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Abstract


Building Information Modeling (BIM) has changed the landscape of the architectural, engineering, and construction (AEC) industry in recent decades. However, BIM is not well researched in most developing countries; in particular, few studies have addressed its adoption in Malawi. A non-probability, purposive sampling approach was adopted. A total of 143 questionnaires were completed. This research reveals that, while construction experts are aware of BIM, the level of uptake remains quite low. Architects in Malawi are the most knowledgeable, followed by land surveyors and then engineers. This research shows that most experts in Malawi are at level 1 of BIM usage, which is the first stage of BIM adoption and is characterized by the use of 3D models and output representation. Furthermore, the study results have shown that the Malawian AEC sector is currently succeeding at the modelling stage of maturity but is stalled by lack of collaborative frameworks, such as Integrated Project Delivery (IPD). Therefore, unless the industry shifts toward a unified Common Data Environment (CDE), advanced capabilities like clash detection will remain underutilized and disconnected from broader project success metrics. Statistical analysis has shown that the correlation analysis demonstrates a strong link (r = 0.75) between Integrated Project Delivery (IPD) and high BIM maturity, whereas traditional Design-Bid-Build methods show a critical misalignment with digital workflows. The study identifies high software costs and a lack of national standards as the primary barriers to adoption. Therefore, there is a need for robust sensitization to the benefits of BIM and training to improve its uptake in the context of Malawi’s construction industry. In order to advance Malawi’s BIM maturity, the research recommends a strategic shift toward integrated procurement models, the establishment of national BIM mandates, and the modernization of technical education to bridge the existing knowledge gap.
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1. Introduction


The global development of Building Information Modeling (BIM) shows clear differences between developed and developing countries. Studies indicate that developed countries have made significant progress in adopting and institutionalizing BIM, while developing countries continue to lag behind in terms of maturity, standards, and integration into mainstream project delivery [1]. Research has revealed greater progress and achievements in the use of BIM in developed countries when compared to developing countries [2].



In developing countries like Malawi, Small- and medium-scale contractors (SMCs) contribute substantially to the construction industry in Malawi [3]. According to the Roads Authority, 1327 out of a total 1368 small- to medium-scale contracts were fulfilled by SMCs between the 2007/2008 and 2010/2011 fiscal years (FYs), representing 97% of the work undertaken during this period. However, these SMCs face several challenges. The most common are high lending interest levels offered by financial institutions, tough conditions to secure capital, fluctuations in currency, rigid requirements for buying bonds, and excessive taxes [3]. These challenges affect the capacity and inhibit the growth potential of these SMCs.



At the project implementation level, the construction industry faces many challenges too. Some of the major challenges are a lack of a project communication strategy, no participation of stakeholders, low project output, and many mistakes, which require reworking [4]. According to the Roads Authority, the major project implementation challenges are sub-standard work, time overruns, and poor bids [3]. According to Chagunda [5], the challenges faced by the Malawian roads sector include design errors, design changes, delayed site handovers, increased quantities, devaluation of the currency, abnormal rainfall, missing BOQ items, additional work, change of supervision consultant, delayed payment, limited payments, non-availability of fuel, breakdown of plant and vehicles, delayed approval of designs, delayed approval of addendum, non-availability of base gravel, delays in evaluating and agreeing on claims, tendering procedures, and contractor delays and variations. These result in overall poor project output and affect the intended project aims and objectives [6].



Another area of concern is the slow uptake of the use of sustainable construction practices (SCPs). The National Construction Industry Policy was produced in 2015, in line with the establishment of the NCIC Act. The objective of the policy was to ensure a rebranded, sustainable, and quality-based construction industry in Malawi. Therefore, the policy direction was to lay out the common guidelines for operationalizing sustainable practices in infrastructure projects in the country. However, the major challenge in the low adoption and implementation of the policy has been poor dissemination and awareness, which has impeded the proper implementation of sustainable-oriented infrastructure projects [7]. This low adoption and implementation of the policy has resulted in the construction of non-climate-resilient infrastructure in the country. This is exacerbated by the high poverty levels in the country, which drive locals to use cheap construction materials such as mud mortar instead of cement. This results in very weak houses that are prone to natural disasters [8]. This is a typical example of how policies are failing to meet the challenges on the ground. As stated by Malik et al. [9], the major challenges in implementing sustainable practices in Malawi are a lack of knowledge on the availability of sustainable building products, the high cost of products, and the high cost of the construction process when using the products.



Considering these challenges collectively, it is evident that a paradigm shift is required in Malawi’s construction industry to improve efficiency. Given that public resources are limited and project implementation faces numerous constraints, the need for innovative, robust, and effective project management systems in the construction sector cannot be overemphasized. Therefore, adopting tools such as Building Information Modeling (BIM) can help ensure the efficient use of the limited public resources available in the sector. Studies have shown that, in addition to increasing productivity, the use of BIM improves the quality of design outputs and enhances the implementation of construction activities [10]. According to McGraw-Hill Construction [11], architectural, engineering, and construction (AEC) experts have indicated the following long-term benefits of BIM use: reduced project costs, reduced project delays, and increased profits for construction companies. In other studies, most AEC professionals have described project cost reduction and reduced project implementation period (85% and 88%, respectively) as major benefits of using BIM in complex projects [10]. Additionally, several studies have found that using BIM improves project success rate and quality of output both at the task level and in terms of overall project deliverables [12].



BIM has been widely recognized internationally as a tool capable of improving design quality, reducing errors, minimizing rework, enhancing coordination, strengthening risk management, and lowering project costs and delays. Research from other contexts shows that BIM enhances productivity, supports better information management, improves stakeholder collaboration, and contributes to sustainable construction outcomes. At both corporate and project levels, BIM adoption has been associated with improved competitiveness, reduced claims and litigation, better scheduling (4D), accurate quantity take-offs, and enhanced facility management.



While BIM has received growing academic attention in the Malawian Construction Industry (MCI), a clear research gap remains: there is little empirical evidence on the actual state of BIM modelling practice in the country. Most existing studies have focused on identifying and ranking factors that influence BIM implementation, particularly technological infrastructure, organizational readiness, and process-related challenges [13,14,15]. Although these studies provide useful insights into perceived drivers and barriers, they are largely based on practitioners’ opinions about BIM rather than evidence of how BIM is practically used in projects. As a result, there is limited understanding of the maturity and depth of BIM modelling workflows in Malawi. For example, there is little documented evidence on whether firms are moving from 2D CAD drafting to 3D parametric modelling, whether Common Data Environments (CDEs) are being used for collaboration, or whether international standards such as ISO 19650 are being followed. In addition, BIM maturity levels (Level 0–3) and Level of Development (LOD) in local projects have not been systematically assessed. Without mapping these baseline modelling capabilities, discussions about implementation drivers and policy reforms risk being disconnected from the industry’s actual technical capacity. In other words, recommendations may be too advanced for an industry whose modelling competencies are not yet clearly understood. Therefore, a significant research gap exists in conducting an empirical, maturity-focused assessment of BIM modelling practice in Malawi. Thus, if this gap is addressed, the current study would provide a realistic foundation for policy development, training programs, and strategic BIM implementation in the MCI.



This study seeks to make several unique contributions to BIM literature in the Malawian context. First, it provides empirical quantification of BIM engagement levels using standardized indices of implementation depth, proficiency, and experience, addressing the gap left by previous readiness studies that primarily report moderate awareness but limited adoption. The limited research that has been carried out on BIM in Malawi covers the readiness of organizations to use BIM, critical factors for its implementation for public projects, challenges related to its implementation, and drivers of its implementation [13,14,15,16]. The available studies have indeed characterized the use of BIM as being in its evolving stage. While there are a few studies that have been implemented in the country, there is a dearth of literature that goes beyond awareness to capture the depth of practical operation of the BIM modelling. A study on this would bring a complete understanding of the status of the BIM capability.



Second, by linking proficiency and use patterns, the study analytically identifies critical skills gaps that constrain meaningful BIM uptake, an advancement over descriptive barrier lists. Since BIM adoption in Malawi is in its infancy stage [15], identifying factors that hinder the adoption would characterize the human capital domain necessary for enhancing the efficiency of the BIM. While previous studies have listed skills gaps as a barrier, this study analytically investigates the relationship between professional capabilities and actual BIM usage patterns, providing evidence into one of the most influential adoption determinants. Third, it contextualizes widely cited global BIM benefits within a low-adoption environment, showing where expected advantages may not yet materialize. A large body of literature has cited several benefits of BIM across the globe. Since the Malawian case is a scenario of infancy and low adoption, situating the Malawian case in the global context would be key in enhancing full implementation of the BIM and its associated benefits. Fourth, the research systematically categorizes local implementation challenges into integration-, workflow-, and technology-related components, offering clearer priorities for intervention. Finally, the study offers evidence-based recommendations for capacity building and policy support grounded in Malawian empirical data.




2. Literature Review


2.1. Building Information Modeling (BIM)


Building Information Modeling (BIM) has evolved significantly over the past decades. Early studies from the 1990s to the early 2000s suggested that BIM, although not clearly defined at the time, had the potential to transform the construction sector in the long term [14]. Over the past decade, BIM has developed rapidly and has had a profound impact on the architectural, engineering, and construction (AEC) industry. This rapid evolution was predicted by Miettinen and Paavola [17], who argued that BIM would progress quickly through research, knowledge development, and the establishment of systems, guidelines, standards, and complementary software [15]. Consequently, BIM adoption has expanded beyond the building sector into horizontal infrastructure and asset management [14].



A key concept in BIM literature is BIM maturity, which refers to the quality, repeatability, and level of excellence in implementing BIM-enabled services or products [16]. The United Kingdom adopted the Bew–Richards model as a standard framework for BIM maturity classification [17]. This model defines four maturity levels ranging from Level 0 (basic CAD drawings) to Level 3 (full integration of BIM into project management processes) [18,19]. The maturity framework is important because it conceptualizes BIM adoption as a gradual progression rather than a single technological shift, highlighting the importance of organizational processes, collaboration, and information integration.



	
BIM Adoption in Developed economies






BIM adoption varies across countries depending on technological capacity, regulatory frameworks, and construction industry maturity. However, empirical evidence consistently shows that developed countries demonstrate higher BIM adoption levels than developing economies due to stronger institutional support, better digital infrastructure, and more established regulatory environments [18,19].



Early adopters such as the United States, the United Kingdom, Finland, Norway, Denmark, Hong Kong, Australia, and Singapore demonstrate how national policies and industry readiness can accelerate technological diffusion in the construction sector [20]. In many of these countries, government mandates and digital transformation strategies played a central role in normalizing BIM usage in both public and private construction projects. This policy-driven adoption created incentives for firms to invest in BIM software, training, and collaborative workflows.



More recently, BIM adoption has expanded in large construction markets such as China, the United States, and India. According to Prinsloo and Bekker [20], these countries have institutionalized BIM in public infrastructure projects due to efficiency gains, improved project coordination, enhanced design accuracy, and cost savings associated with BIM usage. This suggests that BIM adoption is often driven by efficiency gains and policy mandates rather than purely technological innovation.



An important analytical distinction in the literature is between BIM adoption and BIM implementation. Although these terms are often used interchangeably, they represent different stages of technological integration [21,22]. BIM adoption refers to the willingness or ability of professionals and firms to use BIM tools through technical expertise and practical application, whereas BIM implementation refers to the institutionalization of BIM through legislation, regulatory frameworks, and policy mandates that require its use in project delivery processes. This distinction is important because high levels of professional adoption do not necessarily translate into industry-wide implementation.



In practice, BIM adoption often occurs more rapidly in the private sector, particularly among consultants and contractors who face competitive pressures to improve efficiency and reduce project costs [11]. However, widespread industry adoption typically depends on supportive policies, regulatory mandates, and standardized guidelines. Without such institutional frameworks, BIM adoption may remain fragmented and limited to isolated firms or projects.



	
BIM Adoption in Africa






Africa’s adoption and application of BIM remains relatively slow compared with that of developed economies, suggesting that the diffusion of digital construction technologies on the continent is still in an early stage. Evidence from the literature indicates that scholarly engagement with BIM in Africa only began to emerge around 2010 [2]. Although the number of annual publications increased to 28 by 2018, the global surge in BIM-related research, this growth primarily reflects rising academic interest rather than widespread industry implementation. This distinction is important, as the expansion of research output does not necessarily imply equivalent progress in practical adoption across the construction sector.



The spatial distribution of BIM-related research across Africa further illustrates the uneven nature of technological diffusion on the continent. North Africa accounts for the largest share of publications, with 52 studies originating mainly from Egypt, Morocco, and Algeria. West Africa follows with 26 publications, largely from Nigeria, Ghana, and Côte d’Ivoire, while Southern Africa contributes 13 publications from South Africa and Zambia. Central Africa remains significantly underrepresented, with only two publications from Cameroon and the Central African Republic [2]. This pattern suggests that BIM research activity tends to concentrate in countries with relatively larger construction markets, stronger research institutions, and more developed digital infrastructure. Consequently, the regional imbalance in publications may reflect broader structural differences in technological capacity and institutional support for digital innovation within the construction industry.



Moreover, the countries with the highest number of BIM publications—such as Egypt, Nigeria, and South Africa, also report relatively higher levels of professional awareness of the technology [2]. This relationship indicates a feedback mechanism in which research activity contributes to awareness creation, while increased awareness stimulates further academic and professional engagement with BIM.



Despite these improvements in awareness, the transition from knowledge to practical implementation remains limited across much of Africa. In sub-Saharan Africa, for example, a study conducted in Kenya in 2018 reported a BIM awareness level of 88.7% among construction professionals [23]. Similarly, in Nigeria, awareness increased significantly from 30% in 2015 to 84% in 2021 [24,25]. South Africa shows a comparable trend, with awareness rising from 44% in 2014 to 91% in 2024 [20]. While these figures indicate a rapid expansion in professional familiarity with BIM, they also highlight a persistent gap between awareness and actual adoption.



	
Empirical Approaches to BIM Adoption Studies in Malawi






Research on BIM adoption in developing countries employs different methodological approaches. Most studies rely on questionnaire surveys to collect professionals’ opinions on the benefits and challenges of BIM adoption [20,21,22]. Other studies use case studies or longitudinal approaches to examine how BIM is implemented within organizations over time [23,24]. More recent studies combine quantitative and qualitative methods to better understand organizational culture, leadership, and teamwork in BIM implementation, particularly in resource-limited countries.



Ndwandwe et al. [14] used a survey of 189 respondents combined with descriptive statistics, one-sample t-tests, and factor analysis to rank challenge factors influencing BIM implementation. The study identified barriers such as lack of expertise, high implementation costs, weak legislative frameworks, procurement inefficiencies, software integration challenges, and limited awareness. However, the study primarily focused on perceptual data and did not analyze structural factors such as national policy frameworks, educational curricula, or comparative positioning within developing economies, which are important for characterizing BIM adoption status.



In Malawi, the literature indicates that BIM adoption is still occurring mainly at the individual firm level and is not well coordinated across the industry. Although many professionals are aware of BIM benefits, actual use in projects remains low due to limited training opportunities, lack of practical experience, and poor integration of BIM into existing workflows [10,12,25]. Comparative studies suggest that BIM adoption improves when firms have strong knowledge management systems and leadership support to guide implementation [26,27].



Recent studies have also adopted mixed-methods approaches. For example, Olawumi and Chan [21] combined surveys with case studies of African construction firms and found that leadership support and knowledge management significantly improve BIM implementation. Similarly, Khosrowshahi and Arayici [22] used longitudinal studies of small and medium-sized enterprises and found that long-term studies help identify adoption patterns and the role of institutional support, software compatibility, and workforce preparedness. These studies suggest that relying only on surveys may not be sufficient to understand BIM adoption and that mixed-method approaches provide deeper insights into adoption dynamics.



	
Status of BIM Adoption and Organizational Maturity in Malawi






Malawi is still at an early stage when it comes to BIM adoption, and the level of use is not the same across all firms or projects. Some bigger companies have access to BIM software, but they mostly use it for design visualization and simple clash detection. Other important areas, such as project planning and cost management, are still done manually in many cases [13,14,15]. Small and medium-sized firms face even more challenges because they often do not have the required technology or clear internal processes to use BIM properly. Similarly, Ariono et al. [23] adopt a systematic literature review (SLR) to identify BIM drivers, followed by a purposive questionnaire survey and weighted-mean analysis to rank critical enablers. The study advances theoretical discourse by proposing a conceptual framework and outlining policy and industry strategies. However, its analytical focus is primarily technological and process-oriented, emphasizing software interoperability, standardized datasets, data-exchange protocols, and knowledge resources. Although valuable in identifying enablers, the analysis does not systematically synthesize institutional gaps across regulatory systems, organizational maturity structures, or educational ecosystems.



Saka and Chan [24] further reinforce the organizational maturity perspective through a survey of 189 construction professionals. Their findings reveal moderate awareness of BIM and availability of BIM-capable software within firms, yet low levels of technical proficiency among practitioners. This indicates that access to digital tools does not automatically translate into effective adoption. However, like the preceding studies, their analysis is largely confined to firm-level dynamics and does not interrogate macro-level policy structures or curriculum depth.



The level of organizational readiness for BIM is not the same across all firms. A few leading companies are trying to follow more structured BIM processes, but most firms still work without clear workflows, proper coordination between different disciplines, or regular internal training programs. This suggests that simply having access to BIM technology is not enough. Successful adoption also depends on factors such as organizational culture, active leadership involvement, and how well knowledge is shared within the firm [25].



	
Comparative Positioning within Developing Economies






When it comes to using BIM, Malawi is behind its neighbors. Countries like Zambia and Benin have set up step-by-step plans and national assessments to guide BIM adoption, giving the construction industry a clear path to grow and use it more widely [25,26]. In Malawi, most BIM use comes from individual companies doing their own thing, which makes it hard for knowledge to spread or for the industry to learn. Research shows that having clear policies, shared standards, and cooperation between all the players is key to catching up with other countries and making digital construction work in the long run.



Research has shown that many countries in the initial stage of BIM adoption tend to use basic software. This is because, once an organization starts using BIM, gradual acquisition of relevant software is carried out based on need. The first stage is to improve the data management from the traditional method to the 3D production of output. The other BIM stages are implemented during the technology use.



	
Analytical Research Gap






Despite the growing body of literature on Building Information Modeling (BIM) adoption, several important gaps remain, particularly in the context of developing countries such as Malawi. Much of the existing literature focuses primarily on BIM awareness, perceived benefits, and barriers to adoption, with limited attention given to organizational maturity and the progression of firms across BIM maturity levels. As a result, while awareness levels are relatively well documented, the extent to which organizations have developed structured BIM workflows, collaboration systems, and integrated project management processes remains insufficiently examined. Most studies analyze BIM adoption at the firm or professional level, often overlooking the broader institutional environment, including national policies, regulatory frameworks, procurement systems, and industry standards that influence industry-wide implementation. Although several studies exist on BIM adoption in Africa, very few studies position Malawi within the broader BIM adoption trajectory of developing economies, making it difficult to assess whether Malawi is progressing at a similar pace to comparable countries. Furthermore, the methodological approaches in many BIM adoption studies rely heavily on perception-based surveys, which identify barriers and enablers but do not fully explain organizational behavior, institutional constraints, and long-term adoption patterns.




2.2. The Conceptual Framework


This conceptual framework presents the operationalization of BIM. As stated by Succar & Kassem [27], BIM implementation is basically an organizational innovation and is subject to the influence of the individual, institutional, and environmental setup of an organization. Additionally, this operationalization of BIM is affected by its enablers, challenges, and associated benefits [28,29,30]. Abbasnejad et al. [29] studied a list of 33 BIM implementation enablers. These were categorized into seven categories of strategic initiative enablers, learning capacity enablers, cultural readiness enablers, IT leveragability and knowledge, network relationship enablers, change management enablers, and process and performance management enablers [29]. On the other hand, Wong et al. [31] categorized BIM adoption challenges into three main groups of technology barriers, people barriers, and process barriers. Therefore, an understanding of the barriers to BIM adoption can facilitate finding solutions to BIM adoption on projects that will translate to a widespread BIM adoption at a continuous and consistent pace [32]. Similarly, the benefits of BIM adoption influence the adoption of technology. Conversely, a lack of awareness of BIM benefits can also be a barrier to BIM adoption [33,34]



	
BIM Enablers






Enablers are drivers of BIM uptake. The very first aspect relates to the IT leveragability and knowledge, which presents the prerequisites for BIM adoption. In developing countries like Malawi, the key enablers include the availability of BIM software, especially those supporting industry foundation classes, and the presence of basic digital infrastructure [16]. These are reliable high-speed internet and cloud-based data storage. Recent studies have emphasized that the effectiveness of these technologies depends on a conceptual shift from viewing BIM merely as a three-dimensional visualization tool to recognizing it as an integrated tool throughout the entire lifecycle [35].



In addition to software availability, digital infrastructure plays a critical role. Reliable broadband connectivity, cloud-based data storage systems, and adequate computing hardware are necessary for real-time model sharing, remote collaboration, and secure data management. However, in many low-income contexts, inconsistent internet access and limited ICT investment constrain the practical use of BIM, especially outside major urban centers [36]. Thus, establishing status is very important in scaling up its adoption.



	
Organizational Readiness and Challenges






The framework identifies organizational capacity as the most volatile component influencing BIM adoption. Although BIM offers substantial benefits, including improved clash detection and reduced material waste, many firms in developing regions, particularly Small and Medium Enterprises (SMEs), experience significant post-adoption barriers. These arise when the high costs of software licensing, hardware upgrades, and continuous training outweigh perceived short-term gains [37]. In addition, organizational maturity is often constrained by skilled labor migration and resistance to change, as employees tend to favor familiar two-dimensional workflows over the steep learning curve associated with BIM technologies [38,39].



	
Environmental and Regulatory Drivers






The environmental dimension of the framework highlights the influence of external institutional and policy pressures. In developing economies, government intervention remains the most significant driver of BIM diffusion, particularly through the introduction of mandatory BIM requirements in public infrastructure projects [24,40]. Such mandates generate a cascading effect that compels private-sector actors and supply chains to adopt digital practices. However, the absence of comprehensive national BIM standards continues to pose a major challenge. This regulatory gap often results in fragmented implementation, with stakeholders operating under incompatible data formats and operational protocols.



	
The Value Creation Loop






The final component of the framework focuses on implementation outcomes. Effective BIM adoption contributes to enhanced sustainability and cost-efficient construction through advanced functions such as predictive energy modeling, lifecycle analysis, and real-time site monitoring [41]. These performance improvements generate a self-reinforcing value creation loop: as project transparency, efficiency, and reliability increase, stakeholder confidence and institutional trust are strengthened. This, in turn, stimulates further investment in technological, organizational, and regulatory enablers, thereby sustaining long-term BIM integration [30,42]. Figure 1 shows the study concept framework based the value loop creation.





3. Methodology


This study is a relativist pragmatic approach in philosophical leaning, exploratory quantitative, and deductive in approach was adopted in data interpretation. The process involved reviewing relevant literature on BIM adoption, developing a survey instrument, sampling participants, and using statistical tools such as descriptive analysis to analyze data. Then the results were presented in tables and charts. Figure 2 below illustrates the research methodology used in this study.



	
Sampling Technique






This study was carried out in Malawi, one of the developing economies in Africa. Data were gathered through a structured questionnaire. A non-probability sampling approach was adopted, and purposive sampling was considered more applicable to this study. In this case, Malawian construction industry professional stakeholders were earmarked for the survey. A list of potential informants was collated from the professional bodies of architects, quantity surveyors, land surveyors, and engineers. Non-probability purposive sampling was used because BIM adoption in Malawi is still emerging and concentrated within specific built environment professions. The study, therefore, deliberately targeted Architects, Engineers, Land Surveyors, and Quantity Surveyors, as these are the core registered technical professionals directly involved in design, modelling, costing, and project documentation. In the Malawian context, these groups are the primary actors in BIM-related processes, while managerial roles are often embedded within these professions rather than existing as distinct regulated categories. Given the relatively small and identifiable professional population, purposive sampling was appropriate for reaching knowledgeable respondents with relevant technical experience.



	
The e-questionnaire was used to facilitate data collection and management.






A total of 265 questionnaires were distributed to active construction professionals. The sample size was estimated using Equation 1 according to Yamane [43] to achieve a confidence level of 95%.



The study used a structured questionnaire because it allows standardized data collection across professional groups and enables quantitative comparisons of BIM awareness, software use, and capability levels. Questionnaires are widely used in construction management and BIM adoption studies, particularly where the objective is to assess perceptions, readiness, and practice patterns across multiple disciplines. This approach was appropriate for Malawi, where baseline empirical data on BIM remains limited and a broad professional snapshot was required.



Equation (1):


  n =   N    1 + N    e 2         =    265     1 + 265 ×     0.05  2         = 159  



(1)




where n = sample size; N = population size; e = margin of error.



The optimal sample size for this study, based on the computation above, was 159 complete questionnaires. This aimed to achieve a fair representation of the population of active construction professionals in Malawi. A total of 143 questionnaires were completed, representing 90% response rate of the optimal sample size. Some respondents were unwilling to participate in the study.



Furthermore, it should be put into context that the survey achieved a satisfactory response rate, although approximately 10% of respondents did not answer BIM-specific questions. This pattern likely reflects limited exposure to BIM among a small segment of construction professionals, a form of non-response that can introduce systematic bias if not addressed [44]. This is consistent with the evolving stage of BIM diffusion, where many practitioners still operate at low maturity levels [45]. According to Azhar [45], the construction industry is historically slow to adopt new technologies, and many professionals still operate in isolated environments or at early maturity levels. This justifies the assertion that the 10% gap is likely reflecting the evolving stage of BIM diffusion. Consequently, the analysis focuses on respondents who provided informed views, resulting in a robust analytical sample. Furthermore, the BIM maturity levels reported are based on practitioner self-assessments, a standard approach in technology adoption research used to evaluate organizational capabilities against established benchmarks [46]. Hence, this validates the robustness of the sample use in this study and ensures the reliability and applicability of the results.



	
Study Population






The respondents were construction experts covering architects, engineers, land surveyors, and quantity surveyors. In percentage terms, 17% of the respondents were architects, 55% were engineers, 17% were land surveyors, and 12% were quantity surveyors. Table 1 shows the composition of respondents.



In this study, the focus was on four major actors in the construction industry for a number of reasons. The inclusion of Architects, Engineers, Land Surveyors, and Quantity.



Surveyors were selected because of the central role these professionals play in the construction industry and the emphasis that regulatory authorities in Malawi place on these professions. It should be noted that in Malawi, Architects, Engineers, Land Surveyors, and Quantity Surveyors constitute the legally recognized built environment professionals. These groups are directly responsible for design, documentation, cost control, measurement, and technical coordination of construction projects. Because BIM is primarily a design, modelling, coordination, and cost management tool, these professions represent the main technical users and decision-makers in BIM adoption.



It should further be emphasized that BIM implementation in Malawi is still largely concentrated at the design and pre-construction stages. Architects and Engineers are responsible for producing drawings and technical models, while Quantity Surveyors handle cost estimation and measurement, which are key BIM functions. Land Surveyors provide spatial and topographical data that support digital modelling. These roles are directly linked to BIM capabilities such as 3D modelling, clash detection, quantity take-off, and cost estimation.



Another reason for focusing on these professions is that the regulatory and professional framework in Malawi places strong emphasis on these four professions. They are formally registered, licensed, and represented by professional boards and councils. In contrast, roles such as project managers or construction managers are often not regulated as standalone professions in the same way. In many cases, project management functions are performed by Architects, Engineers, or Quantity Surveyors themselves.



	
Data analysis






After collecting the raw data of the questionnaires, the Statistical Package for the Social Sciences (SPSS) version 29.0 software was used to analyze the data. Before analysis, Microsoft Excel was used to clean and code the data. The respondents, using a 5-point Likert scale, assessed the significance of BIM benefits in construction projects based on their experience. The 5-point Likert scale was as follows: 1—least important, 2—small importance, 3—average importance, 4—moderate importance, 5—most important.



	
Empirical Model Results






The study utilized the multi-linear regression model below for conducting correlation and regression analyses for Building Information Modelling.



Equation (2):


Y = α + β_2 〖bx〗_1 + β_3 〖bx〗_2 + β_4 〖bx〗_3 + ε_t



(2)




where Y = Dependent variable (BIM Capabilities); X1 = Independent variable (Factors in contributing to the success of BIM); X2 = Independent variable (Benefits of BIM); X3 = Independent variable (Barriers of BIM implementation); X4 = Independent variable (Project Success); β = Slope/intercept/coefficient; α = the constant; e = Margin of error.



The operationalization of the regression model variables is directly grounded in the conceptual framework presented in Section 2.2. Specifically, the independent variable X1 (resource factors contributing to BIM success) corresponds to the framework’s BIM Enablers dimension, capturing IT leveragability, digital infrastructure, and organizational readiness. X2 (benefits of BIM) reflects the Value Creation Loop, representing the perceived performance gains that motivate adoption. X3 (barriers to BIM implementation) maps onto the Organizational Readiness and Challenges and Environmental and Regulatory Drivers components of the framework, which identify both internal capacity constraints and external institutional gaps. X4 (project success) serves as a contextual outcome variable. Together, these variables allow the regression analysis to empirically test the relationships theorized in the framework, linking conceptual constructs to measurable indicators of BIM capability within the Malawian context.



	
Multiple Linear Regression



	
Analysis procedure






In order to run the regression analysis, the scores for each statement of the dependent variable were averaged. Similarly, the scores for each statement for the independent variables were summed up and averaged. This transformed the Likert scale responses from categorical to continuous for linear regression. Later, a step-wise linear regression was conducted for each independent variable.



	
Test for Presence of Heteroscedasticity






A test for the presence of heteroscedasticity of the dependent variable (BIM Capabilities) was conducted. The Breusch-Pagan test is a crucial statistical tool employed to detect the presence of heteroscedasticity, which translates to unequal variance in the error in terms of a dataset. The test assumes that the presence of heteroscedasticity is revealed through the significance of F-statistics or t-statistics. The process involved running an auxiliary regression on the squared residuals. To do this, the initial regression was executed, and residuals were generated. Then the residuals were squared and formed the new dependent variable. Using the squared residuals as the new dependent variable and the original predictors as independent variables, the auxiliary regression was conducted.



	
Relative Importance Index (RII)






In order to further analyse independent variables such as those which influence BIM adoption, a descriptive statistical parameter known as the Relative Importance Index (RII) was used. The RII value range shows its importance among the factors behind the critical situation of the project. The greater RII value indicates a more critical factor that acts behind the critical condition.



Equation (3):


  R I I =    ∑ W   A × N      0 ≤ i n d e x ≤ 1    



(3)




where W is the weighting given to each element by the respondents; this is between 1 and 5, where 1 is the least significant impact and 5 is the most significant impact; A is the highest weight; and N is the total number of factors



	
Spearman Rank Correlation






Spearman’s rank correlation measures the strength and direction of association between two ranked variables [46]. This study used Spearman’s rank correlation to show the level of agreement between any two variables since the data is nonparametric but monotonic. The typical area where Spearman’s correlation was used is the relationship between project delivery methods and the use of BIM.



Equation (4):


rs = 1 − [6∑d2 ÷ (n3 − n)] (2)



(4)




where rs = Spearman’s rank correlation coefficient; d = the difference in ranking between any two parties; n = the number of factors



The correlation coefficient varies between +1 and −1, where +1 implies a perfect positive relationship (agreement), while −1 results from a perfect negative relationship (disagreement). Sample estimates of correlation close to unity in magnitude imply good correlation, while values near zero indicate little or no correlation [47].




4. Results and Discussion


4.1. Statistical Analysis


The first statistical analysis performed on the data was a regression diagnostic using the Breusch–Pagan test. Table 2 presents the F-statistic (4, 1.519) and its associated p-value (p > 0.206). In addition, Table 3, which shows the ANOVA results, indicates that the sum of squares values is less than 30. These results suggest that there is insufficient statistical evidence to conclude that heteroscedasticity is present in the original regression model. Therefore, the standard errors of the coefficient estimates derived from the primary regression are considered unbiased and reliable, which is a prerequisite for proceeding confidently with the interpretation of coefficient significance.



	
Test for Presence of Multicollinearity






Multicollinearity analysis was conducted to assess the degree of correlation among the independent variables. This was done by calculating the Variance Inflation Factor (VIF) for each predictor variable. When VIF values fall within acceptable limits, the model can be considered reliable; otherwise, model refinement strategies must be applied to address collinearity issues before interpreting the results.



Snee [48] suggests that a VIF value between 1 and 5 indicates a moderate level of correlation among independent variables, and most researchers accept models in which all VIF values fall below 5. According to Hair et al. [49]; however, interpretation of the Condition Index (CI) is equally important. CI values above 15 may indicate potential multicollinearity problems, while values above 30 are considered a strong indication of serious multicollinearity.



The CI values obtained from the collinearity diagnostics, as shown in Table 4, are all below 30 for the independent variables. This indicates that there is no serious multicollinearity in the model, allowing for confident interpretation of the regression results [50].



	
Multiple Linear Regression Model






The results in Table 5 show that the adjusted R-squared of the model is 0.754. This indicates that 75.4% of the variation observed in BIM capabilities can be explained by the predictor variables included in the model. These variables include resource-related factors, perceptions of the benefits of BIM, perceptions of barriers to BIM implementation, and project success factors. This suggests that the model provides a good fit to the data.



Furthermore, the ANOVA results presented in Table 6, in conjunction with Table 5, show that the F-statistic   F  (  4,57.571  )    for the observed changes in the dependent variable is statistically significant (p < 0.0001) at the 95% confidence level. This indicates that the overall regression model is statistically significant and that the set of predictor variables jointly explains a significant portion of the variation in BIM capabilities.



The coefficients for each predictor variable are presented in Table 7. The results indicate that resource-related factors, barriers to BIM implementation, and perceived benefits of BIM are significantly associated with BIM capabilities. In contrast, project success factors were not found to be significantly associated with BIM capabilities.



Specifically, the results show that a one-unit increase in resource-related factors    [  β = 0.387       ( 0.187,0.587 ) ,       p < 0.0001  ]    leads to a 0.387-unit increase in BIM capabilities. Similarly, a one-unit increase in the perceived benefits of BIM    [  β = 0.281       ( 0.069,0.494 ) ,       p < 0.010  ]    results in a 0.281-unit increase in BIM capabilities. In contrast, a one-unit increase in perceived barriers to BIM implementation    [  β = − 0.333       ( − 0.510 , − 0.157 ) ,       p < 0.0001  ]    leads to a 0.333-unit decrease in BIM capabilities. Although project success factors show a positive coefficient    [  β = 0.062       ( 0.152,0.275 ) ,       p = 0.562  ]   , the relationship is not statistically significant. Therefore, the effect of project success factors on BIM capabilities cannot be reliably established in this study.



	
Statistical Analysis Conclusion






The statistical analysis results conclude that the benefits of BIM, barriers to implementing BIM, and resource factors are significantly associated with BIM capabilities. The model strongly predicts these factors, as 75.4% of the variations observed in BIM capabilities are attributed to these factors, while 24.6% of the variations are attributed to other factors. Therefore, this model is robust as it adequately predicts the factors associated with BIM capabilities.




4.2. Awareness of BIM


The results of the awareness level of the professionals about BIM technology are presented in Table 8.



The results in Table 8 show that 52.4% of the respondents were aware of BIM. However, 47.6% were not aware of its existence. Therefore, the results were further segregated into the professional level. Among the professionals, about 80% of architects were aware of BIM, followed by land surveyors at 54%, engineers at 47%, and quantity surveyors at 41%. This may be because BIM was initially very prominent in the building sector before it was introduced to the other sectors [51,52]. Architects have been using BIM for a long time compared to other professional groups, resulting in a high awareness level in this professional group. Figure 3 shows the results according to professional groups of the respondents.



Compared with other countries in the region, Kenya reports a relatively high level of BIM awareness, with 88.7% of construction professionals indicating familiarity with the technology [53]. In Nigeria, similar studies show a substantial increase in BIM awareness, rising to 84% in recent years [24], compared with 30% reported earlier [25]. South Africa has experienced a comparable trend, where BIM awareness increased significantly from 44% in 2014 to 91% in 2024 [20,51].



When these figures are considered alongside Malawi’s current BIM awareness level of 52.4%, it becomes evident that the country lags several other sub-Saharan African nations. This suggests that the diffusion of BIM knowledge among construction professionals in Malawi remains relatively limited compared with peers in the region. According to Gamil and Rahman [54], the development of clear implementation guidelines and the active promotion of BIM technologies play a critical role in enhancing awareness and facilitating industry-wide adoption. However, such institutional support mechanisms are largely absent in Malawi, where BIM has yet to be formally integrated into industry standards or regulatory frameworks. As a result, awareness and utilization of BIM largely depend on individual initiative rather than systematic institutional promotion.




4.3. Years of Use of BIM


Years of use of BIM is another variable for measuring BIM competency. Table 9 shows the survey results for this variable.



The findings presented in Table 9 indicate that 45.3% of respondents have utilized BIM for less than two years, while 22.7% have between two and five years of experience. A smaller fraction of the sample represents long-term users: 10.7% have used BIM for six to eight years, 9.3% for nine to 12 years, and 12% for over 12 years. These results reveal that a significant majority of professionals (68%) possess five years of experience or less. This suggests that BIM adoption in Malawi is in its nascent stages. Consequently, targeted sensitization and strategic policy interventions are required to accelerate BIM uptake across the Malawian construction industry. However, it should be noted that these maturity levels are based on practitioner self-assessments, which, while standard in adoption research, may be subject to overestimation or social desirability bias [55].



Further analysis of the results was conducted to segregate various professions, and Figure 4 shows the period of BIM usage based on various professions.



As illustrated in Figure 3, architects reported the highest long-term BIM adoption, with 32% utilizing the technology for over 12 years. This is followed by land surveyors at 7%, engineers at 5%, and quantity surveyors at 0%. Quantity surveyors also represented the highest proportion of early-stage adopters (under 2 years) at 58%, followed by land surveyors (53%), engineers (50%), and architects (27%). These results indicate a strong correlation between awareness levels and the duration of BIM usage; specifically, higher awareness within a professional group corresponds to more extensive experience. Architects lead this trend, likely due to BIM’s historical origins in the building sector [52]. Furthermore, the low variance in usage duration among architects suggests a more consistent and established level of knowledge within the profession compared to other disciplines.




4.4. Number of Projects Undertaken Using BIM


The number of projects undertaken using BIM is an indicator of the competency level of a user. Table 10 presents the results for the number of projects undertaken using BIM.



	
Project-Based Competency and Regional Trends






Table 10 shows that 52% of the respondents had undertaken fewer than two projects using BIM, and 20% of respondents had undertaken between two and five projects. This shows that 70% of the respondents have undertaken fewer than five projects using BIM. This aligns with the number of years respondents have used BIM, as shown in Section 4.3 above. Furthermore, it was observed that 20% of the respondents had undertaken more than 12 projects. The finding that 72% of respondents have worked on five or fewer BIM projects indicates that BIM is still an emerging novelty in the local market rather than a standard operational requirement. In a broader African context, Adetoro et al. [15] highlight that in low-income countries like Malawi, technological and process factors such as the lack of standardized datasets and limited knowledge resources are primary drivers for this low project throughput. This mirrors findings by Olorunfemi et al. [56] in Nigeria, who argue that while awareness may be high, the actual implementation gap is affected by the high cost of software and a lack of government mandates that would otherwise force professionals to utilize BIM across a higher volume of projects.



	
Professional Disparity






The results were further analyzed by segregating respondents into professional groups. The results show that architects have carried out many projects in this category, with over 12 projects, at 38%, followed by engineers and land surveyors at 19% and 8%, respectively, and quantity surveyors at 0%. Figure 4 shows the segregated analysis of the results by profession. The observation that Architects lead with 38% in the high-competency category (over 12 projects) aligns with the global Architect-led adoption model. Architects are typically the primary drivers of BIM because the visual and spatial benefits of 3D modeling are immediately applicable to their core deliverables. According to Jung and Lee [57], architects often achieve higher maturity levels faster than other disciplines because their primary tools (like ArchiCAD or Revit) are built around the BIM core.



On the other hand, the significantly lower competency rates among Engineers (19%) and Land Surveyors (8%) in the study suggest a lag in multi-disciplinary integration. Ndwandwe et al. [13] note that in Malawi, land surveyors and civil engineers often remain tethered to Civil 3D for 2D-centric outputs, which limits their transition into the collaborative, data-rich environment required for higher project counts in BIM.



	
The Quantity Surveying Competency Gap






The 0% competency rate among Quantity Surveyors (QS) for high-volume BIM projects is a critical finding that highlights a major bottleneck in Malawi’s AEC sector. Academic research consistently identifies the QS profession as the slowest to adapt to BIM. Studies by Saka and Chan [24] and Ola-Ade Ajayi et al. [58] suggest that quantity surveyors are often hesitant to adopt BIM due to the complexity of 5D BIM (automated cost estimation). Research in neighboring South Africa by Nzangi et al. [59] indicates that many QS professionals fear BIM will make traditional taking-off skills redundant, leading to a cultural resistance to change. Furthermore, Siddiqui et al. [60] pointed out that without localized BIM measurement standards (the I in BIM), quantity surveyors find it difficult to trust the automated quantities generated by models, preferring traditional, manual 2D methods. Figure 5 shows the projects undertaken based on profession.




4.5. Software Used for BIM


The selection of software hinges on exposure, interoperability, workability, and availability, among other factors. Hence, this study considered the most prevalent software utilized in the construction sector in Malawi, which is also commonly practiced in other countries that have just adopted BIM technology. Figure 6 shows the level of usage of software for BIM projects



	
Incidence of Software Use for BIM in Malawi






As illustrated in Figure 6, Civil 3D is the most prevalent software, with a 26% usage rate. Its adoption is concentrated among engineers, land surveyors, and quantity surveyors. ArchiCAD and Google SketchUp follow as the second most utilized tools, primarily favored by architects. Revit is among the least utilized, with only a marginal percentage of engineers and land surveyors reporting its use. These preferences serve as a significant indicator of BIM utilization within specific professional disciplines.



In the Malawian context, AllyCAD and Revit show the lowest overall adoption rates, at 2.2% and 0%, respectively. However, when examining software preference specifically among active BIM users (Figure 6), a distinct trend emerges: AllyCAD is highly favored by engineers (35%), land surveyors (26%), and quantity surveyors (22%), followed closely by ArchiCAD.



The results that Civil 3D remains the most used software across all professions are consistent with studies from developing construction markets. In many African countries and other emerging economies, traditional 2D drawing methods are still widely used. However, this situation is different from what is happening in North America and Europe. In those regions, Revit is largely used.



According to Biancardo et al. [61,62], Civil 3D is considered an industry standard for infrastructure modelling. Among architects, the results show a preference for ArchiCAD and SketchUp. This reflects the ongoing debate between design-focused and data-focused tools. While Revit is often required for large multidisciplinary projects, Sadiku et al. [63] note that ArchiCAD remains popular among smaller design firms because it is easier to use and supports open BIM workflows. Interestingly, this study’s results show that Revit is the least used software and is mainly used by engineers, as shown in Figure 7. This goes against global trends where Revit is usually the main tool for architects. According to Zhou [64], Revit is one of the leading architectural design tools worldwide. This suggests that this research study area may have a different market structure where ArchiCAD has a stronger presence than Revit.



While software adoption serves as a significant indicator of BIM utilization, its validity as a standalone metric remains a subject of academic debate. Some scholars argue that software proficiency is a primary driver of adoption; however, others advocate for a more comprehensive perspective. This broader view posits that the mere application of BIM-authoring tools, such as Revit or ArchiCAD, does not inherently constitute true BIM. Without standardized data exchange and interdisciplinary collaboration, professionals may continue to work in traditional silos. Therefore, while software usage is a vital component of BIM adoption, it fails to fully capture the depth of integration and collaborative synergy within the industry.




4.6. Level of Use of BIM


The level of use of BIM is based on the maturity level of use of BIM as described in Section 2.1. Figure 8 shows the results for the level of use of BIM.



Figure 8 shows that 32% of the respondents stated they were at level 0 of BIM implementation, while 42.7% indicated they were at level 1, 21.3% indicated they were at level 2, and only 4% of those surveyed stated they were at level 3. Further analysis was performed by segregating the results into professional groups. Figure 9 shows the segregated results according to profession.



Figure 9 indicates that the majority of architects, engineers, and quantity surveyors operate at BIM Level 1, whereas most land surveyors remain at Level 0. The distribution for architects appears relatively even across the levels, suggesting that this profession has been engaging with BIM technology for a longer period compared with the other professional groups. Engineers follow a similar but slightly less advanced pattern. The figure further shows that only two professional groups, architects and engineers, have respondents operating at Level 3.



These findings on BIM maturity correspond closely with the types of software used, as discussed in the preceding section. Level 1 represents isolated BIM, which incorporates limited three-dimensional (3D) modeling components and forms the foundational stage of BIM implementation. The results indicate that a combined 74.7% of respondents operate at either Level 0 or Level 1, suggesting that BIM adoption within the study area remains at an early stage. This stage is characterized primarily by fragmented two-dimensional (2D) drafting practices and localized 3D modeling rather than fully integrated digital collaboration.



This pattern is consistent with the findings of Olanrewaju et al. [65], who reported that many AEC industries in developing economies struggle to progress beyond Level 1 due to high software costs and the absence of standardized regulatory mandates—conditions that are also typical of Malawi. The substantial decline in adoption at Level 2 (21.3%) and Level 3 (4%) further reflects the global BIM maturity gap identified by Sacks et al. [66], where the transition to collaborative BIM environments and cloud-based integration (Level 3) is often achieved only by large firms with well-developed digital infrastructures.



Moreover, the disaggregation of results by profession is justified by Jung and Lee [57], who argue that BIM maturity tends to vary significantly across the project lifecycle. Architects generally lead in modeling maturity, while surveyors and smaller contractors often remain at Level 0. This variation highlights the importance of presenting professional-specific distributions, as illustrated in Figure 9.



Figure 10 shows that 90.6% of those surveyed were aware of the BIM benefits and 5.3% were not aware, while the benefits were completely unknown to 4%. Considering the high percentage of awareness, this is a positive indication that BIM technology uptake can easily take place when promoted.



The respondents then had to rate the importance of the 25 BIM benefit variables which were selected from the literature review. Table 11 displays the findings of the analysis of the rate of importance of the selected BIM benefits.



	
Correlation Analysis of Project Delivery Methods






The findings from the correlation matrix illustrated in Figure 11 highlight a critical intersection between procurement strategy and digital transformation, where the strong relationship between CM at Risk and Integrated Project Delivery (IPD) (r = 0.75) depicts a significant shift toward collaborative frameworks necessary for BIM maturity. This observation aligns with the foundational theories of Succar [67] and Sacks et al. [66], who argue that BIM is not merely a technical tool but a collaborative process that thrives in environments where risk and reward are shared. Studies by Kent and Becerik-Gerber [68] similarly confirm that IPD and CM at Risk provide contractual fertile ground for BIM by facilitating early contractor involvement, which resolves the fragmented workflows typical of the AEC industry. In the Malawian context, this suggests that as projects move toward more complex delivery methods like Public–Private Partnerships (PPP), which showed moderate correlations with IPD (r = 0.42), the demand for BIM as a coordination mechanism naturally intensifies to manage the inherent risks of large-scale infrastructure [15].



The weak correlations between Design-Bid-Build (DBB) and integrated methods (r = 0.11 to 0.12) indicate a persistent structural silos problem that likely hinders BIM adoption in Malawi’s public sector. This implication is supported by Olanrewaju et al. [69], who note that traditional procurement remains a primary barrier to BIM because it legally separates design from construction, discouraging the real-time data exchange that BIM requires. The moderate correlation of Design-Build (r = 0.36 to 0.42) with both traditional and integrated methods suggest it serves as a transitional delivery model, capable of supporting BIM but often limited by the same adversarial relationships found in DBB [2]. Ultimately, these findings imply that for Malawi to achieve higher BIM maturity, there must be a policy shift away from fragmented traditional procurement toward integrated models that legally and financially incentivize the collaborative behaviors evidenced in the IPD and CM at Risk correlation.



	
BIM Maturity Rating






BIM adoption within the Malawian AEC industry is currently characterized by a paradoxical relationship between high perceived capability and severe structural barriers. The findings indicate that professionals rate their technical maturity highly in areas such as 3D Modelling and Engineering Analysis, both of which achieved mean scores above 4.0. However, these capabilities are effectively constrained by external systemic challenges (see Figure 12). This discrepancy aligns with the modeling-heavy, process-light trend identified by Succar [67], where technical proficiency in software does not necessarily translate into integrated BIM maturity if collaborative and informational pillars are weak. These results show that the most acute impediments are financial and educational, with Software Cost and Finance emerging as the barriers with the highest impact ratings. This mirrors regional observations by Adetoro et al. [15] and Olanrewaju et al. [65], who emphasize that the high capital investment required for BIM licensing and hardware often restricts advanced implementation to a small subset of the market, regardless of individual user skill levels.



	
Capabilities and Project Success Indicators






The correlation matrix in Figure 13 shows positive relationships between BIM capabilities and project success indicators. This means that stronger BIM capabilities are associated with better project outcomes. However, the strength of the relationships differs across capabilities and indicators.



Cap 3D Modelling shows moderate positive correlations with all the success indicators. It has a correlation of 0.431 with project planning, 0.488 with project control, 0.318 with project quality, and 0.469 with cost estimates. The strongest relationship is with project control, followed by cost estimates and planning. The relationship with quality is slightly lower but still moderate.



Cap Clash Detection shows weaker positive correlations compared to other capabilities. Its correlation is 0.331 with planning, 0.206 with control, 0.313 with quality, and 0.290 with estimates. The relationship with project control is the weakest among these, while planning and quality show slightly stronger but still modest associations.



Cap Cost Estimation has moderate positive correlations with all the success indicators. It has a correlation of 0.471 with planning, 0.335 with control, 0.321 with quality, and 0.441 with estimates. The strongest relationship is with planning, followed closely by estimates. The relationships with control and quality are moderate but lower.



Cap Design Review also shows moderate positive relationships. It has a correlation of 0.418 with planning, 0.314 with control, 0.395 with quality, and 0.411 with estimates. The strongest association is with planning, followed by estimates and quality. The relationship with control is slightly weaker but still moderate.



The Cap Record Model shows the weakest correlations overall. Its values are 0.208 with planning, 0.146 with control, 0.123 with quality, and 0.264 with estimates. These are low positive correlations, indicating a weaker association with the project success indicators compared to the other BIM capabilities.



Generally, the correlation analysis reveals that BIM capabilities in Malawi are most effective when applied to front-end tasks, such as 3D with Project Control and Cost Estimation with Planning. These moderate positive relationships suggest that digital visualization and automated quantity take-offs are currently the strongest drivers of project success, providing tangible improvements in site management and budget predictability. This aligns with research by Saka and Chan [21] and Adetoro et al. [15], who note that in developing AEC markets, the most immediate return on investment from BIM is found in reducing the uncertainty associated with manual drafting and traditional estimation methods.



The lifecycle and coordination-heavy capabilities, like clash detection with control and record modelling with quality, show significantly weaker associations with success indicators. This coordination gap implies that BIM is often used by single disciplines in isolation, failing to reach the multi-disciplinary integration required for effective error mitigation or long-term asset management. The implication is that the Malawian AEC sector is currently succeeding at the modelling stage of maturity but is stalled by a lack of collaborative frameworks, such as Integrated Project Delivery (IPD). As argued by Succar [68], unless the industry shifts toward a unified Common Data Environment (CDE), advanced capabilities like clash detection will remain underutilized and disconnected from broader project success metrics.





5. Conclusions


The primary goal of this study was to assess the status of BIM in Malawi. The results offer a thorough evaluation of the BIM scene in Malawi, showing an industry in the early stages of a significant digital shift. The heavy dependence on Civil3D across all fields indicates that the industry mainly operates at BIM Level 0 or 1, where 2D drafting and fragmented 3D modeling dominate over integrated data management. This is further supported by a noticeable skills gap between professions: while architects lead in project experience and advanced software use, quantity surveyors lack experience with high-volume BIM projects, highlighting a major obstacle to achieving 5D cost integration. The findings also reveal that Malawi’s AEC industry is behind in BIM maturity. Although many professionals can model in 3D, the industry still struggles with effective collaboration. Additionally, the strong link between Integrated Project Delivery (IPD) and BIM adoption confirms that traditional, fragmented procurement methods like Design-Bid-Build are inherently incompatible with the collaborative nature of digital construction.



For Malawi to realize the full benefits of BIM, the focus must shift from merely adopting software to reforming the processes that govern the construction sector. It is recommended that the government and professional bodies establish national BIM standards and mandates to provide a unified framework for the industry, ensuring seamless data sharing across disciplines. Finally, a policy shift away from fragmented traditional procurement toward integrated models, such as CM at Risk and IPD, is essential to legally and financially incentivize the collaborative behaviors required for high-maturity BIM implementation.



Beyond the Malawian context, the findings carry important implications for BIM adoption across developing economies more broadly. The study demonstrates that technical awareness and individual-level proficiency, while necessary, are insufficient conditions for meaningful BIM maturity without corresponding institutional scaffolding. In contexts characterized by limited public investment, fragmented regulatory environments, and nascent digital infrastructure, BIM adoption risks remaining confined to isolated pockets of practice unless governments and professional bodies take an active coordination role. The Malawian case illustrates that the gap between awareness and implementation is not primarily a knowledge problem but a structural one, shaped by the absence of national mandates, standardized data protocols, and formally integrated procurement frameworks. For other lower-income economies at similar stages of digital construction transition, these findings reinforce the importance of sequencing BIM policy interventions: establishing baseline capacity through technical education and curriculum reform, followed by institutional legitimation through regulatory mandates, and ultimately enabling industry-wide adoption through procurement reform that incentivizes collaborative delivery. Capacity building, in this sense, should be understood not merely as professional training but as the simultaneous development of organizational processes, regulatory frameworks, and educational ecosystems that together create the enabling conditions for sustained BIM diffusion.



A key methodological weakness of this study is the reliance on non-probability purposive sampling and self-reported measures, which might limit the objectivity of the findings. In addition, BIM maturity levels were derived from self-reported software use and capability indicators without independent technical verification, which introduces the possibility of overestimation or subjective bias. Some respondents did not answer BIM-related questions, likely due to limited exposure, and this non-response may affect the accuracy of the maturity assessment. Furthermore, while self-assessment is a commonly used approach to capturing industry perceptions, it is important to acknowledge the inherent risk of response bias. Respondents may inadvertently overestimate their organization’s BIM maturity due to a lack of objective benchmarks or a desire to appear more digitally advanced. Future research could mitigate this by pairing survey data with direct observation or document analysis of project models to verify reported maturity levels. These limitations might mean that the results should be interpreted as indicative of current trends among surveyed professionals rather than as definitive measures of national BIM adoption levels.
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Figure 1. Study Concept Framework (Colours are depicting various grouped components of the framework). 
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Figure 2. Research Process (The colours show different cluster groups in the process). 
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Figure 3. BIM awareness according to professional group. 
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Figure 4. Duration of use of BIM according to profession. 






Figure 4. Duration of use of BIM according to profession.



[image: Buildings 16 01431 g004]







[image: Buildings 16 01431 g005] 





Figure 5. Projects undertaken based on profession. 
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Figure 6. Software used in BIM projects. 
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Figure 7. Use of software based on profession. 
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Figure 8. Degree of BIM usage. 
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Figure 9. Level of BIM use according to profession. 
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Figure 10. Awareness of BIM benefits. 






Figure 10. Awareness of BIM benefits.



[image: Buildings 16 01431 g010]







[image: Buildings 16 01431 g011] 





Figure 11. Correlation analysis of project delivery methods. 
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Figure 12. Capability Maturity Analysis. 
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Figure 13. Correlation Analysis of BIM Capabilities and Project Success Indicators. 
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Table 1. Profile of respondents.
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	Architects
	Engineers
	Land Surveyors
	Quantity Surveyors
	Total





	No.
	24
	78
	24
	17
	143



	%
	16.8
	54.5
	16.8
	11.9
	100










 





Table 2. Breusch-Pagan test for Heteroscedasticity.






Table 2. Breusch-Pagan test for Heteroscedasticity.





	
Model Summary




	
Model

	
R

	
R Square

	
Adjusted R Square

	
Std. Error of the Estimate

	
Change Statistics




	
R Square Change

	
F Change

	
df1

	
df2

	
Sig. F Change






	
1

	
0.283 a

	
0.080

	
0.027

	
0.43167

	
0.080

	
1.519

	
4

	
70

	
0.206








a Predictors: (Constant), Barriers of BIM implementation, Resource Factors contributing to BIM, Project success Factors, Benefits of BIM.













 





Table 3. ANOVA for Breusch-Pagan test.
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ANOVA a




	
Model

	
Sum of Squares

	
df

	
Mean Square

	
F

	
Sig.






	
1

	
Regression

	
1.132

	
4

	
0.283

	
1.519

	
0.206 b




	
Residual

	
13.044

	
70

	
0.186

	

	




	
Total

	
14.176

	
74

	

	

	








a Dependent Variable: Res_Square; b Predictors: (Constant), Barriers of BIM implementation, Resource Factors contributing to BIM, Project success Factors, Benefits of BIM.













 





Table 4. Test for multicollinearity.
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Collinearity Diagnostics a




	
Model

	
Dimension

	
Eigenvalue

	
Condition Index (CI)

	
Variance Proportions




	
(Constant)

	
Resource Factors Contributing to BIM

	
Project Success Factors

	
Benefits of BIM

	
Barriers of BIM Implementation






	
1

	
1

	
4.612

	
1.000

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
2

	
0.328

	
3.748

	
0.00

	
0.01

	
0.01

	
0.01

	
0.18




	
3

	
0.029

	
12.614

	
0.00

	
0.53

	
0.54

	
0.01

	
0.00




	
4

	
0.020

	
15.134

	
0.03

	
0.27

	
0.13

	
0.98

	
0.04




	
5

	
0.011

	
20.560

	
0.96

	
0.20

	
0.31

	
0.00

	
0.77








a Dependent Variable: Res_Square.













 





Table 5. Regression model Summary.
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Model Summary b




	
Model

	
R

	
R Square

	
Adjusted R Square

	
Std. Error of the Estimate

	
Change Statistics




	
R Square Change

	
F Change

	
df1

	
df2

	
Sig. F Change






	
1

	
0.876 a

	
0.767

	
0.754

	
0.633

	
0.767

	
57.571

	
4

	
70

	
0.000








a Predictors: (Constant), Barriers of BIM implementation, Resource Factors contributing to BIM, Project success Factors, Benefits of BIM; b Dependent Variable: BIM capabilities.













 





Table 6. ANOVA table.
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ANOVA a




	
Model

	
Sum of Squares

	
df

	
Mean Square

	
F

	
Sig.






	
1

	
Regression

	
34.190

	
4

	
8.548

	
14.782

	
0.000 b




	
Residual

	
40.477

	
70

	
0.578

	

	




	
Total

	
74.667

	
74

	

	

	








a Dependent Variable: Average score for BIM capabilities; b Predictors: (Constant), barriers of BIM implementation, Resource Factors, Benefits of BIM, Project success factors.













 





Table 7. Linear Regression Coefficient.
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Coefficients a




	
Model

	
Unstandardized Coefficients

	
Standardized Coefficients

	
t

	
Sig.

	
95.0% Confidence Interval for B




	
B

	
Std. Error

	
Beta (β)

	
Lower Bound

	
Upper Bound






	
1

	
(Constant)

	
1.907

	
0.606

	

	
3.146

	
0.002

	
0.698

	
3.116




	
Resource Factors contributing to BIM

	
0.387

	
0.100

	
0.338

	
3.851

	
0.000

	
0.187

	
0.587




	
Project success Factors

	
0.062

	
0.107

	
0.057

	
0.582

	
0.562

	
−0.151

	
0.275




	
Benefits of BIM

	
0.281

	
0.107

	
0.267

	
2.641

	
0.010

	
0.069

	
0.494




	
Barriers of BIM implementation

	
−0.333

	
0.089

	
−0.333

	
−3.763

	
0.000

	
−0.510

	
−0.157








a Dependent Variable: BIM capabilities.













 





Table 8. Awareness of Building Information Modeling (BIM).
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Frequency

	
Percent

	
Valid Percent

	
Cumulative Percent






	
Valid

	
No

	
68

	
47.6

	
47.6

	
47.6




	
Yes

	
75

	
52.4

	
52.4

	
100.0




	
Total

	
143

	
100.0

	
100.0

	











 





Table 9. Duration of BIM Usage.
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Frequency

	
Percent

	
Valid Percent

	
Cumulative Percent






	
Valid

	
Under 2 years

	
34

	
23.8

	
45.3

	
45.3




	
Between 2 and 5 years

	
17

	
11.9

	
22.7

	
68.0




	
Between 6 and 8 years

	
8

	
5.6

	
10.7

	
78.7




	
Between 9 and 12 years

	
7

	
4.9

	
9.3

	
88.0




	
Over 12 years

	
9

	
6.3

	
12.0

	
100.0




	
Total

	
75

	
52.4

	
100.0

	




	
Missing

	
68

	
47.6

	

	




	
Total

	
143

	
100.0

	

	











 





Table 10. Amount of projects undertaken using BIM.
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Frequency

	
Percent

	
Valid Percent

	
Cumulative Percent






	
Valid

	
Under 2 projects

	
39

	
27.3

	
52.0

	
52.0




	
Between 2 and 5 projects

	
15

	
10.5

	
20.0

	
72.0




	
Between 6 and 8 projects

	
4

	
2.8

	
5.3

	
77.3




	
Between 9 and 12 projects

	
2

	
1.4

	
2.7

	
80.0




	
Over 12 projects

	
15

	
10.5

	
20.0

	
100.0




	
Total

	
75

	
52.4

	
100.0

	




	
Missing

	
68

	
47.6

	

	




	
Total

	
143

	
100.0

	

	











 





Table 11. Ranking of benefits of BIM.
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	Factor
	1
	2
	3
	4
	5
	Total
	RII
	Rank





	B1
	Enhanced design analysis and efficiency due to produced element details
	0
	2
	8
	13
	48
	71
	0.9
	1



	B2
	Generation of accurate and consistent 3D drawings at any stage
	1
	3
	3
	18
	45
	70
	0.89
	2



	B3
	Enhanced collaboration between project parties
	1
	1
	8
	16
	45
	71
	0.89
	3



	B4
	Earlier and more accurate design visualization
	1
	1
	6
	21
	41
	70
	0.89
	4



	B5
	Improved design quality
	0
	3
	5
	22
	38
	68
	0.88
	5



	B6
	Enhanced communication between project parties
	2
	1
	7
	22
	39
	71
	0.87
	6



	B7
	Reduced redesign challenges during project implementation
	1
	1
	8
	23
	35
	68
	0.86
	7



	B8
	Potentially improved maintenance of the infrastructure due to the as-built model
	1
	2
	8
	23
	36
	70
	0.86
	8



	B9
	Improved communication among various divisions of the same company
	1
	2
	10
	20
	37
	70
	0.86
	9



	B10
	Greater productivity due to easy retrieval of information
	2
	2
	7
	23
	35
	69
	0.85
	10



	B11
	Enhanced work coordination with subcontractors/supply chain
	2
	5
	9
	16
	38
	70
	0.84
	11



	B12
	Improved coordination in the construction phase
	1
	3
	12
	20
	34
	70
	0.84
	11



	B13
	Reduced reworking during construction
	3
	3
	11
	16
	37
	70
	0.83
	13



	B14
	Improved management of projects schedule milestones
	2
	6
	5
	23
	34
	70
	0.83
	13



	B15
	Potentially improved whole life asset management
	2
	4
	10
	19
	35
	70
	0.83
	13



	B16
	Improved maintenance due to level of details produced
	4
	4
	6
	21
	34
	69
	0.82
	16



	B17
	Efficiencies from reuse of data or details (enter once, use many times)
	4
	2
	10
	21
	33
	70
	0.82
	17



	B18
	Improved site analysis
	0
	5
	13
	27
	25
	70
	0.81
	18



	B19
	Greater predictability of project time and cost
	2
	6
	13
	17
	32
	70
	0.8
	19



	B20
	Improved conflict detection
	3
	5
	10
	23
	29
	70
	0.8
	20



	B21
	Improved project information management
	1
	4
	4
	4
	14
	27
	0.79
	21



	B22
	Fewer change/variation orders at the construction stage
	5
	8
	9
	17
	31
	70
	0.77
	22



	B23
	Improved human resources management
	1
	9
	15
	21
	24
	70
	0.77
	23



	B24
	Enhanced management of security and safety information
	2
	9
	14
	25
	20
	70
	0.75
	24



	B25
	Allowing accurate site logistics
	3
	6
	22
	14
	24
	69
	0.74
	25
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