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Abstract. This paper presents theoretical arguments for BIM ecosystem research, 

based on concepts of coevolution and emergence in a complex network of 

constituent elements: products, processes, people, technology and policies. 

Broader trends such as Internet of Things, data analytics, and digital 

manufacturing are increasingly becoming integral to BIM systems. Consequently 

BIM research is evolving along multiple pathways. Therefore, there is need for 

methodologies and approaches to analyze BIM ecosystem. Three types of 

ecosystem analyses are proposed: (1) BIM-Ecosystem Retrospective Analysis 

(BIM-ERA), to understand the ecosystem’s constituents and their dependencies, 

based on facts and history, (2) BIM-Ecosystem Feasibility analysis (BIM-EFA), 

to be able to use the knowledge of the constituents and their dependencies to 

assess whether an intended intervention in a given ecosystem is feasible or not, 

and (3) BIM-Ecosystem Impact Analysis (BIM-EIA), to be able to conduct what-

if studies to assess the potential short-term and long-term impact of a potential 

action. 
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1 Introduction  

Building Information Modelling (BIM) has gained global attention across the industry, 

academia and the policy makers. This is fueling rapid growth of the BIM ecosystem, 

which, following [1], has been defined as the network of interacting technologies, 

processes, policies and organizations that collectively determine the development and 

evolution of BIM related products and services [2]. For example, BIM adoption in the 

US grew from 17% in 2007 to a remarkable 70% in 2012 [3]. During the same period 

several new BIM products and services have emerged in the market, while government 

agencies across countries such as the UK have created national BIM guidelines and 

policies. In such a dynamically evolving BIM ecosystem there is limited understanding 

of how the BIM technologies, processes, policies and organizations are mutually 

coevolving. These developments have opened a new multi-disciplinary research frontier 

around BIM, with long term implications for theory, education and practice. 
In the recent years, several streams of BIM research have emerged across specific 

issues such as BIM adoption, product data models and standards, facilities management, 



and collaboration [4]. However, the lack of systemic understanding of the BIM 

ecosystem is a critical knowledge gap that needs attention. First, since BIM is viewed 

as a collaborative approach, the potential benefits of BIM are contingent on how the 

technologies, processes, policies and the organizations fit together e.g. [5]. Second, a 

comprehensive understanding of the systemic challenges is critical to facilitating 

effective BIM strategy and execution. Third, the emerging BIM research discipline 

requires strategic insights and directions for future research.  

Therefore, this position paper aims to highlight the need for a theoretical basis to 

understand the patterns and implications of the coevolution in BIM ecosystem at the 

micro (e.g project and organization) and macro levels (e.g industry and society). A 

better understanding of the BIM ecosystem will improve decision making and collective 

growth for various stakeholders who are directly or indirectly part of the BIM 

ecosystem. For example, at the macro level, what are opportunities and challenges for 

different stakeholders in the evolving BIM ecosystem? What role can the government 

agencies, policy makers and regulations play in fostering a BIM ecosystem that is 

conducive to economic, environmental and social welfare? At the micro level, what are 

the dependencies across emerging technologies, processes and organizations that we 

need to know for effective management and implementation of BIM-based projects? 

Similarly, how are the macro and micro levels of BIM ecosystem mutually related? 

And, how are the broader technological trends such as internet of things (IoT) and 

digital manufacturing likely to affect the BIM ecosystem?  

In addition, there are several fundamental conceptual issues that need to be resolved. 

For example, how do we define the boundary of the BIM ecosystem? Which 

technologies, which roles, what processes, and what policies, direct or indirect, should 

be considered part of the BIM ecosystem and which need not? Or a more fundamental 

question is whether we at all need to define the boundary? What are the theoretical and 

conceptual implications of the chosen approach and how could that impact BIM 

research and development, as well as decision making in practice? 

More recently, a systemic view of BIM is starting to emerge in the discussions such 

as BIM research frameworks e.g. [6], BIM execution plans e.g. [7], and maturity 

matrices e.g. [8]. Along with these, a comprehensive understanding of BIM ecosystem 

is required, especially from the viewpoint of co-evolutionary mechanisms and 

dependencies across different levels of granularity, micro to macro. An endeavour to 

understand the systemic change in construction is not new. Previous attempts at forming 

a systemic view of the development of construction IT have typically taken the form of 

industry forecasting, review articles, policy documents, strategy reports and roadmaps 

e.g. [9, 10]. Therefore, one of the key objectives of this paper is also to clarify how the 

proposed BIM ecosystem perspective is different to such approaches, and yet how the 

ecosystem perspective can also contribute to the development of maturity models, 

creating roadmaps and identifying strategic directions for research and practice.  

2  BIM Ecosystem: What should we aim to research and why?  

2.1  Identifying the key constituents of the BIM ecosystem. 



The first steps is to identify the key constituents and categories, such that the key 

elements and their position in the ecosystem can be located. This iterative identification, 

mapping and clustering of the elements is a longitudinal process because the ecosystem 

continues to evolve. Such an effort will require a methodological approach, grounded 

in sound-theoretical and conceptual basis. An ontology to describe the BIM ecosystem 

is desirable. The ontological approach can build on related work in the literature. For 

example, [8] have described eight key components of a BIM maturity model, in the 

context of macro-level BIM adoption. A critical review of the different approaches to 

classifying and clustering the constituent elements of the BIM ecosystem is needed to 

assess their strengths and limitations. There is conspicuous absence of any 

methodological analysis or critical review of these classifications in the BIM literature. 

Critical questions need to be discussed and debated. For example, what are the structural 

characteristics of the ecosystem: is there a structural pattern at all? Is it hierarchical 

and/or nested and/or modular? What are the levels of details to consider? How do we 

ascertain the parity of the different concepts chosen for each level? etc. 

2.2  Identifying dependencies and rules of interaction between the elements 

The dependencies between the constituent elements need to be identified [11, 12]. These 

dependencies influence the patters of emergence, which can be traced from the 

historical data, but at the same time these dependencies may influence the emergent 

patterns of the future. While mapping the dependencies between these elements, once 

again several aspects need to be considered. For example, which relationships are 

constant and which of these are variable? What are the factors influencing the variable 

relationships, for e.g, temporality, regionality, etc? What are global and local variations 

in the dependencies? How can the dependencies be defined? 



2.3  Developing methodologies for BIM ecosystem analysis 

Besides knowing the constituent elements of the BIM ecosystem, its structural 

characteristics, and the dependencies between the elements, we need methodologies to 

analyze the dynamic patterns of evolution- to understand how changes emanate and 

propagate through the ecosystem- to assess aspects such as stability, robustness and 

centrality of the ecosystem, as found in any complex network e.g. [13]. The 

methodological approaches can broadly focus on the following aspects:   

BIM ecosystem retrospective analysis (BIM-ERA). The retrospective analysis is based 

on the past, and hence, there are historical data, facts and experiences to build an 

understanding of the BIM ecosystem. While the future evolution may or may not be 

dependent of the past events, lessons learnt from the past, and dependencies and patterns 

observed in the past, may provide useful insights into the future trends.   

BIM ecosystem feasibility analysis (BIM-EFA). Once a mapping of the BIM ecosystem 

begins to emerge, it is desirable to be able to make informed decisions about potential 

actions that can be taken to bring about a desired change in the ecosystem. The 

feasibility analysis methods should allow assessing whether a potential action or 

solution is possible within the given ecosystem or not, that is, is the action or solution 

feasible? Constraints within the environment or dependencies with other potential 

actions or problems may render a solution non-feasible in the context. Such an 

assessment should also give insights into potential barriers to feasibility.   

BIM ecosystem impact analysis (BIM-EIA). An action or solution that is feasible may 

have varied short-term and long-term impact on the ecosystem, some of which may be 

desirable and some may not. Thus, it is not sufficient to analyze the feasibility, but it is 

equally important to analyze the impact of the action or solution. The concept of BIM-

EIA is inspired by approaches such as Environmental Impact Assessment e.g. [14] 

commonly used in ecological domains, where systemic changes or likely change 

propagation and impact is thoroughly studied before a major action or solution is 

approved. This aspect has so far been entirely overlooked in the study of ICT or business 

ecosystems, both within and outside BIM research. Nonetheless, impact analysis should 

be considered for the following reasons:  

Some actions or solutions may have high initial investment both in terms of cost, 

time and effort, which means they require systemic effort for implementation and 

execution over a longitudinal period of time. Such efforts can only be made 

occasionally. For example, in the context of BIM systems if an organization makes an 

investment to adopt new BIM applications across the teams, then the cost of the 

applications, training the staff, and beginning to use it effectively is a high investment 

decision. Once that has been committed to and reached mid or advanced stage, then 

moving to another set of applications across the teams in a short-term, even if they may 

be better than the chosen solution, will become extremely challenging. 

Some actions or solutions may be irreversible in nature. For example, organizations 

may invest in building systemic processes and culture to support certain technologies 



and approaches. Once these actions and steps have been taken they cannot be undone, 

and more systemic effort will be required to replace them if they do not provide the 

intended outcomes, or worse, lead to undesirable outcomes. 

While some actions or solutions may require one-off effort, other actions or 

solutions may require continuous effort over a longer period of time. It is important to 

assess whether continuous effort is sustainable or not. 

In considering impact analysis, it is also important to define a benchmark to identify 

what is the alterative? That is, while it is important to assess what may be the impact of 

an action, it is also important to assess what will happen if the action is not taken? Is 

there an alternative action, and how does it compare? Contingent on the type of action 

or solution, the future course of actions such as flexibility, adaptability, scalability, etc 

can be severely impacted. 

3  How is the proposed BIM ecosystem approach different? 

This section briefly discusses how the proposed approach is different to the existing 

approaches in BIM research and practice from a systemic point of view: 

Normative models of BIM research versus co-evolutionary view of BIM ecosystem. 

Most of the current approaches to present a systemic view around BIM are descriptive 

and normative. Typically, these approaches outline sequential and linear stages and 

directions of BIM development [15]. For example, BIM-levels 0-3 have been defined, 

as progressive and sequential levels. While such clear definitions of the levels are useful 

in determining the maturity levels and creating a roadmap, it can be argued that such an 

approach fails to sufficiently account for emergent trends and directions of development 

within the context of BIM research. For example, parallel developments such as laser 

scanning, internet of things (IoT), etc are being integrated into the BIM systems, but 

these cannot be directly straightjacketed into the current definitions of these pre-defined 

levels, which are limiting, and close-ended. In contrast, the ecosystem approach 

emphasizes a co-evolutionary view, whereby the constituent elements are mutually 

evolving. At the same time, it starts with a premise that the boundary of the ecosystem 

is fuzzy and ill-defined. Theoretically, the co-evolutionary nature and the fuzzy 

boundary of the ecosystem means that we do not yet understand the lifespan of the BIM 

ecosystem, and nor do we know where all, in which directions, and by how much, the 

BIM ecosystem could grow. Consequently, while assessing the maturity in BIM 

research is useful, the maturity models need to be revised every once in a while and the 

limitations of defining the maturity level at any given time need to be outlined, because 

the reference lifespan and scope of BIM research is inadequately understood. 

The concept BIM ecosystem impact analysis or any equivalent concept does not exist. 

The existing approaches have (1) somewhat focused on understanding and mapping the 

constituent elements of what we describe as the BIM ecosystem, and the dependencies 

between them, i.e., kind of retrospective analysis, or (2) somewhat focused on 

understanding how to bring about a desired change within the context of the BIM 



ecosystem, i.e., kind of feasibility analysis. For example, developing mapping 

frameworks, maturity models, creating roadmaps, forecast models, etc fall in this 

category, with the objective to try and understand what is out there, and what can be 

done in the future to reach a desired state. However, the concept of impact analysis has 

not been considered at all, and there has been no discussion on whether the short-term 

or long-term implications of decisions taken in the current context can be or should be 

evaluated upfront. The objective of such impact analysis is to reinforce and validate the 

suitability of the feasible actions and solutions in the larger social, economic and 

environmental context, as well as to prepare in advance to address likely unintended 

effects of an action or solution. 

Some of the other key factors that we propose to consider while developing an 

understanding of the BIM ecosystem, and which need clarification include: 

Distinguishing between deterministic, predictive, and exploratory preparations. 

Developing models of a complex system with the view to try and understand likely 

future trends is often viewed with skepticism, because a number of forecast models and 

roadmaps have failed to make any meaningful contribution and they have been way off 

the mark. Therefore, it is important to clearly outline the purpose and expectations from 

a BIM ecosystem model. Rather than trying to build a deterministic or predictive model 

that can forecast how the BIM ecosystem will evolve, the BIM ecosystem research 

should allow exploration of various what-if scenarios that indicate numerous potential 

paths of evolution of the BIM ecosystem, given different conditions and emergent 

situations. It is expected that a what-if study will allow the ecosystem stakeholders to 

be better prepared for the likely scenarios than otherwise. 

Multiplex networks. The use of social network analysis and similar methods to 

understand the dynamics of construction sector is not new. Several aspects of 

construction sector, ranging from teams and project management to understanding the 

industry level interaction have been studied using the network approach. Nonetheless, 

given the complexity of network research and the challenges in mapping the network 

dependencies, the typical research is limited to one view of the network, whereas the 

actors within a given network may have different dependencies within the same 

network, or may be part of multiple networks at the same time, which all might 

influence their decisions and actions in any given network. This is typically overlooked 

because multiple networks are not juxtaposed and investigated at the same time. 

Therefore, the multiplex networks approach [16] needs to be considered in developing 

a comprehensive understanding of the BIM ecosystem. 

BIM is beyond tools and processes. Following considerable debate on whether BIM is 

merely a tool or a process, there is an increasing acceptance that BIM is a set of tools, 

process and policies. Nonetheless, if the research in BIM needs to be advanced it is 

desirable to look beyond this view as well. For example, the evolution of BIM has many 

similarities with Management Information Systems (MIS), where similar debates 

ensued for a while. Eventually MIS emerged as a formal discipline in itself with several 



notable theoretical perspectives associated with MIS research in areas such as cognition 

[17], media [18], social science [19], and behaviour [20]. In contrast, there has been 

limited theory building attempts in BIM research. Thus, it is argued that analogous to 

MIS we also need to view BIM as a discipline where fundamental theoretical 

contributions can be made both within and across multi-disciplinary boundaries. 

4  Building a comprehensive view of the BIM ecosystem  

This section reviews some of the complementary research methods and approaches that 

can be used to understand and analyze the BIM ecosystem. 

Empirical studies. Qualitative empirical research based on case studies, surveys, 

workshops, interviews and similar data collection techniques is the most dominant 

research method in current research on building a holistic view of BIM. Typically the 

findings are used to identify various (success) factors associated with BIM and how 

they impact adoption, maturity, etc. Many of these studies focus on micro-ecosystem, 

especially based on case projects and feedback from the actors involved in the project. 

Other studies focused on macro-ecosystem tend to include workshops, surveys and 

focus groups to assess the status of BIM adoption, perception of actors and different 

stakeholders, role of standards, etc. However, barring a few notable articles, there is 

limited attempt to build a theory of BIM, and most articles report observations and 

findings without much articulation towards theory building. 

Delphi studies. Delphi methods are based on systemic engagement and interviews with 

a panel of experts. Interviews are conducted in multiple iterative rounds, separately with 

each member of the panel. It is expected that the expert opinions of the BIM ecosystem 

will converge with each round. The success of Delphi studies is contingent on how 

quality of the chosen panel and how representative the panel is of the various facets of 

the BIM ecosystem. 

Literature review. Literature review can be qualitative and subjective, which is typically 

the case, or they can be objective and quantitative, based on computational methods that 

can also analyze large data sets e.g. [4].  

Data mining and analytics. With data mining and analytics, e.g. Big Data approach, it 

should be possible to conduct a comprehensive retrospective analysis, BIM-ERA, to 

assess and understand how the BIM ecosystem has evolved. The data-driven, fact-based 

findings can complement the views and opinions of experts about the evolution of BIM 

ecosystem, including those in Delphi Studies. The data analytics approach can be 

applied at both macro and micro levels. At macro levels, the trends and patterns can be 

studied at the industry level, while at the micro-level the large amount of data generated 

during a project or several projects can be analyzed to identify the patterns and 

dependencies at the project level. Furthermore, at the project level there is also a 

possibility now to mine all the BIM data generated during the project, and such as an 



analysis could also give insights into design decision making and associated 

dependencies. 

Complex systems and networks. BIM ecosystems can be viewed as complex systems 

and networks. The complex systems approach has been applied by researchers in 

understanding construction projects as well the construction sector. The different related 

research methodologies can also be applied to the understanding of the BIM ecosystem. 

Some of relevant methodologies could include network analysis, mathematical and 

stochastic modeling, and simulations. 

Simulation-based what-if studies. One of the objectives of trying to understand and 

build a theory of the BIM ecosystem is to be able to assess the patterns of evolution, 

and be able to conduct feasibility analysis as well as impact analysis. The challenges in 

conducting feasibility analysis and impact analysis is to be able trace the various 

dependencies and their consequences over a longitudinal chain. That is, an undesirable 

potential impact may be associated with a factor further down the value chain, and not 

necessarily easy to trace without a thorough analysis. As an analogy, a single move in 

a game of chess may be detrimental further down the game, but may not be obvious in 

the immediate few steps. The implications of this step is not independent of how the 

next few steps pan out, and how the opponent responds to the steps taken by the first 

player. These sequence of steps are typically non-deterministic, and hence, various 

possible paths of evolution are possible. Computational simulations based on 

probabilistic models provide a powerful method to conduct what-if studies, and these 

methods have been used successfully in various fields of complex systems research. 

As discussed in this section, there are multiple research methods that can be used to 

study the BIM ecosystem, and the different methods can mutually complement and 

reinforce the understanding of the ecosystem, Figure 1. 

 

 
 

Fig. 1. Research methods applicable to different aspects of BIM ecosystem anaylsis 

 



5  Conclusions  

This paper argues the need for a BIM ecosystem perspective, based on the concepts of 

co-evolution and emergence. The paper argues that barring a handful of notable articles 

there has been limited effort at building a holistic and theoretical view of BIM research 

environment. Furthermore, the typical approach in developing a systemic view of BIM 

research and development has been descriptive or normative, giving guidelines and 

defining levels of maturity, with limited space to account for emergent factors. The 

paper argues that the normative models of BIM research are limiting because they 

assume closed boundaries and scope of BIM. In contrast, the broader socio-technical 

trends such as building automation systems, IoT, big data analytics, etc are also finding 

their way into the mainstream BIM research and BIM systems. Consequently, 

discussions on maturity models and BIM levels appear hasty and misplaced until the 

BIM ecosystem boundaries are established with greater research rigour. Considering 

the co-evolutionary nature of the constituents of the BIM ecosystem, the definition of 

the BIM ecosystem boundary remains a challenging tasks. 

Therefore, this research emphasizes the need for theoretical and methodological 

approaches to support BIM ecosystem analysis based on the underlying dependencies, 

patterns and mechanisms of co-evolution. Three different aspects of ecosystem analysis 

are differentiated (1) BIM-ERA that uses varied methods including qualitative studies, 

Delphi studies, literature review and big data analytics to review how the BIM 

ecosystem has evolved, based on the experience so far, (2) BIM-EFA that uses the 

understanding of the BIM ecosystem built from BIM-ERA, together with Delphi 

studies, literature review and what-if simulations based on complex systems modelling 

to assess the feasibility of desired actions in a given ecosystem, and (3) BIM-EIA that 

also uses the understanding of the BIM ecosystem built from BIM-ERA, together with 

Delphi studies, literature review and what-if simulations based on complex systems 

modelling to assess the short-term and long-term impact of a potential feasible action. 

One of key contributions of this paper is to highlight the need for a BIM-EIA 

framework, which has not been considered at all in the current BIM literature.   

In addition, it must be noted that most of the current articles directed towards a 

holistic view of BIM research are based on expert opinions, theoretical arguments or 

other qualitative studies, but there is very little use of complementary methods such as 

complex systems modelling, what-if simulations or data analytics. It can be argued that 

the ability to compute emergent patterns of evolution and emergence over longitudinal 

patterns is limited in such qualitative approaches, while computational methods can be 

used to explore unlimited number of potential paths of evolution for extended periods 

of time, under varied what-if conditions. The usability of such computational models 

are dependent on how well we understand the underlying mechanisms and patterns in 

BIM ecosystem, and how well we are able to translate them into computational models 

where complex patterns emerge at global levels, based on well-established 

dependencies and rules of local interactions between constituent elements.   

In summary, this paper argues the need for an ecosystem view of BIM research, 

based on diverse theoretical and methodological approaches. The paper is a first attempt 

at articulating the directions and approaches that are required to create such a systemic 



view, and this remains the primary limitation of the paper. Such an attempt requires 

collective debate, review and iterations, and one of the main purposes of this paper is 

exactly to initiate such a theoretical and methodological culture in BIM research..   
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