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Problem
The construction industry has long faced problems such as low efficiency, fragmented information, and insufficient inter-organizational collaboration. Building Information Modeling (BIM) is widely regarded as an important technology for promoting digital transformation in the construction industry because it supports information integration and coordination across the design, construction, and management stages (Ahmed & Kassem, 2018; Azhar, 2011). However, the practical value of BIM is not automatically realized through technology adoption. Existing studies show that effective BIM use depends strongly on continuous collaboration, information sharing, and joint governance among different project participants (Liu et al., 2017; Papadonikolaki et al., 2019).
In practice, BIM is not only a digital technology. It can also be understood as a boundary object around which project information, knowledge services, and organizational decisions are coordinated (Papadonikolaki et al., 2019). BIM connects developers, construction enterprises, BIM consultants, and BIM service providers (Bosch-Sijtsema et al., 2019). However, these actors differ in their cost responsibilities, benefit capture, resource inputs, and risk exposure (Liu et al., 2017; Tan et al., 2026; Zheng et al., 2017). With the emergence of new actors such as BIM consultants and BIM service providers, the traditional relationships among developers, designers, and construction enterprises have been further reshaped (Bosch-Sijtsema et al., 2019; Liu et al., 2017). These new actors can be understood as innovation intermediaries, who connect BIM technology with traditional construction actors by providing technical knowledge, digital tools, and collaboration support (Feser, 2023).
[bookmark: _Hlk230984279]Therefore, the central issue of BIM collaboration is not only whether BIM is adopted, but how collaboration forms, is maintained, and evolves in a multi-actor system. Across different stages of the external environment, BIM standards, data-sharing mechanisms, platform infrastructure, market acceptance, and institutional rules gradually mature. These changes affect the benefits, costs, and strategy choices of different actors (Alankarage et al., 2023; Succar & Kassem, 2015). Based on this, this study asks: How do the collaborative strategies of developers, innovation intermediaries, and construction enterprises evolve as the external environment matures in the BIM digital innovation system? How do different factors influence the system’s transition?
Background
Existing BIM research have already call for the attention to the collaboration among stakeholders in digital transformation (Oraee et al., 2019; Papadonikolaki et al., 2019). Many studies have also used game-theoretic models to analyze subsidies, incentives, penalties, and opportunistic behavior in BIM promotion (Han et al., 2025; Sun et al., 2023; Wang et al., 2023). These studies provide an important basis for understanding BIM collaboration, but two gaps remain.
First, most existing studies focus on traditional construction actors, such as governments, owners, designers, and contractors (Sun et al., 2023; Zheng et al., 2017) , while paying limited attention to the role of innovation intermediaries such as BIM consultants and BIM service providers. However, in BIM digital innovation, innovation intermediaries perform important functions in knowledge translation, technical support, and inter-organizational coordination. They act as important bridges between digital technologies and traditional project organizations (Bosch-Sijtsema et al., 2019; Habib et al., 2022).
Second, existing studies often treat the game environment as relatively static (Han et al., 2025; Wang et al., 2023; Zhang et al., 2025). They pay limited attention to how BIM collaboration changes across different stages as the technological, institutional, market, and organizational environments mature. In reality, the BIM digital innovation system is not fixed. It develops from early pilot applications toward more mature forms of network-based collaboration  (Alankarage et al., 2023; Succar, 2009; Succar & Kassem, 2015). At different stages, the level of BIM value realization and the transaction costs of collaboration differ, and actors’ strategy choices also change.
To address these gaps, this study views BIM as a boundary object in digital innovation in the construction industry and analyzes the dynamic interactions among developers, innovation intermediaries, and construction enterprises from a systems evolution perspective. Evolutionary game theory is suitable for analyzing how boundedly rational actors gradually form stable strategies through learning, imitation, and adjustment in repeated interactions(Friedman, 1991; Taylor & Jonker, 1978). Therefore, this study develops a tripartite evolutionary game model to explain how BIM digital innovation collaboration forms different stable states across different development stages.
Research Methodology and Approach
This study develops a tripartite evolutionary game model involving developers, innovation intermediaries, and construction enterprises. Developers are regarded as resource providers and organizational promoters who decide whether to use incentives to support BIM collaboration. Innovation intermediaries are regarded as knowledge and technical support providers who decide whether to actively participate in BIM services and inter-organizational collaboration. Construction enterprises are regarded as BIM implementation actors who decide whether to actively embed BIM into construction organization and project management processes.
In the model, all three actors are assumed to have bounded rationality and choose between active participation and passive participation. The study first derives the tripartite replicator dynamic equations based on the payoff matrix. It then analyzes the evolutionary stable states of the system by examining equilibrium points and the eigenvalues of the Jacobian matrix. Numerical simulations are then used to analyze the evolutionary paths of the system across different stages. The study further examines how government subsidies, developer incentive levels, and benefit-sharing mechanisms affect stable states and convergence speed.
Key Findings 
This study shows that BIM digital innovation collaboration is not a linear process of technology adoption. Instead, it is a system evolution process shaped by external environmental maturity, actors’ payoff structures, and governance mechanisms. The main findings are as follows.
First, the BIM digital innovation system shows a clear stage-based evolutionary path. In the birth stage, BIM value realization is low, environmental maturity is insufficient, and costs of collaboration are high. As a result, the system tends to remain in a low-collaboration state. In the expansion stage, as BIM application experience accumulates, collaboration rules begin to form. In the maturity stage, BIM standards, data-sharing mechanisms, and inter-organizational collaboration processes become more mature. The system is then more likely to form a tripartite collaboration state in which developers, innovation intermediaries, and construction enterprises all actively participate.
Second, innovation intermediaries play a key role in initiating BIM collaboration. In the early stage, subsidizing construction enterprises alone may not break the low collaboration, because the lack of technical support and collaborative connection limits BIM value realization. In contrast, support for innovation intermediaries can better promote knowledge translation, technical services, and inter-organizational coordination. This helps the system move from a low-collaboration state to bilateral collaboration.
Third, developer incentives are not always more effective when they are higher. A moderate level of developer incentives can help move the system. However, excessive incentives increase developers’ cost burden and reduce their willingness to provide sustained support. This shows that incentives have stage-specific effects and boundary conditions. 
Fourth, benefit-sharing mechanisms influence the stability of collaboration. If construction enterprises receive too high a share of collaborative benefits, the benefit space of innovation intermediaries may be reduced, which weakens their willingness to continue participating. If innovation intermediaries and construction enterprises receive too high a share of collaborative benefits, the benefit space of developers may be reduced, which weakens their willingness to provide incentives. Therefore, BIM digital innovation collaboration depends not only on the total amount of collaborative benefits, but also on whether these benefits are reasonably distributed among key actors.
Implications and Conclusions
The theoretical contribution of this study is that it shifts BIM collaboration research from the static question of whether a technology is adopted to the dynamic question of how multi-actor collaboration evolves across different environmental stages. Unlike previous studies that mainly focus on traditional stakeholders and static game settings, this study incorporates innovation intermediaries into the BIM digital innovation system and reveals their important role in technical knowledge translation, collaborative connection, and value realization. In addition, this study introduces a stage-based external environment perspective. It shows that the stable states of BIM collaboration change as the level of value realization and transaction costs change. This provides a systems-based explanation for understanding the formation, lock-in, and transition of BIM collaboration. In practice, this study shows that BIM collaboration governance should not rely on a single subsidy or incentive tool. Instead, governance tools should be combined according to the development stage of the system.
This study also has limitations. The numerical simulation parameters are mainly based on theoretical assumptions and scenario settings. Future research could further calibrate these parameters using project cases, expert interviews, surveys, or project-level data. In addition, this study divides the BIM digital innovation system into the birth, expansion, and maturity stages. This helps explain the general trend of system evolution, but it is still a simplified representation of a complex real-world process. Future research could use more detailed BIM maturity indicators, different project types, and different institutional contexts to further test the applicability and external validity of the model.
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