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Abstract

:

The construction sector is one of Yemen’s most important economic pillars. Building information modelling (BIM) is a new information technology implementation that can create an intelligent digital design of buildings to support a variety of tasks and provides a wide range of benefits throughout the project life cycle. However, BIM is not widely embraced in Yemeni construction firms. Compared with other countries, Yemen presents a unique case for BIM adoption due to the ongoing war in the country, which will assist in rapid rebuilding processes. Thus, a complete and systematic investigation of the factors affecting BIM adoption in the Yemeni construction industry is required. This study utilises five categories of impacting factors: Technology, Process, Policy, People, and the Environment to model the strategic implementation for BIM in the Yemeni construction industry. A random sample was used to achieve homogeneity and increase the consistency and quality of data. Purposive sampling was used to choose participants for the framework validation. The data were analysed using partial least squares structural equation modelling (PLS-SEM), and the key factors influencing BIM adoption were determined and modelled. The results show multivariate results indicate a high correlation within the measurement model for all factors affecting BIM adoption in Yemen. In addition, the developed model was deemed to fit because the analysis result of the model’s coefficient of determination test (R2) is BIM adoption having 0.437, Environment at 0.589, and People having 0.310, demonstrating high acceptance. Moreover, the results reveal a high correlation between policy and people (>0.50), while the environment significantly affected BIM adoption (0.304). Overall, the model illustrated how various factors influence BIM adoption. The created framework highlights the importance of understanding BIM adoption concepts and challenges in the Yemeni construction industry. It is believed that this study highlights the BIM implementation in developing countries such as Yemen and the possibility of implementing the proposed method in other countries to develop their own BIM implementation strategy.






Keywords:


building information modelling; BIM adoption; construction industry; technology factors; Yemen; partial least square; PLS; SEM












1. Introduction


Construction industries worldwide use building information modelling (BIM) to plan, build, and monitor their projects. The BIM adoption rate is increasing in several countries in the public and private construction sectors [1]. However, BIM has not been studied adequately for building project management, and there is a lack of extensive evaluations that objectively analyse the advancements in BIM applications in the construction sector [2]. Succar [3] discusses the BIM framework’s fields, stages, and lenses. BIM competencies include implementation maturity, activity domain, level/scope, and requirements assessment. Adopting BIM requires professionals and organisations, not software or technology; three knowledge models are described (i.e., in Technology, Process, and Policy developments).



The significance, drivers, obstacles, and factors for government policies on BIM adoption methods need to be determined and implemented [4]. The project lifecycle benefits greatly from BIM. These advantages are, nevertheless, compromised by challenges and the construction industry’s failure to integrate BIM technology properly [5]. The primary elements influencing BIM adoption in the global construction sector are processes, people, and technology [6]. Babatunde [7] highlighted the barriers to BIM adoption and implementation in the Nigerian construction sector and discovered that enterprises are still underperforming in BIM adoption and implementation. Therefore, further work is needed to deepen the BIM adoption and acceptance strategies. The unpleasant precedent predicted by building professionals since BIM’s inception in Malaysia has prompted more profound research into BIM adoption [8].



Despite several attempts to analyse and model the BIM framework in the construction industry, current research has flaws in how it views BIM as a separate technical and administrative process rather than a working process that is supposed to be instantaneous or simultaneous and emergent. The BIM knowledge framework, practical implementation at the industry level, BIM application, and BIM acceptance are some of the frameworks proposed to disperse BIM application in the construction sector [8]. Numerous studies looked at technical integration, the usage of BIM tools, and model-sharing concerns, which dwell on a technical aspect of BIM technology. However, this research was limited to the use of BIM in the building sector in general. There is a shortage of in-depth examination of the obstacles and success factors for effective BIM deployment among local organisations or at the organisational level in building projects [9].



The Yemeni construction industry experienced noticeable growth in early 2011. After the war started in 2015, there was a considerable decline in the construction industry, and many projects were suspended. In early 2016, people got used to the instability within the war environment and started to adopt the new norms of life, resulting in the unsustainable building of their houses despite the shortage of materials and machinery. Additionally, ongoing projects were funded by different non-governmental agencies and the Social Fund for Development [9].



Complexity, instability, and time constraints are among the significant issues affecting project delivery in the construction industry. Yemen’s construction industry is no exception [10,11,12,13]. Using 2D CAD for many years has not enhanced collaboration or project performance. Yemen’s construction sector is growing. Yemeni construction industry stakeholders are working to improve construction efficiency. Still, the sector has technical obstacles, such as a lack of acceptable building materials, labour construction technology and a lack of BIM awareness and knowledge [12]. Therefore, techniques for BIM application in the Yemeni construction sector should be studied to improve project cooperation and performance [12,13].



There are limited studies on BIM in the Yemen construction industry, and construction stakeholders are resistant to embracing changes, which encourages traditional building practices linked with incorrect planning and monitoring resulting in cost overruns, schedule overruns, low quality, and project failure [12]. Ineffective regulation and law, limited utilisation of local construction technology, inadequate financial structure, and incorrect use of local building resources were other problems [13]. An extensive review of the relevant literature shows that most construction industries in Yemen still use 2D CAD. Holistic research on BIM adoption, especially in Yemen, is absent. This research integrated and examined BIM implementation aspects across the building process to produce an effective and complete implementation plan in Yemen. For effective BIM adoption, local organisations and the entire building industry need in-depth analyses of the challenges and success factors.



This study fills this gap and narrows the scope by focusing on the Yemeni industry scenario. Moreover, this study investigated the extent of BIM adoption in construction projects, particularly among local organisations in Yemen, and has contributed to the body of knowledge due to the limited literature on BIM adoption in the Yemeni construction industry. It also examines the factors affecting BIM adoption, knowledge, and awareness in the Yemeni construction sector. As a result of the thorough literature review, in-depth discussion during the interviews, and factor analysis evaluation, new factor groupings are also identified. In addition, the study also created an SEM model that detailed the correlations between the factors that influence the adoption of BIM. The model helps to better understand how independent factors impact the adoption of BIM. The created framework is an excellent example of the significance of understanding the BIM adoption ideas and challenges and assessing the elements and BIM technology motivators to accomplish effective adoption in building projects. Other researchers might use the suggested approach to evaluate its value in promoting BIM adoption in construction projects.




2. Literature Review


The need for BIM in the construction industry became apparent after reviewing papers and studies. A substantial amount of information on BIM, including definitions and relevance to the construction industry, has been published in the academic and non-academic literature. Some frameworks suggested for implementing BIM in the construction industry include the BIM knowledge framework, industry-level implementation, and BIM acceptance. Other studies investigated the concerns of model sharing, BIM tool use, and technology integration. Most construction industries in underdeveloped nations are BIM infant industries that struggle with adoption and implementation [14]. Therefore, BIM infants are confronted with obstacles varying from innovative features to internal and exterior settings. As noted in several developed nations, the lack of official backing for BIM in most countries is a substantial barrier.



Recent research by [15] in “macro-BIM adoption: comparative market analysis” contributes to comparative market research. That paper offers suggestions for newly adopting countries seeking to deploy macro-BIM. In this expanding industry, precedent is crucial for education and acceptability. This study evaluated BIM adoption trends in the United States, the United Kingdom, and Australia to serve as a model for early adopting countries. The study demonstrates: government engagement increases BIM adoption; government mandates enable widespread BIM adoption and integrate a country’s industry into the global marketplace; the ruling also supports BIM research and training, which leads to revenue development through training and workforce export; diffusion dynamics vary throughout time based on a country’s propensity to absorb innovation; and the dynamics also alter as the culture and regulations of a sector evolve.



Moreover, the study by [16] evaluates and defines the usefulness and inefficiency of BIM technology in construction infrastructure projects and presents a comparative and exhaustive examination of academic literature and industry reports. Its implementation provides a framework solution to profit and utilise BIM to overcome inefficiencies and obstacles. The study intended to develop a method for identifying difficulties. The excessive nature of BIM (acronyms and competing acronyms) also results in a gap. People need a framework for applying an objective emphasis on BIM methodology, requirements, goal achievement, and agreed-upon measurements, as well as an objective focus on what to deploy and when (standards and technology) concerning the project’s aims and advantages.



Information collecting relies on the expert analysis provided by conventional storage. The Internet of Things (IoT) and smart devices generate vast quantities of live data from several sources; hence, IoT–BIM integration is essential. Replace semantic information with internal conditions to construct Service-Oriented-Architecture (SOA). Connect static to real-time models using SOA. It is crucial to develop two-way communication to imitate human thought. Cloud computing is required for IoT device connectivity. Integrating BIM with Internet of Things (IoT) real-time data enhances construction and operational efficiency and produces high-fidelity BIM models. The study addresses IoT concerns connected to BIM. Cloud computing eliminates interoperability problems. The document investigates and identifies new BIM–IoT application areas, followed by enhanced procedures [17].



Due to country-specific socio-cultural, economic, and legal conditions, marketing and implementing BIM for building projects varies. Cambodia’s building sector’s BIM adoption is unknown. This study investigates BIM industry obstacles. Detailed survey responses and professional architects and contractors. In the final datasets, 13 key drivers were identified. The use of technology enhances project visibility, and technology alters project timelines. The future of an industry is influenced by the information stakeholders share. Technology adoption’s is the most significant obstacle that pushes toward industrial resistance to change, especially, reluctance towards inadequate BIM conversion from 2D to 3D, which is expensive. Study implementation can adapt and apply technology to improve Cambodia’s construction progress and project success through socio-cultural, economic, and regulatory parallels [17].



Enegbuma [18] conducted a study in Malaysia to investigate BIM adoption, focusing on BIM interpretation (factors influencing BIM) and sources for successful BIM adoption. This collaborative approach mediated the interaction between strategic IT planning and BIM adoption. It identified the factors that have the most significant impact on BIM perception in Malaysia. Another development was made in Singapore by Attarzadeh and Tiong [19], likely to interest many researchers and industries looking to implement the BIM technique. This study was to see what factors impact BIM adoption and application in the AEC sector in Singapore. The study results aid AEC firms in ensuring BIM acceptance during the project life cycle. The study also recommended that government agencies develop standard, comprehensive functional guidelines, models, and BIM public libraries for various areas to promote new technologies.



Similarly, Rosli et al. [8] investigated the link between numerous constructs that influence BIM adoption. The Structural Equation Modelling (SEM) model fit indices and the association strength within the components were used to investigate this link. It is advised to employ ongoing BIM-friendly policy formulation, individuals, procedures, and technology to primarily address the issues impacting BIM adoption in the worldwide construction sector. Hosseini et al. [20] introduced some results of a study effort in Australia where they employed a questionnaire survey to target SMEs in the construction sector. The research provides the most up-to-date information on BIM in Australia’s small- and medium-sized enterprises. It offers and expands upon a framework based on the innovation diffusion concept (IDT).



Yemen has suffered and is continuously experiencing mass structural destruction from a war that has been happening for many years. Many vital structures have been destroyed, and reconstruction is inevitable [21]. Usually, the reconstruction of destroyed buildings, such as hospitals, schools, universities, factories, highways, etc., requires a substantial amount of time, money, and effort. An effective and efficient construction approach such as building information modelling (BIM) is essential for rebuilding efficiency and cost-effectiveness.



Gamil et al. [9] noticed that Yemen’s construction industry had substantially declined and failed. The sector’s growth has been halted, and most projects have collapsed. Several factors have played a significant role in the industry’s downfall. It is problematic because the study views BIM as a discrete technical and administrative procedure rather than an interactive, continuous, and emergent working process. Alaghbari [22] indicates that construction project costs and time overruns are caused by various factors, including poor labour productivity.



Moreover, according to Kassem [13], the economics of Yemen prepends on heavily the gas sector. Any active building project has a unique set of risk concerns. As a result, external risk factors have the most significant impact on Yemen’s oil industry. The greatest risk indicators for cost and schedule overruns were those related to project management. According to Dahmas [21], Yemen’s construction industry is pressured to reduce production time and project costs. Yemen needs to use concurrent engineering (CE) to speed up the reconstruction of its facilities. CE focuses on the design stage and gets it done right the first time. However, delays in implementing construction projects, especially public projects, have become common in Yemen.




3. Methodology


3.1. Identifying and Evaluating the Factors That Affect the Adoption of BIM


This study aims to identify the factors influencing the adoption of BIM in Yemen’s construction industry. The initial technique for conducting research is to go through several sources, such as scholarly journal articles, conference proceedings, and books, to determine all aspects of the concepts [23]. This study conducted intensive research of the previous literature to study the adoption of BIM in the construction industry. Two essential techniques are employed to extract and filter the components from the literature: similarity analysis and frequency analysis. Analysis of similarity is a technique used to avoid duplication of variables with similar meanings and distinct phrases; it also aids in establishing a collection of factors that differ in terms of purpose and intent [24]. Frequency analysis is the number of repetitions from the various literature sources of BIM adoption in the construction industry [19]. The list of factors connected to the construction industry is given to five Yemeni professionals; each has over 20 years of experience working in Yemen’s construction industry. Using expert opinion in Yemen’s construction industry proved extremely valuable in identifying the most critical challenges of implementing BIM in Yemen [3]. Then, the experts were asked to classify these components conceptually into categories, and ambiguous elements were improved. Figure 1. Summarises all stages of the methodology.



A random sample was used to achieve homogeneity and increase the consistency and quality of data. Purposive sampling was used to choose participants for the expert’s evaluation depending on criteria such as years of experience within the Yemeni construction industry, BIM experience, organisation size, and job description. Table 1. lists the final assessment items for these constructs.




3.2. Questionnaire Design


A questionnaire is a comprehensive set of instruments presenting respondents with questions to answer by choosing responses that match their ideas [110]. This study uses the literature review results and expert interviews to improve the questionnaire design. The factors affecting the adoption of BIM in the construction industry were extracted and then categorized into groups. Using a Likert-style scale, these factors determine the elements’ degree of importance and seriousness.



A pilot study observes the perspectives and feedback of construction industry experts. It also aids in identifying issues, evaluating questions for clarity, confirming quality, and validating measurement scales. The second objective of the pilot research is to assess and improve the questionnaire’s content [111]. This study surveyed 30 Yemeni construction professionals for a pilot study to examine the internal accuracy of the questionnaire regarding data evaluation and assess the variables’ importance.




3.3. Data Collection


Surveys are often used to collect research field sample data. Despite a poor response rate and bias, they can examine essential topics. This survey is based on earlier research that led to government guidelines, suggestions, and principles for determining research data requirements [112]. A two-part quantitative questionnaire was developed and utilised for data collection. The first part comprised respondents’ demographic information, including their age, education, position, BIM experience, and work experience. Table 2 shows that most participants have more than ten years of experience in the construction industry, and their career is strongly tied to civil/structural engineering. There were more designers or consultants in the research than in the public sector, with fewer participants. The rest are in the private sector and (Mix) public and private.



The second part of the questionnaire had 45 items (see Table 1 for details). Using a Likert scale of 1 to 5, the respondents’ attitudes and comprehension of BIM adoption factors in the Yemeni construction industry were evaluated (1: strongly disagree; 2: disagree; 3: neutral; 4: agree; and 5: strongly agree). The online surveys were open to a broad public. The most efficient method of communication during the COVID-19 pandemic was online; hence, the Ministry of Public Works and Highways and Yemeni Engineers Syndicates (YES) were contacted repeatedly to distribute the survey to all registered engineers. Access to the study was permitted for four months. Despite receiving 235 survey responses, the intended sample size for the study was 475 people. The questionnaire was answered by 49% of the respondents that participated in the study. A quantitative technique was used to investigate the factors affecting BIM adoption in the Yemeni construction industry.




3.4. Structural Equation Modelling (SEM)


A measurement model (confirmatory factor analysis) and a structural model are combined in the SEM test. In formulas, all evaluation component connections are specified. Since SEM captures the structure of latent variable relationships, the measuring method must be validated. Scale reliability is the dependability of an internal element. It is computed using Cronbach’s alpha coefficient, with a minimum value of 0.70 and a higher value suggesting more accurate measurement scales for latent variables. The analyses include concept validity, reliability, convergent and discriminant validity, and structural model evaluation.



Estimating and quantifying relationships for interactions among components/latent variables distinguishes structural equation modelling from other data analysis methodologies [113]. Over the last decade, SEM has captivated the interest of a rising number of scholars in psychology, social science, and strategic management [114]. SEM is used to explain a wide range of empirical data to evaluate the validity of statistical models’ underlying ideas. On the other hand, the researcher employs the SEM technique to estimate a specific model. Hypotheses can be tested using SEM, including both latent and observable variables. SEM’s aggregate topographies of factor analysis and multiple regression are used to examine the structural properties of both theoretical and measurement models.



Many academics have resorted to SEM as an alternative to first-generation data analysis approaches, such as regression analysis and defining multi-layer correlations between dependent and independent variables [115]. SEM concurrently examines structural models and data. It concurrently models several dependent and independent variables. SEM must be understood before usage. PLS-SEM and CB-SEM are examples of methods. Smart-PLS software created a conceptual measurement model for examining observable characteristics. PLS replicates the model by calculating and measuring item loading, reliability, and validity. To estimate PLS model parameters, first, solve the measurement model’s blocks, then compute the structural model’s path coefficients [116]. Even though individual item reliability was satisfactory, construct reliability was nevertheless advised for observing group item reliability within the same construct. The internal relationship between items belonging to the exact constructions is more remarkable, as seen by construct-level dependability [117]. The commonly used “Average Variance Extracted” strategy was used in this study to examine convergent validity [118]. This method is considered comparable to that of Fornell and Lacker. The HTMT number must be less than 0.90 [119].



Because PLS does not need distribution assumptions, bootstrapping was utilised to generate t statistics and confidence ranges. Route estimates based on the inner path model or hypothetical relations demonstrated the correct connection. It was utilised to assess each framework path. PLS bootstrap was used to determine structural model hypotheses. According to research, the path coefficient must be at least 0.1 for a model to have an effect. The mediating analysis uses a rigorous bootstrapping method. Some scholars believe that mediation analysis diminishes the significance of the direct impact. Inadequate sample size or predictive ability may limit the detection of a relevant direct correlation. As a result, the mediation analysis is the most important part of observing the indirect impact [120].





4. Results and Findings


This research method investigates BIM acceptance and usage, as well as how the perspectives of BIM drivers, advocates, and early adopters may be utilised to develop a contextualised BIM adoption framework. The conceptual framework supports fundamental research methodologies. This model integrates Policy, Process, Technology, People, and the Environment for BIM adoption in Yemen’s construction industry.



In this study, eleven hypotheses were formulated based on the theoretical model illustrated in Figure 2; the potential for BIM’s further adoption in the construction sector:



H1. 

Environment (ENV) has a significant effect on BIM adoption (ADBIM).





H2. 

People (PPL) have a significant effect on BIM adoption (ADBIM).





H3. 

Policy (PL) has a significant effect on BIM adoption (ADBIM).





H4. 

Policy (PL) has a significant effect on Environment (ENV).





H5. 

Policy (PL) has a significant effect on People (PPL).





H6. 

Process (PR) has a significant effect on BIM adoption (ADBIM).





H7. 

Process (PR) has a significant effect on Environment (ENV).





H8. 

Process (PR) has a significant effect on People (PPL).





H9. 

Technology (TEC) has a significant effect on BIM adoption (ADBIM).





H10. 

Technology (TEC) has a significant effect on Environment (ENV).





H11. 

Technology (TEC) has a significant effect on People (PPL).





A partial least square estimate technique was used to investigate the theoretical model. The measurement and the structural model parameters were estimated using Smart PLS 3.0.



4.1. Experts’ Assessment of the Factors


Establishing a model for final variables focuses this investigation on defining features that benefit the Yemeni construction industry. Expert opinion was precious in identifying the most crucial issues in implementing BIM. Table 3 illustrates the respondent’s demography, indicating that 40% of the experts are above 55 years, while those between 36–45 years represent 60%. Moreover, respondents that spent more than 20 years in the industry represent 60%, whereas those between 11 to 15 years represent 40%.



One hundred percent of the respondent have a Ph.D. The majority projects undertaken by the respondents are residential and commercial buildings, with 40% each. Respondents from the private sector represent 40%.




4.2. Pilot Survey


The pilot survey is aimed to test the questionnaire’s accuracy, completeness, and ease of understanding by the respondent. It helps uncover flaws, assess whether questions are straightforward, and check to measure scales’ reliability and validity. The pilot research helped improve the questionnaire’s content and find unclear or complicated questions. After explaining and clarifying questions to the respondents, the researcher collected 30 complete responses from the respondents who were emailed the pilot study questionnaire.



Reliability Test: This section calculates the first Cronbach alpha values based on five BIM adoption factors affecting the construction industry. SPSS is used to calculate Cronbach’s alpha; the result of the original Cronbach’s alpha value is less than the minimum [121]. Using Cronbach’s alpha, which ranges from 0 to 1, a reliability analysis determines if the data obtained are consistent. If Cronbach’s alpha value is less than 0.3, the reliability is poor, and the data cannot be trusted. A higher Cronbach’s alpha implies better internal consistency in the data [122]. The data have a high and respectable level of consistency if Cronbach’s alpha value exceeds 0.7. The pilot study’s Cronbach alpha is shown in Table 4.



All the items are trustworthy, and the real test is internally consistent according to the overall model’s Cronbach alpha value being substantially higher than 0.7.




4.3. Assessment of Measurement Model


Figure 3 shows the model development. The first stage in examining the model is to evaluate the measurement model, which involves assessing Cronbach’s alpha and composite reliability for construct reliability, convergent and discriminant reliability, and discriminant validity for composite and discriminant validity. The outer model, also known as the measurement model, is used in factor analysis to determine how loaded observed variables are on their underlying construct. To confirm the underlying relationship between the observable variables and the hidden components, an outer model/CFA is advised. Figure 3 shows each item’s factor loadings/outer loadings, and the Cronbach alpha (CA) for each constant derived using the PLS-Algorithm. Moreover, Table A1 indicates some descriptive analyses resulting from Smart PLS.



4.3.1. Validity and Reliability of Constructs


The construct validity and reliability findings demonstrate that the absolute correlation between the construct and its measuring items is between 0.661 to 0.934, which is higher than the minimum threshold criteria.




4.3.2. Convergent Validity


The Average Variation Extracted (AVE) for each latent variable was more significant than the required threshold of 0.5 (50 percent), indicating that each construct could explain more than half of the variance to its measuring items on average, as shown in Table 5.




4.3.3. Measurement of Discriminant Validity


Table 6 shows that the square roots of the AVE are more significant than their comparable inter-correlations. As a consequence, the validity and reliability of the measurement model is established.



As shown in Table 7, the discriminant findings demonstrate that most of the Heterotrait–Monotrait (HTMT) values are less than 0.9, which is extremely good and meets the discriminant validity criteria since the value is less than 0.90.





4.4. The Structural Model’s Assessment


The structural model is a theoretical model that analyses the inner path model using structural equations. Statistical measures such as path coefficient, predictive relevance (Q2), effect size (f2), and coefficient of determination (R2) were used to verify the structural model. Once the measurement model was fit, the structural model’s validity was evaluated. The next step was to create a causal route between independent (exogenous) and dependent (endogenous) variables to develop a linear covariance connection. The path coefficient, coefficient of determination (R2) for the endogenous prediction relevance (Q2), variable, effect size (f2), and multicollinearity were used to evaluate the structural model in this study [123].



4.4.1. Coefficient of Determination (R2)


The coefficient of determination (R2) is the most significant criterion for assessing structural models and determining R2 values. If the R2 value is 0.26 or higher, effective results are expected. It is moderate if the R2 value is between 0.13 and 0.25, and it is weak if the R2 value is between 0.02 and 0.12 [124]. The R2 results are presented in Table 8, with BIM adoption having 0.437, Environment at 0.589, and People having 0.310, demonstrating high acceptance.




4.4.2. Effect Size (f2)


The f2 measures the influence of a predictive construct on an endogenous construct. According to [125], R2 looks at how much one external construct helps explain a particular endogenous component. Significant, medium, and minor impact sizes are defined by f2 values of 0.35, 0.15, and 0.02. Table 9 shows that policy on people and the environment has significant effects considering a value of 0.103 and 0.092, respectively. Other values indicate medium and small size effects.




4.4.3. Result of Multicollinearity (Inner VIF)


The presence of two or more independent but highly connected entities is referred to as multicollinearity. It is a multicollinearity problem if there are common indicators across multiple constructs. Before moving further with model testing, we strongly suggest the researcher looks at multicollinearity [126]. The variables are assumed to have a collinearity problem when the correlation coefficient values are more than 0.9. The Variance Infant Tolerance (VIF) can detect collinearity concerns instead of the correlation coefficient. The VIF value in Smart-PLS must not be greater than five, indicating that the variables in the model are not collinear. This investigation did not consider multicollinearity because the inner VIF values were less than 5. Table 10 shows that the maximum VIF is 4.196, and the lowest is 1.561, indicating no multicollinearity at the site as the VIF is less than 10.




4.4.4. Predictive Relevance (Q2 Value)


The Q2 value was calculated using a blindfolding test to measure the model’s predictive effectiveness. The blindfolding Q2 test assesses endogenous variables’ predictive capabilities and the structural model’s predictive abilities. It is also a sample process strategy for assessing cross-validation in a model. The model is accurate in its predictions. The model’s predictive significance is insufficient if the Q2 value is more than zero [47]. As shown in Table 11, because the Q2 values are more than zero, the model establishes a good fit and vital predictive significance. All matters are greater than zero ranging from 0.210 to 0.672, which indicates that the model is significant.





4.5. Analysis of Direct Effect Path Coefficients


The path coefficient results, as shown in Table 12 and Figure 4, indicate that the most significant path (t = 5.276) was found between Policy (PL) and People (PPL), which Policy (PL) and Environment (ENV) follow, and then Environment (ENV) and BIM adoption (ADBIM) with t values of 4.050 and 2.889, respectively, with all having p significance values of 0.000. The minor significance paths are those between Process (PR) and BIM adoption, Process and People, Technology (TEC) and BIM adoption (ADBIM), and Technology and People, all having a P-value above 0.05, and hence their hypotheses are not supported.



Table 12 shows the study’s path coefficient results, which show that five hypotheses were supported and six were not, with a p-value of less than 0.05 for the supported hy potheses.




4.6. Indirect (Mediation) Effect Analysis


The bootstrapping results for the indirect effect are shown in Table 13, where the bootstrapping analysis was used to indicate the indirect effect of PL, PR, and technology (TEC) on BIM adoption (ADBIM). The mediation impact of independent variables on dependent variables was statistically significant using PL, PR, and TEC. The findings of the mediation analysis show that two of the three mediating hypotheses were supported, while the third was not. The mediating path Policy (PL) → Environment (EMV) is significant, having a p = 0.000 and t = 4.050. Moreover,, Policy (PL) → People (PL) is significant with p = 0.000 and t = 5.276, Environment → BIM adoption is significant with p = 0.004 and t = 2.889, and Process → Environment is significant with p = 0.025 and t = 2.241.




4.7. Hypotheses Testing Result


The summary of the hypotheses testing is presented in Table 14, which shows that five hypotheses are accepted and six are rejected. This indicates Environment, People, and Policy are the most influencing factors on BIM adoption in the Yemeni construction industry. It also shows that other factors, such as Technology and Process, can be crucial in achieving the said objectives. The findings conform with the studies conducted by previous researchers.



The path between policy (PL) and Environment is the next meaningful relationship (ENV). It was discovered via structural equation modelling evaluating this link that there is a sizeable direct relationship between Policy and People. The Environment mediates the relationship between increased BIM adoption in the Yemeni construction industry. Previous studies have repeatedly emphasised this desired transformation.





5. Discussion


The structural equation model path analysis shows that the five variables, Policy, Process, Technology, People, and Environment, affect BIM adoption. Specifically, the relationship between Policy and People was found to be the most significant (t-values = 5.276, p-values = 0.000; significant), the relationship between Policy and the Environment was shown to be the second most important (t-values = 4.050, p-values = 0.000; significant). Following that, in terms of the significance of the association, the Process (which is an independent variable) and the Environment (which acts as a mediator) come in with t-values = 2.473 and p-values = 0.014; significant). Only the direct affect environment has a significant active impact on the rate of BIM adoption (t-values = 2.89, p-values = 0.004; significant). Consequently, the other direct-effect constants do not contribute considerably to the relationships. The relationship between Technology and the Environment was the last one to reach the significant level (t-values = 2.241, p-values = 0.025; significant). The other correlations lack statistical significance because the p-value is more than 0.05, and the t has a considerably lower value. As shown in Figure 5, the BIM adoption model includes two mediation paths: PL and PR→PPL→ADBIM and PR and TEC→ENV→ADBIM. In the first path, PPL acts as a link between PL→ADBIM. Such findings indicate that the construction industry’s comprehensive understanding of policy BIM implementation factors (particularly construction codes) encourages the People (PPL) with a positive attitude to implement BIM in an existing workflow; this will eventually influence the organisation’s decision to adopt BIM. Rogers’ (2003) innovation process has five stages: agenda-setting, decision-making, implementation, and evaluation. Diffusion theory argues that organisations start implementing innovations by identifying issues and suggesting solutions. After analysing the innovation’s viability, a decision can be taken about its implementation. This study focuses on initiation and decision stages, not a five-stage process. The analysis results indicate that the Yemeni construction industry shows fewer considerations of negative factors, including People (PPL). This reveals that the Yemeni construction industry idealises the BIM adoption process. Such results are not limited to Yemen. For instance, a study conducted in Qatar [127] revealed that more than half of the interviewees understood BIM to be the collaboration, cooperation, and digital data management that modifies the traditional manner of work. Despite this, most respondents (71%) stated that the industry lacks a sufficient understanding of BIM. Another mediation path identified in this study is from TEC and PR to ENV and eventually to ADBIM. Organisations whose teams have better capabilities in using BIM tools and processes tend to advance more in understanding the work environment, which will finally contribute to BIM adoption. Based on the above logic, conventional organisations with a lack of focus on improving personnel’s technical knowledge and simplifying the way of work are less likely to adopt BIM. The establishment of a suitable environment is profoundly affected by process (PR) or technology (TEC). The stronger the BIM process or experiences of staff on technology, the more influential the environment the Yemeni construction industry will establish [26]. Moreover, a test of the hypothesised components suggests that the model can explain 24.6% of BIM adoption based on the sample size. The most significant influence of Technology was on Processes, confirming the belief that technology facilitates strategic innovation and alters traditional business processes. Non-challenge attitudes of the authorities toward adopting BIM are eminent in developing countries. The construction industry’s stakeholders in most developing countries are still in the early stage of BIM adoption and implementation. Hence, they face numerous issues ranging from qualities of innovation inside and outside environments. Small- and medium-scale construction organisations contributing significantly to Yemen’s development are the most affected due to their peculiar nature. The industry faces insufficient human resources, limited resources, and a lack of technological innovation, which has always been a significant setback to BIM adoption and implementation. This study appraises the factors affecting BIM adoption in the Yemeni construction industry using a structural equation modelling approach. Factors affecting BIM adoption were identified, reviewed, and synthesised into groups. Professionals within the Yemeni construction industry were consulted to determine the relationship among the factors affecting BIM adoption using the structural equation modelling (SEM) technique. As a result, Yemeni construction experts can investigate, examine, pinpoint, and assess the challenges associated with implementing BIM in construction projects. This study fills a gap and narrows the scope by focusing on the Yemeni construction industry scenario. A schematic relationship model of effective BIM adoption was also developed in the research. The government of Yemen is making several efforts to promote BIM among local groups. As a result, there is an opportunity to investigate, examine, identify, and assess the constraints of poor BIM adoption in construction projects among Yemeni construction professionals. In Yemen, almost all projects struggle to accomplish their goals. The government should use this study’s results to enhance the construction sector’s state. This is necessary to investigate the previous projects to identify the leading causes of issues and draw lessons for new initiatives. The Yemeni government should use the results of this study to enhance the state of the construction sector currently [63]. This systematic research on BIM adoption in the Yemeni construction industry has increased the literature and describes the research’s originality. The research filled the knowledge gap regarding identifying and evaluating barriers to and impacts on BIM adoption in Yemeni construction projects. The overall results of this study are anticipated to boost and succeed in BIM adoption.



The research’s findings are essential for the construction sector for the reasons listed below. Firstly, review the variables influencing the adoption of BIM in the construction industry. Secondly, research the elements influencing BIM adoption in the Yemeni construction industry. Investigate the level of BIM adoption, awareness, and knowledge in the Yemeni construction industry. Finally, the study created a framework for enhancing BIM adoption in the Yemeni construction industry. This framework can be used as a visual aid to comprehend the requirements for BIM adoption and potential obstacles. The research has paved the way for further study in various fields, including an international application. The findings of this research can be expanded and updated to support and improve construction practices in other countries.




6. Conclusions


This study looks at the factors that drive BIM adoption in the construction sector. Its purpose is to provide an integrated framework for BIM adoption in the Yemeni construction industry, where additional research is needed. Making information more accessible to project members is an awareness factor that is more significant among the responses received. Structural equation modelling was employed, and essential factors loading was observed, which led to the development of the BIM adoption framework, which was successfully validated. This study’s framework is represented diagrammatically with essential information embedded within. The findings show that the most critical factor for BIM adoption in the Yemeni construction industry is Policy, which would include regulation and policy, organisational readiness, government incentives, and construction codes. Visualisation of a sequence is the most significant technological factor toward BIM adoption. Greater collaboration between consultants and contractors is the most significant process factor. In contrast, BIM adoption is a policy-driven factor that lacks top management support as a people factor in addition to examining BIM adoption determinants and awareness in the Yemeni construction industry in order to establish a strategy that enables the development of a practical framework to proceed smoothly.



This research contributes originally to knowledge and the Yemeni construction industry. According to the literature review, there has never been academic research in Yemen on BIM adoption for the construction industry that has raised or increased the literature on sustainable construction. The study framework will provide consultants and contractors with a systematic and realistic technique for encouraging collaboration and consultation in the BIM adoption decision-making process. The findings of this study contribute to a better understanding of the factors affecting BIM adoption in the Yemeni construction industry. It is believed that these factors will help the construction industry improve the effectiveness of BIM implementation, achieve full benefits, and maximise the advantages for each project stakeholder with the existing tools and technologies available. A research framework is developed as the main contribution of this research, in which are attributes for BIM adoption in the construction industry. Particular attention is given to the challenging requirements of the Yemen construction industry, together with the need for government support for BIM adoption and implementation across all disciplines throughout the project lifecycle.



This study is extensive, and the findings are valuable to construction stakeholders. Nonetheless, there are certain drawbacks to this study. The literature supporting BIM adoption in the Yemeni construction sector was limited. As a result, this study could provide a solution to bridging this gap. Furthermore, it investigated BIM adoption factors in the Yemeni construction sector and built a strategy that allows for the smooth development of a practical framework. The framework’s design and development were limited to Yemen, and possibly other countries needed to be studied. The usefulness of this study remains, however, because it does not detract from the limitations but allows for future research.



The following recommendations for improving BIM adoption were derived from the findings of this study:




	
This study aimed to create a BIM adoption model in Yemen that could be expanded to include the operational and destruction steps and investigations into nations other than Yemen. More research may be conducted to examine the parameters of their impact on different types of infrastructure.



	
The built environment curriculum in Yemeni tertiary institutions should be studied to include BIM education to produce a stream of BIM-oriented professionals.



	
Similar to other developed countries, the Yemeni government should adopt construction policies to promote the use of BIM on every construction project. These policies would stimulate the implementation of BIM in Yemen.



	
Due to the high cost of BIM infrastructure, the government might implement a loan scheme to aid construction companies in acquiring it.



	
It would be interesting to investigate the level of BIM adoption in developed and developing nations. As a result, benchmark data and best practices for addressing problems with worldwide BIM adoption should be established.
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Table A1. MV Descriptive (from Smart PLS).
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	No.
	
	Mean
	Median
	Min
	Max
	Standard Deviation
	Excess Kurtosis
	Skewness
	Number of Observations Used





	1
	ADBIM01
	4.000
	4.000
	1.000
	5.000
	1.023
	1.603
	−1.320
	235.000



	2
	ADBIM02
	3.885
	4.000
	1.000
	5.000
	1.031
	0.911
	−1.103
	235.000



	3
	ADBIM03
	4.021
	4.000
	1.000
	5.000
	1.000
	1.751
	−1.329
	235.000



	4
	ENV01
	3.485
	4.000
	1.000
	5.000
	1.077
	−0.290
	−0.568
	235.000



	5
	ENV02
	3.523
	4.000
	1.000
	5.000
	1.211
	−0.341
	−0.771
	235.000



	6
	ENV03
	3.749
	4.000
	1.000
	5.000
	1.092
	0.614
	−1.027
	235.000



	7
	ENV04
	3.902
	4.000
	1.000
	5.000
	1.041
	1.265
	−1.191
	235.000



	8
	ENV05
	3.672
	4.000
	1.000
	5.000
	1.248
	−0.317
	−0.814
	235.000



	9
	ENV06
	3.813
	4.000
	1.000
	5.000
	0.931
	1.269
	−1.018
	235.000



	10
	ENV07
	3.796
	4.000
	1.000
	5.000
	1.044
	0.605
	−0.982
	235.000



	11
	ENV08
	3.706
	4.000
	1.000
	5.000
	1.049
	0.150
	−0.790
	235.000



	12
	ENV09
	3.762
	4.000
	1.000
	5.000
	1.008
	0.980
	−1.039
	235.000



	13
	PL01
	3.715
	4.000
	1.000
	5.000
	1.076
	0.640
	−1.001
	235.000



	14
	PL02
	3.753
	4.000
	1.000
	5.000
	1.035
	0.607
	−0.905
	235.000



	15
	PL03
	3.851
	4.000
	1.000
	5.000
	1.031
	1.077
	−1.128
	235.000



	16
	PL04
	3.681
	4.000
	1.000
	5.000
	1.078
	0.090
	−0.793
	235.000



	17
	PL05
	3.974
	4.000
	1.000
	5.000
	0.993
	1.145
	−1.129
	235.000



	18
	PL06
	3.800
	4.000
	1.000
	5.000
	1.063
	0.824
	−1.068
	235.000



	19
	PL07
	3.800
	4.000
	1.000
	5.000
	1.166
	0.080
	−0.949
	235.000



	20
	PL08
	3.991
	4.000
	1.000
	5.000
	1.126
	1.005
	−1.261
	235.000



	21
	PPL01
	3.528
	4.000
	1.000
	5.000
	1.153
	−0.561
	−0.612
	235.000



	22
	PPL02
	3.498
	4.000
	1.000
	5.000
	1.165
	−0.509
	−0.597
	235.000



	23
	PPL03
	3.570
	4.000
	1.000
	5.000
	1.227
	−0.734
	−0.595
	235.000



	24
	PPL04
	3.609
	4.000
	1.000
	5.000
	1.265
	−0.509
	−0.729
	235.000



	25
	PPL05
	3.455
	4.000
	1.000
	5.000
	1.142
	−0.584
	−0.511
	235.000



	26
	PPL06
	3.532
	4.000
	1.000
	5.000
	1.186
	−0.556
	−0.585
	235.000



	27
	PPL07
	3.477
	4.000
	1.000
	5.000
	1.168
	−0.514
	−0.564
	235.000



	28
	PR01
	3.996
	4.000
	1.000
	5.000
	1.033
	1.827
	−1.388
	235.000



	29
	PR03
	3.791
	4.000
	1.000
	5.000
	1.021
	0.640
	−0.950
	235.000



	30
	PR04
	3.723
	4.000
	1.000
	5.000
	1.042
	0.264
	−0.835
	235.000



	31
	PR05
	3.817
	4.000
	1.000
	5.000
	0.974
	0.909
	−0.931
	235.000



	32
	PR06
	3.889
	4.000
	1.000
	5.000
	1.000
	1.028
	−1.085
	235.000



	33
	PR07
	4.085
	4.000
	1.000
	5.000
	1.011
	2.233
	−1.514
	235.000



	34
	PR08
	3.877
	4.000
	1.000
	5.000
	1.043
	0.605
	−1.020
	235.000



	35
	PR09
	3.898
	4.000
	1.000
	5.000
	0.953
	1.794
	−1.218
	235.000



	36
	PR10
	3.813
	4.000
	1.000
	5.000
	1.043
	0.946
	−1.089
	235.000



	37
	PR11
	3.826
	4.000
	1.000
	5.000
	0.980
	1.052
	−0.980
	235.000



	38
	PR12
	4.000
	4.000
	1.000
	5.000
	0.932
	2.222
	−1.303
	235.000



	39
	PR13
	4.132
	4.000
	1.000
	5.000
	1.012
	2.016
	−1.456
	235.000



	40
	PRO2
	3.889
	4.000
	1.000
	5.000
	1.058
	1.215
	−1.209
	235.000



	41
	TEC01
	3.672
	4.000
	1.000
	5.000
	1.103
	0.389
	−0.970
	235.000



	42
	TEC02
	3.864
	4.000
	1.000
	5.000
	1.051
	1.254
	−1.229
	235.000



	43
	TEC03
	3.936
	4.000
	1.000
	5.000
	1.048
	1.369
	−1.256
	235.000



	44
	TEC04
	3.783
	4.000
	1.000
	5.000
	1.035
	1.016
	−1.152
	235.000



	45
	TEC05
	3.911
	4.000
	1.000
	5.000
	1.058
	0.830
	−1.100
	235.000
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Figure 1. Research method. 
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Figure 2. The hypotheses of the research. 
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Figure 3. Factor loadings/outer loadings of each item calculated through the PLS algorithm. 
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Figure 4. Path coefficient (T-values relative). 
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Figure 5. The final hypotheses of the research. 
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Table 1. Assessment of the factors that influence BIM adoption in the Yemeni construction industry.
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	Code
	Category 1: Technology (TEC)
	References





	TEC01
	Lack of full automation in the construction industry
	[8,18,25,26]



	TEC02
	Lack of BIM knowledge within the project
	[27,28,29,30,31,32,33]



	TEC03
	Visualisation of construction sequences
	[6,24,34,35,36,37,38,39]



	TEC04
	Trialability (Possibility of risk reduction with the try-out before adopting BIM in practice, and trying out various BIM features in my work to verify its effects)
	[6,24,29,34,35,36]



	TEC05
	The usefulness of digital transfer of data
	[24,26,40,41,42]



	Code
	Category 2: Process (PR)
	References



	PR01
	Information availability and sharing
	[35,41,42]



	PR02
	Providing guidance on the use of BIM
	[40,42]



	PR03
	The leadership of senior management
	[18,42,43,44,45]



	PR04
	Contractual sharing norm
	[35,41,42]



	PR05
	Shared norms and collective expectations diffused through information exchange activities
	[35,42]



	PR06
	Shared liability between project participants
	[41,42,43,44,45,46]



	PR07
	Production of drawings and schedules
	[27,47,48]



	PR08
	Desire to speed up the design process
	[24,42]



	PR09
	Collaboration (project) management tools
	[42]



	PR10
	Standard and rules
	[42]



	PR11
	Companies’ collaboration experience with project partners
	[27,42,47,49,50]



	PR12
	Developing data exchange standards
	[24,41,42,45,46,51,52]



	PR13
	Greater collaboration with consultants and other project team members
	[46]



	Code
	Category 3: Policy (PL)
	References



	PL01
	Financial resources of the organisation
	[6,35,42,47,53,54]



	PL02
	Regulation and policy
	[35,42,47,55]



	PL03
	Organisational readiness
	[6,8,26,29,34,35,46,55,56,57,58,59]



	PL04
	Weak legal institutions
	[60,61]



	PL05
	Guidance on the use of BIM
	[40,42]



	PL06
	The increased demand for design and building
	[42,47,51]



	PL07
	Lack of government incentives
	[29,33,41,45,51,62]



	PL08
	Lack of construction codes
	[9,22,24,53,57,63,64]



	Code
	Category 4: People (PPL)
	References



	PPL 01
	Lack of skills and knowledge of one of the partners
	[65,66,67,68,69,70]



	PPL 02
	Lack of cooperative concept
	[4,18,21,24,26,41,71,72,73,74,75]



	PPL 03
	Lack of BIM expertise
	[29,32,41]



	PPL 04
	Lack of top management support
	[28,74,75,76,77,78,79,80,81]



	PPL 05
	Errors by a design team in construction projects
	[13,33,56,82,83,84,85]



	PPL 06
	Weak supervision and control
	[50,86,87,88,89,90]



	PPL 07
	Lack of demand by clients
	[20,32,33,45,47,53,62,84,91,92,93,94]



	Code
	Category 5: Environment (ENV)
	References



	ENV 01
	Security of information on project data
	[22,24,42,46,51,52,54,62,94,95]



	ENV 02
	Poor Internet connectivity
	[50,64,96]



	ENV 03
	Allows coordination and collaboration between disciplines
	[46,47,51,53,57,97]



	ENV 04
	BIM readiness by project consultants.
	[50,64,96]



	ENV 05
	Poor economic condition
	[5,13,55]



	ENV 06
	Method of communication between the team
	[18,20,24,26,32,35,36,41,52,92]



	ENV 07
	Market demand, size, and competition increase
	[98,99,100,101]



	ENV 08
	Risk management
	[2,34,72,102,103,104,105,106,107]



	ENV 09
	Facility management and building operation
	[17,108,109]



	Code
	Intention to Adopt the BIM
	References



	ADBIM1
	Encourage the staff to use BIM in regular workflow, even without BIM being the official workflow process at the organisation
	[94]



	ADBIM2
	Implement BIM in future projects, regard less of its implementation level
	[94]



	ADBIM3
	Invite other partner organisations to use BIM for project communication purposes
	[94]
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Table 2. Factors affecting demographics.
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Frequency

	
Percent %






	
Qualification

	
High School

	
1

	
0.4




	
Diploma

	
5

	
2.1




	
Bachelor

	
137

	
58.3




	
Masters

	
58

	
24.7




	
PhD

	
34

	
14.5




	
Specialisation

	
Designer or Consultant

	
160

	
68.1




	
Contractor/Construction

	
64

	
27.2




	
Client

	
11

	
4.7




	
Organisation

	
Public

	
35

	
14.9




	
Private

	
94

	
40




	
Public and Private (Mix)

	
106

	
45.1




	
Profession

	
Architecture

	
33

	
14




	
Civil/Structural Engineering

	
147

	
62.6




	
Electrical Engineering

	
13

	
5.5




	
Mechanical Engineering

	
2

	
0.9




	
Project Management

	
14

	
6




	
Construction Management

	
11

	
4.7




	
Quantity Surveying

	
3

	
1.3




	
Technical in panning team

	
5

	
2.1




	
Others

	
7

	
3











[image: Table] 





Table 3. Demographic characteristic analysis for the experts.
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Demographic Characteristics

	
Frequency

	
%






	
Age group:




	
Above 55 years

	
2

	
40%




	
36–45 years

	
3

	
60%




	
Experience in the construction industry:




	
Above 20 years

	
3

	
60%




	
11 to 15 years

	
2

	
40%




	
Qualification:




	
PhD

	
5

	
100%




	
Organisation:




	
Private

	
2

	
40%




	
Private (Mix)

	
3

	
60%




	
Job description:




	
Commercial Buildings; Industrial Buildings

	
2

	
40%




	
Governmental Buildings; Roads and Transportation; Water and Sanitation Projects

	
1

	
20%




	
Residential Buildings

	
2

	
40%
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Table 4. Cronbach Alpha (Pilot Study) Constant factors affecting BIM adoption.
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	Construct
	No of Items
	Cronbach Alpha Value





	Technology (TEC)
	5
	0.838



	Proses (PR)
	13
	0.825



	Policy (PL)
	8
	0.826



	People (PPL)
	7
	0.925



	Environment (ENV)
	9
	0.800



	The extent of BIM adoption in the Yemeni construction industry (All Categories)
	42
	0.930
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Table 5. Internal Consistency and Convergence Validity Results.






Table 5. Internal Consistency and Convergence Validity Results.













	Constructs/Items
	Code
	F. L
	CA
	CR
	AVE





	BIM Adoption
	AD-BIM
	
	0.918
	0.948
	0.859



	Encourage employees to utilise BIM in their daily work, even if it is not the organisation’s formal workflow process
	ADBIM 01
	0.929
	
	
	



	Implement BIM in future projects, no matter how advanced it is
	ADBIM 02
	0.918
	
	
	



	Invite additional collaborative partners to utilise BIM for project communication
	ADBIM 03
	0.934
	
	
	



	Environment Factors
	ENV
	
	0.896
	0.916
	0.548



	Security of information on project data
	ENV 01
	0.661
	
	
	



	Poor Internet connectivity
	ENV 02
	0.703
	
	
	



	Allows coordination and collaboration between disciplines.
	ENV 03
	0.791
	
	
	



	BIM readiness by project consultants.
	ENV 04
	0.802
	
	
	



	Poor economic condition
	ENV 05
	0.648
	
	
	



	Method of communication between the team
	ENV 06
	0.749
	
	
	



	Market demand, size, and competition increase
	ENV 07
	0.769
	
	
	



	Risk management
	ENV 08
	0.743
	
	
	



	Facility management and buildings operation
	ENV 09
	0.779
	
	
	



	People Factors
	PPL
	
	0.925
	0.940
	0.690



	Lack of skills and knowledge of one of the partners
	PPL 01
	0.820
	
	
	



	Lack of cooperative concept
	PPL 02
	0.854
	
	
	



	Lack of BIM expertise
	PPL 03
	0.871
	
	
	



	Lack of top management support
	PPL 04
	0.868
	
	
	



	Errors by the design team in construction projects
	PPL 05
	0.789
	
	
	



	Weak supervision and control
	PPL 06
	0.834
	
	
	



	Lack of demand by clients
	PPL 07
	0.773
	
	
	



	Policy Factors
	PL
	
	0.920
	0.935
	0.643



	Financial resources of the organisation
	PL01
	0.760
	
	
	



	Regulation and policy
	PL02
	0.806
	
	
	



	Organisational readiness
	PL03
	0.866
	
	
	



	Strong legal institutions
	PL04
	0.782
	
	
	



	Guidance on the use of BIM
	PL05
	0.788
	
	
	



	The increased demand for design and building
	PL06
	0.782
	
	
	



	Government incentives
	PL07
	0.804
	
	
	



	Construction codes
	PL08
	0.822
	
	
	



	Process Factors
	PR
	
	0.955
	0.960
	0.651



	Information availability and sharing
	PR01
	0.796
	
	
	



	Guiding the use of BIM
	PR02
	0.829
	
	
	



	The leadership of senior management
	PR03
	0.760
	
	
	



	Contractual sharing norm
	PR04
	0.780
	
	
	



	Information-sharing activities disseminate shared norms and community expectations
	PR05
	0.794
	
	
	



	Shared liability between project participants
	PR06
	0.803
	
	
	



	Production of drawings and schedules
	PR07
	0.860
	
	
	



	Desire to have the design process go faster
	PR08
	0.759
	
	
	



	Collaboration (project) management tools
	PR09
	0.836
	
	
	



	Standard and rules
	PR10
	0.815
	
	
	



	Collaboration experience of companies with project partners
	PR11
	0.790
	
	
	



	Creating data interchange standards
	PR12
	0.824
	
	
	



	Greater collaboration with consultants and other project team members.
	PR13
	0.837
	
	
	



	Technology Factors
	TEC
	
	0.882
	0.914
	0.682



	Full automation in the construction industry
	TEC01
	0.767
	
	
	



	BIM knowledge within the projects
	TEC02
	0.864
	
	
	



	Visualisation of construction sequences
	TEC03
	0.889
	
	
	



	Trialability (possibility of risk reduction by experimenting with BIM before implementing it in practice and experimenting with various BIM features in my work to validate their impact)
	TEC04
	0.759
	
	
	



	The usefulness of digital transfer of data
	TEC05
	0.842
	
	
	







Hints: (AVE) Average Variance Extracted; (CA) Cronbach’s alpha; (CR) Composite reliability.
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Table 6. Discriminant Validity—Fornell and Lacker Criterion.






Table 6. Discriminant Validity—Fornell and Lacker Criterion.














	Constructs
	BIM Adoption
	Environment
	People
	Policy
	Process
	Technology





	BIM Adoption
	0.927
	
	
	
	
	



	Environment
	0.614
	0.740
	
	
	
	



	People
	0.447
	0.560
	0.831
	
	
	



	Policy
	0.585
	0.730
	0.556
	0.802
	
	



	Process
	0.588
	0.721
	0.481
	0.837
	0.807
	



	Technology
	0.532
	0.665
	0.424
	0.726
	0.763
	0.826







The diagonal represents the square root of AVE, while the off-diagonal values are correlations between latent variables.
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Table 7. Heterotrait–Monotrait Ratio Results (HTMT).






Table 7. Heterotrait–Monotrait Ratio Results (HTMT).














	Constructs
	BIM Adoption
	Environment
	People
	Policy
	Process
	Technology





	BIM Adoption
	
	
	
	
	
	



	Environment
	0.668
	
	
	
	
	



	People
	0.483
	0.622
	
	
	
	



	Policy
	0.631
	0.797
	0.596
	
	
	



	Process
	0.623
	0.770
	0.509
	0.893
	
	



	Technology
	0.587
	0.738
	0.463
	0.803
	0.828
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Table 8. Result of R-square.






Table 8. Result of R-square.





	Endogenous Variables
	R Square
	R Square Adjusted





	BIM Adoption
	0.437
	0.424



	Environment
	0.589
	0.584



	People
	0.310
	0.301
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Table 9. F-square Result.






Table 9. F-square Result.











	Exogenous Variables
	BIM Adoption
	Environment
	People





	BIM Adoption
	
	
	



	Environment
	0.062
	
	



	People
	0.012
	
	



	Policy
	0.005
	0.092
	0.103



	Process
	0.013
	0.042
	0.001



	Technology
	0.004
	0.037
	0.001
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Table 10. Multicollinearity—Inner VIF Values.
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	Exogenous Variables
	BIM Adoption
	Environment
	People





	BIM Adoption
	
	
	



	Environment
	2.630
	
	



	People
	1.567
	
	



	Policy
	4.102
	3.559
	3.559



	Process
	4.196
	4.022
	4.022



	Technology
	2.644
	2.547
	2.547
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Table 11. Predictive Relevance Results.
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	Endogenous Variables
	CCC

Q² (=1-SSE/SSO)
	CCR

Q² (=1-SSE/SSO)





	BIM Adoption
	0.672
	0.350



	Environment
	0.433
	0.314



	People
	0.583
	0.210



	Policy
	0.540
	



	Process
	0.586
	



	Technology
	0.522
	







(CCC), Construct cross-validated communality; (CCR), construct cross-validated redundancy.
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Table 12. Path Coefficient Result.
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	Original Sample (O)
	Sample Mean (M)
	Standard Deviation (STDEV)
	T Statistics (|O/STDEV|)
	p Values
	Decision





	Environment → BIM Adoption
	0.304
	0.304
	0.105
	2.889
	0.004
	Significant



	People → BIM Adoption
	0.102
	0.097
	0.068
	1.496
	0.135
	Not Significant



	Policy → BIM Adoption
	0.104
	0.107
	0.129
	0.805
	0.421
	Not Significant



	Policy → Environment
	0.366
	0.365
	0.090
	4.050
	0.000
	Significant



	Policy → People
	0.502
	0.503
	0.095
	5.276
	0.000
	Significant



	Process → BIM Adoption
	0.173
	0.169
	0.120
	1.439
	0.151
	Not Significant



	Process → Environment
	0.264
	0.257
	0.107
	2.473
	0.014
	Significant



	Process → People
	0.038
	0.036
	0.104
	0.364
	0.716
	Not Significant



	Technology → BIM Adoption
	0.079
	0.079
	0.087
	0.911
	0.363
	Not Significant



	Technology → Environment
	0.198
	0.205
	0.088
	2.241
	0.025
	Significant



	Technology → People
	0.031
	0.034
	0.071
	0.430
	0.668
	Not Significant







Significant: p < 0.05.
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Table 13. Mediation Result.






Table 13. Mediation Result.





	Hypothesis
	OS
	SM
	SD
	T
	p Values
	Decision
	Mediation





	Policy (PL) → BIM adoption (ADBIM)
	0.162
	0.155
	0.055
	2.964
	0.003 *
	Sig.
	Full Mediation



	Process (PR) → BIM adoption (ADBIM)
	0.083
	0.076
	0.046
	1.804
	0.045 *
	Sig.
	Full Mediation



	Technology (TEC) → BIM adoption
	0.063
	0.064
	0.039
	1.604
	0.109
	Not Sig.
	No Mediation







Significant; * p < 0.05.
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Table 14. Hypotheses Results.






Table 14. Hypotheses Results.





	No.
	Hypotheses
	Results





	H1
	ENV has a significant effect on ADBIM
	Accepted



	H2
	PPL have a significant effect on ADBIM
	Rejected



	H3
	PL has a significant effect on ADBIM
	Rejected



	H4
	PL has a significant effect on ENV
	Accepted



	H5
	PL has a significant effect on PPL
	Accepted



	H6
	PR has a significant effect on ADBIM
	Rejected



	H7
	PR has a significant effect on ENV
	Accepted



	H8
	PR has a significant effect on PPL
	Rejected



	H9
	TEC has a significant effect on ADBIM
	Rejected



	H10
	TEC has a significant effect on ENV
	Accepted



	H11
	TEC has a significant effect on PPL
	Rejected
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