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Abstract 

The increased complexity of construction projects requires the involvement of a wide range of 

organizations throughout the project lifecycle – from conceptual planning to decommissioning. 

Construction project teams, therefore, differ from teams in other industries as they comprise individuals 

who are employed by organizations that conduct different businesses. These many separate organizations 

working together in a close harmony over the duration of the project is fundamental to the overall business 

of construction. Project success relies heavily on the management of the flow of information among players 

and access to the right information is vital to efficiently perform the work. Therefore, an efficient 

information access and effective information exchange methods internally and externally with other 

organizations needs to be achieved. The model-centric approach introduces a unique solution to solve the 

problems with the information jungle, inconsistency, and disintegration associated with the traditional 

document-centric approach. As such, a coherent use of information management is required to merge, co-

manage, and semantically connect the information and artifacts generated throughout the project phases. 

Adopting a model-centric approach creates a single point of truth that centralizes information and 

facilitates access to it. A transformation plan is needed to outline the shift of the construction from 

document-centric to model-centric. This paper proposes a strategy to support the model-centric 

transformation of the Architecture, Engineering, and Construction (AEC) industry. Five strategic objectives 

are outlined and discussed in this paper highlighting considerations that need to be made to enable this 

transformation. This study describes the “what” necessary to enable and support a model-centric AEC 

industry.  
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1. Introduction 

The Architecture, Engineering, and Construction (AEC) industry is one of the most information-intensive 

industries where information needs to be readily available, accurate, complete, timely, and in a clear format 

that is understandable by the recipient. The increased complexity of construction projects requires the 

involvement of a wide range of organizations throughout the lifecycle – from conceptual planning to 

decommissioning. Project teams, therefore, differ from teams in other industries as they comprise 

individuals who are employed by organizations that conduct different businesses.  

Project success relies heavily on the management of the flow of information among players. The 

multidisciplinary and fragmented nature of construction creates a challenging environment for successful 

project implementation. Even with the development of BIM and Systems Engineering, the current practice 

of construction still relies on the conventional document-centric approach to deliver and manage the data 

throughout the lifecycle. Joan Allen, a group product manager at Autodesk pointed out that 70% of 

construction projects are still using paper as the main medium of communication [1]. This approach 
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emphasizes the generation of documents (physical or electronic with restrictive interoperable capabilities) 

which are exchanged among stakeholders and is prone to inconsistencies and incompleteness. Rezgui and 

Zarli [2] formulated the following vision statement in relation to transforming the AEC industry: 

“Construction in the knowledge society uses information and communication technologies as key enablers 

to meet main societal and industrial challenges. Sustainable construction is driven by total life cycle 

performance through knowledge intensive and functional integration of products and processes using a 

model-based approach to pave the way toward a knowledge driven industry.” They highlighted that the 

document-centric information exchange dominating the AEC industry should be replaced with a model-

centric approach [2]. 

Model-centric approach introduces a unique (and real-world practical) solution to solve the information 

jungle, inconsistency, and disintegration associated with the document-centric approach. The concept of 

Model-Based System Engineering (MBSE) was conceived by the International Council on Systems 

Engineering (INCOSE) to transform engineering by replacing the traditional document-based with a model-

based approach [3]. Adopting a model-centric approach creates a single point of truth that centralizes data 

[3,4]. 

Model-centricity provides new opportunities for the development of an integrated platform for information 

exchanges that can cross the organizational boundaries and provide a unique opportunity for teamwork 

and efficient information exchange and knowledge-sharing among otherwise isolated entities. While a 

model-based approach offers flexibility, supports collaboration and communication, automates and 

centralizes data, it requires changes to the AEC business-as-usual process. Inspired from the five objectives 

set by the Department of Defense (DoD) in 2018 for the Digital Engineering Strategy [5], this study discusses 

a strategy to guide the transformation of the AEC industry into a model-based discipline. The five objectives 

that are discussed in this paper and are as follows: 1) Formalize the development, integration, and use of 

models; 2) Provide an enduring, authoritative single source of truth; 3) Integrate technological innovation; 

4) Establish a supportive infrastructure and environments to collaborate and communicate across 

stakeholder; and 5) Transform the culture and the workforce to support the transformation. The 

description of each of the five objectives is supported with previous research endeavours undertaken to 

explore the transformation of the AEC industry into model-centricity. The objectives are then augmented 

with a set of considerations to be addressed before achieving model-centricity in the AEC industry. 

2. Overview of System Engineering and Model-Based System Engineering 

Before discussing MBSE and its current applications, it is important to understand what a System and System 

Engineering is. According to INCOSE, a system “is a construct or collection of different elements that together 

produce results not obtainable by the elements alone” [6]. Systems can be found in different products 

across different industries such as automobiles, shuttles, and airplanes. An aircraft, for example, is 

composed of various systems that are enclosed in a single body. These systems can be mechanical, 

electrical, and electronics. A F-35 fighter jet, for instance, has 8.5 millions of lines codes and thousands of 

electric circuit systems [7]. For an airplane to function and fly safely, these systems must thoroughly be 

designed, assembled and inspected. Additionally, systems must be coherently integrated – an integration 

that is achieved through System Engineering [8]. 

System Engineering as defined by INCOSE [6] is “an engineering discipline whose responsibility is creating 

and executing an interdisciplinary process to ensure that the customer and stakeholder's needs are 

satisfied in a high quality, trustworthy, cost efficient and schedule compliant manner throughout a system's 

entire life cycle”. According to [9], a System Engineering roadmap can be summarized into the following five 

steps: 1) Stakeholders are first identified. Stakeholders can be individuals or groups who are participating 

in the system development; 2) Stakeholders’ requirements and concerns are identified through questions 

of interest; 3) The system requirement, goals, external relationships and boundaries are later identified; 4) 

Budgets and schedules are established and maintained along with management and maintenance 

processes. Consequently, a baseline will be set to fulfill the stakeholders and system requirements; 5) User 

documentations, risk matrices, testing documents are finally created.  
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Researchers noted that there are numerous challenges facing System Engineering especially given the 

complexity of the design of today’s systems [7]. System design complexity is increasing faster than it can be 

controlled, especially as it is assembled from different design parts and not from a common architecture. 

Moreover knowledge and communication are lost across the project lifecycle, and between different 

projects, resulting in products that are expensive to test, have low quality, and are risky to operate [10]. 

The increase of system design complexity forced engineers to reconsider the whole system development 

phase, and as a result, MBSE emerged. MBSE was first introduced by Wymore and is described as a 

paradigm that places the model at the center. [3] noted that although MBSE has been extensively 

researched in the past decade, it remains a mysterious concept that has different meanings to different 

stakeholders. INCOSE initially defined MBSE as “the formalized application of modeling to support system 

requirements, design, analysis, verification, and validation activities beginning in the conceptual design 

phase and continuing throughout the later lifecycle phases” [6]. [4] augmented on the definition put forth 

by INCOSE and defined MBSE as “the formalized application of modeling (static and dynamic) to support 

system design and analysis, throughout all phases of the system lifecycle, through the collection of 

modeling languages, structures, model-based processes, and presentation frameworks used to support 

the discipline of systems engineering in a model-based or model-driven context”.  

In MBSE, the “model” is the single source of truth promising increased effectiveness in developing complex 

systems [11]. A model is a representation of a system that evolves as the lifecycle of the system is 

progressing. A model can include design information, specifications, and testing requirements all stored in 

a central location [9]. These models will have different viewpoints, offering a flexibility in viewing model 

information [12]. For instance, the information viewed by the owner is different from the information 

viewed by engineer. The owner would be interested in cost information, project risk, on the other hand, the 

engineer would be interested in material delivery dates, progress, and upcoming weekly tasks. Therefore, 

model-centric design can capture different system aspects, while offering specific views through different 

lenses that highlight specific information in the model. In MBSE, models are created using modeling 

languages. One of the most prevailing languages is Systems Modeling Language (SysML), which is a 

graphical modeling language developed by Object Modeling Group (OMG) and INCOSE [8]. SysML can be 

used to analyze, design, and verify complex systems, whether it is software or hardware related.  

One of the main reasons driving this shift to MBSE is to solve communication breakdowns that often occur 

as a result of the traditional document-centric System Engineering approach. In System Engineering, the 

data is stored in different formats using different software tools, which are deployed across different 

computers at the workplace. One of the main challenges arise when there are multiple versions of 

important documents being shared, which causes confusion between different stakeholders and can 

ultimately lead to conflicts. In addition, important design information is often not properly documented [7]. 

In a model-centric approach, on the other hand, the information is integrated into the model which is 

connected to the different requirements and design databases. The model can be then used to assess the 

performance of the system [13]. If changes in the requirements or design occur, it can be checked whether 

these modifications are safe to be implemented. If they are approved, they will be automatically updated 

into the main model. Therefore, the capabilities offered by MBSE help prevent design errors, by enabling a 

proactive check and analysis of the requirements and improving design feedback time [14]. MBSE is 

envisioned to transform a document-centric discipline into a model-centric discipline where data is 

maintained within a single repository and each stakeholder has a singular definition, with all needed 

attributes and relationships stakeholders are outlined [3].  

3. A Model-Centric Transformation Strategy for the AEC industry 

Trying to solve the challenges of complex systems, other industries adopted the application of MBSE [9]. 

The AEC industry is facing similar challenges while still operating in a document-centric manner. Even the 

great effort in researching multidimensional BIM in the last decades didn´t lead to a sufficient improvement 

in information flow [15]. The chance towards a model-centric approach becomes a necessity for the AEC 

industry to solve the long existing problems. To apply MBSE to the requirements of the construction 

industry a customized transformation strategy is needed, taking in consideration that there are currently 
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no existing implementation frameworks. This paper discusses five objectives adapted from the Digital 

Engineering Strategy set by the DoD [5]. 

3.1. Objective #1 - Formalize the development, integration, and use of models 

As mentioned in Section 2, a model “represents reality for the given purpose” [16]. Following the first 

objective of this study, the context of models in construction needs to be developed to create a common 

understanding and to evolve into a model-centric industry.  

As models are a representation of something, they only have properties to the given purpose. Therefore, 

the purpose of the model and the relevant stakeholders must be considered [17]. Modeling construction 

information does not strictly refer to Computer-Aided-Drawings (CAD), Building Information Modeling 

(BIM), and reality models, but rather it references the representation of construction process (from 

conceptual planning to demolition) in data to facilitate exchange and interoperability of project information. 

Models could be 3D models, 4D simulations, drawings, specifications, Request for Information’s (RFIs), cost, 

schedule, progress reports, as-builts [1]. A construction information model also consists of different 

repositories, which can then be accessible to different stakeholders [17]. Each model is tailored for its 

intended purpose and stakeholders and serves to understand the system, to optimize the behavior if 

necessary and / or design strategies for future operations [18]. Additionally, simulated models are used 

either because the real system is not yet defined or available or because it cannot be executed directly due 

to cost, time, resource or risk restrictions. These simulations, for example, enable design analysis on models 

and allow what-if analysis to be carried out [19]. 

It should be noted that while evolving technology enables more complex and capable models, it may not 

improve effectiveness if the human factor is not appropriately considered [2]. Humans have cognitive and 

conceptual limitations that limit the amount and type of information they can effectively comprehend and 

use to make decisions. Designing for humans requires understanding their capabilities and limitations and 

identifying their information needs so that the model intelligence can extend the overall system intelligence 

[16,20]. 

3.2. Objective #2 - Provide an enduring, authoritative single source of truth 

Research efforts conducted during the past decades show that while modeling has already moved beyond 

the n-dimensional development of BIM, the degree of integration between different systems and 

stakeholders can still be greatly improved [15]. Given the various use-cases applied throughout the 

construction project lifecycle and their diverse requirements, there is currently little interoperability and 

automation potential to leverage the use of BIM [15]. Although the advances in vendor-independent 

formats such as Industry Foundation Classes (IFC) have a significant impact on the development of 

integrated methods for the exchange of construction data [15]. IFC provide the standards for model-based 

interoperability, similar to how SysML is becoming the standard modeling language in MBSE [25]. While 

taking into consideration industry´s stakeholders, subsets of the IFC scheme – so-called Model View 

Definitions (MVDs) – are created to meet the requirements of various disciplines [30]. Although these 

schemes are not yet fully developed, together with Information Delivery Manuals (IDMs), they support 

collaborative project management [30]. Research efforts show for example how Building Automation 

System (BAS) based systems which are used in facility management can be represented in an IFC structure 

[21]. While other researchers are still sceptical and consider that even with the further development of IFC, 

it does not seem feasible to switch from static BIM data to a dynamic web-based system [15]. Therefore, 

there are other approaches based on linking data which is kept in its original format [22]. 

Examining developments in other industries has led construction researchers to focus efforts towards a 

more holistic approach across the lifecycle of a construction project – the concept of Digital Twin. As the 

authors have shown in [23], the concept of the Digital Twin in the AEC industry goes beyond BIM. The 

authors classify the model-related body of knowledge in construction into three subcategories: Digital 

Models (most notably illustrated through BIM where there is no automated links between physical object 

and virtual representation is to be counted), Digital Shadow, and Digital Twin (highest level of data 

integration). Digital Twins in their full form have an automated bidirectional link between the physical and 
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digital object [23]. The use of BIM in construction projects nowadays can thus be the starting point for the 

progression of sustainable Digital Twins that are enriched by data collected throughout the project lifecycle 

[15]. Regardless of the current maturity level of the Digital Twin concept in construction, the exchange of 

information continues to develop into more open, web-based platforms through the use of open formats 

such as IFC but also enabled by linking existing data. This direct access to information increases the 

importance of a single source of truth, which MBSE will offer if implemented.  

[24] defined a single source of truth as an authoritative source of data that offers data services to other 

entities. In construction, a single source of truth is thought of as a Common Data Environment (CDE) and 

the practice of properly storing data such as plans, correspondences, specifications, Computer-Aided 

Drawings (CAD), 4D simulations in one place without duplications and with a clear path to locate, extract, 

and share the data throughout the lifecycle of the project – from design, to planning, construction and 

operations [1,25]. A single source of truth can be leveraged not only by the dynamic data that a Digital Twin 

manages, but also by the constant knowledge accumulated about the physical objects, which can lead to 

new insights and patterns with the use of data analysis [15,26]. 

[27] noted that a shared common data environment (CDE) or data repository is required to reduce 

miscommunication. Even though platforms that meet these requirements are less common in construction 

than in other industries, the use of CDEs is growing. Bentley offers such a platform with ProjectWise and 

Autodesk with BIM 360. Both of these platforms are constantly evolving, and their features, interoperability 

in particular, are being upgraded and tailored to meet the requirements of the AEC industry and its 

stakeholders [1,28]. With the ongoing development towards using a single source of truth in construction 

projects new challenges arise. Whyte pointed out that simulations based on wrong assumptions can lead 

to disasters, and thus, it must be ensured that the single source of truth is reliable and that verification and 

validation processes are put-in place and carried out throughout the lifecycle of the construction project 

[26]. 

3.3. Objective #3 - Integrate technological innovation 

The construction industry is not an exception to the pervasive digital revolution. The industry is dealing with 

large volumes of data arising from different disciplines throughout the lifecycle of a capital project. As the 

Internet continues to evolve, and with the increased growth in the number of connected devices – coined 

as IoT, there is a massive increase in the accompanied data traffic volume. The vast accumulation of 

construction data, including BIM data and IoT data has pushed construction to enter the era of Big Data 

[29]. Big Data has three attributes; namely volume, variety, and velocity (a.k.a. 3V’s) [30]. Construction data 

is typically large, heterogeneous (represented in various formats), and dynamic (resulting from the nature 

of data sources) [31]. The application of the major technologies of Industry 4.0 to a construction project 

generates multiple scenarios to be considered under the model-centric approach. For example, workers’ 

wearables in construction linked to IoT allows the collection of ergonomic data. The gather raw data is 

stored in a database where data analytics is employed to infer information. This information is then 

accessed by the responsible person (decision-maker) to make decisions related to the behavior of workers. 

This decision is then communicated to the workers in the field, whose behavior will be adjusted accordingly, 

forming a closed loop under the model-centric approach. Visualization technologies such as Virtual Reality 

and AR and as well as web-based applications can also support the model-centric by leveraging the 

accessibility to, usage of, and interaction with information. 

3.4. Objective #4 - Establish a supportive infrastructure and environments to collaborate and communicate 

across stakeholders 

As outlined under the second objective, the collaboration between the various AEC stakeholders is centered 

on the idea of a single source of truth that is implemented on a web-based platform. Although the concept 

of the single source of truth is vital to model-centricity, the question pertaining to how the integration of 

the numerous stakeholders with their subsystems and their highly specialized applications in this single 

source of truth can be facilitated is subject of current research. The key to generate a reliable single source 

of truth is interoperability, which can be achieved by using open formats and also by linking existing data.  
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It should be noted that, even when interoperability is achieved within the single source of truth, there are 

other points to consider, such as the Information Technology (IT) infrastructure and the corresponding 

hardware and software tools needed to operate the web-based platform. This transformation should be 

also supported by a team of well-trained individuals and specialists to provide on-going feedback and 

assistance.  

3.5. Objective #5 - Transform the culture and train the workforce to support the transformation.  

Research indicates that the level of cultural change needed to transform an industry through MBSE should 

not be underestimated [32]. This transformation goes beyond the technical aspects of MBSE as it requires 

strong leadership involvement and commitment. Additionally, stakeholders need to be educated on model-

centricity.  

To overcome cultural challenges associated with the shift to a new system, Thales group which is a 

multinational aerospace company, has applied a rigorous plan related to MBSE implementation [33]. Owner 

and key players are involved early in the project to define and modify their needs. Then, research and 

training experts highlight operational needs and produce prototypes that are later validated. Moreover, a 

dedicated development team is responsible for enhancing the current modelling software. Additionally, 

dedicated support teams are put in charge to perform most of the analysis that require special attention. 

MBSE champions are also delegated to help operational engineers implement MBSE. Furthermore, local 

support teams are assembled and act as the liaison between operational users and support teams. Finally, 

operational engineers will oversee the implementation plan, and will regularly check and ensure that the 

current MBSE solutions are helping the engineers [32]. A similar process can be established for the AEC 

industry and tailored to the specifics of the construction project. 

4. Considerations to support the Model-Centric Transformation for the AEC industry 

The shift towards a model-centric industry is a necessity to continue to exist in the growing market, however 

the current state of the AEC industry is still mainly document-centric. The previous section discussed five 

objectives for implementing a model-centric approach. This section outlines several considerations that 

need to be addressed and should be carefully thought of when discussing model-centricity. These 

considerations can be summarized into the five themes illustrated in Fig. 1 (central figure) and are discussed 

in detail in the following sections. 

4.1. Objective #1 - Formalize the development, integration, and use of models 

As different stakeholders are involved throughout the lifecycle of a construction project, it is important to 

study and explore their relationships among each other. Their needs and requirements for the models 

should be well considered, defined and formalized. It is also crucial to define a common lexicon for models 

in the AEC industry to ensure consistency and buy-in from all stakeholders. After defining and agreeing on 

what the models are, the realization of those models on construction projects should be formalized. This 

ensures that the modes are complete, trustworthy, accurate and meet the specified requirements of the 

stakeholders. These models will be used to communicate and collaborate throughout the project. Another 

important aspect that should be considered is the Project Delivery System. Given the complex and dynamic 

nature of the AEC industry, it becomes critical to explore the feasibility of adopting a model-centric 

approach with the different Project Delivery Systems. While the adoption of a model-centric approach can 

be aligned with the Integrated Project Deliver System where communication, collaboration, and 

transparency are supported contractually, a significant number of construction projects are executed under 

other delivery systems such as Design-Build and Construction Management. Additionally, as the AEC 

industry prepares to become model-centric, models become valuable assets throughout the project 

lifecycle, requiring management and control (model curation). 
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Fig.1. The AEC model-centric Tranformation Objectives and Considerations  

(objectives are listed in outer pentagon and considerations are listed in the inner pentagon ) 

4.3. Objective #2 - Provide an enduring, authoritative single source of truth 

After identifying the requirements of the different stakeholders, the single source of truth that will serve as 

the central reference point throughout the project lifecycle needs to be defined. With the existence of 

various types of models and software, the integration of models in a single source of truth is the main 

challenge. Main research efforts are undertaken to connect and link these models to apply the model-

centric approach and establish a master model that will act as a hub for all other models. 

To ensure the proper use of the single source of truth as the project moves forward, a governance plan 

must be established to trace and capture changes. It should be also noted that having a central model does 

not mean that everyone and anyone has access to the same information. Different viewpoints are crucial 

in order the channel the proper information to the right stakeholders. 

4.3. Objective #3 - Integrate technological innovation 

Shifting towards Construction 4.0 requires the adoption of MBSE into the AEC industry. However, the 

transformation is not linear as it depends on the use of advanced technology such as AR, IoT and Big Data. 

Technological advances are rapidly changing, and thus, it is important to make wise investments. When 

making technology-related decisions, it is important to ensure that knowledge is continuously captured, 

used, and leveraged, to provide the industry with a competitive edge to adapt and grow. 

4.4. Objective #4 - Establish a supportive infrastructure and environments to collaborate and communicate 

across stakeholders 

In order to integrate advanced technologies into a project or a process, a robust IT infrastructure must exist. 

Investing in technology and infrastructure is as important as investing in other decisions. Thus, the IT 

infrastructure can be thought of as the main “mechanism” to connect stakeholders and exchange 

information. Not having a robust and secure IT infrastructure will overturn all the advances in the 

construction lifecycle. Investing in establishing communication channels between stakeholder will help 

promote model-centricity by punching holes in the wall of silos of the AEC industry. Having subject matter 

experts guide and assist the development of an IT infrastructure and having leadership invest and support 

this initiative is crucial to this objective.  

4.5. Objective #5 - Transform the culture and train the workforce to support the transformation 

The human factor is as important as the use of technology. In order to exploit the full potential of technology 

not only the leadership level needs to be brought on board, but the workforce needs to be trained to 
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navigate model-centricity. As this transformation requires collaboration and transparency among the 

stakeholders, it is important to ensure buy-in and support from all project participants. Project team leaders 

and model-centricity champions can also develop guidelines and organize workshop to educate and train 

stakeholders. Other industries, particularly manufacturing, have always been a source of innovation for the 

AEC industry. AEC professionals can learn from other industries that have benefited from a model-centric 

transformation and adopt and adjust best practices to fit the industry. Moreover, companies must realize 

that such a transformation is a long-term goal and efforts and investment in all aspects need to happen 

continuously and incrementally, over a long period of time. Such a transformation is not instantaneous, 

and although the cost of change is high, the return of investment will be higher.  

6. Conclusions and Future Work  

The increased complexity of construction projects along with the increased customer expectation has 

added more pressure on the AEC industry to re-examine its practices and revolutionize and modernize how 

it plans, designs, executes, and maintains its projects. The multi-party nature and uniqueness of the 

architecture, engineering, and construction industry creates a challenging environment for successful 

project implementation. Project success relies heavily on timely transfer of the correct information among 

players. Model-centricity provides new opportunities for the development of an integrated platform for 

information exchanges that can cross the organizational boundaries and provide a unique opportunity for 

teamwork and workflow automation among otherwise isolated entities. Characteristics of this new model-

centric approach are centered on the concepts of ownership, accessibility, availability, and timeliness of 

information together with the notions of process digitization, integration, and optimization. This paper 

discussed five objectives that are envisioned to enable the transformation of the AEC industry to a model-

centric industry, namely: 1) Formalize the development, integration, and use of models; 2) Provide an 

enduring, authoritative single source of truth; 3) Integrate technological innovation; 4) Establish a 

supportive infrastructure and environments to collaborate and communicate across stakeholder; and 5) 

Transform the culture and the workforce to support the transformation. On the other hand, these 

objectives cannot be achieved, without trying to mitigate the five identified constrains. First the 

stakeholders and their needs must be established, second a central model must be generated which 

provides different viewpoints to the different stakeholders. Advanced technology can be implemented to 

create and exchange knowledge and analyse data. Collaboration and integration will lead to change the silo 

culture in the AEC industry. Finally, the human aspect and training needs and support must be emphasized 

to achieve lasting change. While this research investigates the feasibility of a model-centric transformation 

in the AEC industry from a broad perspective, future research could elaborate on the objectives and 

considerations presented in this paper and provide a more focused and technical assessment of such 

transformation. 
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