliminating 40.7% of the obstacles posed by BIM contributes to an improvement in the OSS. Conquering the obstacles presented by BIM has a crucial relationship with the OSS. Nevertheless, the findings suggested that the value of 0.638 should be utilized whenever the organization successfully overcame 1 unit of BIM hurdles. In addition, this will also result in a 40% rise in the OSS. According to Ghaffarianhoseini et al. [92], BIM has also been regarded as a decision-support technique that supports designers in analyzing the quality of various designs in terms of energy, emissions, and price. This is because BIM allows designers to compare the performance of various designs more easily. According to Ibem et al. [93], it makes it easier to effectively visualize the customer’s design for approval purposes. BIM is not a panacea for all of the problems that plague the building sector. It is gradually being integrated into the more comprehensive concept of Industry 4.0, which stands for a higher convergence of digital technology [94]. In order to persuade the building stakeholders to comprehend how BIM may be implemented, overcoming the constraints that prevent the deployment of BIM is necessary.



According to Sidani et al. [95], there is still a need for prominent industry participants to learn how to manage BIM approaches, which identifies opportunities for more significant growth in accessing, managing, and transferring BIM data. Additionally, a suite of sophisticated project management tools that enable greater insight and understanding of complex modern projects has been combined to deliver a suite of the Internet of Things, artificial intelligence, big data analytics, sensor-based technologies, and other technologies [96].




5.2. Determining the Extent to Which OSS May Be Improved by Removing the Obstacles Presented by BIM


According to the findings, the social obstacles ranked first with a score of 0.638 for the path coefficient. According to the findings, societal success will increase once these challenges associated with implementing BIM have been conquered. The environmental category is responsible for the second element, which has a path coefficient score of 0.924. The findings determined that improving the project’s environmental impact might be one aspect of overcoming the obstacles connected to BIM. The economic variable is the variable that is ranked last, with a path coefficient score of 0.858. This study’s conclusions are consistent with those reported by Biancardo et al. [97]. They stated that the implementation of BIM has considerably helped to reduce the costs and time associated with building, particularly throughout the building process. In a similar vein, the participants were required to consider how the utilization of BIM in building companies helps to mitigate risks. This will illustrate the significantly high costs associated with investing in and enhancing building environments [98].




5.3. Major Obstacles to the Deployment of BIM


The first hurdle that BIM must overcome pertains to both technology and business. This component includes conditions that relate to “software accessibility, poor contractual administration and coordination, data and intellectual property, and technological availability”. According to the PLS-SEM model, which has a path coefficient of 0.635, this component dramatically influences the difficulties associated with BIM implementation. For the exercise to be successful, it is essential that both technology and business embrace and accept BIM adoption. This finding concurred with that reported by Ugliotti [99]. The adoption of BIM, he claimed, faces several challenges throughout the operation and maintenance phase, including insufficient organizational and legal problems that obstruct BIM implementation and the inadequacy of technology, procedures, people, and processes all play a role. According to Vass and Gustavsson [100], the business sector has been transformed due to growing digitalization, eliminating potential drawbacks and making traditional methods progressively obsolete. Hoang et al. [101] emphasized that the primary barriers to the implementation of BIM in infrastructure projects include “a lack of connectivity between BIM and present technologies”, as well as “how applicable knowledge in BIM models may be merged with existing facility management information systems and software resources”.



Furthermore, Saka and Chan [102] observed that the majority of a country’s BIM adoption barriers are people and process-related, followed by technology barriers. As a result, the BIM process has to be integrated with regular business activities [103]. Increasing the number of businesses that use BIM will need active support from the government, in addition to developing a new communication strategy [17].



Businesses that use BIM usually struggle with the high and escalating costs of buying BIM software, upgrading hardware, and planning for BIM adoption [104]. The second main factor is associated with the “expense and standards” variable. Barriers include the “cost of exchanging data and information, corporate and cultural shifts, and absence of set standards”. With a route coefficient of 0.411, the “cost and standard” influence on the BIM obstacles is moderate. These results concurred with those reported by Mahdi et al. [105]. They assessed and examined the most significant barriers to BIM adoption in Iraq’s building sector. Their research shows that the primary barriers to implementing BIM in the Iraqi building sector may be influenced by social and cultural issues due to the lack of BIM-related investments, a lack of experience, the absence of a national BIM standard, and the resistance to change.



It is also required to formalize and construct BIM sub-models more rapidly to offer more excellent coverage of user needs and information flows over the whole lifecycle of architectural engineering and construction (AEC) projects. BIM sub-models can only be created if they are formalized. In Yemen, there is a lack of BIM competency, financial restraints, and evidence of the wrong introduction of BIM principles and standards, and both factors together, according to Gamil and Rahman [106], are the most critical barriers to BIM adoption. Similarly, Alhumayn et al. [107] investigated the obstacles and methods for BIM implementation in Saudi Arabia. According to the findings, the largest barriers to BIM adoption are a lack of management support for adopting changes in the current practices, a lack of practice standards and guidelines, and a lack of attention from policy-makers and the government. In addition, Reza Hosseini et al. [108] considered that a significant obstacle to adopting BIM might be the absence of data that demonstrate the financial benefits to organizations, particularly small and medium-sized enterprises (SMEs). Therefore, for BIM to be adopted in underdeveloped countries, there must be demand from clients and vendors, in addition to government support [109].



The “Training and people” variable is the third main component. This element covers the circumstances and setting in which people operate to foster fruitful interactions and cooperative working relationships between professionals and stakeholders. Barriers to this concept include a lack of expertise and training, problems with interoperability, and resistance from other parties. With an external value of 0.390, “Training and people” is third on the list of obstacles that prevent the adoption of BIM. This finding is in line with that reported by Arrotéia et al. [110]. The client’s lack of interest in adopting BIM-developed projects, owing to the increased time and expense of the projects, as well as a lack of knowledge and skills and confusion about how BIM is utilized in the design process and how it connects to the building were the main obstacles to Brazil’s adoption of BIM.



The potential obstacles to the deployment of BIM are highlighted by Hatem et al. [111]. According to their findings, “poor government attempts to apply BIM” are the most significant potential barrier to BIM adoption. The “lack of BIM experts” was considered as a possible BIM hurdle. The lack of BIM expertise and training is the third potential BIM barrier. Furthermore, in Canada, Moazzami et al. [112] concluded that conflict detection, constructability, and job sequencing are the crucial functionalities that may be improved by BIM deployment, based on the BIM experience of members of the architecture engineering community. Inadequate stakeholder management, lack of user understanding, and resistance to cultural change are other problems that result in poorer BIM implementation [113]. A project team should have BIM knowledge, including collaboration, experience, and prior BIM technological knowledge [114]. Collaboration between disciplines is essential for implementing BIM [22]. However, related knowledge is required for the effective adoption of BIM. Succar [115] argued that BIM is acknowledged as a broad field of expertise in the building industry that is constantly expanding. Design intent and expertise must be communicated and included in BIM [116]. As a result, BIM research and development are necessary to motivate building professionals to study and improve their knowledge. It has been asserted that a lack of research and development also hinders the use of BIM data [117]. According to Khosrowshahi and Arayici [118], education and research are crucial factors in adopting BIM, due to the technical and operational developments in firms today. Additionally, creating a BIM task group to evaluate the market’s potential might raise awareness of BIM programs and needs [119]. Additionally, building stakeholders should encourage their personnel to enroll in BIM training programs to remain aware of the abilities that need to be developed to acquire real-world knowledge and practical skills [120].



The final major factor that affects BIM hurdles is “Process and economics”. It includes roadblocks such as the price of adopting BIM, the absence of demand for BIM implementation, and insufficient guidelines and plans from the government. With an external coefficient of 310, the “Process and economics” impact on BIM obstacles appears to be identical to that of “Training and people”. This finding suggests that the adoption of BIM is often successful when process and financial constraints are avoided. This outcome is also consistent with the recommendation made by Hoang et al. [101]. They contend that the primary BIM hurdles are organized process strategies, uses, and information. These findings are also consistent with those reported by Umar [121] for the Gulf Cooperation Council (GCC) area, who studied the present state of BIM in the GCC building sector and the obstacles involved with BIM adoption. The research indicates that organizational, technological, governmental, and legal challenges are the key challenges present in this area.



Nevertheless, Tuckwood [122] stated that establishing legality is time-consuming, but mandating BIM is a better way to execute it. A further issue that slows the adoption rates is industry opposition to change and a dearth of knowledgeable and skilled BIM practitioners and instructors [101]. As a result, business professionals and academic institutions must work together to develop a BIM implementation program that aligns with business procedures [48]. Governments should support BIM applications through different laws and initiatives, since they stand to gain the most from its adoption [32]. The government may help to assess the industry’s readiness for BIM and invite BIM specialists to assist the sector in developing its BIM adoption plan [92].



The previous discussion makes it abundantly clear that BIM barriers impede the development and application of the BIM technique. This has resulted in considerable losses for several engineering projects. In addition, most of the prior research examines the obstacles that stand in the way of BIM by conducting a literature review and a questionnaire survey. There is a dearth of research on the connections and effects between various barriers, whereas current research concentrates on identifying the existing barriers. Unlike other studies, this study examines the barriers to BIM from a new perspective and uses strong research techniques. The first step in identifying the obstacles to BIM adoption in the current building industry is to conduct a literature review. Second, a thorough study of the linkages between barrier components was conducted as the conceptual framework was created, following the investigation of the barriers to adopting BIM. In order to regulate and remove BIM impediments from the model’s perspective, SEM is used to analyze the significant challenges. Dong [123], however, has examined the implementation hurdles and suggestions for BIM regarding project cost by utilizing the decision-making test and evaluation laboratory method (DEMATEL). We have concluded that the promotion of senior management has become the primary driver of the growth of BIM, and the lack of policy support from both the government and industrial businesses has the most significant impact on the other variables.



The application of BIM in the United States was investigated by Fountain and Langar [124], who found a variety of barriers to its full adoption. An in-depth study on BIM outsourcing revealed that the respondents believed that internal BIM implementation is more efficient than outsourcing. In a study of the UK building sector, in order to reduce obstacles to BIM implementation, Piroozfar et al. [39] found that integrated project delivery (IPD) can enhance the early engagement of essential parties, improve participation barriers, and address the assumptions about the degree of trust amongst several key stakeholders. Charef et al. [125] investigated the gaps in BIM application obstacles in 28 EU nations and discovered a significant disparity in BIM application levels among EU countries, which might stymie cross-border initiatives and collaboration. Egypt’s building industry is transitioning from CAD to BIM. At the same time, these businesses must contend with the issue of employing building energy models (BEM) to fulfill energy-saving goals. Khodeir and Nessim [117] investigated the present status of BIM2BEM application in the Egyptian building sector and the associated application obstacles. Scholars from New Zealand [126], Sweden [127], and other nations have also looked into the barriers to BIM implementation in their own countries.



Many researchers have looked at the difficulties in implementing BIM in China, a nation that vigorously promotes the use of BIM. Liu et al. [128] conducted an exploratory study on the obstacles to BIM adoption in the Chinese building industry, using this knowledge and the current research environment in that sector. Several factors are impeding the development of BIM in China, including “the lack of comprehensive evaluations on BIM’s use value, the lack of BIM professional software and government promotion, the imbalance in the business levels of building enterprises, the difficulty of designers’ conversion thinking, and the lack of relevant standards”. Through the use of a game concept between government and business, Boya et al. [129] concluded that the government’s economic strategy hinders BIM from being popular in China. Through a questionnaire study of building industry personnel, Liu and Zhao [130] discovered 15 reasons for the limited growth of BIM in China. In Sun and Wang’s study [131], information asymmetry theory and game theory were used to investigate BIM development and the game of project owners and contractors. They concluded that the conflict of interest between project owners and contractors is a fundamental issue that is hindering BIM’s growth. Li et al. [88] examined the slow promotion of BIM in China using a literature review, interviews, and a questionnaire from the owner, designer, and contractor perspectives. According to the report, the owners’ lack of BIM understanding, designers’ emphasis on unclear return on technology investment, and contractors’ concern about changing working modes are the largest impediments to BIM promotion.



The following six challenges have impeded China’s BIM implementation: a lack of government leadership, organizational problems, legal issues, a high application cost, a struggle to modify the population’s thinking style, and a lack of external incentives. Zhou et al. [104], by using factor analysis and a structural equation model, and Zhang et al. [132] showed that the primary implementation challenges to BIM technology in sustainability projects are public engagement, technological acceptance, economic cost, and application administration, with public participation being an essential factor. In addition, utilizing principal component analysis, Ozorhon and Karahan [133] investigated the factors that influence the implementation of BIM in developing countries, where BIM is still relatively new to the building sector. According to the results of this research, the three factors that are the most important are as follows: (1) competent personnel; (2) good leadership; and (3) knowledge and technology that is readily available. In addition, the same technique, known as principal component analysis, has been used by Ma et al. [134] to research the obstacles that stand in the way of BIM implementation in the AEC project and to look into the causes of such obstacles in the Chinese project. According to the main component analysis, all of the obstacles were comprised of six underlying factors. These variables were expertise and capabilities, technical conditions, system inertia, extra input, change in work routines, and adoption risks.




5.4. Contributions to Theory and Research


The created model stresses the significance of removing obstacles to BIM deployment, particularly in developing nations with significant uncertainty. The model emphasizes the critical obstacles to the adoption of BIM. Policy-makers and other government institutions may use these hurdles to develop an action plan that will increase the adoption of BIM in the architecture engineering, construction, and operations (AECO) industry. Additionally, there is a distinct lack of research that looks at how the OSS and BIM obstacles interact in the Egyptian building industry. The study began by assessing all the key obstacles to BIM adoption in the building industry. This study creates a robust platform for future research on the challenges to BIM adoption in the AECO sector. To improve BIM adoption in Egypt and other developing countries, the theoretical constructs from this study offer a mathematical framework for identifying the practical impediments that must be removed.



The study also offers the following conceptual and empirical contributions to this area of research:




	
The study provides a conceptual contribution to this field by recognizing and conceiving new concepts to be incorporated into the conceptual framework, such as the effect of OSS installation obstacles on BIM.



	
Although there is a lack of research on BIM deployment in Egypt, many studies exist from industrialized nations. This gap has been closed by the current study’s examination of the significant obstacles to BIM adoption regarding the OSS.



	
The study’s final product, the model, is the first predictive model created in the building sector to assess how constraints to BIM deployment affect the OSS in the AECO sector. This technology is expected to catalyze BIM deployment in underdeveloped nations. This contribution is empirical, since it focuses on examining the theoretical relationships between two constructs—the “OSS” and “BIM implementation barriers”—that have not been examined in the previous research.









5.5. Managerial Implications


Building professionals may use the following managerial implications to assess how BIM implementation hurdles affect the OSS throughout a project:




	
It aids decision-making when analyzing BIM obstacles’ effects on the OSS.



	
It results in significant barriers for AECO businesses that may be removed to solve the problems and hurdles connected with BIM adoption, boosting customer satisfaction through high-quality visualization.









5.6. Limitations and Future Research Suggestions


While this study contributes to the knowledge on the impact of BIM barriers on the OSS, it has several limitations. First, the study is limited in terms of geographical location. The research instrument (questionnaire) was only administered to construction professionals in Egypt. Future studies should seek to explore other regions to improve the generalization of the study. The second limitation is related to the cross-sectional nature of the survey research. This does not capture some aspects related to the organizations and historical contexts within the implementation of BIM. Therefore, future research could be longitudinal to draw causal inferences between BIM implementation drivers and OSS. Lastly, this study explores the impact of BIM barriers on the OSS using structural equation modeling (SEM) with theoretical conceptualization. Future studies could use innovation diffusion theory to understand the extent of BIM across a project’s lifecycle.





6. Conclusions


A strong statement has been made against the poor caliber of building projects completed in developing nations, notably in the Egyptian building sector. Additionally, this study has demonstrated that BIM is a workable strategy for reducing this risk. However, this strategy is still not widely used in the building sector of underdeveloped nations. The quantitative research for this study was conducted in Egypt using a questionnaire survey. A PLS-SEM technique was used in this research to introduce an experimentally validated model using participants that were Egyptian building industry experts. The model’s output will help building stakeholders to overcome the challenges that prevent BIM deployment. This study will lower expenses and raise success rates in Egypt and other developing nations. The findings of this study will also help developers to understand that BIM training must continue to deliver building projects that satisfy clients and boost consumer confidence in the sector. Although these results only apply to Egypt’s BIM barrier application research, they can be applied to other developing nations that share Egypt’s unique characteristics, but lack comparative investigations.







Author Contributions


Research Idea: A.F.K., Conceptualization, A.F.K. and Y.A.; methodology, A.F.K.; software, A.F.K.; validation, All authors; formal analysis, A.F.K.; investigational authors; resources, All authors; data curation, All authors; writing—original A.F.K., M.M.M. and M.K.S.A.-M. All authors; writing—review and editing, A.F.K. and M.M.M.; visualization, All authors; supervision, A.F.K. project administration, A.F.K.; funding acquisition, All authors. All authors have read and agreed to the published version of the manuscript.




Funding


This study is supported via funding from Prince Sattam bin Abdulaziz University (project number PSAU/2023/R/1444).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Aidy, A.; Rady, M.; Mashhour, I.M.; Mahfouz, S.Y. Structural Design Optimization of Flat Slab Hospital Buildings Using Genetic Algorithms. Buildings 2022, 12, 2195. [Google Scholar] [CrossRef]

	



Leung, M.-Y.; Wang, C.; Wei, X. Structural model for the relationships between indoor built environment and behaviors of residents with dementia in care and attention homes. Build. Environ. 2020, 169, 106532. [Google Scholar] [CrossRef]

	



Gan, X.; Zuo, J.; Wu, P.; Wang, J.; Chang, R.; Wen, T. How affordable housing becomes more sustainable? A stakeholder study. J. Clean. Prod. 2017, 162, 427–437. [Google Scholar] [CrossRef]

	



Rady, M.; Mahfouz, S.Y. Effects of Concrete Grades and Column Spacings on the Optimal Design of Reinforced Concrete Buildings. Materials 2022, 15, 4290. [Google Scholar] [CrossRef] [PubMed]

	



Golubchikov, O.; Badyina, A. Sustainable Housing for Sustainable Cities: A Policy Framework for Developing Countries; UN-HABITAT: Nairobi, Kenya, 2012. [Google Scholar]

	



Chan, A.P.; Adabre, M.A. Bridging the gap between sustainable housing and affordable housing: The required critical success criteria (CSC). Build. Environ. 2019, 151, 112–125. [Google Scholar] [CrossRef]

	



Wu, Z.; Li, H.; Feng, Y.; Luo, X.; Chen, Q. Developing a green building evaluation standard for interior decoration: A case study of China. Build. Environ. 2019, 152, 50–58. [Google Scholar] [CrossRef]

	



Hamed, M.M.; Nashwan, M.S.; Shahid, S. Projected changes in thermal bioclimatic indicators over the Middle East and North Africa under Paris climate agreement. Stoch. Environ. Res. Risk Assess. 2022. [Google Scholar] [CrossRef]

	



Lu, W.; Webster, C.; Peng, Y.; Chen, X.; Zhang, X. Estimating and calibrating the amount of building-related construction and demolition waste in urban China. Int. J. Constr. Manag. 2017, 17, 13–24. [Google Scholar] [CrossRef]

	



Mattoni, B.; Guattari, C.; Evangelisti, L.; Bisegna, F.; Gori, P.; Asdrubali, F. Critical review and methodological approach to evaluate the differences among international green building rating tools. Renew. Sustain. Energy Rev. 2018, 82, 950–960. [Google Scholar] [CrossRef]

	



Rady, M.; Mahfouz, S.Y.; Taher, S.E.-D.F. Optimal Design of Reinforced Concrete Materials in Construction. Materials 2022, 15, 2625. [Google Scholar] [CrossRef]

	



Zuo, J.; Pullen, S.; Rameezdeen, R.; Bennetts, H.; Wang, Y.; Mao, G.; Zhou, Z.; Du, H.; Duan, H. Green building evaluation from a life-cycle perspective in Australia: A critical review. Renew. Sustain. Energy Rev. 2017, 70, 358–368. [Google Scholar] [CrossRef]

	



Othman, I.; Al-Ashmori, Y.Y.; Rahmawati, Y.; Amran, Y.M.; Al-Bared, M.A.M. The level of Building Information Modelling (BIM) Implementation in Malaysia. Ain Shams Eng. J. 2020, 12, 455–463. [Google Scholar] [CrossRef]

	



Kineber, A.F.; Othman, I.; Oke, A.E.; Chileshe, N.; Buniya, M.K. Identifying and Assessing Sustainable Value Management Implementation Activities in Developing Countries: The Case of Egypt. Sustainability 2020, 12, 9143. [Google Scholar] [CrossRef]

	



Wolstenholme, A.; Austin, S.A.; Bairstow, M.; Bairstow, A. Never Waste a Good Crisis: A Review of Progress Since Rethinking Construction and Thoughts for Our Future; Loughborough University: Loughborough, UK, 2009. [Google Scholar]

	



Russell-Smith, S.V.; Lepech, M.D. Cradle-to-gate sustainable target value design: Integrating life cycle assessment and construction management for buildings. J. Clean. Prod. 2015, 100, 107–115. [Google Scholar] [CrossRef]

	



Olanrewaju, O.I.; Kineber, A.F.; Chileshe, N.; Edwards, D.J. Modelling the Impact of Building Information Modelling (BIM) Implementation Drivers and Awareness on Project Lifecycle. Sustainability 2021, 13, 8887. [Google Scholar] [CrossRef]

	



Shirowzhan, S.; Sepasgozar, S.M.; Edwards, D.J.; Li, H.; Wang, C. BIM compatibility and its differentiation with interoperability challenges as an innovation factor. Autom. Constr. 2020, 112, 103086. [Google Scholar] [CrossRef]

	



Autodesk. Building Information Modelling (BIM). 2020. Available online: https://www.autodesk.com/solutions/bim (accessed on 10 January 2021).

	



Abubakar, M.; Ibrahim, Y.; Kado, D.; Bala, K. Contractors’ perception of the factors affecting Building Information Modelling (BIM) adoption in the Nigerian Construction Industry. In Computing in Civil and Building Engineering; ASCE: Reston, VA, USA, 2014; pp. 167–178. [Google Scholar]

	



Oraee, M.; Hosseini, M.R.; Edwards, D.J.; Li, H.; Papadonikolaki, E.; Cao, D. Collaboration barriers in BIM-based construction networks: A conceptual model. Int. J. Proj. Manag. 2019, 37, 839–854. [Google Scholar] [CrossRef]

	



Azhar, S. Building information modeling (BIM): Trends, benefits, risks, and challenges for the AEC industry. Leadersh. Manag. Eng. 2011, 11, 241–252. [Google Scholar] [CrossRef]

	



Bianchini, C.; Inglese, C.; Ippolito, A.; Maiorino, D.; Senatore, L.J. Building Information Modeling (BIM): Great Misunderstanding or Potential Opportunities for the Design Disciplines? In Handbook of Research on Emerging Technologies for Digital Preservation and Information Modeling; IGI Global: Hershey, PA, USA, 2017; pp. 67–90. [Google Scholar]

	



Pieterse, B.; Agyekum, K.; Manu, P.; Mohandes, S.R.; Cheung, C.; Yunusa-Kaltungo, A. Examining critical project management skills for successful delivery of major maintenance projects: Insights from the United Kingdom energy sector. Eng. Constr. Archit. Manag. 2022. ahead-of-print. [Google Scholar] [CrossRef]

	



Aboelmaged, M. The drivers of sustainable manufacturing practices in Egyptian SMEs and their impact on competitive capabilities: A PLS-SEM model. J. Clean. Prod. 2018, 175, 207–221. [Google Scholar] [CrossRef]

	



Aranda-Mena, G.; Crawford, J.; Chevez, A.; Froese, T. Building information modelling demystified: Does it make business sense to adopt BIM? Int. J. Manag. Proj. Bus. 2009, 2, 419–434. [Google Scholar] [CrossRef]

	



Ku, K.; Taiebat, M. BIM experiences and expectations: The constructors’ perspective. Int. J. Constr. Educ. Res. Transp. Econ. 2011, 7, 175–197. [Google Scholar] [CrossRef]

	



Grilo, A.; Jardim-Goncalves, R. Value proposition on interoperability of BIM and collaborative working environments. Autom. Constr. 2010, 19, 522–530. [Google Scholar] [CrossRef]

	



Vidalakis, C.; Abanda, F.H.; Oti, A.H. BIM adoption and implementation: Focusing on SMEs. Constr. Innov. 2020, 20, 128–147. [Google Scholar] [CrossRef]

	



Ibrahim, Y.M.; Abdullahi, M. Introduction to Building Information Modelling. In Proceedings of the 3-day Workshop/Annual General Meeting of the Nigerian Institute of Quantity Surveyors, Nigerian Institute of Quantity Surveyors, Lagos, Nigeria, 8–12 November 2016. [Google Scholar]

	



Olanrewaju, O.I.; Chileshe, N.; Babarinde, S.A.; Sandanayake, M. Investigating the barriers to building information modeling (BIM) implementation within the Nigerian construction industry. Eng. Constr. Archit. Manag. 2020, 27, 2931–2958. [Google Scholar] [CrossRef]

	



Chan, C. Barriers of implementing BIM in construction industry from the designers’ perspective: A Hong Kong experience. J. Syst. Manag. Sci. 2014, 4, 24–40. [Google Scholar]

	



Sebastian, R. Changing roles of the clients, architects and contractors through BIM. Eng. Constr. Archit. Manag. 2011, 18, 176–187. [Google Scholar] [CrossRef]

	



Thompson, D.; Miner, R.G. Building Information Modeling-BIM: Contractual Risks Are Changing with Technology. Available online: https://aepronet.org/documents/building-information-modeling-bim-contractual-risks-are-changing-with-technology/ (accessed on 15 November 2022).

	



Kineber, A.F.; Oke, A.E.; Hamed, M.M.; Rached, E.F.; Elmansoury, A.; Alyanbaawi, A. A Partial Least Squares Structural Equation Modeling of Robotics Implementation for Sustainable Building Projects: A Case in Nigeria. Sustainability 2023, 15, 604. [Google Scholar] [CrossRef]

	



Alufohai, A. Adoption of building information modeling and Nigeria’s quest for project cost management. In Proceedings of the FIG Working Week: Knowing to Manage the Territory, Protect the Environment, Evaluate the Cultural Heritage, Rome, Italy, 6–10 May 2012; pp. 6–10. [Google Scholar]

	



Al-Yami, A.; Sanni-Anibire, M.O. BIM in the Saudi Arabian construction industry: State of the art, benefit and barriers. Int. J. Build. Pathol. Adapt. 2019, 39, 33–47. [Google Scholar] [CrossRef]

	



Almuntaser, T.; Sanni-Anibire, M.O.; Hassanain, M.A. Adoption and implementation of BIM–case study of a Saudi Arabian AEC firm. Int. J. Manag. Proj. Bus. 2018, 11, 608–624. [Google Scholar] [CrossRef]

	



Piroozfar, P.; Farr, E.R.; Zadeh, A.H.; Inacio, S.T.; Kilgallon, S.; Jin, R. Facilitating building information modelling (BIM) using integrated project delivery (IPD): A UK perspective. J. Build. Eng. 2019, 26, 100907. [Google Scholar] [CrossRef]

	



Gamil, Y.; Rahman, I.A.R. Awareness and challenges of building information modelling (BIM) implementation in the Yemen construction industry. J. Eng. Des. Technol. 2019, 17, 1077–1084. [Google Scholar] [CrossRef]

	



Oke, A.; Aghimien, D.; Olatunji, S. Implementation of value management as an economic sustainability tool for building construction in Nigeria. Int. J. Manag. Value Supply Chain. 2015, 6, 55–64. [Google Scholar]

	



Aarseth, W.; Ahola, T.; Aaltonen, K.; Økland, A.; Andersen, B. Project sustainability strategies: A systematic literature review. Int. J. Proj. Manag. 2017, 35, 1071–1083. [Google Scholar] [CrossRef]

	



Abidin, N.Z.; Pasquire, C.L. Revolutionize value management: A mode towards sustainability. Int. J. Proj. Manag. 2007, 25, 275–282. [Google Scholar] [CrossRef]

	



Fewings, P.; Henjewele, C. Construction Project Management: An Integrated Approach; Routledge: Oxfordshire, UK, 2019. [Google Scholar]

	



Hartmann, T.; Van Meerveld, H.; Vossebeld, N.; Adriaanse, A. Aligning building information model tools and construction management methods. Autom. Constr. 2012, 22, 605–613. [Google Scholar] [CrossRef]

	



Halpin, D.; Woodhead, R. Construction Management; Wiley: New York, NY, USA, 1998. [Google Scholar]

	



Zhang, J.; Hu, Z. BIM-and 4D-based integrated solution of analysis and management for conflicts and structural safety problems during construction: 1. Principles and methodologies. Autom. Constr. 2011, 20, 155–166. [Google Scholar] [CrossRef]

	



Sassi, P. Strategies for Sustainable Architecture; Taylor & Francis: Abingdon, UK, 2006. [Google Scholar]

	



Azhar, S.; Carlton, W.A.; Olsen, D.; Ahmad, I. Building information modeling for sustainable design and LEED® rating analysis. Autom. Constr. 2011, 20, 217–224. [Google Scholar] [CrossRef]

	



Wong, K.D.; Fan, Q. Building information modelling (BIM) for sustainable building design. Facilities 2013, 31, 138–157. [Google Scholar] [CrossRef]

	



Azhar, S.; Brown, J.; Farooqui, R. BIM-based sustainability analysis: An evaluation of building performance analysis software. In Proceedings of the 45th ASC Annual Conference, Gainesville, FL, USA, 1–4 April 2009; Citeseer: Princeton, NJ, USA, 2009; Volume 1, pp. 276–292. [Google Scholar]

	



Soltani, S. The contributions of building information modelling to sustainable construction. World J. Eng. Technol. Soc. 2016, 4, 193. [Google Scholar] [CrossRef]

	



Lin, Y.-C.; Hsu, Y.-T. Enhancing the Visualization of Problems Tracking and Management Integrated BIM Technology for General Contractor in Construction. In Collaboration and Integration in Construction, Engineering, Management and Technology; Springer: Berlin/Heidelberg, Germany, 2021; pp. 427–432. [Google Scholar]

	



Raouf, A.M.; Al-Ghamdi, S.G.J.A.E.; Management, D. Building information modelling and green buildings: Challenges and opportunities. Archit. Eng. Des. Manag. 2019, 15, 1–28. [Google Scholar] [CrossRef]

	



Olanrewaju, O.; Babarinde, S.A.; Salihu, C. Current State of Building Information Modelling in the Nigerian Construction Industry. J. Sustain. Archit. Civ. Eng. Geod. 2020, 27, 63–77. [Google Scholar] [CrossRef]

	



Xu, X.; Ma, L.; Ding, L. A framework for BIM-enabled life-cycle information management of construction project. Int. J. Adv. Robot. Syst. 2014, 11, 126. [Google Scholar] [CrossRef]

	



Corbin, J.; Strauss, A. Basics of Qualitative Research: Techniques and Procedures for Developing Grounded Theory; Sage Publications: Newbury Park, CA, USA, 2014. [Google Scholar]

	



Grant, M.J.; Booth, A. A typology of reviews: An analysis of 14 review types and associated methodologies. Health Inf. Libr. J. 2009, 26, 91–108. [Google Scholar] [CrossRef] [PubMed]

	



Miles, M.B.; Huberman, A.M. Qualitative Data Analysis: An Expanded Sourcebook; Sage: Thousand Oaks, CA, USA, 1994. [Google Scholar]

	



Chileshe, N.; Rameezdeen, R.; Hosseini, M.R.; Martek, I.; Li, H.X.; Panjehbashi-Aghdam, P. Factors driving the implementation of reverse logistics: A quantified model for the construction industry. Waste Manag. 2018, 79, 48–57. [Google Scholar] [CrossRef] [PubMed]

	



Al-Mekhlafi, A.-B.A.; Isha, A.S.N.; Chileshe, N.; Abdulrab, M.; Saeed, A.A.H.; Kineber, A.F. Modelling the Relationship between the Nature of Work Factors and Driving Performance Mediating by Role of Fatigue. Int. J. Environ. Res. Public Health 2021, 18, 6752. [Google Scholar] [CrossRef]

	



Amaratunga, D.; Kulatunga, U.; Liyanage, C.; Hui, E.C.; Zheng, X. Measuring customer satisfaction of FM service in housing sector. Facilities 2010, 28, 306–320. [Google Scholar] [CrossRef]

	



Fotovatfard, A.; Heravi, G. Identifying Key Performance Indicators for Healthcare Facilities Maintenance. J. Build. Eng. 2021, 42, 102838. [Google Scholar] [CrossRef]

	



Zhang, Y.; Chen, N.; Du, W.; Li, Y.; Zheng, X. Multi-source sensor based urban habitat and resident health sensing: A case study of Wuhan, China. Build. Environ. 2021, 198, 107883. [Google Scholar] [CrossRef]

	



Byrne, B.M. Structural Equation Modeling with AMOS: Basic Concepts, Applications, and Programming; Multivariate Applications Series; Routledge/Taylor & Francis Group: New York, NY, USA, 2010. [Google Scholar]

	



Ringle, C.M.; Sarstedt, M.; Straub, D.W. Editor’s Comments: A Critical Look at the Use of PLS-SEM in “MIS Quarterly”. MIS Q. 2012, 36, iii–xiv. [Google Scholar] [CrossRef]

	



Yuan, K.H.; Wu, R.; Bentler, P.M. Ridge structural equation modelling with correlation matrices for ordinal and continuous data. Br. J. Math. Stat. Psychol. 2011, 64, 107–133. [Google Scholar] [CrossRef] [PubMed]

	



Kineber, A.F.; Othman, I.; Oke, A.E.; Chileshe, N.; Zayed, T. Prioritization of value management implementation critical success factors for sustainable residential building: A structural equation modelling approach. J. Clean. Prod. 2021, 293, 126115. [Google Scholar] [CrossRef]

	



Sarhadi, F.; Rad, V.B. The structural model for thermal comfort based on perceptions individuals in open urban spaces. Build. Environ. 2020, 185, 107260. [Google Scholar] [CrossRef]

	



Harman, H.H. Modern Factor Analysis; University of Chicago Press: Chicago, IL, USA, 1967. [Google Scholar]

	



Podsakoff, P.M.; Organ, D.W. Self-reports in organizational research: Problems and prospects. J. Manag. 1986, 12, 531–544. [Google Scholar] [CrossRef]

	



Al-Ashmori, Y.Y.; Othman, I.; Rahmawati, Y.; Amran, Y.H.M.; Sabah, S.H.A.; Rafindadi, A.D.; Mikić, M. BIM benefits and its influence on the BIM implementation in Malaysia. Ain Shams Eng. J. 2020, 11, 1013–1019. [Google Scholar] [CrossRef]

	



Hair, J.F., Jr.; Hult, G.T.M.; Ringle, C.; Sarstedt, M. A Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM); Sage: Thousand Oaks, CA, USA, 2016. [Google Scholar]

	



Hulland, J. Use of partial least squares (PLS) in strategic management research: A review of four recent studies. Strateg. Manag. J. 1999, 20, 195–204. [Google Scholar] [CrossRef]

	



Fornell, C.; Larcker, D.F. Evaluating structural equation models with unobservable variables and measurement error. J. Mark. Res. 1981, 18, 39–50. [Google Scholar] [CrossRef]

	



Kineber, A.F.; Siddharth, S.; Chileshe, N.; Alsolami, B.; Hamed, M.M.J.S. Addressing of Value Management Implementation Barriers within the Indian Construction Industry: A PLS-SEM Approach. Sustainability 2022, 14, 16602. [Google Scholar] [CrossRef]

	



Perry, R.H.; Charlotte, B.; Isabella, M.; Bob, C. SPSS Explained; Routledge: London, UK, 2004. [Google Scholar]

	



Sadeghi, H.; Zhang, X.; Mohandes, S.R. Developing an ensemble risk analysis framework for improving the safety of tower crane operations under coupled Fuzzy-based environment. Saf. Sci. 2023, 158, 105957. [Google Scholar] [CrossRef]

	



Kineber, A.F.; Othman, I.; Oke, A.E.; Chileshe, N.; Buniya, M.K. Impact of Value Management on Building Projects Success: Structural Equation Modeling Approach. J. Constr. Eng. Manag. 2021, 147, 04021011. [Google Scholar] [CrossRef]

	



Kineber, A.F.; Othman, I.; Oke, A.E.; Chileshe, N.; Zayed, T. Value management implementation barriers for sustainable building: A bibliometric analysis and partial least square structural equation modeling. Constr. Innov. 2021, 23, 38–73. [Google Scholar] [CrossRef]

	



Kineber, A.F.; Oke, A.E.; Alyanbaawi, A.; Abubakar, A.S.; Hamed, M.M.J.S. Exploring the Cloud Computing Implementation Drivers for Sustainable Construction Projects—A Structural Equation Modeling Approach. Sustainability 2022, 14, 14789. [Google Scholar] [CrossRef]

	



Shook, C.L.; Jr, D.J.K.; Hult, G.T.M.; Kacmar, K.M. An assessment of the use of structural equation modeling in strategic management research. Strateg. Manag. J. 2004, 25, 397–404. [Google Scholar] [CrossRef]

	



Hair, J.F.; Anderson, R.E.; Babin, B.J.; Black, W.C. Multivariate Data Analysis: A Global Perspective; Pearson: Upper Saddle River, NJ, USA, 2010; Volume 7. [Google Scholar]

	



Chin, W.W.; Newsted, P.R. Structural equation modeling analysis with small samples using partial least squares. Stat. Strateg. Small Sample Res. 1999, 1, 307–341. [Google Scholar]

	



Hair, J.F.; Ringle, C.M.; Sarstedt, M. Partial least squares structural equation modeling: Rigorous applications, better results and higher acceptance. Long Range Plan. 2013, 46, 1–12. [Google Scholar] [CrossRef]

	



Chin, W.W. Commentary: Issues and Opinion on Structural Equation Modeling; Management Information Systems Research Center, University of Minnesota: St. Paul, MN, USA, 1998; Volume 22. [Google Scholar]

	



Hair, J.F., Jr.; Matthews, L.M.; Matthews, R.L.; Sarstedt, M. PLS-SEM or CB-SEM: Updated guidelines on which method to use. Int. J. Multivar. Data Anal. 2017, 1, 107–123. [Google Scholar] [CrossRef]

	



Tabatabaee, S.; Ashour, M.; Sadeghi, H.; Hoseini, S.A.; Mohandes, S.R.; Mahdiyar, A.; Ismail, S.; Hosseini, M.R. Towards the adoption of most suitable green walls within sustainable buildings using interval type-2 fuzzy best-worst method and TOPSIS technique. Eng. Constr. Archit. Manag. 2022. ahead-of-print. [Google Scholar] [CrossRef]

	



Adabre, M.A.; Chan, A.P.; Edwards, D.J.; Adinyira, E. Assessing Critical Risk Factors (CRFs) to Sustainable Housing: The Perspective of a sub-Saharan African Country. J. Build. Eng. 2021, 41, 102385. [Google Scholar] [CrossRef]

	



Alkilani, S.G.R.Z. Performance Measurement and Improvement Model for Small and Medium Contractors in Developing Countries. Doctor Thesis, School of Construction Management and Property, The University of New South Wales, Sydney, Australia, 2018. [Google Scholar]

	



Henseler, J.; Hubona, G.; Ray, P.A. Using PLS path modeling in new technology research: Updated guidelines. Ind. Manag. Data Syst. 2016, 116, 2–20. [Google Scholar] [CrossRef]

	



Ghaffarianhoseini, A.; Tookey, J.; Ghaffarianhoseini, A.; Naismith, N.; Azhar, S.; Efimova, O.; Raahemifar, K. Building Information Modelling (BIM) uptake: Clear benefits, understanding its implementation, risks and challenges. Renew. Sustain. Energy Rev. 2017, 75, 1046–1053. [Google Scholar] [CrossRef]

	



Ibem, E.; Uwakonye, U.; Akpoiroro, G.; Somtochukwu, M.; Oke, C. Building information modeling (BIM) adoption in architectural firms in Lagos, Nigeria. Int. J. Civ. Eng. Technol. 2018, 9, 902–915. [Google Scholar]

	



Newman, C.; Edwards, D.; Martek, I.; Lai, J.; Thwala, W.D.; Rillie, I. Industry 4.0 deployment in the construction industry: A bibliometric literature review and UK-based case study. Smart Sustain. Built Environ. 2020, 10, 557–580. [Google Scholar] [CrossRef]

	



Sidani, A.; Dinis, F.M.; Duarte, J.; Sanhudo, L.; Calvetti, D.; Baptista, J.S.; Martins, J.P.; Soeiro, A. Recent Tools and Techniques of BIM-Based Augmented Reality: A Systematic Review. J. Build. Eng. 2021, 42, 102500. [Google Scholar] [CrossRef]

	



Fazeli, A.; Banihashemi, S.; Hajirasouli, A.; Mohandes, S.R. Automated 4D BIM development: The resource specification and optimization approach. Eng. Constr. Archit. Manag. 2022. ahead-of-print. [Google Scholar] [CrossRef]

	



Biancardo, S.A.; Viscione, N.; Oreto, C.; Veropalumbo, R.; Abbondati, F. BIM approach for modeling airports terminal expansion. Infrastructures 2020, 5, 41. [Google Scholar] [CrossRef]

	



Delgado, J.M.D.; Oyedele, L.; Ajayi, A.; Akanbi, L.; Akinade, O.; Bilal, M.; Owolabi, H. Robotics and automated systems in construction: Understanding industry-specific challenges for adoption. J. Build. Eng. 2019, 26, 100868. [Google Scholar] [CrossRef]

	



Ugliotti, F.M. BIM and Facility Management for Smart Data Management and Visualization. Ph.D. Thesis, The Graduate School of Politecnico di Torino (ScuDo), Turin, Italy, 2017. [Google Scholar] [CrossRef]

	



Vass, S.; Gustavsson, T.K. Challenges when implementing BIM for industry change. Constr. Manag. Econ. 2017, 35, 597–610. [Google Scholar] [CrossRef]

	



Hoang, G.; Vu, D.; Le, N.; Nguyen, T. Benefits and challenges of BIM implementation for facility management in operation and maintenance face of buildings in Vietnam. IOP Conf. Ser. Mater. Sci. Eng. 2020, 869, 022032. [Google Scholar] [CrossRef]

	



Saka, A.B.; Chan, D.W. A global taxonomic review and analysis of the development of BIM research between 2006 and 2017. Constr. Innov. 2019, 19, 465–490. [Google Scholar] [CrossRef]

	



Dong, R.-R.; Martin, A. Research on barriers and government driving force in technological innovation of architecture based on BIM. Eurasia J. Math. Sci. Technol. Educ. 2017, 13, 5757–5763. [Google Scholar] [CrossRef]

	



Zhou, Y.; Yang, Y.; Yang, J.-B. Barriers to BIM implementation strategies in China. Eng. Constr. Archit. Manag. 2019, 26, 554–574. [Google Scholar] [CrossRef]

	



Mahdi, I.; Heiza, K.; Abo Elenen, N. Value engineering and value analysis of vertical slip form construction system. Int. J. Appl. Innov. Eng. Manag. (IJAIEM) 2015, 4. Available online: https://www.ijaiem.org/Volume4Issue6/IJAIEM-2015-07-01-69.pdf (accessed on 15 November 2022).

	



Mohandes, S.R.; Karasan, A.; Erdoğan, M.; Sabet, P.G.P.; Mahdiyar, A.; Zayed, T. A comprehensive analysis of the causal factors in repair, maintenance, alteration, and addition works: A novel hybrid fuzzy-based approach. Expert Syst. Appl. 2022, 208, 118112. [Google Scholar] [CrossRef]

	



Alhumayn, S.; Chinyio, E.; Ndekugri, I. The barriers and strategies of implementing BIM in Saudi Arabia. WIT Trans. Built Environ. 2017, 169, 55–67. [Google Scholar]

	



Reza Hosseini, M.; Pärn, E.; Edwards, D.; Papadonikolaki, E.; Oraee, M. Roadmap to mature BIM use in Australian SMEs: Competitive dynamics perspective. J. Manag. Eng. 2018, 34, 05018008. [Google Scholar] [CrossRef]

	



Bui, N.; Merschbrock, C.; Munkvold, B.E. A review of Building Information Modelling for construction in developing countries. Procedia Eng. 2016, 164, 487–494. [Google Scholar] [CrossRef]

	



Arrotéia, A.V.; Freitas, R.C.; Melhado, S.B. Barriers to BIM adoption: A case study in Brazil. Front. Built Environ. 2021, 7, 16. [Google Scholar] [CrossRef]

	



Hatem, W.A.; Abd, A.M.; Abbas, N.N. Barriers of adoption building information modeling (BIM) in construction projects of Iraq. Eng. J. 2018, 22, 59–81. [Google Scholar] [CrossRef]

	



Moazzami, M.; Maalek, R.; Senanayake, S.; Ruwanpura, J. Adoption and Implementation of BIM in Canadian Construction Projects: Benefits, Challenges, and Limitations. In Construction Research Congress 2020: Computer Applications; American Society of Civil Engineers: Reston, VA, USA, 2020; pp. 1–10. [Google Scholar]

	



Russell, D.M.; Hoag, A.M. People and information technology in the supply chain: Social and organizational influences on adoption. Int. J. Phys. Distrib. Logist. Manag. 2004, 34, 102–122. [Google Scholar] [CrossRef]

	



Mutai, A. Factors Influencing the Use of Building Information Modeling (BIM) within Leading Construction Firms in the United States of America; Indiana State University: Terre Haute, IN, USA, 2009. [Google Scholar]

	



Succar, B. Building information modelling framework: A research and delivery foundation for industry stakeholders. Autom. Constr. 2009, 18, 357–375. [Google Scholar] [CrossRef]

	



Lee, G.; Sacks, R.; Eastman, C.M. Specifying parametric building object behavior (BOB) for a building information modeling system. Autom. Constr. 2006, 15, 758–776. [Google Scholar] [CrossRef]

	



Khodeir, L.M.; Nessim, A.A. BIM2BEM integrated approach: Examining status of the adoption of building information modelling and building energy models in Egyptian architectural firms. Ain Shams Eng. J. 2018, 9, 1781–1790. [Google Scholar] [CrossRef]

	



Khosrowshahi, F.; Arayici, Y. Roadmap for implementation of BIM in the UK construction industry. Eng. Constr. Archit. Manag. 2012, 19, 610–635. [Google Scholar] [CrossRef]

	



CIC. Building Information Model (BIM) Protocol. 2013. Available online: http://cic.org.uk/download.php?f=the-bim-protocol.pdf (accessed on 20 September 2021).

	



Van Tam, N.; Toan, N.Q.; Van Phong, V.; Durdyev, S. Impact of BIM-related factors affecting construction project performance. Int. J. Build. Pathol. Adapt. 2021. ahead-of-print.. [Google Scholar] [CrossRef]

	



Umar, T. Challenges of BIM implementation in GCC construction industry. Eng. Constr. Archit. Manag. 2021, 29, 1139–1168. [Google Scholar] [CrossRef]

	



Tuckwood, B. A BIM Mandate. 2016. Available online: http://www.tuckwood.co.uk/blog/a-bim-m.htm (accessed on 20 September 2018).

	



Dong, N.; Guo, J.N.; Jiang, T. Study on Barriers to BIM-based Cost Analysis and Development Path Using DEMATEL Method. J. Eng. Manag. 2020, 34, 1–5. [Google Scholar]

	



Fountain, J.; Langar, S. Building Information Modeling (BIM) outsourcing among general contractors. Autom. Constr. 2018, 95, 107–117. [Google Scholar] [CrossRef]

	



Charef, R.; Emmitt, S.; Alaka, H.; Fouchal, F. Building information modelling adoption in the European Union: An overview. J. Build. Eng. 2019, 25, 100777. [Google Scholar] [CrossRef]

	



Doan, D.T.; Ghaffarianhoseini, A.; Naismith, N.; Ghaffarianhoseini, A.; Zhang, T.; Tookey, J. Examining Green Star certification uptake and its relationship with Building Information Modelling (BIM) adoption in New Zealand. J. Environ. Manag. 2019, 250, 109508. [Google Scholar] [CrossRef]

	



Bosch-Sijtsema, P.M.; Gluch, P.; Sezer, A.A. Professional development of the BIM actor role. Autom. Constr. 2019, 97, 44–51. [Google Scholar] [CrossRef]

	



Liu, H.; Liu, Y.; Xin, T. The obstruction to the use of Building Information Modeling in China. In Applied Mechanics and Materials; Trans Tech Publications Ltd.: Zurich, Switzerland, 2013; Volume 433, pp. 2313–2316. [Google Scholar]

	



Boya, J.; Zhenqiang, Q.; Zhanyong, J. Based on game model to design of building information modeling application policy. In Proceedings of the 2014 Fifth International Conference on Intelligent Systems Design and Engineering Applications, Hunan, China, 15–16 June 2014; pp. 1069–1073. [Google Scholar]

	



Liu, H.; Zhao, J. The analysis of resistances that hamper the use of BIM in China. In Applied Mechanics and Materials; Trans Tech Publications Ltd.: Zurich, Switzerland, 2014; Volume 519, pp. 1447–1450. [Google Scholar]

	



Sun, J.; Wang, L. The interaction between BIM’s promotion and interest game under information asymmetry. J. Ind. Manag. Optim. 2015, 11, 1301. [Google Scholar] [CrossRef]

	



Zhang, L.; Chu, Z.; He, Q.; Zhai, P. Investigating the constraints to buidling information modeling (BIM) applications for sustainable building projects: A case of China. Sustainability 2019, 11, 1896. [Google Scholar] [CrossRef]

	



Ozorhon, B.; Karahan, U. Critical success factors of building information modeling implementation. J. Manag. Eng. 2017, 33, 04016054. [Google Scholar] [CrossRef]

	



Ma, X.; Darko, A.; Chan, A.P.; Wang, R.; Zhang, B. An empirical analysis of barriers to building information modelling (BIM) implementation in construction projects: Evidence from the Chinese context. Int. J. Constr. Manag. 2020, 22, 3119–3127. [Google Scholar] [CrossRef]








[image: Buildings 13 00178 g001 550] 





Figure 1. Influence of BIM implementation barriers on the adoption of OSS. 






Figure 1. Influence of BIM implementation barriers on the adoption of OSS.



[image: Buildings 13 00178 g001]







[image: Buildings 13 00178 g002 550] 





Figure 2. Research design. 
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Figure 3. The PLS model. 
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Figure 4. Bootstrapping analysis. 
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Table 1. BIM adoption obstacles.
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Variables

	
Code






	
Technology and business




	
The availability of software

	
B6




	
Poor coordination and management of contractual responsibilities

	
B12




	
Information and proprietary intellectual property

	
B2




	
Availability of the technology

	
B4




	
Training and people




	
Lack of knowledge and experience

	
B9




	
Concerns about interoperability

	
B1




	
The resistance shown by other interested parties

	
B10




	
Cost and standards




	
The expense associated with the exchange of data and information

	
B8




	
Alterations both in business and culture

	
B7




	
A lack of norms that have been stated

	
B5




	
Process and economics




	
The cost of implementing BIM

	
B3




	
Inadequate research on BIM and a lack of relevant information

	
B14




	
Inadequate policies and procedures from the government

	
B11




	
Lack of demand for the deployment of BIM

	
B13








Note: Adapted from [31].
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Table 2. Reliability results.
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	Constructs
	Cronbach’s Alpha
	Composite Reliability
	AVE





	Technology and business
	0.71
	0.772
	0.534



	Training and people
	0.72
	0.751
	0.506



	Cost and standard
	0.73
	0.773
	0.630



	Process and economics
	0.721
	0.808
	0.678



	OSS
	0.710
	0.838
	0.633
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Table 3. Fornell–Larcker analysis.
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	Constructs
	Cost and Standards
	OSS
	Process and Economics
	Technology and Business
	Training and People





	Cost and standards
	0.794
	
	
	
	



	OSS
	0.24
	0.795
	
	
	



	Process and economics
	0.337
	0.511
	0.824
	
	



	Technology and business
	0.562
	0.232
	0.349
	0.677
	



	Training and people
	0.516
	0.422
	0.534
	0.482
	0.711










[image: Table] 





Table 4. Formative construct analysis.
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	Paths
	B
	p Values





	Cost and standards -> BIM adoption barriers
	0.242
	0



	Process and economics -> BIM adoption barriers
	0.306
	0



	Technology and business -> BIM adoption barriers
	0.383
	0



	Training and people -> BIM adoption barriers
	0.356
	0
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Table 5. Path model analysis.
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	Paths
	B
	p Values





	BIM adoption Barriers -> OSS
	0.426
	0
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