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The digital transformation of traditional supply-chain industries into platform-based 

businesses has been touted as a promising strategy to achieve competitive advantage 

and market leadership. Despite prominent case studies of business-to-consumer 

platform ecosystems, there is a lack of understanding on how incumbent firms articulate 

new business-to-business ecosystems. To bridge those gaps, this thesis explores the 

integration of information systems (IS) across company boundaries as an organizational 

and social phenomenon. The research question is: “How do different actors from the 

same industry perceive and influence the integration of IS across organizational 

boundaries?” This study’s result is a set of theories explaining how well-established 

companies can share data and co-create new business value through digital platforms. 

To meet the research objectives, the thesis focuses on the case study of the architecture, 

engineering, construction, and facilities management (AEC/FM) sector, which is 

typically characterized as a project-based industry because its actors operate within 

loosely coupled and temporary networks to perform specialized work with limited or no 

interactions with other companies. Following an interpretive approach to qualitative 

research, 45 practitioners (mostly managers or C-level executives) from 33 different 

AEC/FM organizations were interviewed for this study.  

Due to the project-based nature of the AEC/FM industry and the long lifecycles of 

buildings, integrating IS across firms is a costly process that demands the coordination 

of many actors. This study’s results suggest that the evaluation on the maturity of a 

digital platform and its required integrations often relies on subjective factors. Mapping 

useful minimum interdependencies among actors is one of the first steps to clarify such 

integration requirements. Conflicts might emerge if actors have opposing or diverging 

views regarding six contentious points of autonomy and control. Some of the most 

significant barriers to inter-organizational integration of IS emerge from the actors’ 

unwillingness to align with others. The understanding of future business value varies, 

depending on whether the actors organize themselves as a project-based industry or as a 

digital platform ecosystem. The key to managing planned integrations lies not only on 

the choice of technology artifacts but also on boundary objects and abstract concepts. 

Keywords: information systems, inter-organizational integration, digital platform 

ecosystems, value co-creation, software engineering, construction 
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1 Introduction 

In this chapter, I summarize my motivation and objectives in writing this thesis. This 

chapter is divided into three sections. In Section 1.1, I introduce the research problem 

and the main research question (RQ) and justify the importance of studying this topic. 

In Section 1.2, I define the scope, positioning, and impact of the research work on the 

existing streams of scientific literature. In Section 1.3, I outline the structure of the 

thesis. 

1.1 Background problem and motivation 

Industry managers and executives often face the decision of developing new digital 

platform ecosystems on top of their shared resources in order to share or exchange 

strategic data with other firms. However, few theoretical frameworks provide deep 

insights into the internal motivations and conflicts among the different actors who 

pursue such integration goals. While a vast amount of information systems (IS) and 

software engineering (SE) literature focuses on platform governance mechanisms and 

value-creation practices in software or service ecosystems, such studies often fall short 

of addressing either one or both of the following aspects:  

1. aligning with the ex-ante, first-hand perspective of the actors involved in these 

processes, as opposed to the perspective where the researcher merely acts as an 

external/third-person narrator, and  

2. describing the challenges and uncertainties that those actors face during the 

early stages of their integration, which are not evident from relying only on ex-

post historical or retrospective case studies of more mature and consolidated 

platform ecosystems.  

For these reasons, the formulation of new theories, which can help explain from an 

adopter-oriented perspective the emergence of new software products and services 

across organizational boundaries, is an interesting topic for researchers and practitioners 

alike. In project-based industries, where the linkages between the participating firms are 

loose and bound to individual projects with limited durations (Taylor and Levitt, 2007), 

this topic represents both a pressing issue and a need. 

The main problem covered in this thesis is the lack of an overall vision and agreement 

among different companies in terms of how to exploit, monetize, govern, and manage 

the exchange of strategic information flows through digital platforms. Following an 

interpretive approach to qualitative research, I explore the challenges and opportunities 

foreseen by different actors in a project-based industry when they try to integrate their 

existing IS across company boundaries to establish new ecosystems.  

To analyze this problem, I focus on the case study of the architecture, engineering, 

construction, and facilities management (AEC/FM) industry in Finland, which has been 
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traditionally considered the archetype of a project-based industry that is hindered by 

misalignment between firms, often due to the fragmentation of IS and data (Gann and 

Salter, 2000; Dubois and Gadde, 2002; Kamara et al., 2002; Vanlande, Nicolle and 

Cruz, 2008; Alin et al., 2013). These integration problems cannot be solved only from a 

technical angle because they also depend on the business environment or the social 

context where those solutions are going to be deployed. While the technical 

interoperability aspects are likely to be addressed over time by software vendors, other 

problems that are more difficult to solve are concerned with making people agree on 

common information technology (IT) platforms or cooperating with one another, by 

allowing the free flow of information to and from other parties (Bryde, Broquetas and 

Volm, 2013). For this reason, in this thesis, I approach the phenomenon of IS 

integration in the AEC/FM industry primarily as an organizational and social problem. 

1.2 Research aim and impact 

In this study, I aim at exploring the socio-organizational angle of IS integration across 

company boundaries. The main principle guiding the research process and methodology 

is to describe this phenomenon by building on the discourses and opinions of the actors 

involved. To achieve this objective, I set this RQ: How do different actors from the 

same industry perceive and influence the integration of IS across organizational 

boundaries? 

From the academic perspective, my thesis has a twofold impact. First, I identify suitable 

IS and SE theories from existing literature and apply them in the context of real industry 

cases, thus allowing the verification and advancement of such theories. The background 

review (Chapter 2) and discussion (Chapter 6) of various streams of IS literature in this 

thesis contributes to bridging the gaps between different but related concepts, such as 

inter-organizational information systems (IOIS), digital platforms, ecosystems, and 

digital infrastructures. Second, I propose new mid-range theories in the IS and the SE 

fields to facilitate the understanding of how different actors from the same project-based 

industry can implement and manage new digital platform ecosystems. These theoretical 

contributions help explain how companies find ways of sharing strategic data and 

working with new partners.  

Rather than focusing on technical attributes of hardware and software, this thesis 

primarily involves the study of organizations, which constitute a human and social 

construct. For this reason, I follow an interpretive approach to qualitative research. This 

methodology allows an open exploration of phenomena about which little is known in 

advance, and it is suitable for gaining a more detailed understanding of complex issues 

with variables, such as feelings, thought processes, and emotions, that cannot be 

measured easily through quantitative or statistical methods (Creswell and Poth, 2018). 

From a practical standpoint, the findings of this thesis explain the motivations, 

challenges, and opportunities that can emerge from collaborating with other actors from 

a project-based industry. These guidelines are most relevant for practitioners in the 



 

 

17 

AEC/FM sector, which serves as the unit of analysis for the case studies in Publications 

I–IV. The findings of this thesis also explain how technologies such as computer-aided 

design (CAD) or building information modeling (BIM) are gradually combined into 

more complex software solutions, comprising data platforms and Internet of Things 

(IoT) components, which altogether facilitate the exchange of information across 

organizational boundaries. Besides explaining how these technology solutions can help 

automate the construction or FM processes, in this thesis, I also discuss the 

opportunities to create new spin-offs or property technology (“PropTech”) companies 

on top of existing building data and integrated software solutions. The underlying 

purpose is to allow incumbent actors to reach a wider range of target customers or to 

offer new services outside the traditional roles and boundaries of the AEC/FM industry. 

1.3 Thesis structure 

This thesis consists of seven chapters with the following contents: in the current 

chapter, I set the overall direction of the research by presenting an overview of the 

topic, the motivations behind it, and its impact. In Chapter 2, I summarize prior 

academic studies related to the following themes that are most relevant to this research: 

(a) integration; (b) digital platforms, infrastructures, and ecosystems; and (c) other 

streams of IS literature approaching integration from a socio-organizational perspective. 

In Chapter 3, I describe the case context of the AEC/FM industry, on which all 

publications of the thesis were developed. In Chapter 4, I formulate the research 

problem and questions, outline the research process, justify the choice of methods, and 

clarify the measures taken to improve the trustworthiness of this study. In Chapter 5, I 

summarize the main findings and contributions of each publication, as well as their 

relation to the thesis. In Chapter 6, I discuss the whole study’s implications for research 

and practice. Finally, in Chapter 7, I recap the answers to each RQ, the study’s 

limitations, and future research opportunities. 

It is worth clarifying the writing style and voice used in this doctoral thesis. In academic 

writing, the passive voice is commonly used to emphasize the application of the 

methods and the findings rather than the subjects conducting the research. Another 

reason for the wide adoption of the passive voice is the erroneous idea that using 

personal pronouns, such as I or we, is informal or less elegant (Gastel and Day, 2016). 

Even though the passive voice can help direct the reader’s attention to the phenomenon 

under study, it often produces unnecessarily long or obscure sentences and attributes the 

responsibility for the research process or its results to inanimate objects (i.e., 

anthropomorphism). For example, comparing the fragments “interviews were 

conducted” and “we conducted interviews,” the first one does not disclose the identity 

(identities) of the interviewer (interviewers) but indirectly attributes the action to an 

unspecified subject. In case of multiple authors, which of them was (or were) 

responsible for the interviews?  
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For these reasons and considering the importance of the stakeholders’ perspectives in 

my proposed research topic, I have decided to write this thesis using mostly the active 

voice. In my view, it also suits better the purpose of a dissertation: to summarize and 

justify the doctoral research. I use the first-person singular in the sections where I 

describe my own research activities. When Publications I-IV are mentioned, I use the 

first-person plural to refer to my co-authors and myself. 
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2 Theoretical background and related research 

In this chapter, I summarize the state of the art in the scientific literature related to the 

topic of the doctoral thesis. All the following sections refer to existing materials 

originally authored by other scholars, which constitute the background theory 

supporting this research and have been cited throughout Publications I–IV. I have 

structured this chapter around three main themes: (1) understanding the meaning and 

implications of the term “integration”; (2) platforms, digital infrastructures, and 

ecosystems as units of analysis in IS studies; and (3) the different theoretical lenses used 

in Publications I–IV to analyze IS integration from a socio-organizational perspective. 

2.1 Meaning and implications of integration 

Integration is a fuzzy concept with technological, operational, and strategic implications 

(Wainwright and Waring, 2004; Gulledge, 2006). This term plays a prominent role 

across various streams of academic literature, such as project management, strategy, 

logistics, and IS (Barki and Pinsonneault, 2005; Chowanetz, Legner and Thiesse, 2012). 

Because of its general nature and wide use in different domains, integration is often ill-

defined or misunderstood (Giachetti, 2004; Rodon Modol, 2006; Kähkönen, 2017).  

Regardless of the exact wording, an element commonly found in the definitions of 

integration is the idea of a “unified whole” (Barki and Pinsonneault, 2005; Rodon 

Modol, 2006), where the whole is something unique and different from the sum of its 

parts, and where those parts vary according to the study context, for example, 

organizational units, business processes, systems, technology, and the people involved 

(Oh et al., 2007). It is expected that something that has been integrated acquires some 

new dimensions or capabilities in its own right. Thus, integration can be interpreted as 

both the goal/outcome and the process to achieve the condition of a “unified whole” 

(Chowanetz, Legner and Thiesse, 2012). 

According to Kähkönen (2017), the phenomenon of integration can be studied from 

three perspectives that build on one another: technical implementation, business 

processes, and socio-organizational aspects. 

• From the perspective of technical implementation, integration is the extent to 

which two or more IT systems can communicate to exchange data (Wainwright 

and Waring, 2004; Barki and Pinsonneault, 2005; Vernadat, 2007). In this 

context, the phenomenon is treated as a matter of distributed computing, that is, 

how the logic and functional responsibilities of an application are divided among 

different parts across local or remote locations. Technical integration can be 

achieved through standardized formats for data exchange, loose coupling, 

layered software architectures (e.g., client-server or N-tier), service orientation, 
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application programming interfaces (APIs), and advanced messaging patterns 

for asynchronous communication (Kähkönen, 2017).  

• From the perspective of business processes, integration is a firm-level construct 

that deals with linking functional units to standardize, optimize, and tightly 

couple the operations of two or more independent organizations (Barki and 

Pinsonneault, 2005; Berente, Vandenbosch and Aubert, 2009). Some streams of 

literature that approach integration from this perspective are business process 

reengineering, merger and acquisition (M&A), and the development of 

enterprise systems to optimize supply chains (Rodon Modol, 2006), such as 

enterprise resource planning (ERP) systems integrating financial, manufacturing, 

human resources (HR), and engineering processes across the different units of a 

single firm, or the implementation of electronic data interchange (EDI) and 

business-to-business (B2B) procurement systems to connect the value chains 

across multiple partner firms (Barki and Pinsonneault, 2005; Kähkönen, 2017). 

Consequently, this business process layer cannot be observed in isolation from 

the technology because the business needs inform the technical requirements 

and scope of IS implementation (Vernadat, 2007; Kähkönen, 2017).  

• From the perspective of socio-organizational aspects, integration focuses on the 

interactions among stakeholders and how to deal with the barriers emerging 

among them, due to human factors such as specialization, politics, or culture 

(Wainwright and Waring, 2004; Barki and Pinsonneault, 2005; Kähkönen, 

2017). On one hand, different organizational units have their own goals, 

experiences, and sets of domain-specific skills. These cognitive and emotional 

characteristics of individual stakeholders often demand greater integration 

efforts. On the other hand, the struggles over diminished power or control, the 

presence of a competitive landscape, and the diverging opinions on the sharing 

of resources are all examples of political factors that might also affect different 

actors’ ability or willingness to collaborate. 

Integration should not be confused with interoperability, a word with a narrower 

meaning and scope of application, which concerns one software system’s ability to use 

parts of another software system (Vernadat, 2009) or access the data generated by it 

(Giachetti, 2004). This feature is usually achieved by adhering to common standards 

and protocols for exchanging data messages or enabling new services (Vernadat, 2007). 

Interoperability is the primary goal when IS integration is approached from a technical 

perspective. Therefore, integrated IS are always interoperable, but the opposite is not 

necessarily true because integration also comprises the business and the socio-

organizational dimensions (Panetto and Molina, 2008). Another related concept with an 

even narrower scope is compatibility. This term simply describes two or more systems’ 

ability to operate in the same environment without affecting each other (Panetto and 
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Cecil, 2013). Figure 2.1 illustrates the scope and concerns of integration, 

interoperability, and compatibility. 

 

Figure 2.1: Relations among the concepts of integration, interoperability, and compatibility. 

 

Different classifications of integration can be found in IS, management, and SE 

literature. Depending on the aim or focus of the study, these classifications focus on 

answering either or both of the following questions: 

- What has to be integrated?  

- At what scope does the integration occur?  

Regarding the first what question, the integration can occur on the layers of physical 

systems, applications, and business processes/knowledge. Each is built on top of one 

another to support organizational needs that gradually become more complex: 

communication, cooperation, and coordination/collaboration, respectively (Molina et 

al., 2005; Chen, Doumeingts and Vernadat, 2008; Vernadat, 2009). The answer to the 

question of at what scope, also called integration reach, depends on the process chain of 

the organizations involved. It can be either internal (i.e., intra-organizational) or 

external (i.e., inter-organizational or cross-organizational), depending on whether the 

integrated process crosses the boundaries of an individual organization or multiple 

organizations (Barki and Pinsonneault, 2005).  

An IOIS can be defined as a socio-technical infrastructure that supports cross-company 

relationships and embeds a set of common business rules (Rodon, Sese and 

Christiaanse, 2011), which is jointly used by multiple autonomous organizations or 

communities of practice and can encompass a whole industry, along with the suppliers 
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and the customers of the organizations operating in it (Reimers, Johnston and Klein, 

2010, 2014; Lyytinen and Damsgaard, 2011). IOIS draw on the shared or common IT 

capabilities of the participating organizations to facilitate the creation, storage, 

transmission, or transformation of strategic business information that must be shared 

across company boundaries (Lyytinen and Damsgaard, 2011). Thus, IOIS 

implementation and adoption can be understood as the process of embedding new 

technologies to integrate existing social structures (Reimers, Johnston and Klein, 2014). 

In Publications I–IV, my co-authors and I study the integration of IS from a socio-

organizational angle, using the AEC/FM industry as the case context. We define this 

phenomenon (i.e., inter-organizational integration) as the integration of different IS 

across the boundaries of various autonomous organizations (Publication II) into new 

digital platforms (Publications III-IV), to articulate ecosystems that can support 

business processes with better coordination and collaboration among the actors 

(Publication I). This definition covers the three perspectives on integration: Technical, 

business, and socio-organizational.  

2.2 Digital platforms, infrastructures, and ecosystems as units of 

analysis 

To integrate information across organizational boundaries, different actors operating in 

the same industry may decide to develop new digital platforms, in order to enable new 

business ecosystems with other companies. In Publications I–IV, my co-authors and I 

approach the early stages of this decision-making, planning, and negotiating process. 

For that purpose, we rely upon various streams of IS literature that propose different but 

related theoretical lenses, which are clarified and compared in this section. 

2.2.1 Digital platforms 

The scientific literature on digital platforms is extensive and originates from different 

research streams, such as strategic management, marketing, economics, SE, and IS 

(Tiwana, Konsynski and Bush, 2010; Rolland, Mathiassen and Rai, 2018; Bazarhanova, 

2020; Hein et al., 2020). Gawer (2014) and Rolland et al. (2018) have outlined the 

following perspectives on platform research, each with its own set of contrasting 

assumptions about the constitutive elements and evolution of platforms: 

- The technological, technical, or engineering perspective originates from 

physical product and software product development (Rolland, Mathiassen and 

Rai, 2018). It approaches digital platforms as technical artifacts (de Reuver, 

Sørensen and Basole, 2018) or extensible codebases of purposefully designed 

software architecture (Gawer, 2014), which provide a relatively stable core 

functionality as well as interfaces to integrate complementary modules with high 

variability (Tiwana, Konsynski and Bush, 2010).  
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- The economic perspective portrays digital platforms as two-sided or multi-sided 

markets (Gawer, 2014; de Reuver, Sørensen and Basole, 2018). It focuses on the 

business models empowered by network effects among different groups of 

consumers, whose interactions are mediated by the platform and who otherwise 

would be unable to transact with one another (Gawer, 2014).  

- The organizational perspective approaches platforms as evolving organizations 

or meta-organizations (Gawer, 2014). It emphasizes the innovation practices and 

governance mechanisms of different actors, who loosely organize themselves 

around the same technical assets and commonly agreed social arrangements in 

order to develop complementary products or services (Rolland, Mathiassen and 

Rai, 2018; Bazarhanova, 2020; Hein et al., 2020).  

Existing studies have suggested the need for better integration of platform research 

contributions under the organizational perspective. I support this view, and in this 

thesis, I adopt the sociotechnical definition of digital platforms as an assemblage of 

extensible technical artifacts of hardware and software, which provide core functionality 

and control arrangements, together with their associated organizational practices and 

standards (de Reuver, Sørensen and Basole, 2018, pp. 126-127). Furthermore, I refer to 

industry(-wide) platforms, which enable one or more firms to co-create innovative 

products, technologies, or services, in contrast to company-specific or product 

platforms, which are used by individual firms to organize internal resources and develop 

their own derivative products (Gawer and Cusumano, 2014). 

Different mechanisms of platform ownership and governance have been described in 

previous studies (Tiwana, Konsynski and Bush, 2010; de Reuver, Sørensen and Basole, 

2018; Saadatmand, Lindgren and Schultze, 2019). Platform ownership refers to whether 

the proprietary of the platform is a single firm or multiple firms (not to be confused with 

open source versus closed software architecture), whereas platform governance refers to 

the distribution of the decision-making authority, the rights, and the responsibilities for 

the platform. Thus, platform ownership and control are two distinct attributes of 

platform governance (Tiwana, Konsynski and Bush, 2010).  

According to Gawer (2014), the agents interacting with a platform can be classified into 

one focal leader or owner and multiple complementors or third-party contributors that 

act on the periphery. Platform governance entails the partitioning and balance of power 

between these two types of actors (Tiwana, Konsynski and Bush, 2010). Consequently, 

one of the major challenges frequently identified in the IS literature on platform 

governance is the platform owners’ establishment of formal and informal control 

mechanisms to ensure that complementors remain aligned with what is in the best 

interest of the platform and at the same time, avoid imposing excessive constraints on 

the complementors, which would hinder the desired level of generativity or 

contributions to the platform (Constantinides, Henfridsson and Parker, 2018).  
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From another point of view, Eisenmann (2008) categorizes the organizations typically 

involved in platform development into two roles: sponsors, who control the technology 

and participation rights, and providers, who mediate the interactions between and 

among users. Either role can be served by one or multiple firms. Hein (2020) argues that 

platform ownership is not only about the legal entity that formally owns the platform 

but also about the effective control and the distribution of power in the ecosystem, 

which can be centralized (i.e., single owner/firm) or decentralized (i.e., multiple 

owners/consortia). 

2.2.2 Digital infrastructures 

Digital infrastructures are shared, unbounded, open, heterogeneous and evolving 

sociotechnical systems, composed of a set of different IT capabilities and various 

communities of designers, operators, and users (Hanseth and Lyytinen, 2010, p. 4; see 

also Tilson, Lyytinen and Sørensen, 2010, pp. 748-749). This term has been adopted as 

a way of conceptualizing interconnected system collectives rather than standalone IS 

and allows researchers to shift their focus of analysis from a single organization to 

entire networks (Henfridsson and Bygstad, 2013).  

According to Hanseth and Lyytinen (2010), digital infrastructures have a more complex 

and dynamic design than software platforms or applications. It has also been proposed 

that digital platforms are always created and cultivated on top of a digital infrastructure 

(Constantinides, Henfridsson and Parker, 2018). Since platforms are managed centrally 

by one (or more) owner (owners), who enable new IT capabilities for themselves or for 

others through boundary resources and APIs, the architectural design and functional 

specifications of digital platforms tend to be (semi-)closed to meet the needs of various 

heterogeneous and growing user communities.  

In the case of digital infrastructures, the evolution is constantly negotiated and 

distributed among different actors or user communities (Hanseth and Lyytinen, 2010). 

This process is built around the notion that digital infrastructures are never complete 

and emerge or evolve through generativity, which is defined as self-contained systems’ 

capability to create or produce new outputs, structures, or behaviors without any input 

from the system’s originator (Tilson, Lyytinen and Sørensen, 2010). Generativity is 

enabled by the permanence of an installed base, which represents the status quo or the 

shared stable core functions and components, both technical and social, which can be 

currently found in a digital infrastructure (Lyytinen, Sørensen and Tilson, 2017). The 

installed base is the starting point for changing or extending the infrastructure (i.e., 

anything new must be compatible with it). When the inertia of the installed base 

reduces its usefulness for users who require new functionalities, these users may employ 

persuasive tactics and gain the momentum for adapting, re-organizing, and growing the 

digital infrastructure (Hanseth and Lyytinen, 2010).  
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In summary, the main feature that sets digital platforms and infrastructures apart 

constitutes their control mechanisms (Hanseth and Lyytinen, 2010; de Reuver, Sørensen 

and Basole, 2018). On one hand, the IS literature on platforms portrays evolution and 

integration as processes managed by the platform owner, which can be a single 

organization or a consortium of firms, through sets of assets that can be extended by 

complementors or external innovators. On the other hand, IS literature portrays the 

evolution and integration of digital infrastructures as a permanent and often 

unpredictable process of generativity, which may occur as the users’ response to the 

inertia of the installed base. 

In Publication II, we use the concepts of digital infrastructures and IOIS 

interchangeably, but there are some key differences between them. Although the 

concept of digital infrastructures is very broad, it does not specify if the integration 

reach of systems and data is intra-organizational or cross-organizational. Therefore, a 

software platform managed by a single organization can still be built on top of a digital 

infrastructure but does not fit under the category of IOIS. 

2.2.3 Ecosystems 

Ecosystems constitute a key concept in the studies about the emergence and evolution 

of digital platforms (de Reuver, Sørensen and Basole, 2018; Bazarhanova, 2020). In IS 

literature, the term “ecosystem” is a metaphor used to characterize organizations as 

living entities that evolve over time. It refers to a group of distinct yet interdependent 

actors that are interlinked by common interests and depend on one another’s activities, 

which are usually organized around a set of shared artifacts on a central digital platform 

(Selander, Henfridsson and Svahn, 2013; Jacobides, Cennamo and Gawer, 2018). 

Ecosystems bring the researcher’s attention to the changes in the digital artifacts and in 

the organizations around them, turning both into a single and more captivating object of 

inquiry than just the platform alone (Bazarhanova, 2020). 

Guggenberger et al. (2020) conducted a structured review of IS literature on ecosystems 

and identified the following types: 

- Business ecosystems focus on the interdependencies among actors that 

complement one another’s capabilities through cooperation and competition, in 

order to offer value propositions that can satisfy customer needs, with or without 

a platform-based technological architecture (Kapoor, 2018). 

- Platform ecosystems focus on the technological infrastructure consisting of 

various modules that enable external innovation, through boundary resources 

such as APIs, software development kits (SDKs), or integrated development 

environments (IDEs), whereas the evolving ecosystem brings together software 

owners/vendors, complementors, and users (Tiwana, Konsynski and Bush, 2010; 

Ghazawneh and Henfridsson, 2013). 
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- Service ecosystems focus on the collaborative creation (i.e., co-creation) of new 

value-adding services among different interconnected actors that continuously 

integrate resources and whose relationships are regulated through shared 

institutional logics, standards, and digital technologies (Vargo and Lusch, 2011; 

Eaton et al., 2015). 

- Innovation ecosystems draw on the premises of business ecosystems and service 

ecosystems but with greater emphasis on the steps of the value-capturing 

process, such as the combination of the firms’ individual value propositions, the 

exploitation of business opportunities, and the creation of desirable customer-

facing solutions (Dattée, Alexy and Autio, 2018). 

- Software ecosystems focus on the interactions of actors around a standard 

technological platform and on business-related aspects, such as revenue models 

or user satisfaction (Basole and Park, 2019). 

The multiple similarities and overlaps among ecosystem types (Aksenova et al., 2019) 

make it difficult to establish a clear-cut distinction among them. Basole and Park (2019) 

found that prior studies refer to at least three common elements of most ecosystems: (1) 

a central software artifact or technological platform; (2) the exchange of various forms 

of value, such as financial value, information, or knowledge; and (3) the relationships 

among actors. 

Since in this thesis, I focus on socio-organizational aspects of integration, I do not 

analyze in depth the technical artifacts (i.e., software applications and algorithms) at the 

core or periphery of any specific digital platform. Instead, I generally analyze and 

discuss the artifacts that enable the collaboration among ecosystem actors at a higher 

level of abstraction than the programming code.  Furthermore, the data collected for 

Publications I–IV come primarily from semi-structured interviews with practitioners 

rather than from software development and testing activities. Consequently, this thesis 

aligns more closely with and contributes to the streams of IS literature on business 

ecosystems, service ecosystems, and especially innovation ecosystems, which describe 

ecosystems as networks of companies that cooperate with the goal of jointly creating 

(“co-creating”) new value for their customers (Aksenova et al., 2019; Guggenberger et 

al., 2020). 

2.3 Theories that approach integration from a socio-organizational 

angle 

In this section, I summarize three streams of literature that are prominently featured in 

the discussions on the theoretical contributions of Publications I–IV: service-dominant 

(S-D) logic, dialectics, boundary objects, and digital twins. 
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2.3.1 Service-dominant logic 

Starting from the 1970s, marketing and management scholars have questioned the 

definitions of products and services, since the share of the market value of services 

began exceeding that of other sectors of the economy (Kimbell, 2010). Traditionally, 

products and services were considered mutually exclusive or counterparts of each other 

(Kimbell, 2009). One of the earliest and most prominent efforts to characterize the 

unique nature of services was embodied in the intangibility, heterogeneity, 

inseparability, and perishability (IHIP) model (Zeithaml, Parasuraman and Berry, 1985), 

named after these four attributes that were said to differentiate services from products. 

This model was subject to harsh scrutiny over subsequent decades because scholars 

found the four attributes non-extensive and non-exclusive, that is, they were not 

generalizable to all services and were also found in some goods (Lovelock and 

Gummesson, 2004).  

Some decades later, Vargo and Lusch (2004) proposed another perspective that did not 

classify goods and services as mutually exclusive constructs. They argued that service 

provision rather than goods was the base of all economic exchange and that any 

physical/tangible products were simply proxies or conduits for distributing the value 

created during the process of service provision. This view was named service-dominant 

(S-D) logic to indicate a clear departure from the goods-dominant (G-D) logic of the 

IHIP model. 

Under the S-D logic, a service ecosystem is the unit of analysis for value co-creation 

(Vargo and Lusch, 2017). Service ecosystems are loosely coupled and temporary 

networks of actors that integrate their resources and engage in service exchange to co-

create value (Vargo and Lusch, 2016). This theoretical lens solves the divide that occurs 

when the actors are simply assigned dyadic roles as producers or consumers, which 

imply that business value originates only from one actor while the other can only 

deplete or destroy that value (Lusch and Nambisan, 2015). The S-D logic asserts that 

firms alone do not create value but only offer value propositions that must be 

determined or accepted by the beneficiary. In other words, the beneficiary always 

participates in the definition and creation of business value (Vargo and Lusch, 2004, 

2016, 2017). Since all actors involved in an economic exchange are resource 

integrators, the whole service ecosystem is portrayed as a network of generic actor-to-

actor (A2A) interactions (Vargo and Lusch, 2011). 

The S-D logic literature distinguishes between two types of resources (Vargo and 

Lusch, 2011; Lusch and Nambisan, 2015): operand resources, which are often tangible 

or static and have no value until some action is performed on them, and operant 

resources, which are often intangible or dynamic and are the ones enabling action. In 

other words, service provision is the application of operant resources on operand 

resources to co-create value. 
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The S-D logic is highly relevant in Publications III and IV. In Publication III, we use 

the S-D logic as a sense-making lens to observe all the actors in an emerging digital 

ecosystem as partners with the same level of decision-making power and control, who 

share joint responsibility for developing a new digital platform, which can facilitate 

their collaboration and allow them to create new business value together (thus co-

create). For this reason, all the interviewees and observed informants in our study are 

generically labeled as actors, and the entire AEC/FM industry is characterized as an 

A2A network. We also adopt the concepts of operant resources and value-in-exchange 

versus value-in-use from the S-D logic theory, to describe some of the criteria that the 

stakeholders of our two case studies rely on for evaluating their chances of co-creating 

new business value. 

In Publication IV, we build on the theoretical foundations of the S-D logic, particularly 

the concepts of operant and operant resources, to explain how digital twins (DTs) help 

different actors align with a service-oriented view of the AEC/FM industry. We portray 

building information as operand (i.e., commodity) resources and DTs as operant (i.e., 

strategic) resources, which are jointly exploited by multiple interdependent actors to co-

create new services that otherwise, they could not individually deliver.  

In Publication IV, we also propose the metaphor “The digital twin is a service 

ecosystem,” which emphasizes that DTs integrate the resources and capabilities from 

multiple interdependent actors to co-create value for themselves and for others. This 

aligns with the value-in-context perspective of the S-D logic, which states that multiple 

actors can co-exist around the same ecosystem (of DTs), but their individual (use case) 

context determines what data they are willing to share with others.  

Finally, our observations, as presented in Publication IV, indicate that the traditional 

classification of AEC/FM stakeholder groups (Gann and Salter, 2000) is outdated, and it 

might be more accurate to refer to all AEC/FM stakeholders indistinctively as actors. 

These findings align with prior studies on interfirm collaboration that call for a more 

nuanced exploration of vendor types in software ecosystems (Basole and Park, 2019), as 

well as with the S-D logic proposition that integrating information and delivering 

services are two complementary and reciprocal activities, which transcend the 

traditional “vendors versus users” dichotomy and “producer–consumer” divide, because 

all actors can have the same role, contribution, or importance in their service ecosystem 

(Vargo and Lusch, 2011, 2016). 

2.3.2 Dialectics 

The dialectical process theory is one of the four types of “motors of change” in 

organizations, besides the lifecycle, teleological, and evolutionary mechanisms (van de 

Ven and Poole, 1995). It aims at explaining stability and change as the consequences of 

power struggles between opposing entities that subscribe to a certain thesis or antithesis, 

respectively (van de Ven and Poole, 1995). One of the main benefits of dialectic 

thinking is that it facilitates overcoming dualism in favor of a higher-order integration 
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or a synthesis of the conflicting parts (Bledow et al., 2009). To achieve this goal, the 

researcher must focus on analyzing the differences between the ideas and actions of the 

conflicting entities, the mediation of their clashing and diverging interests, and the 

acknowledgment of different power positions that can affect their capacity to control the 

turn of events (Benson, 1977).  

Dialectics differ from simple contradictions (i.e., “either-or” choices between two 

alternatives) and paradoxes (i.e., dilemmas that entail impossible choices) because they 

allow bringing together the two extremes and merging opposite views in a conflict (i.e., 

a “both-and” approach) (Bledow et al., 2009; Gibbs, 2009). The synthesis derived from 

both the thesis and the antithesis becomes a new thesis in its own right because the 

dialectical process is cyclical and perpetual. Some of the involved parties may interpret 

the synthesis as a compromise (Moe, Newman and Sein, 2017). Other possible 

outcomes include the maintenance of a pluralism (i.e., there is no resolution, and the 

conflicting status quo remains) or the survival of either the thesis or the antithesis alone 

(Nordheim and Päivärinta, 2006).  

The concept of ambidexterity is also related to the management of seemingly 

contradictory demands. This word, which literally refers to the ability of some people to 

be equally adept at using their left and right hand, has been applied in the literature 

about organizational innovation and IS development to understand how various actors 

within and across firms can simultaneously engage in fundamentally different activities, 

such as the exploitation of current resources (i.e., incremental innovation) and the 

exploration for variation and novelty (i.e., radical innovation) (Andriopoulos and Lewis, 

2009; Bledow et al., 2009; Werder and Heckmann, 2019). The theoretical lens of 

ambidexterity is not used in Publications I-IV because it emphasizes the maintenance of 

the pluralism and non-resolution of tensions as an intended or even a desirable state 

(e.g., firms need to cycle between exploitation and exploration to develop their 

innovation capabilities) (Andriopoulos and Lewis, 2009). This might overlook the 

actors’ intentions and active efforts to reach other possible outcomes of a conflict. 

The dialectical process theory is deemed more suitable for explaining the persistence 

and the transformation of IS over time (Reimers, Johnston and Klein, 2014). It has been 

applied in prior studies to understand the organizational implications of procuring, 

developing, and implementing new ERP systems (Robey, Ross and Boudreau, 2002; 

Soh et al., 2003; Moe, Newman and Sein, 2017) or enterprise content management 

(ECM) systems (Nordheim and Päivärinta, 2006). Such studies have mostly focused on 

the observation of time-bound software projects linked to individual organizations or 

supply chains in relatively well-defined business environments. This thesis, and 

especially Publication II, contribute to the existing IS theory by extending the 

dialectical analysis to the entire network of stakeholders in a project-based industry (i.e., 

AEC/FM), as well as by applying the dialectical process theory to identify socio-

organizational issues that may occur in the adoption of novel digital platforms and the 

emergence of new ecosystems. 
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2.3.3 Boundary objects 

The concept of boundary objects is featured in a wide variety of research areas, 

including IS, innovation, and project management (Taylor, 2006; Lee, 2007; Barrett and 

Oborn, 2010; Bresnen, 2010). Boundary objects are forms of arrangement that arise 

from the information needs and work requirements of different specialized groups, also 

known as communities of practice, that must work together without a consensus (Lee, 

2007; Leigh Star, 2010).  

Communities of practice are organizational silos with highly specialized knowledge, 

terminology, and sub-culture, which emerge due to departmentization of industrial 

enterprises’ activities (Smeds and Alvesalo, 2003). Boundary objects reside at the 

interfaces between those fields or communities of practice (Becker et al., 2013) and aim 

at bridging and overcoming the barriers of domain-specific knowledge, aligning 

perspectives, and enabling cross-boundary collaboration (Barrett and Oborn, 2010).  

Two main characteristics of boundary objects have been identified in prior literature 

(Becker et al., 2013). First, they are sufficiently robust to keep a single identity across 

fields so that they can serve as common reference points for collaboration. Second, they 

are sufficiently flexible to be interpreted differently by each community so that they can 

be locally useful without the need for a complete consensus among all communities. 

Other characteristics of typical boundary objects are modularity, abstraction of relevant 

information, and strong reliance on standardization (Lee, 2007; Bresnen, 2010; Becker 

et al., 2013).  

Common examples of boundary objects include things with a standardized form or a 

predetermined structure, such as forms, catalogues, or maps (Lee, 2007). In the IS 

context, the systems shared by multiple organizations, such as ERP, as well as the 

artifacts related to those systems (e.g., system documentation, user training materials), 

have been identified as examples of boundary objects. Such objects allow professionals 

to engage in the following four types of brokering practices that transfer knowledge 

between organizational contexts: (1) crossing boundaries, (2) bringing to the surface and 

challenging assumptions, (3) translating and interpreting, and (4) relinquishing 

ownership (Pawlowski and Robey, 2004). In the IS literature about digital platforms and 

ecosystems, the related term boundary resource is often used to describe more concrete 

or “tangible” instances of boundary objects found in the periphery of a software 

platform, namely its SDK and APIs, which help third-party developers use the 

platform’s core functionality to build applications (Ghazawneh and Henfridsson, 2013; 

Eaton et al., 2015). 

In Publication III, we characterize BIM as an example of a boundary resource in digital 

platforms that enable mediation among different domains of the AEC/FM industry. In 

Publication IV, DTs of built assets are also identified as boundary objects that help 

abstract and translate relevant information about buildings, thus allowing practitioners 

in different communities of practice to work together. 
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2.3.4 Digital twins 

During the last decade, digital twins (DTs) have gained popularity across different 

industries and have been consistently ranked among the top ten strategic technology 

trends in Gartner’s “hype cycle of emerging technologies (Panetta, 2016, 2017, 2018, 

2019). The concept has existed for a longer time, but its origins are still disputed. One 

of the earliest conceptualizations is attributed to Gelernter, who predicted in 1991 that 

technology would evolve until it would become capable of creating a “mirror world” 

that replicates our physical reality (Gelernter, 1991; Kelly, 2019; Moyne et al., 2020). 

In an industrial context, scholars widely credit the theoretical definition, elements, and 

aim of the term “digital twin” to a seminar presentation and subsequent academic 

articles about Product Lifecycle Management (PLM) by Grieves in the early 2000s. 

These contributions were followed by a draft strategic technology roadmap by the 

National Aeronautics and Space Administration of the United States (NASA) in 2010, 

which referred to complex but cost-saving simulations of spaceships (Boschert and 

Rosen, 2016; Grieves and Vickers, 2017; Autiosalo, 2018; Qi and Tao, 2018; Autiosalo 

et al., 2020). Multiple terms have been used to describe the technologies and use cases 

for the mirroring of data between the real and virtual worlds (Autiosalo, 2018; 

Autiosalo et al., 2020), but the bulk of research contributions on DTs so far come from 

the fields of production, manufacturing, and mechanical engineering (Rasheed, San and 

Kvamsdal, 2020). 

DTs are systems that enable access to data about real-life assets throughout their 

lifecycle (Boschert and Rosen, 2016). From a technical perspective, they are said to be 

composed of three elements: The physical entities or assets in the real world, the digital 

models in the virtual world, and the data connecting both of them (Qi and Tao, 2018; 

Tao et al., 2018; Boje et al., 2020). Thus, DTs have been also defined as an interface for 

managing the cyber part of a cyber-physical system (Alam and El Saddik, 2017; 

Autiosalo, 2018; Ashtari Talkhestani et al., 2019), in order to support decision-making 

and to enable new real-time functionalities for the prediction, optimization, monitoring, 

and control of the physical asset’s state (Rasheed, San and Kvamsdal, 2020). 

In this thesis, we define DT as “an integrated software solution to manage static and 

dynamic information of a built asset across its lifecycle phases […], which usually 

provides a realistic digital representation of the physical asset” (Publication IV). In 

Publication IV, we identify DTs as an example of a boundary object located at the 

center of a service ecosystem, which helps different actors transition towards a new 

service-oriented view of the AEC/FM industry. 
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3 Case description 

In this chapter, I describe the main case studied in all the publications of this thesis: the 

Finnish AEC/FM industry. My aim is to provide an overview of the industry processes 

and their associated challenges. I also help inform the readers, especially those 

proficient in other fields of expertise, to gain a better understanding of basic concepts 

and terms commonly used by AEC/FM practitioners. For this purpose, I have divided 

this chapter into three sections covering fundamental aspects of the case study context: 

(1) the definition and characteristics of project-based industries, (2) the built 

environment or building lifecycle, and (3) the modeling tools and software solutions 

commonly used in the AEC/FM industry. 

3.1 Project-based industries 

The AEC/FM industry has been characterized in the project management and 

innovation literature as the archetype of a project-based or networked industry (Kamara 

et al., 2002; Alin et al., 2013). Its actors operate within loosely coupled temporary 

networks of firms carrying out specialized work, with limited or no interactions with 

other companies (Dubois and Gadde, 2002; Vanlande, Nicolle and Cruz, 2008). 

Furthermore, the interfirm linkages are bound to specific project instances, allowing the 

entire network to reconfigure its allocation of work per project (Taylor and Levitt, 

2007). 

Project-based industries differ from more traditional industries, such as manufacturing, 

aerospace, or pharmaceutical, because their activities are not organized into strict 

functional hierarchies (Taylor, 2006) but resemble joint ventures (Fellows and Liu, 

2012) that generally lack a focal actor (Gann and Salter, 2000; Taylor and Levitt, 2007). 

In AEC/FM, the role of an assembler or a keystone firm that coordinates the buy–sell 

relationships with vendors and partners is generally delegated to the main contractor 

firms, commonly just referred to as “construction companies.” However, the idea of an 

AEC/FM supply chain is only applicable when examining the “AEC” (i.e., architecture, 

engineering, and construction) processes in isolation, without the “FM” (i.e., use and 

operations), where the main contractors are rarely involved.  

3.2 The building lifecycle 

As illustrated in Figure 3.1, buildings have long lifecycles that can span many years or 

centuries, and no single actor has a comprehensive high-level view of different phases 

or stages across the entire lifecycle (Publication I). This lifecycle can be broadly 

divided into two parts by the point in time when the construction is completed. The 

teams that participate in either part rarely become involved also in the other (Vanlande, 

Nicolle and Cruz, 2008). 
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The first part of the lifecycle covers the urban planning, financing, design, and assembly 

activities in AEC projects, which lead to the creation of new built assets (i.e., the 

buildings). Due to the immobility of the result or output, these activities are inherently 

site-specific and project-based (Dubois and Gadde, 2002). Consequently, AEC demands 

the coordination of specialized and differentiated actors that perform engineering, 

supply, integration, and installation functions on a physical site (Gann and Salter, 2000). 

The second part of the lifecycle refers to the use and exploitation of the building, which 

require the support of different companies that conduct FM activities, such as the 

maintenance of the structural components of the building; the replacement of heating, 

ventilation, and air conditioning (HVAC) equipment; cleaning; and security. FM 

encompasses two primary areas of concern: (1) space and infrastructure and (2) people 

and organization. Consequently, it is considered an organizational function that 

integrates people, places, and processes, with the purpose of improving the quality of 

life of people and the productivity of businesses (Halmetoja, 2019). 

 

Figure 3.1: The building lifecycle and its associated challenges. 

 

The building lifecycle is replete with boundaries of specialized knowledge that must be 

managed (Fellows and Liu, 2012). Valuable information is generated in every phase but 

often remains trapped inside organizational silos and is shared only among the actors 

working in the same domain of expertise. The largest information gaps occur between 

the construction and the operation of buildings (Vanlande, Nicolle and Cruz, 2008; 

Shen et al., 2010; Halmetoja, 2019). In many other cases, such as in the maintenance 

and operations of old existing buildings, the key information is not readily available in a 
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digital format that can be easily exchanged. Consequently, the AEC/FM industry is 

hindered by vertical fragmentation (i.e., among different phases of the life cycle) and 

horizontal fragmentation (i.e., among specialists collaborating in the same phase) 

(Howard et al., 1989; Fellows and Liu, 2012). These fragmentation issues not only 

decrease the productivity and overall competitiveness of the industry but can also affect 

the comfort and satisfaction of building owners, occupants, and tenants. 

AEC/FM practitioners have asserted that integrating information throughout the entire 

lifecycle of a building is an ongoing problem (Publication I). Because of the project-

based nature of the AEC/FM industry and the long lifecycles, updating the information 

about a building is often a costly process that involves many actors. Previous studies 

have shown that the ad-hoc engagement of different companies causes continuity 

problems in the exchange of information across organizational boundaries, particularly 

between the handover of a construction project and the beginning of the use and 

maintenance phase (Vanlande, Nicolle and Cruz, 2008; Volk, Stengel and Schultmann, 

2014; Halmetoja, 2019). Concerns such as choosing standards, deciding on the data 

storage location and format, or agreeing on monetary compensations for the use of APIs 

are all issues that hinder the possibility of achieving horizontal information exchange 

across the industry, regardless of whether that information must be retrieved from some 

existing IS or will be shared through new digital platforms.  

3.3 Modeling tools and software solutions used in AEC/FM 

Over the last decade, new modeling software tools have facilitated the representation of 

buildings and their components in a structured format, to guide the AEC/FM 

stakeholders’ operational decisions at the building or the city level and to inform public 

policy (Whyte and Hartmann, 2017). The most prominent of those solutions is BIM, 

encompassing a wide range of loosely coupled IS used to generate, control, and manage 

building information, which facilitate the visual representation of built assets, in terms 

of their geometric and non-geometric (i.e., functional) attributes and relationships 

(Ghaffarianhoseini et al., 2017), in an interoperable way (Vanlande, Nicolle and Cruz, 

2008; Papadonikolaki and Wamelink, 2017). BIM is considered more advanced than 

two-dimensional (2D) or three-dimensional (3D) CAD technologies because it employs 

structured interoperable schemas (Vanlande, Nicolle and Cruz, 2008), can be used in 

construction projects of different sizes or for modeling individual project components 

(Bryde, Broquetas and Volm, 2013), and facilitates the integration of domain-specific 

models created by actors with different specializations (Succar, 2009). The 

interoperability of BIM applications commonly depends on Industry Foundation Classes 

(IFC) as the data exchange standard (Hietanen and Lehtinen, 2006; Vanlande, Nicolle 

and Cruz, 2008; Ghaffarianhoseini et al., 2017). IFC files contain a structured markup 

language that allows actors to specify building objects, along with the geometric or 

semantic attributes of those assets (Vanlande, Nicolle and Cruz, 2008; 

Ghaffarianhoseini et al., 2017).  
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Despite its technological capabilities, BIM has been primarily used for improving the 

productivity of the organizations in the AEC/FM industry, which has not yet led to a 

systemic change or business transformation (Aksenova et al., 2019). Prior research has 

focused mostly on the use of BIM in AEC, but there are still very few real-life case 

examples of the practical use of BIM in FM (Volk, Stengel and Schultmann, 2014; 

Halmetoja, 2019). Recent studies have also highlighted the need for evaluating what 

approaches can facilitate the digitalization of construction processes through BIM, 

particularly in terms of knowledge diffusion, change management, and the creation and 

sustainability of new business value (Papadonikolaki and Wamelink, 2017; Lindgren 

and Widén, 2018). 

Another prominent category of software solutions commonly used in the FM part of the 

building lifecycle is the building automation system (BAS), also known as the building 

automation and control system (BACS). This umbrella term comprises a wide range of 

distributed systems that are aimed at the computerized control and management of 

building services, such as those related to HVAC, access control, lighting, security, or 

energy efficiency (Kastner et al., 2005; Domingues et al., 2016). The architecture of 

these systems is divided into three layers: (1) the field layer, where the interaction with 

field devices, such as sensors and actuators, occurs; (2) the automation layer, where the 

measurements, control loops, and alarms are executed; and (3) the management layer, 

which takes care of presenting, forwarding, logging, and archiving data (Domingues et 

al., 2016). The BAS demands the integration of hardware and software because the 

layers are generally implemented and deployed by independent engineering contractors 

(Kastner et al., 2005). 

This thesis relies on the case study of two projects aimed at the digital transformation of 

the AEC/FM industry in Finland through the standardization, development, and 

implementation of innovative software solutions based on BIM, BAS/BACS, and other 

technologies. In Publications I–II, we focus on KIRA-digi,1 a project that was carried 

out between 2016 and 2018, under the coordination of the Finnish Ministry of 

Environment, together with a steering group and strategic management team that 

comprised officers at state and local levels of the government, private companies, and 

representatives of professional associations and trade unions. In Publications III–IV, we 

focus on TwinValue, a co-creation pre-study coordinated by the LUT Software 

Engineering Department and funded by Business Finland, aimed at assessing various 

Finnish organizations’ interest in creating a DT platform to share data throughout the 

lifecycle of buildings. 

 

 
1 Neither I nor other members of our research group were involved in KIRA-digi, but I collected data 

from interviews with the project participants, as well as from my notes taken after attending and 

observing project events. 
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4 Research design and methods 

In this chapter, I outline the research problem and the approach that I followed to tackle 

it. In Section 4.1, I present the current gaps that justify this study. In Section 4.2, I 

explain how the research problem was purposefully divided into the main RQ and sub-

questions. This is followed by an explanation of the philosophical beliefs that guided 

the research design (Section 4.3) and the choice of methods (Section 4.4). In Section 

4.5, I recap the different phases of data collection and analysis in chronological order. 

Finally, I discuss how overall, the thesis meets the criteria of trustworthiness (Section 

4.6) and complies with ethical guidelines (Section 4.7). 

4.1 Research problem and literature gap 

In recent years, the digital transformation of pipeline or supply-chain industries into 

platform-based business models has been promoted as a promising strategy for 

achieving high profits, competitive advantage, and market leadership (Kapoor, 2018; 

Vorbohle and Gottschalk, 2021). This trend toward networking is particularly well-

suited for manufacturing and service firms that aim at establishing alliances to jointly 

provide integrated customer solutions (Becker et al., 2013).  

Despite multiple prominent examples of ecosystems organized around digital platforms 

(Ghazawneh and Henfridsson, 2013; Selander, Henfridsson and Svahn, 2013; Gawer 

and Cusumano, 2014), the adaptation of the incumbents’ business models to enable 

collaboration with other actors of the platform brings new challenges that have not been 

sufficiently covered in extant literature (Hein et al., 2020), particularly in terms of value 

creation, flexibility, autonomy, or control (Vorbohle and Gottschalk, 2021). 

Furthermore, most studies have focused on ex-post case studies on the roles of and 

interactions among ecosystem actors, but have not thoroughly performed an ex-ante 

analysis of how such ecosystems and the boundary resources among the actors come 

into existence in the first place (Eaton et al., 2015)—whether it occurs for instance 

through a process of disaggregation from being integrated into specialized firms, or 

through the aggregation or integration of resources (originally owned by different 

actors) into new ways (Kapoor, 2018).  

Recent IS studies have called for more research on the emergence of industry platforms 

(Gawer and Cusumano, 2014) and how new practices for creating value are set between 

partner firms in a B2B context, whose needs differ from those already covered by the 

existing platforms in business-to-consumer (B2C) markets (Hein et al., 2019). B2B has 

been suggested as an understudied and interesting context for researching the co-

evolutionary processes between the technical and the social aspects of platform 

ecosystems because it brings complementors and customers to the forefront of the 

relations and power dynamics (Hein et al., 2019; Staub et al., 2021). 
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From the perspective of digital transformation, there is a need for further empirical 

research on how different firms can align their strategies, assess and develop their 

technological capabilities, and determine the optimal extent of digitalization, which may 

allow them to compare different patterns of success between B2C and B2B contexts 

(Matt, Hess and Benlian, 2015; Vial, 2019). From the perspective of service 

ecosystems, it is essential to understand better how firms can leverage their existing 

networks of partners and steer role changes in order to transition from the G-D logic of 

individual contributions to value creation to an S-D logic perspective on joint value (co-

)creation, allowing actors to cope with more complex business conditions (Hein et al., 

2019, 2020; Hein, 2020). 

In the innovation literature, some of these themes are categorized as adopter-oriented 

research, which focuses on the willingness of companies or persons to adopt an 

innovation (Taylor, 2006). This topic is also approached in another branch of academic 

literature as boundary spanning or boundary management, which describes the roles of 

people and objects in managing links and enabling the transmission of knowledge by 

means of collaboration, communication, or information exchange, either within one 

organization (internal) or across multiple organizations (external) (Becker et al., 2013; 

Schwade, 2021). Because of the diversity of information obtained through boundary 

spanning, it opens new challenges and opportunities to negotiate or reconcile the 

expectations and requirements of multiple interdependent actors (Fellows and Liu, 

2012). Studies in this area have highlighted the need for further research on the 

discovery or creation of different types of boundary objects (Becker et al., 2013), 

particularly in highly localized settings (Bresnen, 2010), as well as on the exploration of 

their suitability in order to reduce silos, bridge barriers between organizational units, 

and facilitate the transition from intra-team to inter-team service activities (Fellows and 

Liu, 2012; Schwade, 2021). 

In summary, after the review of scientific literature (Chapter 2) and the industrial case 

context (Chapter 3), the main research gaps that justify this study are: 

- Prior IS studies have mostly focused on ex-post case studies on digital platform 

ecosystems, but there is a lack of ex-ante analyses of how such ecosystems come 

to be in the first place 

- Prior studies have generally relied on the third-person perspective of the 

researchers instead of the first-hand perspective of the actors involved in the 

adoption of new platforms  

- Previous contributions in the IS field have been supported on historical or 

retrospective case studies of consolidated platforms, which are less effective at 

explaining the challenges and uncertainties that the ecosystem actors face during 

the early stages of their integration 
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- There is a significant stream of literature on B2C digital platform ecosystems, 

but the power relations between complementors and customers in B2B 

ecosystems remains understudied 

- There is a need for understanding better how well-established or incumbent 

firms can adapt and develop the capabilities to articulate new service ecosystems 

- There is a need for reconciling the streams of IS literature on different but 

related terms, such as digital platforms, ecosystems, and infrastructures; 

clarifying and comparing those terms; and providing empirical evidence to the 

theories proposed therein 

- There is a need for understanding better how to improve the integration of 

information throughout the entire lifecycle of a building, which has been 

traditionally hindered by the project-based nature of the AEC/FM industry and 

the misalignment of its actors 

- There is a need for understanding better how new promising technologies like 

BIM can be used for other purposes besides enhancing the productivity and 

efficiency gains of individual companies, and enable instead a systemic change 

or business transformation of the entire AEC/FM industry 

4.2 Research questions 

In this doctoral thesis, I aim to study the emergence and integration of new IS across 

company boundaries. The principle that guides the research process and the choice of 

methods is to describe this phenomenon from a socio-organizational angle, based on the 

perspective of the actors involved in it. To accomplish the research objective and follow 

the guiding principle, I propose this main RQ that highlights both the actors and the 

studied phenomenon: 

How do different actors from the same industry perceive and influence the integration 

of IS across organizational boundaries? 

Decomposing the above RQ and further analyzing the choice of words make it possible 

to infer some key aspects related to the title, scope, and research design of the doctoral 

thesis. First, the entire RQ introduces a phenomenon (i.e., IS integration across 

organizational boundaries) that in the best-case scenario has merely started and to date, 

has not been completed and is likely to continue as the study progresses. Therefore, all 

the publications included in the thesis explore issues of planned or emerging IS rather 

than established ones. Second, the subject of the sentence (i.e., “actors from the same 

industry”) highlights the voices of the study participants, who are the main sources of 

data and embody the element that sets the overarching narrative to connect all the 

publications. Third, the RQ purposefully uses the verbs perceive and influence, which 

indicate that the issue is approached from the socio-organizational angle by exploring 

different combinations of two variables: (1) the actors’ perception/reaction to the 
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phenomenon and (2) the actors’ influence on/control over the phenomenon. If each 

variable is considered to have a binary answer, then each dimension has two possible 

values: 

- (1) positive or negative perception/reaction, and 

- (2) high or low influence/control. 

It is also possible to observe that the first variable refers to an internal aspect and the 

second to the external environment. Thus, the four possible combinations of values 

across these two dimensions follow the same logic and structure of a strengths, 

weaknesses, opportunities, and threats (SWOT) matrix, setting the route to establish 

four sub-questions that altogether answer the main RQ, as shown in Table 4.1. 

Table 4.1: SWOT mapping of research sub-questions to dimensions of perception and control. 

Actors’ influence/control: 

“How do we influence the 

outcome, and to what extent 

does it depend on us?” 

Actors’ perception/reaction: 

“How does this affect us?” 

Positive: Good, maintain, 

and improve 

Negative: Bad, replace, 

or remove 

Internal: High control or 

own influence 

Strengths: RQ4 Weaknesses: RQ2 

External: Low control or 

own influence 

Opportunities: RQ3 Threats: RQ1 

 

The research sub-questions of this doctoral thesis are as follows: 

- RQ1 (threats, external/negative): How does the industry context guide the 

planned integration of these actors? 

- RQ2 (weaknesses, internal/negative): How do the perspectives of these actors 

vary, and what conflicts emerge from those diverging points of view? 

- RQ3 (opportunities, external/positive): How is the business value of the planned 

integration measured and evaluated by these actors? 

- RQ4 (strengths, internal/positive): How do these actors internally adapt to 

manage their planned integration? 

Each sub-question is a high-level reconceptualization and rewording of the original RQs 

presented in each publication. Consequently, each sub-question is primarily answered in 

one publication and partially addressed in one or more of the other publications. Table 

4.2 provides an overview of each publication’s contribution to answering the sub-

questions. The primary publication answering each sub-question is listed first and 

highlighted. Any subsequent publications listed in each cell complement the answer to 

that sub-question. 
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Table 4.2: SWOT mapping of the publications and contributions to the research sub-questions. 

Actors’ 

influence/control 

Actors’ perception/reaction 

Positive Negative 

Internal Strengths: RQ4 

- Publication IV: 

Boundary objects (e.g., 

digital twins) 

- Publication III: Emerging 

digital platform 

ecosystems 

- Publication II: Dialectic 

tensions (reaching 

synthesis) 

Weaknesses: RQ2 

- Publication II: Dialectic 

tensions (external 

dimensions) 

- Publication IV: Seven 

metaphors with different 

interpretations, complex 

software ecosystems, and 

redefinition of industry 

roles 

External Opportunities: RQ3 

- Publication III: Value 

evaluation criteria, S-D 

logic view 

- Publication IV: S-D logic 

view, service ecosystem 

metaphor 

- Publication I: Useful 

minimum data sharing 

Threats: RQ1 

- Publication I: Addressed 

and unaddressed needs 

- Publication II: Dialectic 

tensions (internal 

dimensions) 

 

4.3 Characteristics and paradigms of qualitative research 

Qualitative research comprises a set of complex interpretive practices, which aim at 

studying things in their natural settings and inferring the meanings that people assign to 

those things (Denzin and Lincoln, 2018). These studies usually have an exploratory 

nature that makes them more suitable for the generation of new hypotheses than the 

testing of existing ones. The researchers’ inherent motivations are to identify the scope 

or boundaries of the phenomenon under study and to provide a more comprehensive 

understanding of it. Therefore, the RQs in qualitative studies are often broad and allow 

the investigators enough freedom to examine the topics. This flexibility comes with two 

challenges for the researchers: (1) keeping an open mind about unexpected findings, 

without losing sight of the original research goals, and (2) remaining interested in 

exploring the issues, even if these contradict previous findings or assumptions (Corbin 

and Strauss, 2015).  
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Different paradigms or interpretive frameworks can guide the process of qualitative 

research. Each paradigm comprises a set of assumptions or beliefs about the world and 

how it should be studied (Denzin and Lincoln, 2018), which are bound to the answers to 

the following philosophical questions (Orlikowski and Baroudi, 1991; Creswell and 

Poth, 2018): 

- Ontology – What is the nature of reality? 

- Epistemology – What is the relationship between the researcher and the 

researched? What counts as knowledge obtained, and how is it evaluated? 

- Axiology – What is the role of values in the research? 

- Methodology – What is the approach used to conduct the research process? 

In this doctoral thesis and its Publications I–IV, I adopt the social constructivist or 

interpretivist paradigm of qualitative research (Creswell and Poth, 2018; Denzin and 

Lincoln, 2018), which assumes the following: 

- There are multiple realities, based on lived experiences and interactions with 

others (i.e., relativist ontology). 

- The researcher and the respondent co-create an understanding of reality (i.e., 

subjectivist epistemology). 

- Individual values are acknowledged in the research and negotiated among the 

individuals. 

- Things are studied in their natural or real settings (i.e., naturalistic 

methodology). 

According to the constructivist–interpretive epistemological approach, the observer is 

embedded in the same environment as the phenomenon or the object under study. It 

suggests that the investigator’s role is not limited to that of a passive observer because 

reality can only be accessed through social constructions, such as language, 

consciousness, and shared meanings (Myers, 1997). For this reason, qualitative 

researchers who follow the interpretive approach usually aim at sense-making from 

human experience (i.e., the “real world”) and rely on methods that privilege the literary 

style of writing, such as case studies and ethnography, rather than on controlled 

experiments (Denzin and Lincoln, 2018).  

Because of their open and flexible design, qualitative studies often clash with the 

traditional notions of validity and rigor from instrumentalist or positivist research, such 

as that found in the natural sciences (Guba, 1981; Lincoln and Guba, 1986). In Section 

4.6, I summarize these diverging views on validity, as well as the criteria used for 

evaluating the research process and the findings of this doctoral thesis. 

Qualitative research should not be confused with qualitative data. In qualitative 

research, either non-numeric or numeric data can be used for analyzing and reporting 

the findings. However, most data in qualitative research have a non-numeric nature 
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because their collection relies on methods that prioritize rich and detailed descriptions 

over mathematical or statistical inferences. Therefore, many qualitative researchers refer 

to these data as “empirical” (Myers, 1997). All the publications included in this 

dissertation rely on the analysis of empirical data through inductive or deductive 

methods (Creswell and Poth, 2018). A qualitative research project has three main 

possible outcomes: description, conceptual ordering, or theory (Corbin and Strauss, 

2015). The primary result of this doctoral thesis is the generation of new theories based 

on the combination of the participants’ voices and the researcher’s own reflections 

(Creswell and Poth, 2018). 

There is no universally agreed definition of a theory (Sjøberg et al., 2008). However, 

based on existing literature, I define theories as a cohesive set of high-level categories, 

themes, or concepts that are generalizable (to varying extents of applicability) and 

verifiable (or refutable), and which altogether have been well-developed in terms of 

their constructs and relationships, for the purpose(s) of analyzing phenomena, 

explaining their occurrence, predicting outcomes, or prescribing actions (Eisenhardt, 

1989; Gregor, 2006; Urquhart, Lehmann and Myers, 2009; Corbin and Strauss, 2015). 

There is no standard or commonly agreed structure for reporting the findings of a 

qualitative research project, but papers written by qualitative researchers generally 

follow the IMRAD structure (Gastel and Day, 2016), which stands for introduction, 

method, results, and discussion. The main contribution derived from the new research 

must always be compared and is sometimes combined with the existing literature. The 

report usually concludes with a call for action, for example, by describing any planned 

follow-up studies, suggesting new research opportunities, or justifying the need to 

address the issues discussed in the paper. 

4.4 Choice of research methods  

The qualitative research design entails setting a plan for conducting the study and 

choosing the right set of methods to fulfil that plan. Both the research structure and the 

methods depend on the investigator’s goals, beliefs, and traditions. I have relied on 

semi-structured interviews as the primary sources of data for all the publications 

included in this doctoral thesis. The findings from these interviews have been enriched 

through the analysis of other external sources of documentation, such as industry reports 

or news articles, particularly focusing on current initiatives of the Finnish AEC/FM 

industry. Table 4.3 gives an overview of the types of data and analysis methods I used 

in this thesis.  
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Table 4.3: Overview of data sources and qualitative analysis methods of the thesis. 

Type of data Method or source Description and purpose 

Primary Semi-structured 

interviews: 46 interviews 

with 45 managers or C-

level executives, from 33 

different AEC/FM 

organizations 

Mid-range theory development: 

Simultaneous transcription and initial 

coding in Atlas.ti, constant comparison of 

codes within and across interviews, higher 

level codes derived from comparison with 

notes and memos. 

Participant observation: 

6-7 events approx. 

Attendance to seminars and events aimed at 

AEC/FM practitioners, in order to 

understand better the industry and 

network/meet new interviewees, e.g.: 

- KIRA-InnoHub: Development 

Workshop at Maria 01 (May 2018) 

- RecoTech (June 2019) 

- Mevea Seminar (October 2019) 

- Virtual World Summit on Digital Built 

Environment (September 2020) and 

TwinValue post-event (October 2020) 

Notes written in researcher memos. 

Academic conferences: 3 Attendance to conference presentations, in 

order to learn more about the theoretical 

frameworks and empirical findings of other 

IS studies: 

- CAiSE 2019 

- ICIS 2019 

- ECIS 2021  

Notes written in researcher memos. 

Secondary News articles Review of secondary documentation (i.e., 

not created originally for purposes of my 

own research project) to validate and 

augment the findings from the interviews, 

as well as to help me understand better the 

Finnish AEC/FM sector. 

Industry market reports 

Company whitepapers 
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The data collection and analysis were conducted continuously and iteratively between 

2017 and 2020, as shown in Figure 4.1. In the following sub-sections, I explain each 

research method involved in the process. 

 

Figure 4.1: Research methods used in this doctoral thesis. 

4.4.1 Semi-structured interviews 

Semi-structured interviews combine closed and open-ended questions that are not 

necessarily asked in the same order as originally listed (Runeson and Höst 2009). On 

one hand, this allows the interviewer to maintain consistency across multiple interviews 

and concentrate on the topics that are most relevant for the study. On the other hand, 

this also gives the researcher the opportunity to adapt as the conversation progresses and 

to learn unexpected things about the participants’ experiences and opinions (Seaman, 

1999). To reduce potential biases in the questions and to confirm their relevance 

(Easterbrook et al., 2008), the questionnaires or protocols were pilot-tested with 

different researchers other than the one who conducted the interviews (i.e., the paper’s 

co-authors). The wording was gradually refined before subsequent interviews to reduce 

ambiguity in the interpretation of the questions (Lethbridge et al. 2005). The interview 

protocol and the list of questions addressed to the AEC/FM practitioners who 

participated in this study can be found in Appendix B: Questions from interview 

protocol. 

In each round of interviews, the first participants were the gatekeepers or the main 

contacts from each organization participating in the KIRA-digi or the TwinValue 

projects, respectively. I identified those initial contacts in each company through 

personal networks, suggestions from prior interviewees, and in some cases, from local 

news articles and industry reports. At the end of each interview, the participant was 
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asked to suggest other key contacts who could be subsequently interviewed. This 

snowballing technique was repeated until the additional interviews did not reveal any 

new key insights (Runeson and Höst, 2009) or more specifically, when the analysis of 

the interviewees’ answers did not contribute to changing or expanding the dimensions 

of the theory that was built so far (Corbin and Strauss, 2015). To decide whether this 

point of saturation had been reached, I applied a discriminant sampling strategy 

(Creswell and Poth, 2018), which involved verifying if any of the higher-level codes 

and categories derived from early interviews held true to explain the answers given by 

subsequent participants. 

In the beginning of each interview, I explained the rules of the game to the participant, 

namely the aims of the research project, a succinct definition of any key concept, and 

the conditions for the collection and processing of their answers. The information sheet 

handed out to the participants can be found in Appendix A: Template – information for 

interviewees. After the participants confirmed that they had understood the terms and 

conditions, I asked for their permission to record the conversation, in order to reduce 

distractions and facilitate the analysis of the interviews later. Among all the participants 

from either round of interviews, only one person (a public sector representative) 

declined this request. 

The interviews lasted between 45 and 90 minutes each. To allow a more natural 

conversation, the topics were covered with no predetermined order (Corbin and Strauss, 

2015). At the end of the interviews, the respondents had the opportunity to expand or 

amend their prior answers, as well as to comment on anything else they considered 

important for the topic of the study. Most of the practitioners were individually 

interviewed, except for several pair interviews, where two participants were present at 

the same time and took turns answering the questions. In most cases, I transcribed the 

interviews myself because it allowed me to enrich the text with comments about the 

tone of the interviewee’s voice, pauses, or other cues that were only visible during the 

interview, such as the interviewee’s hand gestures or facial expressions. For some of the 

interviews, I relied on an external transcription service and included such annotations 

later.  

Table 4.4 shows the list of people who participated in the semi-structured interviews. In 

total, I interviewed 45 practitioners, mostly managers or C-level executives, from 33 

different organizations.2 All these organizations have offices and operate regularly in 

Finland, as well as in the other Nordic countries. Unless otherwise noted, all 

organizations have more than 10 employees each. Organizations F, J, K, T, AD, and AE 

each have more than 10,000 employees worldwide. For more details about each 

organization, the reader is referred to Publications I–IV.  

 
2 In the beginning of my studies, I interviewed five other people from three companies in industries 

different from AEC/FM. Those interviews were excluded due to their low relevance for this research. 
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The interviews from the first round were held face-to-face on the premises of the 

organizations. The interviews from the second round were conducted online via 

Microsoft Teams because of the COVID-19 pandemic. The asterisks (*) next to several 

interviewee numbers in the first column of Table 4.4 indicate the two people who were 

interviewed simultaneously (i.e., in a paired setting). Interviewee #1 was the only 

person interviewed twice (once per round).  

Besides the semi-structured interviews, numerous other informal discussions with 

colleagues, mentors, and advisors from industry and academia helped me gain a better 

understanding of the research subject and refine my theoretical contributions. I express 

my heartfelt gratitude to those anonymous contributors who are not listed in Table 4.4. 

Table 4.4: List of organizations and interviewees who participated in this research. 
# Organization Position in the organization Interviewed 

in round(s) 

Data 

included in 

Publication 

1 A: Public sector, property management Senior Expert 1, 2 I, II, III, IV 

2 B: Public sector, Finnish government Senior Specialist 1 I, II, IV 

3 C: Public sector, Finnish government Research and Development 

(R&D) Specialist 

1 I, II, IV 

4 D: Public sector, local authorities Special Planner 1 I, II, IV 

5 D: Public sector, local authorities Project Manager 1 IV 

6 E: Public sector, Finnish government Senior Adviser 1 I, II, IV 

7 F: Construction, general contractor  

(> 10,000 employees) 

Chief Information Officer 1 I, II, IV 

8 F: Construction, general contractor  

(> 10,000 employees) 

Development Manager, BIM 

Team Lead 

1 I, II, IV 

9 F: Construction, general contractor  

(> 10,000 employees) 

Development Manager 2 III 

10 G: General IT consultancy services Senior Enterprise Architect 1 I, II, IV 

11 H: Geospatial technology, consultancy 

services 

Partner and Senior Advisor 1 I, II, IV 

12 I: Construction, general contractor Chief Technology Officer 1 I, II, IV 

13 I: Construction, general contractor Development Manager 1 I, II, IV 

14 J: Building equipment sub-contractor, 

engineering consultancy services  

(> 10,000 employees) 

Research Project Manager 1 I, II, IV 

15 J: Building equipment sub-contractor, 

engineering consultancy services  

(> 10,000 employees) 

Senior Chief Design Engineer 1 IV 

16 J: Building equipment sub-contractor, 

engineering consultancy services  

(> 10,000 employees) 

Head of Business Division 1 IV 

17 K: Engineering consultancy services  

(> 10,000 employees) 

Project Manager 1 I, II, IV 

18 L: Professional association, public–

private partnership project  

(< 10 employees) 

Chief Digital Officer 1 I, II, IV 

19 L: Professional association, public–

private partnership project  

(< 10 employees) 

Project Assistant 1 I, II, IV 



4 Research design and methods 

 

48 

# Organization Position in the organization Interviewed 

in round(s) 

Data 

included in 

Publication 

20 M: Universities and research institute Professor Emeritus, 

Architecture and BIM 

1 I, II, III, IV 

21* N: Geospatial and BIM software vendor Business Director 1 I, II, IV 

22* N: Geospatial and BIM software vendor Product Manager 1 I, II, IV 

23** O: BIM software vendor Product Development 

Director 

1 I, II, IV 

24** O: BIM software vendor Customer Success Manager 1 I, II, IV 

25 P: Trade union partnership, software 

vendor 

Development Manager 1 I, II, IV 

26 Q: FM software vendor, building 

management consulting services 

Technology Director 1 I, II, IV 

27 Q: FM software vendor, building 

management consulting services 

Technology Director 1 III, IV 

28 R: Trade union Managing Director 1 I, II, IV 

29 S: Association of property owners, 

landlords, and tenants 

Project Manager 1 I, II, IV 

30*** T: Construction, general contractor  

(> 10,000 employees) 

Specialist 2 III 

31*** T: Construction, general contractor  

(> 10,000 employees) 

Head of Virtual Design and 

Construction 

2 III 

32 U: Property management, building owner Head of IT 2 III 

33**** V: Property management, building owner Head of Property 

Management Nordics 

2 III 

34**** V: Property management, building owner Associate Director 2 III 

35 W: Facility services Head of New Business 2 III 

36 X: Facility services Account Manager 2 III 

37 Y: FM Vice-President, Head of 

Digital Solutions 

2 III 

38 Z: Real estate investor, financer Portfolio Manager 2 III 

39 AA: Building owner, tenant (retail) Store Network Manager 2 III 

40 AB: Building owner (retail) Group Property Manager 2 III 

41 AC: IT vendor, smart home devices  

(< 10 employees) 

Founder and CEO 2 III 

42 AD: IT and engineering services, 

consulting (> 10,000 employees) 

Founder and Head of 

Business Division 

2 III 

43 AE: Construction equipment sub-

contractor, engineering consultancy  

(> 10,000 employees) 

Software Engineer 2 III 

44 AF: Architectural firm (< 10 employees) Founder and CEO 2 III 

45 AG: Architectural firm (< 10 employees) Founder and CEO 2 III 

 

4.4.2 Qualitative analysis and coding 

In the context of qualitative research, a code is “a word or short phrase that symbolically 

assigns a summative, salient, essence-capturing, and/or evocative attribute for a portion 

of language-based or visual data” (Saldaña, 2016, p. 4). In other words, in a qualitative 
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study, coding is the main method used for analyzing the raw primary data that have 

been collected (e.g., interview transcripts or memos).  

Throughout my doctoral studies, I have learned that coding is more than simply 

summarizing the literal meaning of a portion of text and attaching a label to it. That sort 

of exercise would likely produce only trivial, obvious, and uninteresting findings. 

Instead, coding is a skill developed through practice, which entails interpreting (thus the 

interpretive epistemological approach) and reflecting on the intended meanings behind 

some piece of information. Coding is also the result of the researcher’s awareness and 

intuition. Sometimes, the core messages assigned to codes are not explicitly mentioned 

by the study participants and cannot be found in the original text. The key ideas might 

be hidden and need to be recovered from something that was implied, suggested, or 

purposefully avoided (e.g., when discussing a sensitive topic).  

One question that frequently arose during the peer-review process for Publications I–IV 

was whether the qualitative analysis and the coding followed the methodology of the 

grounded theory (GT). The answer was they partly did. This thesis is not strictly a GT 

study but a qualitative study that aligns with some of the philosophical assumptions of 

the GT and relies on some of its techniques.  

The GT originated in the 1960s in the social sciences, particularly sociology and 

nursing, until it was adopted in IS studies more than two decades later. It aims to 

generate theories grounded or built on data that have been systematically gathered and 

analyzed (Charmaz, 1996; Urquhart, Lehmann and Myers, 2009; Urquhart and 

Fernández, 2013; Corbin and Strauss, 2015). The GT differs from other qualitative 

methods because of its specific approach to theory development, called constant 

comparison, which features a constant interplay between data collection and analysis 

(Urquhart, Lehmann and Myers, 2009). Constant comparison guides the qualitative 

analysis because it enables theoretical sampling or the process of sampling subsequent 

data based on an emerging storyline that can further develop the theoretical constructs, 

their properties, and dimensions, in contrast to random or statistical sampling, which 

usually aims at representativeness and generalization (Urquhart and Fernández, 2013). 

Theoretical sampling provides the means to reach theoretical saturation, or the point 

where subsequently collected data do not provide new contributions to contradict or 

continue to further develop the emerging theory. Publications I–IV adopt the principles 

of constant comparison, theoretical sampling, and theoretical saturation from the GT. 

This thesis differs from a traditional GT study because it does not follow a limited set of 

coding paradigms or the strict division of the coding process into prescriptive steps at 

incremental levels of abstraction. These are initial/open, axial, and selective, in the 

“Straussian” version of the GT, or initial/substantive and theoretical, in the “Glasserian” 

version of the GT. The latter is generally regarded as closer to the original premise of 

letting codes and categories emerge directly from the data because it lacks the 

intermediate step of axial coding (Kendall, 1999; Heath and Cowley, 2004; Urquhart, 

Lehmann and Myers, 2009). Early in the research process, I concluded that it would be 
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preferrable to avoid this controversy regarding the different approaches to the GT and 

their prescriptive steps (a matter of debate that seems too purist). I decided to follow 

Eisenhardt’s (1989) proposed strategy, which consists of an iterative and constant 

within-case data analysis, followed by a cross-case search for patterns. The initial/open 

analysis and coding were done first for each interview transcript and then across 

interviews by comparing the similarities and the differences in the participants’ answers. 

I recorded the initial codes with the Atlas.ti software tool while transcribing the 

interviews. The simultaneous transcription and analysis were aimed at letting the initial 

open codes emerge directly from fresh data, avoiding time passing too much, and 

ensuring that my interpretations would not be strongly influenced or biased by prior 

assumptions, experiences, or hypotheses (Ezzy, 2002; Saldaña, 2016). The higher-level 

categories were derived from the constant (cross-)comparison of my interview 

transcripts, notes, and memos. See Appendix C: Template – qualitative analysis memo 

for an example of the template that I used to write my personal notes and analyze the 

interviewees’ answers. 

Although the GT states that researchers should set aside the extant theories, delay the 

literature review, and remain open to the exploration of the data (Charmaz, 1996), it 

also acknowledges that researchers cannot become a tabula rasa and have a blank state 

of mind, since they bring many aspects of themselves and their prior experiences to the 

research process, which can influence how the data are interpreted (Urquhart and 

Fernández, 2013; Corbin and Strauss, 2015). In Publications I–IV, the initial/open 

coding was accordingly done without a priori hypotheses or theoretical frameworks in 

mind, ensuring to the best extent possible that the initial codes and higher-level 

categories could emerge directly from the data. However, no conclusive claims are 

made regarding the generalizability or the neutrality of the theoretical contributions 

because they remain the results of the meanings that my co-authors and I assigned to 

our findings, considering our own background knowledge and experiences. 

4.4.3 Secondary sources of data 

Besides analyzing and coding the interview transcripts, I frequently reviewed news 

articles, industry reports, and company whitepapers about the Finnish AEC/FM 

industry, as well as about the KIRA-digi project (during the first round of interviews). 

The analysis of documents or archival records is a third-degree data collection 

technique, which aims at uncovering complementary information from outputs or by-

products that were not originally intended for providing data to the research in a case 

study (Lethbridge, Sim and Singer, 2005; Runeson and Höst, 2009). The documental 

analysis indirectly contributed to Publications I–IV and was aimed at corroborating and 

augmenting the information from the interviews. It also helped me gain a deeper 

understanding about the current business models and technical terms used in the 

construction industry to speak the same language and facilitate the dialog with the study 

participants, who mostly specialized in the AEC/FM field and lacked deep background 

knowledge of IT or IS. 
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4.5 Research process overview 

The RQs of this doctoral dissertation were not decided a priori. They were directly 

influenced by the research methods described in the previous section and iteratively 

refined as the study progressed, reaching their current version only after all four 

publications were completed. Likewise, the main findings and contributions of this 

thesis were gradually developed throughout two consecutive rounds of semi-structured 

interviews, complemented by the analysis of secondary sources, as shown in Figure 4.2. 

In the remainder of this section, I recap the chronology of events that guided my 

doctoral research process. 

 

Figure 4.2: Sources of data and their contributions to theory generation. 

 

The initial scope of inquiry for this thesis was not delimited by the boundaries of an 

existing research project, but it emerged as a spin-off of two prior projects funded by the 

Academy of Finland and managed by my PhD supervisor, Prof. Kari Smolander, 

namely ERP Development Networks in Action (ENACT) and Digital Infrastructures 

and Enterprise Integration (DINE). I applied the same qualitative research methods and 

analyzed some of the themes from ENACT and DINE, such as the integration of IS 

across the boundaries of different organizations. However, the focus on the AEC/FM 

industry, the overall research objectives, and the choice of theoretical frameworks from 

IS literature are unique features of this doctoral thesis.  

I conducted the first round of semi-structured interviews between January 2018 and 

April 2019. The process started with the broad challenge of analyzing the phenomenon 

of “integration into external platforms and IS” (with no further details, since I had to 

figure out its meaning and implications). I met with managers and C-level executives 

from different industries, including wood and paper, manufacturing, construction, and 

IT consulting. The choice of the initial interviewees was based on personal contacts, 

who then recommended other people that might be interested in following up on the 

topic (i.e., snowballing technique). After 6 or 7 interviews, I gradually realized that out 
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of all the industries I had learned about, AEC/FM was the most affected by 

fragmentation issues and would benefit the most from a research project related to IOIS 

integration. 

As I was conducting the first round of interviews, a huge initiative of the Finnish 

Ministry of Agriculture and Forestry was concurrently taking place. KIRA-digi was a 

governmental project aimed at improving the digitalization of the built environment and 

construction sector in Finland. It gathered representatives from public and private 

organizations operating in the AEC/FM industry, which received financial support to 

conduct pilot experiments and inform policymaking. This project offered me an 

interesting opportunity to recruit participants and set the boundaries of a case study. 

Consequently, all interviews in the first round were conducted face-to-face with key 

practitioners holding managerial or C-level positions, who were directly involved, 

informed about, or interested in the results of KIRA-digi. The results of the qualitative 

analysis of the data collected from the KIRA-digi project participants are summarized in 

Publication I and Publication II.  

Among the contacts established during the initial round of interviews were the Finnish 

companies Granlund Oy and Platform of Trust Oy, dedicated to the development of 

software applications for FM and building data integration, respectively. Based on 

direct conversations with former interviewees from these two companies, my supervisor 

and I developed the proposal for a research project called TwinValue, which aimed at 

assessing the socio-organizational requirements and potential business value of the DTs 

of buildings. According to the definitions presented in Publication IV and an industry 

report,3 which was co-authored with Granlund Oy and not included in this thesis, DTs 

are integrated software solutions that rely on realistic digital representations of built 

assets to manage static and dynamic information across the assets’ lifecycle phases.  

TwinValue received funding from Business Finland’s co-creation program in the spring 

of 2020 and became the case study scope of the subsequent publications of this doctoral 

thesis. From the perspective of the research project (not the thesis itself), my second 

round of semi-structured interviews had two objectives: 1) identifying a new group of 

AEC/FM stakeholders interested in implementing DTs and 2) evaluating their 

willingness to establish an industrial research consortium, together with the two 

companies previously mentioned. All interviews in this second round were conducted 

remotely due to the COVID-19 pandemic. The results of the qualitative analysis of the 

data collected from the TwinValue project participants are summarized in one of the 

two case studies in Publication III, as well as in Publication IV. 

The hourglass-shaped triangles labeled “Secondary sources” in Figure 4.2 illustrate the 

extent to which the data obtained from sources other than the semi-structured interviews 

contributed to the Publications I–IV of this thesis. Although my research findings were 

 
3 Dooley, K. and Camposano, J. C. (2020) ‘Building Digital Twins’. Granlund Oy. Available at: 

https://issuu.com/granlundoy/docs/building_digital_twins (Accessed: 12 January 2021). 
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based on the coding and analysis of interview transcripts, the higher-level theoretical 

contributions of Publications I–IV were also influenced by other data sources, including 

industry reports, news articles, or my own notes and memos from informal meetings 

and events. The relations between primary and secondary data sources are as follows: 

- For Publication I, I relied heavily on both the semi-structured interviews and 

secondary sources because it was an initial exploratory study aimed at making 

sense of the overall picture and challenges of the AEC/FM industry, which 

required a deep dive into the practitioners’ discourse and grey literature. 

- For Publication II, I relied mostly on the interpretive analysis of coded 

transcripts from the first round of interviews, and to a lesser extent, on existing 

IS literature about digital infrastructures and dialectics, two frameworks on 

which the theoretical contributions of this conference paper were built.  

- For Publication III, most of the findings were based on the second round of 

interviews and partially on the review of some findings from the first round. The 

reliance on secondary data sources was relatively low because this publication 

developed a higher-level theoretical contribution from a cross-case analysis. I 

collected and analyzed the data set for the Finnish case described in the 

publication, whereas the data set for the Norwegian case was collected and 

analyzed separately by my co-author Mina Haghshenas. Both analyses were 

later integrated at the theoretical level. 

- For Publication IV, I presented the findings from both rounds of interviews 

alike. Due to the practical and managerial implications of this article, I 

significantly relied on secondary sources of data about DTs and modeling tools 

used in the AEC/FM industry.  

4.6 Research trustworthiness 

In qualitative research, quality is something difficult to achieve or even explain. 

However, quality is commonly recognized or judged by the validity and reliability of a 

peer-reviewed study (Eriksson and Kovalainen, 2008; Corbin and Strauss, 2015). 

Despite the different ontological and epistemological assumptions about the objective 

versus interpretive nature of reality and how to acquire knowledge about it, the 

fundamental question that validity aims to answer is whether the researcher has taken 

sufficient measures to build an account of a certain phenomenon in a truthful way and 

transparently declares those measures so that the account is not purposefully misleading 

or erroneous. If the study’s main contribution is a theory, another question that is often 

raised by reviewers is to what extent that theory can be generalized and applied in 

contexts other than the original one. Depending on the research field and tradition, 

different criteria (using terms that are often equivalent or overlapping) are used to 
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evaluate scientific studies. In this section, I summarize the measures taken to assess 

Publications I–IV that are included in this doctoral thesis.  

Following the interpretive epistemological approach to qualitative research, I deem it 

suitable to evaluate my research using the four criteria for trustworthiness of naturalistic 

or constructivist inquiries, originally proposed by Guba (1981). These criteria replace 

the terms of reliability and validity (including their various dimensions) from the 

positivist tradition: 

a) credibility (instead of internal validity), 

b) transferability (instead of external validity or generalizability), 

c) dependability (instead of reliability), and 

d) confirmability (instead of objectivity). 

4.6.1 Credibility 

This criterion aims to answer the questions of truth value or the congruence between the 

collected data and the reality of the reported findings (Guba, 1981; Lincoln and Guba, 

1986; Shenton, 2004; Eriksson and Kovalainen, 2008): Has the researcher become 

familiar enough with the topic so that the link between the observed phenomena and the 

account is logical? Can another researcher come close to similar interpretations based 

on the account of the methods applied by the original researcher? 

The following actions were taken during the research to address the credibility criterion 

(Lincoln and Guba, 1986; Shenton, 2004; Eriksson and Kovalainen, 2008; Thomas and 

Magilvy, 2011): 

- Iterative questioning and member checks. During the interviews, I often 

summarized the participants’ answers using my own words and asked them to 

clarify certain parts that were ambiguous in the context of the question or 

unclear to me personally (e.g., technical terms or slang), as well as to confirm if 

my interpretations were correct.  

- Frequent (peer) debriefing sessions. I regularly met with my supervisor to 

inform him about the progress of the research and discuss recent findings from 

the interviews. I also discussed some methodological issues with my research 

department colleagues and asked them for their opinions regarding my data 

collection protocols. 

- Triangulation of methods and data. Publications I–IV relied on a combination of 

data obtained from semi-structured interviews and secondary sources. 

Furthermore, the interview findings were obtained from multiple informants, 

corroborated through the snowballing technique, which involves asking 
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subsequent participants about the same topics or questions, with the aim of 

verifying or rebutting prior responses. 

- Triangulation of researchers and sites. Publication III featured a cross-case 

study, where one of my co-authors and I separately collected the data from each 

case. We also separately analyzed the data from each site. Afterward, we cross-

checked our interpretations and merged the findings at the theoretical level. For 

Publications I–IV, I discussed the high-level conclusions and resulting theories 

with my supervisor.  

4.6.2 Transferability 

This criterion aims to answer the questions of generalizability or the applicability of the 

research findings and methods in other settings (Guba, 1981; Lincoln and Guba, 1986; 

Thomas and Magilvy, 2011). In contrast to positivist research, the goal here is not to 

replicate the whole study in the same or a larger population, in order to validate if the 

same findings apply. Instead, the objective is to allow the reader to establish logical 

connections from the original study to different research contexts, subjects, or 

participants (Shenton, 2004; Eriksson and Kovalainen, 2008).  

The following actions were taken during the research to address the transferability 

criterion (Guba, 1981; Lincoln and Guba, 1986; Eisenhardt, 1989; Easterbrook et al., 

2008; Thomas and Magilvy, 2011): 

- Rich, thick descriptions. Publications I–IV have a dedicated section outlining the 

steps and key decisions I made throughout the research process, such as the 

number of interviewees or the methods adopted to collect and analyze the data. 

This allows readers to apply all or part of the findings in a context similar to that 

of the original research. At the same time, in a separate section devoted to the 

study’s limitations, I acknowledge that most of my research findings are 

grounded on the AEC/FM industry. Therefore, even if the findings presented in 

Publications I–IV might be applicable to other industries, we are unable to claim 

direct generalizability without the need to conduct follow-up studies. 

- Theoretical or purposeful (not random) sampling. For all publications, the 

interviewees were gradually selected according to their knowledge or experience 

about the studied phenomenon, through the snowballing technique or referrals of 

the interviewees themselves. In the research methods section, Publications I–IV 

clearly explain that the participants were neither handpicked by the investigators 

nor randomly selected for purposes of inferring or generalizing the typical 

attributes of our entire study population. Instead, the sampling was aimed at 

maximizing the range of uncovered information, refining the emerging theories, 

and extending them to possibly unforeseen or new directions until a point of 
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saturation was reached (i.e., there were no further discoveries that could 

significantly change the theoretical contributions).  

4.6.3 Dependability 

This criterion aims to answer the questions of consistency or whether others can follow 

the trail of decisions taken by the original researcher in order to understand and repeat 

the work, if not necessarily to check whether similar findings can be obtained or 

enhanced (Guba, 1981; Lincoln and Guba, 1986; Shenton, 2004; Thomas and Magilvy, 

2011). It concerns the researcher’s responsibilities to ensure that the research process is 

documented and explained to readers (Eriksson and Kovalainen, 2008). 

The following actions were taken during the research to address the dependability 

criterion (Guba, 1981; Lincoln and Guba, 1986; Shenton, 2004; Thomas and Magilvy, 

2011): 

- (External) audit of the decision trail. Publications I–IV include a section 

dedicated to explaining the research design and choice of methods, where the 

steps in the research process are presented in chronological order. I also justified 

the reasons for selecting the participants, as well as for collecting, coding, and 

analyzing the data. The research design and process were reviewed by my 

supervisor, as well as by the anonymous peer reviewers of each conference or 

journal to which Publications I–IV were submitted. Updates and improvements 

were made whenever the reviewers pointed out ambiguities in the narrative on 

the research process. 

4.6.4 Confirmability 

This criterion aims to answer the questions of neutrality or the researcher’s 

responsibility to explain (in a way that is reflective, self-critical, and easily understood 

by others) that the research findings were derived predominantly from the subjects and 

conditions of the study, rather than fabricated from the researcher’s own biases, 

preconceptions, or imagination (Guba, 1981; Lincoln and Guba, 1986; Shenton, 2004; 

Eriksson and Kovalainen, 2008). 

The following actions were taken during the research to address the confirmability 

criterion (Shenton, 2004; Thomas and Magilvy, 2011): 

- Field notes. I took notes during the semi-structured interviews and wrote 

detailed memos immediately afterward, to ensure that the interpretations of the 

participants’ answers were as precise and accurate as possible, and before I 

started weighing in my own opinions about those answers. 
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- Audit trail. I thoroughly documented the research process for each of 

Publications I–IV, as well as for the entire doctoral thesis. I acknowledged my 

own philosophical assumptions by explicitly stating in the introduction or the 

methods sections of Publications I–IV that I followed the interpretive approach 

to qualitative research. 

4.7 Research ethics and protocols 

Before collecting the data from the semi-structured interviews and throughout all 

subsequent stages of my doctoral investigation, I ensured compliance with the ethical 

principles of research involving human participants and with the ethical review in the 

human sciences in Finland (Finnish National Board on Research Integrity [TENK], 

2019). After assessing my data collection needs, the choice of research methods, and the 

background profiles of the study’s participants, I determined that the review statement 

from an ethics committee was not required, since none of the following conditions 

established in the TENK guidelines applied in this study: 

- Recruiting participants under the age of 15 

- Deviating from the principle of informed consent 

- Intervening in the physical integrity of research participants 

- Exposing participants to exceptionally strong stimuli 

- Risk of causing mental harm, exceeding the limits of normal daily life, to the 

participants, their family members, or others close to them 

- Possibility of threatening the safety of participants, researchers, their family 

members, or others close to them 

All the interview invitations that were sent via email included a brief explanation of the 

research objectives and the conditions for processing the collected data. Before the start 

of the face-to-face interviews, the participants additionally received an informed 

consent sheet, which can be found in Appendix A: Template – information for 

interviewees. All interviewees took part in this study on a voluntary basis, without 

receiving financial rewards or any other kind of compensation. They also had the option 

to stop answering any questions or withdraw from the study anytime. The audio and 

video recordings of the interviews started only after the participants had given their 

explicit consent. At the time of writing this thesis, the original recordings and transcripts 

of the interviews were (and continue to be) safely stored in an external hard drive 

without network access. The data will be deleted after my presentation and defense of 

this dissertation. 
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5 Results of the publications 

In this chapter, I summarize the main results and contributions of Publications I–IV. I 

also discuss the relation of each publication to the RQs and the overall goals of the 

thesis. The original publications are attached in full length after Appendixes A–C. 

5.1 Publication I  

5.1.1 Background and research objectives 

Publication I is an initial exploratory study of the AEC/FM industry from the 

perspectives of IS development and the management of information across 

organizational boundaries. In this conference paper, my co-author and I summarize 

some of the key findings from the first round of semi-structured interviews, which were 

conducted in 2018 with 24 subjects from different organizations and stakeholder groups 

of the Finnish AEC/FM sector.  

The title of Publication I purposefully includes the word “exploring” to highlight the 

goals during the first stage of my doctoral research of discovering and further 

understanding the industry under study. This paper’s findings reveal significant 

challenges and opportunities for AEC/FM practitioners, but the implications of such 

findings are not thoroughly discussed through the lens of existing IS theories because I 

was still relatively new to the field of study. My co-author and I propose two open-

ended RQs in Publication I: 

1. How have the stakeholders of the Finnish AEC/FM industry addressed their 

information exchange needs so far? 

2. Which information exchange needs have yet to be addressed and why? 

I presented Publication I at the 31st International Conference on Advanced Information 

Systems Engineering (CAiSE), which was held in June 2019 in Rome. 

5.1.2 Main results and contribution 

AEC/FM practitioners adopt different discourses about the integration of IS across 

organizational boundaries, depending on whether they refer to construction projects or 

to the entire lifecycle of a building. Within the scope of individual construction projects, 

the practitioners consider that their needs are mostly covered by current IS. At the same 

time, the practitioners consider that their integration needs remain mostly unaddressed 

in the context of the whole building lifecycle. Although the IS used in construction are 

often the same ones used in the other lifecycle phases, the practitioners argue that the 

value of such IS gradually decreases as more stakeholders need to be involved in the 

information exchange. Consequently, the assessment of the IS effectiveness and 

business value depends not so much on the IS themselves but on the framing of our 
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RQs, particularly when we inquire about the number of stakeholders involved and the 

complexity of the integrations required to share data.  

These socio-organizational challenges (Table 5.1) are framed around two units of 

analysis: (1) building construction projects and (2) the whole building lifecycle. The 

first refers to individual projects where built assets are constructed according to 

structured and architectural design specifications. The second portrays any asset of the 

built environment as if it were a living entity that keeps changing over time. This is not 

a new idea, and practitioners often refer to it, but the scientific literature lacks 

theoretical frameworks to study IS integration from the perspective of a physical asset’s 

lifecycle. The individual stakeholders have a low level of control to influence or change 

the scope of these two units of analysis because these are derived from the traditional 

ways of working and the configuration of the AEC/FM industry as a whole.  

Table 5.1: Information exchange needs and inter-organizational integration methods mentioned 

by interviewees (adapted from Publication I). 

Information exchange needs Methods of inter-organizational 

integration 

Addressed 

(Scope: Building 

construction 

project) 

Managing complexity within 

each project 

Clarifying terms of stakeholder 

collaboration 

Improving coordination of 

distributed team members 

Exchanging detailed and 

standardized information 

Managing variability among 

different projects 

Using separate software solutions 

from multiple providers 

Implementing interoperable 

software solutions 

Unaddressed 

(Scope: Whole 

building 

lifecycle) 

Improving adequacy of 

information sources 

(No specific solutions described 

by the interviewees) 

Reducing information gaps in 

processes and workflows 

Clarifying the extent and 

purposes of data collection 
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5.1.3 Relation to the whole thesis 

Publication I contributes to this doctoral thesis by setting up the background context 

about the built environment lifecycle (or building lifecycle, see Section 3.2), which is 

one of the key concepts used to explain the IS integration needs and socio-

organizational aspects of the AEC/FM industry in all subsequent publications. In this 

paper, we also summarize some of the main challenges faced by AEC/FM stakeholders 

(Table 5.1), which answer RQ1 (threats, external origin or low level of control, and 

perceived negative impact) from the thesis RQ’s SWOT (Table 4.1): “How does the 

industry context guide the planned integration of these actors?” We have found that the 

evaluation about the maturity of an IOIS can be subjective and does not only depend on 

technical characteristics or the features of the IOIS itself. Therefore, the requirements 

for cross-organizational IS integration must be carefully evaluated within the scope of 

previously agreed use case(s). A suitable strategy for the integration of IS across 

organizational boundaries starts with identifying and mapping the useful minimum data 

exchange interdependencies among stakeholders. 

From a critical standpoint, Publication I contributes more to AEC/FM than to the IS 

field because it is a study that is strongly grounded on empirical data from practitioner 

interviews and not so much on existing theoretical frameworks. However, it also 

represents one of the few studies linking AEC/FM and IS, which provides new mid-

range theories that could help explain the main challenges for or barriers to the 

integration of IOIS in other project-based industries.  

5.2 Publication II 

5.2.1 Background and research objectives 

In Publication II, my co-author and I examine the AEC/FM industry using the 

theoretical lenses of digital infrastructures and dialectics. We developed this paper from 

the data obtained from 24 semi-structured interviews that I conducted in 2018 with 

practitioners from different Finnish organizations participating in the KIRA-digi 

project. We continue the analysis of the socio-organizational challenges for IOIS 

integration described in Publication I, since the original dataset of codes and categories 

obtained during my first round of interviews was too extensive to cover in a single 

conference paper. The inspiration for Publication II and the decision to apply the 

dialectical process theory came from the contradictions that I had observed in some of 

the interviewees’ answers while writing Publication I. My co-author and I propose the 

following RQs in this paper: 

1. How do the opinions about integrating information across organizational 

boundaries differ among the stakeholders of a networked industry? 

2. How do the emerging dialectic tensions among these stakeholders influence the 

development of IOIS? 
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I presented Publication II at the 40th International Conference on Information Systems 

(ICIS), which was held in December 2019 in Munich.  

5.2.2 Main results and contribution 

We have identified six aspects that can lead to tensions among AEC/FM stakeholders 

who aim at the exchange of information across organizational boundaries. The areas of 

tension include ontology, standards, storage, openness, monetization, and the 

involvement of the public sector. Table 5.2 lists those areas where we recurrently 

observe conflicting or diverging viewpoints among the study participants, each 

represented by a thesis and its corresponding antithesis. We argue that stakeholders are 

more prone to implementing new IOIS if they share the same view about one or more of 

these dimensions (i.e., subscribe to the same thesis or antithesis). In case of a mismatch, 

stakeholders are likely to remain working in isolation with their current network of 

partners.  

Through the lens of the dialectical process analysis, the integration of IS across 

organizational boundaries is a continuous power struggle between maintaining the 

status quo or implementing significant changes across one or more of the dimensions 

listed in Table 5.2. The emergence of these dialectical tensions provides the opportunity 

to reshape business partnerships or develop new alliances in the industry. Consequently, 

industry practitioners must focus their strategic efforts on these tension areas if they 

want to share or exchange information across organizational boundaries. 

5.2.3 Relation to the whole thesis 

Publication II contributes to the doctoral thesis by answering RQ2 (weaknesses, internal 

origin or high level of control, and perceived negative impact) from the thesis RQ’s 

SWOT (Table 4.1): “How do the perspectives of these actors vary, and what conflicts 

emerge from those diverging points of view?” Through the lens of the dialectical 

process analysis and the identified tensions, we acknowledge that some of the most 

significant barriers to cross-organizational integration of IS emerge from the 

stakeholders’ own decisions and (lack of) willingness to align with others. We have 

identified the six points of contention shown in Table 5.2. Conflicts emerge when the 

actors in a project-based industry hold opposing or diverging views regarding the 

autonomy and the control over these six contentious aspects: ontology, standards, 

storage, openness, monetization, and the involvement of the public sector. 
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Table 5.2: Dialectic tensions in the context of inter-organizational integration (adapted from 

Publication II). 

Dimension 

or area of 

tension 

Description Opposing or diverging 

stakeholder views 

(Thesis versus antithesis) 

Ontology Understanding what information 

must be integrated and its intended 

meaning 

Harmonizing concepts across 

industry domains versus 

maintaining domain-specific 

vocabulary 

Standards Selecting and agreeing on technical 

norms for the access points to 

integrate the information 

Waiting for industry consensus 

versus developing own 

proprietary alternatives 

Storage Defining the physical or virtual 

location where the information has 

to be kept 

Centralizing information within 

the same location versus 

maintaining information 

separately 

Openness  Limiting specific actors who are 

eligible to share or exchange the 

information 

Providing interfaces for anyone 

versus restricting access to 

partners 

Monetization Demanding economic 

compensation to access, store, use, 

or exchange the information  

Free-to-use versus fee-to-use 

Involvement 

of the public 

sector 

Establishing the role and 

responsibilities of public agencies 

providing information or the 

infrastructure to access, store, and 

exchange it 

Public sector as an enabler or 

facilitator versus public sector as 

an enforcer of rules 

 

5.3 Publication III 

5.3.1 Background and research objectives 

Publication III is a cross-case study about two consortia of AEC/FM firms in Finland 

and Norway, which answers this RQ: “How do the incumbent actors in a project-based 

industry evaluate the business value of an emerging digital platform ecosystem?” It is 

the result of a research collaboration between LUT and NTNU, which began after I met 

my co-author M. Haghshenas during the presentation of Publication II at ICIS 2019.  
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In this conference paper, we focus on the actors’ changing perceptions of business value 

as they transition from a traditional project-based configuration to an innovation 

ecosystem supported by a new digital platform. I collected the data about the Finnish 

case during my second round of interviews in the context of the TwinValue project. M. 

Haghshenas collected the data about the Norwegian case as part of her own doctoral 

research. We did the initial coding and within-case analysis of the interviews separately. 

Afterward, we discussed our cross-case findings and jointly developed the theoretical 

contribution of the paper.  

I presented Publication III at the 29th European Conference on Information Systems 

(ECIS), which was held online in June 2021. 

5.3.2 Main results and contribution 

We have identified a non-exhaustive list of criteria (Table 5.3) that AEC/FM actors rely 

on to determine the opportunities for business value co-creation in a new digital 

platform ecosystem. These criteria summarize the similarities observed between our two 

case studies and refer to three high-level categories or themes that are relevant for the 

study of business/innovation ecosystems: (1) the distribution and control of operant 

resources, (2) the process of value co-creation, and (3) the autonomy and relationships 

among the actors.  

We have also observed that the incumbent actors’ understanding of value varies, 

depending on which perspective they adopt to analyze their relationships with other 

actors in the industry. The two perspectives are (1) the traditional one of a project-based 

industry, where each community of practice or sub-domain of AEC/FM is temporarily 

involved in the execution of specialized tasks, and (2) the perspective of a digital 

platform ecosystem, which offers continuous opportunities to develop new service 

business models in the industry. The two rightmost columns in Table 5.3 list the actors’ 

rationale for each value assessment criterion from these two perspectives. At the time of 

writing Publication III, the actors were still in the process of switching from one 

strategy to the other. 
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Table 5.3: Criteria for evaluating business value in project-based industries and emerging 

ecosystems (adapted from Publication III). 

Category or 

theme 

Value evaluation 

criterion 

How do incumbent actors evaluate value? 

From the perspective of 

a project-based industry 

From the perspective of 

an emerging ecosystem 

Distribution 

and control of 

operant 

resources 

Diversity of 

operant resources 

Specializing and 

diverging 

Standardizing and 

converging 

Ownership of 

operant resources 

Accumulating or 

preserving 

Useful minimum 

sharing 

Process of 

value co-

creation 

Orchestration of 

transactions 

Distributing complexity Striving for simplicity 

Perception of 

value sharing 

Quantifiable and 

limited, value-in-

exchange 

Unquantifiable and 

unlimited, value-in-use 

Frequency of 

innovation 

Discontinuous Continuous 

Autonomy and 

relationships 

among actors 

Scope of actor 

involvement 

Time-bound or fixed Undetermined or 

variable 

Degree of actor 

complementarity 

Decreasing Increasing 

Degree of actor 

interdependency 

Increasing Decreasing 

 

5.3.3 Relation to the whole thesis 

Publication III contributes to the doctoral thesis by answering RQ3 (opportunities, 

external origin or low level of control, and perceived positive impact) from the thesis 

RQ’s SWOT (Table 4.1): “How is the business value of the planned integration 

measured and evaluated by these actors?” Through the identified value evaluation 

criteria (Table 5.3), AEC/FM stakeholders can assess their future opportunities to gain 

more value from cross-organizational IS integration.  
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5.4 Publication IV 

5.4.1 Background and research objectives 

Publication IV is a journal article about the meaning and implications of the concept of 

DTs in the AEC/FM industry. It is the result of my collaboration with Tuomas Ruippo 

from KONE Corporation, after he participated in one of my interviews during the first 

round and expressed interest in collaborating on a paper about DTs of built assets. We 

set the following RQs for our study: 

1. How do AEC/FM practitioners understand the concept of DTs in relation to 

their current software systems? 

2. How do DTs support the development of complex software ecosystems and new 

services in the AEC/FM industry? 

The themes explored in this article have many practical implications for AEC/FM 

professionals who want to gain a better understanding of the technical requirements and 

organizational challenges for implementing new DT solutions. From a theoretical 

perspective, the article builds on prior scientific literature on S-D logic, complex 

software ecosystems, and boundary objects.  

The conception and initial process of writing Publication IV began in late 2019 before 

Publication III, but it was published more than a year later due to the lengthy peer-

review process and the multiple iterations that it went through. Publication IV relies on 

the data that I collected from the two rounds of interviews between January 2018 and 

August 2020. Besides the primary data from semi-structured interviews, the article also 

received significant input from secondary sources, such as company whitepapers, or my 

memos of industry events and presentations. 

5.4.2 Main results and contribution 

We have observed that AEC/FM industry stakeholders do not share a commonly agreed 

definition of DTs of built assets but often explain the concept through simple metaphors 

that are easier to understand. We have identified seven of those metaphors, which are 

listed in Table 5.4. Each metaphor is strongly related to some key attribute that 

practitioners commonly rely upon, in order to distinguish DTs from other types of IS or 

software tools used in the industry. 
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Table 5.4: Metaphors used to define digital twins (DTs) of built assets and their key attributes 

(adapted from Publication IV). 

Metaphor 

(The DT is…) 

Rationale or explanation Distinctive key 

attribute of DTs 

…a lifecycle 

representation 

The DT mirrors all states of a physical 

asset over time. 

Time range and 

scope covered 

…a process modeling 

method 

The DT allows modeling the industry or 

business process chain in which the 

physical asset is involved.  

Primary aim or 

purpose  

…a visualization tool 

or user interface (UI) 

The DT facilitates understanding 

complex or chaotic conditions of the 

asset through a visual digital abstraction. 

Level of 

abstraction and 

precision 

…the convergence of 

the physical and the 

digital worlds 

The DT and the physical twin can affect 

or act over each other, similar to a single 

entity. 

Directionality 

and 

synchronization 

of data 

…an Internet of Things 

(IoT) data platform 

The DT collects data about the physical 

asset from various sources to enable 

complex operations. 

Technology 

components or 

infrastructure 

…a shared concern 

among different 

communities of 

practice 

The DT helps practitioners in different 

industry domains to understand one 

another and work collaboratively. 

Degree of 

interdependence 

among actors 

…a service ecosystem The DT integrates the resources and 

capabilities from multiple interdependent 

actors to co-create value for themselves 

and for others. 

Value proposition 

 

The boundary that differentiates existing types of IS from DTs often seems more 

subjective than objective. The interviewees often consider that a DT is more complex or 

has extra features that would allow them to develop new services and generate more 

value for their own organizations, partners, and customers. Consequently, we 

characterize DTs of the built environment as both a boundary object and a platform for 

developing more complex software ecosystems, which arise from the increased 

expectations that AEC/FM stakeholders place on BIM and other technologies used in 

their daily operations. 
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From an engineering perspective, common types of IOIS based on CAD or BIM models 

are generally considered descriptive (levels 0–1 of DT capabilities), whereas newer 

IOIS such as DTs are expected to be actionable, representing not only the form but also 

the behavior of a built asset. This observation echoes the findings reported in 

Publication I, where the assessment of the maturity of an IOIS depends on the framing 

of our RQs and on how the practitioners consider the involvement of other actors in the 

ecosystem and the technical complexity of the integrations required to enable the IOIS. 

From an S-D logic perspective, the data about built assets that are stored in the existing 

IS are perceived as operand resources that lack value until they are analyzed in the 

context of a determined use case. DTs are regarded as operant resources that allow 

actors to process the built asset data, abstract only relevant information, and represent it 

in a user-friendly graphical interface. The integration of these operand and operant 

resources enables multiple interdependent actors to offer new services that they cannot 

individually deliver and consequently, co-create value for their entire ecosystem. 

Ultimately, the benefits of DTs and the scope of IS integration desired by the 

stakeholders depend on each use case. 

5.4.3 Relation to the whole thesis 

Publication IV contributes to the doctoral thesis by answering RQ4 (strengths, internal 

origin or high level of control, and perceived positive impact) from the thesis RQ’s 

SWOT (Table 4.1): “How do these actors internally adapt to manage their planned 

integration?” Our findings suggest that boundary objects such as DTs enable AEC/FM 

stakeholders to establish more complex software ecosystems and to deliver new value-

adding services without the need for a broad consensus across the industry.  
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6 Discussion 

In this chapter, I summarize the main contributions of the thesis and analyze them from 

a theoretical perspective, in relation to the knowledge found in earlier scientific works. I 

also cover the practical implications of the thesis’ main contributions at the end of this 

chapter. 

6.1 Contributions and implications for theory 

In this section, I discuss how the thesis connects and contributes to prior studies in the 

fields of IS and SE. 

The evaluation about the maturity and value of a digital platform, as well as its 

required level of integration, can be subjective and does not only depend on 

technical characteristics or features (Publications I, III, and IV). 

The main findings reported in Publication I emerge from the premise that the actors of 

the AEC/FM industry assess the usefulness and business value of their IS, depending on 

how the questions about the integration and exchange of data are framed to them: in 

terms of exchanging data about construction projects or exchanging data about the 

building lifecycle. Even if the shared information or the systems are the same in either 

case, they can still be evaluated in different or opposite ways. 

On one hand, standardization and interoperability are identified as technical features 

that allow the actors to address the complexity and variability among construction 

projects through digital platforms. On the other hand, all the recognized but 

unaddressed needs (Table 5.1) are related to non-technical, business, or socio-

organizational reasons, primarily focused on the uncertainties and lack of know-how 

among the industry stakeholders (e.g., how to digitalize building data from paper 

blueprints, how to reduce workflow and process gaps, or how much data to share). This 

aligns with prior studies’ argument that IT integration alone is insufficient to overcome 

the fragmentation of AEC/FM processes (Nam and Tatum, 1992). The reason is that 

technical interoperability problems are more likely to be solved over time by software 

vendors, but tougher issues that remain are finding consensus and enabling the 

cooperation of multiple actors around common platforms (Bryde, Broquetas and Volm, 

2013). 

In Publication III, we focus on two platforms that are not yet fully implemented or 

operational. An important contribution of this cross-case study is the finding that at least 

during the first stages of articulating an ecosystem, it is likely that the benefits of its 

digital platform(s) can be measured to a certain extent only (e.g., by forecasting 

operational efficiency gains or new revenue streams from additional services enabled by 

the platform). Consequently, subsequent IS studies about emerging ecosystems should 

acknowledge that the realization or operationalization of future business value may 

depend more on the outcome of “leap of faith” decisions (i.e., those based on the trust 
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among the ecosystem actors) than on the objective assessment of the digital platform’s 

characteristics and/or performance.  

In Publication IV, the definition of DTs by using seven different, non-mutually 

exclusive, and sometimes overlapping metaphors (Table 5.4) strengthens the findings 

from prior studies on boundary-spanning objects that the difference between DTs and 

other IS that are considered less advanced is often more subjective than objective. 

Mapping the useful minimum data exchange interdependencies among 

stakeholders is one of the earliest steps to identify, validate, and refine the 

requirements for integrating IS across organizational boundaries (Publications I 

and III). 

Publication I builds on and expands the concept of useful minimum data exchange, 

which was introduced in Hietanen and Lehtinen’s (2006) working paper about the 

interoperability of software applications that exchange data through IFC files and has 

been studied in the renovation of buildings that lack a BIM model (Helander and Singh, 

2016). In Publication I, we expand the concept of the useful minimum beyond the 

technical specification of BIM models and transfer it from AEC/FM into the IS field. 

We describe the useful minimum as a managerial strategy to overcome the difficulty of 

framing the scope of IS integration (e.g., “construction project versus whole building 

lifecycle”) and to resolve the uncertainty about the number of stakeholders involved in 

those integrations. This concept is simple. It means that the information exchange 

among stakeholders, or data sharing through digital platforms, should be limited (at 

least initially) to the most essential data among all information that is currently available 

in different IOIS, which will be integrated for purposes of sustaining existing business 

collaborations or enabling new use cases. According to our observations, the useful 

minimum helps organize not only the low-level data models and structures (as shown in 

previous studies), but also the high-level interdependencies among industry actors.  

Although the integration of IS through a useful minimum data exchange may seem like 

an obvious course of action, the findings reported in Publication I suggest that this 

strategy is often overlooked by practitioners and scholars alike. Therefore, we 

emphasize the importance of mapping the interdependencies among stakeholders as one 

of the earliest steps to identify, validate, and refine the requirements for IS integration 

projects. In the AEC/FM industry, there are two types of interdependency mapping: 

- among the actors collaborating in the same phase of the built environment 

lifecycle (represented by the blue arrows in Figure 6.1) and 

- toward the actors involved in subsequent phases of the built environment 

lifecycle (represented by the red arrows in Figure 6.1). 

The useful minimum concept is revisited in the subsequent publications of this thesis, 

particularly in Publication III, where it is presented as the strategy intuitively adopted 
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by the actors of a new digital platform to control the ownership of key operant resources 

in their emerging ecosystem. 

 

Figure 6.1: Useful minimum interdependencies (represented by the blue and the red arrows) 

among AEC/FM stakeholders across the building lifecycle (adapted from Publication I). 

 

Some of the most significant barriers to cross-organizational integration of IS 

emerge from the stakeholders’ own decisions and (lack of) willingness to align with 

others, especially if the stakeholders have opposing or diverging views regarding 

the autonomy and control of six contentious aspects: ontology, standards, storage, 

openness, monetization, and the involvement of the public sector (Publication II). 

To support the interpretation and discussion of our research findings in the context of 

prior IS studies, in Publication II, we map the identified dialectic tensions of inter-

organizational integration to two interrelated theoretical frameworks that use the 

dialectical process theory for explaining the generativity of digital infrastructures. These 

two frameworks are the paradoxes of change and control (Tilson, Lyytinen and 

Sørensen, 2010) and the four sociotechnical paradoxes of (non-)technology and (in-

)tangibility (Lyytinen, Sørensen and Tilson, 2017). 

The paradox of change is defined by the opposing logics of stability and flexibility in 

digital infrastructures. It arises when the components of an installed base 

simultaneously constrain and enable new connections (Tilson, Lyytinen and Sørensen, 

2010). In our study, we asked practitioners about the BIM software tools and their 

associated standards, which represent the installed base in the AEC/FM industry. 

According to some interviewees, the installed base allows them greater freedom to 

develop new IS, while others have the opposite opinion. Consequently, we have 

determined that the theses and the antitheses associated with the dimensions of 

standards and openness (Table 5.2) are examples of the paradox of change. 

The remaining dimensions listed in Table 5.2 could also have been characterized as 

examples of the paradox of change because they feature diverging views, resulting in 

stability or flexibility. However, the model of four sociotechnical paradoxes (Lyytinen, 

Sørensen and Tilson, 2017) refines this paradox by clarifying that it specifically refers 
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to the quadrant of architected technologies (or the technological-intangible components 

of digital infrastructures), which is shown in the top right corner of Figure 6.2. 

Therefore, the dimensions listed in Table 5.2 that do not have a technological nature 

(i.e., ontology, monetization, and involvement of the public sector) or that have a more 

tangible manifestation (i.e., storage of data) are not examples of this paradox.  

The dimension of standards is interpreted as having two states: current and planned. The 

current standards have a tangible manifestation because they are already implemented in 

software systems, while the planned standards can be considered intangible because 

they have only been discussed or architected. Therefore, only planned standards are 

considered manifestations of the paradox of change shown in the top right corner of 

Figure 6.2. In contrast, current standards are examples of underlying technologies (or 

the technological-tangible components of digital infrastructures) associated with the 

paradox of fixity versus variety, which is shown in the top left corner of Figure 6.2. 

The dimension of openness is interpreted as having both technological and non-

technological angles. The technological angle refers to the architecting of APIs to 

enable cross-organizational data exchange, while the non-technological angle refers to 

the business models associated with the usage of those APIs. Consequently, the former 

is a manifestation of the paradox of change shown in the top right corner of Figure 6.2, 

whereas the latter is not.  

 

Figure 6.2: Dialectic tensions mapped to the model of sociotechnical paradoxes of generativity 

in digital infrastructures by Lyytinen, Sørensen and Tilson (2017) (Publication II). 
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Regarding the paradox of control, characterized by the logics of centralization versus 

distributed control (or individual autonomy), we have determined that all dimensions 

listed in Table 5.2 are examples of the paradox because they all refer to the AEC/FM 

stakeholders’ establishment of control points to influence the changes in their digital 

infrastructures, as follows: 

- Ontology: controlling the meaning, definitions, and interpretations of data 

- Standards: controlling the specification, selection, and combination of formats 

for representing or transferring data  

- Storage: controlling the location and/or the ownership of data 

- Openness (seen only from an organizational or a business perspective): 

controlling the access to critical resources through APIs 

- Monetization: controlling the appropriation and distribution of business value 

- Involvement of the public sector: controlling the role or the influence of public 

policymakers and regulations 

The benefit(s) or added value of integrating IS across organizational boundaries is 

(are) more easily recognized and evaluated when project-based industries are 

modeled as A2A service networks (Publications III and IV). 

In Publication III, we use the S-D logic approach as a sense-making lens to portray the 

participants of an emerging digital ecosystem as peers. For this reason, all the 

interviewees and observed informants in the study are generically referred to as “actors” 

and considered equally important contributors to the value-generation process. The 

prefix “-co” in the second category or theme of the proposed theoretical framework 

(Table 5.3) emphasizes that the benefit(s) of integrating IS across organizational 

boundaries can be more easily recognized and evaluated when project-based industries 

are perceived as A2A service networks. In other words, each company’s contributions 

to the digital platform ecosystem do not depend on the traditional industry 

configuration, roles, and tasks. 

Publication IV also contributes to the IS and S-D logic literature by characterizing the 

AEC/FM industry as an A2A service network. The metaphor of “DT is a service 

ecosystem” suggests that AEC/FM actors identify new use cases for the information 

that they can share through DT platforms. This encourages them to reconfigure their 

technical resources and redefine their traditional roles in the industry, in new ways that 

defy the traditional classification of AEC/FM stakeholder groups (Gann and Salter, 

2000) and the “software vendors versus software users” dichotomy. These findings 

align with the S-D logic perspective that the complementary and reciprocal activities of 

integrating information and providing services transcend the “producer–consumer” 

divide (Vargo and Lusch, 2011, 2016). In Publication IV, we do not explore the unique 

challenges and opportunities faced by these emerging “vendor-users” of DTs but 

suggest the theme as an interesting new venue for future research beyond the scope of 

the AEC/FM industry. 
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Boundary objects allow stakeholders to articulate more complex software solutions 

at the center of new digital platform ecosystems, in order to deliver new value-

adding services without the need for a broad consensus across the industry 

(Publication IV). 

Publication IV contributes to the IS and project management literature by identifying 

and discovering the characteristics of a boundary-spanning object that has not been 

widely explained in prior research, namely the DT.  

Our study emphasizes that the emergence of new ecosystems in the AEC/FM industry 

can be facilitated through IOIS that are conceptually interpreted by actors as a single 

solution, but in practice are implemented through the integration of heterogeneous 

components, such as IoT sensors and data platforms with a 2D or 3D graphical user 

interface (GUI) representing a built asset. These novel digital platforms possess two 

essential features that are found in boundary objects (Bresnen, 2010; Fellows and Liu, 

2012; Becker et al., 2013). First, they are sufficiently flexible, to be used differently by 

each community of practice. Second, they are sufficiently robust so that all 

communities of practice can identify these IS as new, different, or unique compared 

with other types of regularly used IS.  

For this reason, in Publication IV, we conclude that the key to internally adapting and 

managing planned integrations does not depend only on the actors’ choice of 

technology artifacts but also on abstract concepts such as DTs and their associated 

symbolism. 

There is a need for further studies on the emergence and governance mechanisms 

of collaborative B2B platforms, which are jointly owned and managed by consortia 

of non-competing partner firms without a single focal actor (Publication III). 

Publication III builds on and expands the streams of IS literature on S-D logic, 

ecosystem emergence/creation, and shared platforms.  

First, the S-D logic lens allows us to deduce most dimensions of the “new” perspective 

on value (co-)creation in the emerging ecosystem to which the AEC/FM actors are 

shifting (Table 5.3). The concepts of operand and operant resources, which differentiate 

between tangible and intangible assets or between commodity-like and strategic assets, 

respectively, bring attention to the prominent role that the operant resources play in the 

identification and evaluation of potential new business value opportunities of that future 

ecosystem. Two value evaluation criteria (i.e., diversity and ownership of operant 

resources) are built on the premise that the issues of distribution and control of key 

strategic resources are decisive for the implementation of new digital platforms. 

Second, Publication III contributes to the stream of literature on ecosystem creation by 

exploring how industry incumbents find sufficient incentives and build a common 

vision to reorganize themselves around a digital platform, without the need for an 
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ecosystem champion or keystone actor that can compel others to join them (Dattée, 

Alexy and Autio, 2018).  

Third, in Publication III, we discuss the classifications of platforms found in prior IS 

studies. Extant research has predominantly investigated digital platforms and 

ecosystems from the perspective of the “platform leader” because of its role as 

orchestrator (Staub et al., 2021). Our case studies expand this knowledge by our 

investigation of two emerging B2B platforms governed by consortia that cannot be 

categorized as “supply chain platforms” or “industry platforms” because they lack an 

“assembler” or a “platform leader” in the role of the dominant or focal actor (Gawer, 

2014). The B2B platforms studied in Publication III also do not align with the category 

of “shared platforms” that have multiple sponsors and multiple providers (Eisenmann, 

2008) for two reasons: 

- The roles of sponsor and provider are distributed among multiple firms, and 

each firm can indistinctively act as sponsor, provider, or both anytime. 

- The firms do not compete because they belong to different communities of 

practice or industry domains. 

Previous studies have characterized platform ecosystems as markets with 

complementarities and interdependencies (Kapoor, 2018), where the growth in the 

platform’s installed base leads to positive network externalities or network effects for 

the whole ecosystem (Gawer, 2014). Those self-reinforcing feedback loops of same-side 

or cross-side network effects are not clearly observed in the two cases of B2B digital 

platforms presented in Publication III. Consequently, we propose a new 

conceptualization of collaborative B2B platforms jointly governed and/or managed by 

consortia of non-competing partner companies, which can open new venues for follow-

up studies on the integration of IS across organizational boundaries. 

6.2 Contributions and implications for practice 

In this section, I summarize the relevance of the thesis for practitioners, particularly 

those working in the AEC/FM sector, as well as the implications for better management 

and execution of integration projects. 

First, from the perspective of business and innovation, the findings of this thesis help 

improve the efficiency of existing AEC/FM businesses by providing practical 

guidelines to integrate existing IS and develop innovative solutions, such as 

collaborative B2B platforms and DTs, across organizational boundaries. The insights 

from this research are particularly relevant at the earliest stages of inter-organizational 

integration projects, characterized by greater uncertainty about the untapped business 

value of emerging digital platform ecosystems. 



6 Discussion 

 

76 

Second and most importantly, the results of this research also support the creation of 

new spin-offs or “PropTech” companies, disrupting the traditional AEC/FM industry 

roles, which share building data through collaborative B2B platforms to deliver “smart 

equipment,” “smart building,” or “smart city” services that otherwise would not be 

available. 

Third, a direct output and contribution of this research is an industry whitepaper (not 

included in the thesis), of which Ken Dooley (from the FM software and consulting firm 

Granlund Oy) and I are the co-authors. In the whitepaper,4 we outline a practitioner-

oriented definition, several examples, and a future development roadmap for DTs of 

built assets across different domains in the AEC/FM industry. 

 

 
4 Dooley, K. and Camposano, J. C. (2020) ‘Building digital twins’. Granlund Oy. Available at: 

https://issuu.com/granlundoy/docs/building_digital_twins (Accessed: 12 January 2021). 



77 

 

7 Conclusions 

In this chapter, I outline how the main contributions of the thesis answer each of the 

research sub-questions. Finally, I explain the study’s limitations and propose some 

directions for further research. 

7.1 Answers to the research questions and main contributions 

In the beginning of the thesis, I set the following main RQ: “How do different actors 

from the same industry perceive and influence the integration of IS across 

organizational boundaries?” To solve this complex problem, the RQ has been sub-

divided into four research sub-questions that match the quadrants of a SWOT matrix 

(see Table 4.1). I have focused on the Finnish AEC/FM industry as the case study 

because it is the archetype of a project-based industry that has been hindered by 

fragmentation issues. Following an interpretive approach to qualitative research, 45 

practitioners from 33 different AEC/FM organizations were interviewed for this study. 

Below, I recap each sub-question, with its answer obtained from Publications I–IV, and 

the main theoretical contributions that have emerged from the research. 

RQ1 (threats, external/negative): How does the industry context guide the planned 

integration of these actors? 

- Answer: The evaluation about the maturity and value of an IOIS or a digital 

platform, as well as its required integrations, depends not only on technical 

characteristics and features but also on subjective factors guided by the industry 

context. Mapping the useful minimum data exchange interdependencies among 

actors is one of the first steps to clarify, validate, and refine the requirements for 

IS integration projects. 

- Main contributions: These include the list of addressed and unaddressed 

information needs, the inter-organizational integration methods, and the 

identification of the useful minimum interdependencies among actors as a 

managerial strategy for determining IOIS integration needs. 

RQ2 (weaknesses, internal/negative): How do the perspectives of these actors vary, 

and what conflicts emerge from those diverging points of view? 

- Answer: Conflicts emerge when actors have opposing or diverging views 

regarding the autonomy and control over six contentious aspects: ontology, 

standards, storage, openness, monetization, and the involvement of the public 

sector. Through the lens of the dialectical process analysis, we recognize that 

some of the most significant barriers to cross-organizational integration of IS 
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emerge from the actors’ own decisions and (lack of) willingness to align with 

others. 

- Main contributions: These comprise a non-exhaustive list of dialectic tensions in 

the context of inter-organizational integration, in which each tension refers to a 

different need for information exchange that the actors can fulfill by adhering to 

one thesis or its antithesis; and the mapping of those tensions to the paradoxes 

that describe the phenomenon of generativity of digital infrastructures. 

RQ3 (opportunities, external/positive): How is the business value of the planned 

integration measured and evaluated by these actors? 

- Answer: The incumbent actors’ understanding of value varies, depending on 

which perspective they adopt when analyzing their relationships with other 

actors: the traditional perspective of a project-based industry or the perspective 

of a digital platform ecosystem. To measure or evaluate their opportunities for 

business value co-creation, actors rely on a set of criteria related to three themes 

that are relevant for business/innovation ecosystems and S-D logic: (1) the 

distribution and control of operant resources, (2) the process of value co-

creation, and (3) the autonomy and relationships among actors. 

- Main contributions: These comprise a non-exhaustive list of criteria for 

evaluating business value in project-based industries and emerging ecosystems, 

as well as the categorization of collaborative B2B platforms managed by 

consortia. 

RQ4 (strengths, internal/positive): How do these actors internally adapt to manage 

their planned integration? 

- Answer: The key to internally adapting and managing planned integrations does 

not depend only on the actors’ choice of technology artifacts but also on abstract 

concepts and their associated symbolism. Through boundary objects, actors can 

reuse one another’s data, adapt their traditional roles and tasks, and establish 

more complex software ecosystems to deliver new value-adding services 

without the need for a broad consensus across the industry.  

- Main contributions: These include some metaphors used to define DTs of built 

assets and their key attributes, the characterization of the AEC/FM industry as 

an A2A service network, and the characterization of the DT as a boundary object 

and a platform. 

 



7.2 Study limitations and future research opportunities 

 

79 

7.2 Study limitations and future research opportunities 

This thesis has limitations in terms of its research scope and methodology, which I have 

summarized in Table 7.1. Nevertheless, each limitation has been mitigated through 

various techniques to improve the trustworthiness of the study (described in Section 4.6) 

and represents an opportunity for conducting follow-up research.  

The main limitation of Publications I, II, and IV is that most of the findings are the 

results of my own qualitative analysis and initial coding of the semi-structured 

interviews. My co-authors were usually involved in later stages of the research, 

focusing on developing the high-level theories and summarizing the findings. 

Nevertheless, the risk that I could have introduced any significant interpretive biases 

was mitigated by simultaneously transcribing and coding the interviews, as well as by 

reviewing secondary documentation. This limitation also offers the chance to reassess 

our theoretical contributions in follow-up studies conducted by different authors or in 

the context of other industries different from AEC/FM, which could bring different 

interpretations of the data and help determine if the same theoretical dimensions stand 

or if new ones can be found. Publication III does not have this limitation because it is a 

multiple case study in which two co-authors have analyzed the data. 

Another limitation related to the choice of research methods in Publications I–IV is that 

the findings rely mostly on the options and testimonials of practitioners rather than the 

examination of specific technological artifacts, such as software applications or digital 

platforms. The examination of such artifacts was not possible because the methodology 

of the thesis focused on the observation of socio-organizational aspects, because the 

research was conducted independently from any sponsoring software vendor or user 

firm, and because the global COVID-19 pandemic that occurred in the last years of my 

doctoral studies (2020-2021) eliminated the possibility of implementing other research 

methods. Future studies may benefit from adopting other research paradigms, such as 

design science, which relies not only on qualitative analysis and coding but also on the 

introduction and evaluation of IT artifacts to solve identified organizational problems 

(Hevner et al., 2004; Peffers et al., 2007).  

In particular, Publications III–IV highlight the fact that the phenomenon of emerging 

digital platform ecosystems is only observed during the early stages of the integration 

process, without a minimum viable product of the platforms in production, studied by 

relying primarily on semi-structured interviews with the involved actors. Subsequent 

research should focus on verifying our observations in an operational environment. 

Other limitations of this research are related to the scope of the case study. Publications 

I–IV are based on data about the Finnish AEC/FM industry, which might differ from 

other geographical, economic, or cultural contexts. In Publications I–IV, we explicitly 

state that the findings are grounded on the Finnish case, and no claims are made 

regarding the generalizability of the theoretical contributions. In Publication II, we 

suggest expanding the study of the conflicts that may arise in digital infrastructures 



7 Conclusions 

 

80 

and/or IOIS integration projects, by applying the lens of the dialectical process theory in 

a broader geographical area (e.g., national, pan-European, or international), in order to 

identify new dialectic tensions related to the quadrant of physical contexts in the model 

of generativity of digital infrastructures (Lyytinen, Sørensen and Tilson, 2017). Two 

examples of conflicts associated with the local versus global paradox, which the 

quadrant refers to, could be the predominance of certain national laws over European 

regulations and vice-versa or the power struggles between multinational big-tech 

companies and public regulators with competence in a limited jurisdiction. 

Table 7.1: Summary of limitations of the thesis and future research opportunities 

Publication(s) Limitation Future research opportunity 

I, II, IV These studies are mostly 

reliant on the interpretive 

analysis and coding 

conducted by the first author 

Follow-up studies with multiple co-

authors doing the interpretive analysis 

and coding (i.e., triangulation of 

researchers) or reassessing the 

theoretical contributions in different 

case contexts 

I, II, III, IV These studies are mostly 

reliant on the opinions and 

testimonials of practitioners, 

based on semi-structured 

interviews  

Follow-up studies adopting other 

research paradigms (e.g., design 

science), which allow the direct 

observation of changes in technical 

artifacts (i.e., triangulation of methods 

and data sources) 

II No observations on the 

quadrant of physical contexts 

that is associated with the 

local versus global paradox 

in the model of generativity 

of digital infrastructures 

(Lyytinen, Sørensen and 

Tilson, 2017) because the 

study is limited to the context 

of the Finnish AEC/FM 

industry 

Studies on dialectical process theory, 

expanding the scope of the digital 

infrastructures under consideration into 

a broader geographical area (e.g., 

national, pan-European, international) 

III, IV These studies focus on digital 

platform ecosystems that are 

owned and managed by 

consortia but not yet 

implemented or operational 

Studies on the governance of 

ecosystems around collaborative B2B 

platforms owned and managed by 

consortia (e.g., focusing on the actors’ 

responses to unexpected contributions) 
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Publication(s) Limitation Future research opportunity 

I, IV - Studies on the identification of 

stakeholders and the elicitation of 

useful minimum data abstraction and 

data-sharing requirements 

IV - Studies on knowledge assimilation and 

interfirm collaboration, allowing actors 

of emerging digital platform 

ecosystems to become software 

vendors and users at the same time 

IV - Studies focusing on the definition and 

implementation of real-time 

bidirectional data updates between 

physical assets and DTs 

 

Finally, the thesis also offers new research opportunities that do not emerge from the 

limitations in the methodology or the case study scope. In the field of requirements 

engineering, in Publications I and IV, we suggest examining the processes of 

stakeholder identification and requirement elicitation with the useful minimum strategy. 

In Publication IV, we recommend further studies on knowledge assimilation and 

interfirm collaboration, focusing on the organizational changes that the actors of 

emerging ecosystems undergo to become software vendors and users at the same time. 

In Publication IV, we also suggest analyzing the technical specifications and 

implementation of real-time bidirectional data updates between physical assets and DTs, 

as an interesting contribution to the SE field. 
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Appendix A: Template – information for interviewees 

 

This interview is conducted exclusively for research purposes by the team members of 

the TwinValue project at the LUT School of Engineering Science – Software 

Engineering Department.  

Prof. Kari Smolander is the principal researcher and team leader of this project. He can 

be contacted at [email address] and [phone number]. 

We would like to emphasize that 

• your participation is entirely voluntary, 

• you are free to decline to answer any question, and 

• you are free to withdraw at any time. 

The data collected during this interview will remain anonymous, so it cannot be traced 

directly or indirectly back to you. It may be discussed with the members of our study’s 

research group, or in case an external quality assessment takes place, with evaluators 

under the same confidentiality conditions. Interview excerpts and key concepts may 

become part of one or more academic publications, but no personal data, such as names, 

will be included, unless you specifically authorize it.  

  

  

  

[Location, date] 

 

 

[Name and surname of the researcher] 
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Appendix B: Questions from interview protocol 

 

Introduction 

Thank you for the time and the opportunity to have this interview.  

The purpose of this research is to understand how enterprise systems are opening more 

to the outside world and what technologies are currently used to facilitate those inter-

organizational connections. 

Basic definitions (explain only if necessary): 

- External integration: This means implementing or using solutions across the 

boundaries of a single organization. In this context, integration is achieved 

mainly through technology, but it also considers the business aspects. 

- Enterprise systems: We are looking into the systems that handle information that 

can be considered essential for a specific business or industry. 

We expect this interview to last between 45 minutes and one hour at the maximum. We 

will start with some general questions about your background, and then we will talk 

more about the current context of your business and the industry overall. 

(Hand out and explain the information sheet): 

This interview is confidential, so all answers will be kept anonymous. Any interview 

fragments that become part of our final report cannot be traced back to the individual 

participants. Only the members of our research group can see the notes or interview 

transcripts, and these are not shared with any other external people. You can skip any 

question if you do not know the answer or prefer not to answer, and you are also free to 

withdraw from the study anytime. 

About the respondent 

- What is your name? 

- What is your job title? 

- How long have you been working in the company? 

- How long have you held your current position? 

- How many people do you supervise (currently work) in your team or 

department?  

- Could you describe some of your main responsibilities? 
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Past integration projects 

- Can you provide an example of an integration project that your company has 

done in the past? (Wait to see how they understand the term “integration” and if 

they ask for clarification.) 

- What do you think were the major challenges in that project (those projects)? 

- How were the knowledge and skills distributed between (among) the companies 

involved in the project? Which of those skills or knowledge were the most 

essential? 

- How was the decision-making process, and which organizational structures were 

involved? 

- Did you change or create any new job positions specifically for the project?  

- Did you create any new organizational structures specifically for the project? 

- What types of documentation, diagrams, or models did you use? Who used this 

documentation? 

- Did you face any unexpected situations when trying to integrate the external 

solutions? If so, how did you handle the situation at that moment? 

- What other important aspects did you consider during the process of integration? 

Perspective on the digitalization of AEC/FM (Rounds 1 and 2 of interviews) 

- How would you describe the current status of the construction and real estate 

industry in Finland, in terms of digitalization and systems integration? 

- What has been the role of (organization name) in key government projects such 

as KIRA-digi? What kinds of changes have they brought for you?  

- How do you collaborate or join other actors in the public and the private sectors? 

Projects related to the built environment lifecycle (round 1 of interviews) 

- What types of land, building, property, or real estate data have you digitalized?  

- What types of data are still managed manually or in printed form? 

- At what stages of the built environment lifecycle do you collect data (e.g., 

design, construction, operation, maintenance, etc.)?  

- Are you currently sharing your data with other public or private organizations 

and if yes, which ones? 

- What technical challenges have you experienced or need to be solved? 

- What non-technical challenges have you experienced or need to be solved? 

- Do you rely on any external platforms to share or exchange data and if yes, 

which ones? 
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Digital twins (Round 2 of interviews only) 

- How familiar are you with the concept of a digital twin? What does it mean for 

you in the context of the built environment or the AEC/FM industry? 

- How do digital twins relate to your existing software tools for modeling or 

visualization of buildings? 

- Can you describe a digital twin project in which you participated previously or 

are participating now? 

- What was/is the objective of the project? 

- Who were involved in that project, and what roles did they play? 

- What kinds of technical components or standards were considered? 

- What kinds of challenges have you faced to implement a digital twin? 

- What are the benefits or the value of implementing a digital twin? 

Closure 

- Do you have any additional thoughts or comments about the topics of this 

interview? 

- Can you recommend any other person in the company or among your partners 

whom we could interview next? 
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Appendix C: Template – qualitative analysis memo 

 

Interview date:  

Person:  

Organization:  

Role:  

Interview duration:  

 

Field notes (background information and site observations) 

 

 

Analysis (codes and categories) 

STRUCTURAL CODING (INTERVIEW QUESTION THEMES, SUB-HEADINGS) 

 

Concept coding (overall abstract ideas that summarize large portions of transcripts) 

 

in-vivo coding (when verbatim, expresses better the intended meanings) 

 

Initial/open coding (relations; similarities and differences; dimensions, properties, attributes; 

depth) 

 

• Process coding (actions; antecedents, causes, consequences; sense of temporality; only 

“-ing” gerunds) 

 

# Descriptive coding (common or frequently mentioned topics, search terms; use sparingly!) 

 

Key takeaways (main findings) 

 

 

Follow-up & to-do’s 
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Abstract. This paper explores how the needs to exchange information across or-

ganizational boundaries in the Architecture, Engineering and Construction, and 

Facilities Management industry in Finland have been satisfied by means of stake-

holder integration at the technical, business and socio-organizational levels. We 

interviewed practitioners about their motivations and goals for inter-organiza-

tional integration and observed different discourses. The information exchange 

needs in the context of individual building projects were often described as “ad-

dressed”. These needs focused mainly on managing complex stakeholder rela-

tions or handling the variable conditions with other building projects. In the scope 

of the whole built environment lifecycle, the needs were rather portrayed as on-

going problems still “unaddressed”. Existing information sources remained inad-

equate when the benefits of inter-organizational integration had not yet been clar-

ified. The process workflow discontinuities demanded better understanding of 

the value of information beyond design as well as better coordination. The un-

certainty of how much data to collect and for what purposes can be mitigated by 

defining “useful minimum” information exchange between stakeholders. 

Keywords: inter-organizational integration, information exchange, built envi-

ronment, building lifecycle management, information systems, AEC/FM. 

1 Introduction 

A prominent feature of the Architecture, Engineering and Construction, and Facilities 

Management industry (AEC/FM) is its complex network of interrelated stakeholders, 

who are becoming increasingly dependent on the exchange of information across or-

ganizational boundaries. This provides an interesting background context to study the 

systems integration and information management requirements to fulfill both shared 

and individual tasks. Unlike the manufacturing industry, the stakeholders of the AEC 

and FM sectors do not operate inside organizational structures with clear boundaries. 

They rather operate within project-based networks of partner organizations collaborat-

ing in a temporary arrangement [17], which do not always interact directly with each 

other [26]. Besides the reliance on mutual data and information exchange to perform 

their activities effectively, the work of these various firms is generally framed within 
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the same regulatory frameworks and customer demands. In this context, performance 

and competitiveness are not just within the control of a single organization but rather 

depend on the efficiency of whole network. Therefore, the technological strategies of 

these companies must often extend beyond their immediate boundaries, so the technol-

ogies they own can be managed effectively [11].  

To address these issues, AEC/FM organizations may decide to implement infor-

mation systems (IS) that integrate across organizational borders. Nam and Tatum [20] 

already observed more than two decades ago that the integration between design and 

production functions in AEC projects was linked to increased industry innovation. 

Since the early 2000s, industry stakeholders have increasingly adopted Building Infor-

mation Modelling (BIM) solutions to improve their design and construction practices. 

BIM is generally understood as an overarching term for various object-oriented Com-

puter-Aided Design (CAD) activities, which support the representation of building el-

ements in terms of their 3D geometric and non-geometric (i.e. functional) attributes and 

relationships [12]. It has been credited for enhanced collaboration and productivity in 

AEC practices [4, 12].  

The aim of this paper is to explore how the information needs of the Finnish 

AEC/FM industry stakeholders have been satisfied by integrating not only technical 

solutions such as BIM, but also by adapting at the business and socio-organizational 

levels. It has been previously argued that IT integration alone is insufficient to over-

come the fragmentation of AEC operations and should be thus augmented by other 

means [20]. Bryde et al. [4] also claim that technical interoperability problems are more 

likely to be resolved over time by IT companies, but harder issues to solve are to make 

people agree on common IT platforms or to cooperate with each other. The present 

study approaches then the integration of IS from a holistic point of view, emphasizing 

not only the technical dimension of integration and interoperability, but also the busi-

ness and socio-organizational aspects. From the perspective of AEC/FM practitioners, 

it can help to understand the implications of inter-organizational integration in the de-

sign, construction and operation of buildings. From the perspective of software engi-

neers, it can also serve as a tool to design and develop more effective IT solutions that 

address the current problems faced by the industry.  

During the course of this study, interviewees adopted different discourses when ap-

proaching the subject of integration across organizational boundaries. In the context of 

“building projects”, informational needs were usually described as if they had been 

covered already by a combination of technologies, work processes or business models. 

At the same time, when the scope was broadened to the more abstract concept of “built 

environment lifecycle”, participants rather provided descriptions of persistent ongoing 

problems, which they believe could be still mitigated through a more effective infor-

mation exchange between stakeholders. Based on this discourse characterizing the 

needs for inter-organizational integration as surmounted or pending, this paper aims to 

answer the questions “How have the stakeholders of the Finnish AEC/FM industry ad-

dressed their information exchange needs so far?” and “Which information exchange 

needs have yet to be addressed and why?”. 

The paper is structured as follows: Section 2 introduces the concepts of the built 

environment lifecycle and inter-organizational integration, which are essential for the 
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study subject. Section 3 describes the research process, situating the reader within the 

case study context and providing a detailed account of the steps taken by the authors. 

Section 4 presents the most relevant findings grounded on the collected interview data 

without a priori hypotheses from academic literature. Section 5 discusses these findings 

in the context of previous studies. The paper ends by clarifying the research limitations, 

providing future research suggestions and recapping its main conclusions. 

2 Background 

2.1 The built environment lifecycle 

The AEC industry has been characterized as a loosely coupled system [8] or as a pro-

ject-based productive network [11], utilizing separate firms with diverse technical ca-

pabilities in a temporary multidisciplinary arrangement to produce investment goods 

like buildings, roads or bridges according to unique specifications [17]. Construction 

projects can be considered within the scope of the broader field of studies known as the 

“built environment”, a multidisciplinary concept comprising diverse aspects of urban 

design, land use and human activity within their physical environment [14]. 

The lifecycle of a building can be broadly articulated into two parts divided by the 

point in time when its construction has been completed. The first part refers to the plan-

ning, design and assembly activities in architecture, engineering and construction 

(AEC) projects, while the second part refers to the exploitation of the “completed” 

building which entails different facility management (FM) tasks. The teams that partic-

ipate on either one of these parts rarely take part also in the other [26]. Throughout this 

paper, the first part will be referred to simply as “building project” or “construction 

project”. On the other hand, the concept of “built environment lifecycle” will be used 

as a reference to all stages before, during (i.e. first part) and after (i.e. second part) the 

building project takes place.  

Table 1. Identified stakeholders of the Finnish AEC/FM industry 

Stakeholder Group (Based on Gann and Salter [11]) 

State government agencies, local authorities Regulatory and institutional framework 

Designers (architects) and engineers (struc-

tural, HVAC, electrical, plumbing) 

Project-based firms 

Main contractors (construction companies) Project-based firms 

Sub-contractors (site workers, consultants) Project-based firms 

Professional associations Technical support infrastructure 

Universities and research institutes Technical support infrastructure 

Trade unions Supply network 

BIM or FM software providers Supply network 

Property owners, landlords Projects 

Facility managers, maintenance companies Projects 

Tenants Projects 

 

The analysis of relevant industry documentation and the primary data collected from 

interviews allowed the authors of this study to identify some key stakeholders of the 
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AEC/FM industry in Finland, which are listed in Table 1. These have been mapped to 

each one of the groups described in the model of innovation and knowledge flows in 

construction industries by Gann and Salter [11].  

2.2 Inter-organizational integration 

Previous scientific literature has approached integration issues in different ways ac-

cording to the primary aim or focus of the study [2]. The disciplines studying systems 

of human endeavor, such as IS, management or software engineering, have widely dis-

cussed this topic under interchangeable terms such as “organizational integration” [2] 

or “enterprise integration” [5]. In this context, integration can be defined as “the extent 

to which distinct and interdependent organizational components constitute a unified 

whole” [2], where the term “component” refers to organizational units, departments or 

business partners, and includes in either case the business processes, people and tech-

nology involved [2, 21].  

IS, management and software engineering scholars have also proposed different 

classifications of integration, which are often used to explain two intertwined but rather 

distinct aspects: “what” is to be integrated and “at what scope” is the integration oc-

curring. In the case of “what”, Molina et al. [19], Vernadat [27] and Chen et al. [5] 

described three forms of integration: Physical systems, application and busi-

ness/knowledge, which aim to support the organizational needs for communication, co-

operation and coordination/collaboration, respectively. As an example of “at what 

scope”, Barki and Pinssoneault [2] used the process chain of the organizations as an 

overarching concept to classify integration into internal (i.e. intra-organizational) and 

external (i.e. inter-organizational), with further subcategories each. This study adopts 

the classification by Kähkönen [16], who considers holistically both the “what” and 

“at what scope” by approaching integration from three perspectives that build on top 

of each other: Technical, business and socio-organizational. Throughout this paper, we 

refer to these categories interchangeably as levels or layers of integration.  The present 

study approaches thus the concept of inter-organizational integration as the collabora-

tive work of industry stakeholders using a combination of technical, business or socio-

organizational methods. The following sections will describe some of the information 

exchange needs (or simply information needs) that can motivate such phenomena.  

3 Research process 

This paper presents observations from a qualitative case study, taking the whole of the 

AEC/FM industry in Finland as unit of analysis. Case studies aim to provide in-depth 

understanding of a case or a set of cases. The unit of analysis is generally bound in time 

and place to a concrete entity within a real-life context, such as an individual or an 

organization, but at a more abstract level it can also refer to communities, relationships, 

programs, decisions, implementation projects or organizational changes [7, 29]. The 

findings of this study are grounded on data from semi-structured interviews conducted 

during the first half of 2018 with 24 stakeholders of AEC/FM industry in Finland, 
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namely practitioners from private organizations in directive, managerial or project man-

agement roles, as well as public sector officers assigned to strategic projects. The par-

ticipants represent altogether every stakeholder group from the model of innovation and 

knowledge flows in construction industries by Gann and Salter [11].  

Semi-structured interviews combining specific and open-ended questions were se-

lected as the primary data collection method, because they allowed to maintain con-

sistency between interviews and keep focus on the relevant study topics, while provid-

ing also the opportunity to get unexpected insights into the participants’ experiences 

[23]. Topics were covered without a predetermined order to allow for a more natural 

conversation [6]. Additionally, practitioners had the opportunity at the end of the inter-

view to add anything else they considered important for the topic. To reduce potential 

biases in the questions and to confirm their relevance [9], the questionnaire1 was pilot-

tested with different researchers than the one who conducted the interviews. 

Case studies employ purposive or theoretical sampling rather than random sampling, 

by selecting the cases which are most relevant to the study proposition [9, 10] and which 

are likely to replicate or extend the emergent theory. The network of participants in this 

study had been involved in key projects of the Finnish government to promote the dig-

italization of the local AEC/FM industry and were selected because they were likely to 

be more interested and informed about the topic of this study. The initial interviewees 

were the “gatekeepers” or main contacts in each organization. Each practitioner was 

asked to suggest names of other key people to interview later. This process was repeated 

until additional interviews did not provide any new relevant findings or contributions 

[22] or more specifically, when the concepts emerging from the data could not be de-

veloped further in terms of their properties or dimensional variation [6]. To decide 

whether this point of “saturation” had been reached, a discriminant sampling strategy 

[7] was applied, verifying if any codes and categories derived from early interviews 

held true to explain the answers provided by the subsequent participants as well. Table 

2 shows a list of the study interviewees, along with the identifiers used in their quotes 

throughout this paper. Their names have been removed to preserve anonymity. 

All interview sessions lasted between 45 and 90 minutes and were performed with a 

single participant, except for two interviews in which two participants were present in 

the room at the same time. The audio of the interviews was recorded for later transcrip-

tion, coding and analysis using the Atlas.ti tool. Coding was done without a priori hy-

potheses in mind, so the categories could emerge directly from the data itself. This 

process was conducted first for each interview transcript and then across interviews, by 

comparing the similarities and differences in the participants’ answers, adhering to the 

guidelines by Eisenhardt [10] of within-case data analysis followed by a cross-case 

search of patterns. Codes with a higher level of abstraction, or categories, were also 

derived from the constant comparison of the researcher’s notes and memos. 

Besides the interviews, secondary data sources such as news articles and reports 

were employed to gain better understanding about the technical concepts and terminol-

ogy of the AEC/FM disciplines, identify potential interviewees and place the answers 

of the study participants into the current context of the local industry.  

                                                           
1 The interview guide can be accessed through this link: https://doi.org/10.5281/zenodo.2577038 
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Table 2. Study interview participants (*, ** = Interviewed simultaneously) 

Interviewee ID Organization Role 

n1 A: Construction contractor Chief Information Officer 

n2 A: Construction contractor Development Manager 

n3* B: BIM software provider Business Director 

n4* B: BIM software provider Product Manager 

n5** C: BIM software provider Product Development Director 

n6** C: BIM software provider Customer Success Manager 

n7 D: Property owners association Project Manager 

n8 E: Technology consultancy services Senior Enterprise Architect 

n9 F: Public-private partnership Chief Digital Officer 

n10 F: Public-private partnership Project Assistant 

n11 G: Trade union partnership Development Manager 

n12 H: Public sector, real estate Senior Expert 

n13 I: Public sector, State government Senior Specialist 

n14 J: FM software provider Technology Director 

n15 K: Universities and research institutes BIM Professor, Architect 

n16 L: Public sector, State government R&D Specialist 

n17 M: Public sector, local authorities Special Planner 

n18 N: Construction consultancy services Partner and Senior Advisor 

n19 O: Construction contractor Chief Technology Officer 

n20 O: Construction contractor Development Manager 

n21 P: Trade union Managing Director 

n22 Q: Engineering sub-contractor Research Project Manager 

n23 R: Public sector, State government Senior Adviser 

n24 S: Construction consultancy services Project Manager 

4 Findings 

During the interviews, study participants had the opportunity to reflect upon and de-

scribe information exchange needs which demanded some form of inter-organizational 

integration at the technical, business or socio-organizational level. Rather than elabo-

rating an exhaustive list of information requirements and integration methods for the 

AEC/FM industry stakeholders, this section focuses on the most relevant ones recog-

nized by the interviewees. Based on the analysis, coding and categorization of their 

answers, the main findings have been summarized in Table 3. 

The different narratives given by the study participants were carefully analyzed. 

When the questions and answers were constrained to the complexity within a single 

construction project or the variability between many of them, stakeholder information 

needs were often described as surmounted. At the same time, when the interview dis-

cussion was framed in the broader and more abstract concept of the built environment 

lifecycle (i.e. including phases before and after the building project) the integration 

needs – particularly those related to how the information is stored, managed or ex-

changed between stakeholders – were rather equated to ongoing issues yet to be solved. 
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The different discourses can be observed in the following interview excerpts in the 

scope of building projects and the built environment lifecycle, respectively: 

─ n1: “In one of our big sites this is already functioning […] when (our suppliers) deliver 

the slabs, the elements to the site […] their logistics system (tells) our system when it is 

delivered and installed, and all that is visualized in this model. They integrate to our sys-

tems, so we know exactly where they are. And that is also good for them, because they 

know what is the status where we are in this particular project right now.” 

─ n19: “We want to digitalize first the construction phase, so we can get the information 

flowing to the maintenance phase. It is like bridge building: Digitalize the site and auto-

mate the data collection […] then the next step is to discuss with those who are maintain-

ing the building. They have their own needs […] it is very difficult to convert the data, 

even if it exists, but it is not available for their needs. So we have to somehow digitalize 

the construction phase first and then we will be ready to move on with the lifecycle.” 

These two discourses may not necessarily reflect the current maturity stage of inter-

organizational integration within the individual organizations or the industry overall, 

but rather provide an indication that stakeholders are more or less certain on “what” 

has been integrated so far – or still needs to be integrated – when the dimension of “at 

what scope” changes. For this reason, the categories of “addressed” and “unaddressed” 

are presented between quotation marks (“”) throughout this paper. 

Table 3. Information needs and integration methods recognized by interviewees  

Information exchange needs Methods of inter-organizational integration 

“Addressed” 

(Scope: Build-

ing projects) 

Managing complexity 

within each project 

Clarifying terms of stakeholder collabora-

tion 

Improving coordination of distributed team 

members 

Exchanging detailed and standardized in-

formation 

Managing variability be-

tween different projects 

Using separate software solutions from 

multiple providers 

Implementing interoperable software solu-

tions 

“Unaddressed” 

(Scope: Built 

environment 

lifecycle) 

Improving adequacy of 

information sources 

(No specific solutions described by inter-

viewees) 

Reducing information 

gaps in the processes and 

workflows 

 

Clarifying extent and pur-

poses of data collection 

 

4.1 Recognized and “addressed” information needs  

Practitioners were prone to describe the information needs related to building projects 

as relatively covered by various technological or business methods of inter-organiza-

tional integration. Two categories were observed in this scope of discussion: The needs 
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to manage the complex stakeholder relations within each single project and the needs 

to handle the variability between multiple projects. 

Managing complexity within each project. When looking at each building project, 

the inter-organizational integration solutions described by interviewees were mainly 

focused on handling the large number of parts involved, one of the complexity factors 

influencing the managerial objectives in the industry [13].  

• Clarifying terms of stakeholder collaboration: Interviewees often stated that “alli-

ance model” contracts (i.e. various companies participating as consortium in a pro-

ject) have become a common practice and an incentive for integrating with other 

stakeholders, as they could evidence the business value of their collaboration.  

• Improving coordination of distributed team members: Interviewees also expressed 

that inter-organizational integration helped resolve clashes during the design and 

construction stages of the building project, occurring because of the split teamwork, 

or to track the changes occurring at the construction site. Practitioners have adopted 

different software tools for collaboration and communication on a per-project basis 

but gathering the decision-making representatives into the same physical space or 

“big room” was considered a more effective way to resolve any emerging conflicts.  

• Exchanging detailed and standardized information: The increasing use of BIM tools 

has allowed the project-based firms to improve the technical quality of their designs, 

by specifying with greater level of detail the object information in domain-specific 

(e.g. structural, architectural, electrical, etc.) or combined models. BIM standardiza-

tion and portability through .IFC format files was deemed by interviewees as a factor 

that facilitates the coordination between the parties involved in construction projects.  

Managing variability between different projects. When interviewees looked across 

multiple building projects, information needs were rather aimed at working in different 

contexts, for instance due to the size and expertise of the companies involved. Discus-

sions centered thus on how flexible the current software solutions were to allow such 

adaptation. Practitioners across all stakeholder groups and particularly main contractors 

expressed their lack of preference towards large applications developed by a single 

vendor, showing more interest on testing different kinds of software tools or adopting 

more interoperable solutions that could be easily combined. Rigid software products 

with many features were often labelled as too restrictive or belonging in the past, 

whereas the new kinds of software products that stakeholders aim for were frequently 

described using high-level terms such as “open”, “integrated” or “platform”.  

The motivations of the interviewees from project-based firms (e.g. software users 

within AEC contractors) differed from those of the “supply network” stakeholders 

group (e.g. BIM software providers). The first ones indicated they were willing to test 

and use different software tools or applications depending on the project conditions, 

without committing to any particular software vendor. Some of the factors taken into 

account were the size of the other companies involved in the project, or the different 

levels of technical expertise of the sub-contracted staff. 
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─ n1: “We optimize always those tools we are using, bringing in new ones and taking out 

old ones […] It is actually up to the project to decide which tools and systems to use.” 

─ n2: “Partnering [with the software providers] might be still a strong word. We are part-

nering in the sense that we are testing different companies’ platforms.” 

The contractors’ predisposition to switch easily between different software products 

has not gone unnoticed by the application vendors. From their perspective, it has be-

come imperative to deliver more value for the users based on the existing technical 

resources they already provide. Interviewed software providers pointed out that such 

customer value may not come only from the features inherent to the offered products 

or services, but also from the flexibility given to the users to adapt, combine and main-

tain by themselves the applications from different vendors. Partnering was seen as a 

convenient alternative to avoid developing integrated software solutions from scratch, 

by combining instead the technical capabilities and expertise of different companies.  

─ n5: “We have not discussed [with our customers] if they are building their own software 

[…] if we can provide good solutions for our customers, even though they are using some 

different applications, then I think they will pay for our platform as well.” 

─ n14: “We [different vendors] are giving three software [tools] that clients see as one [...] 

we are not dealing with gigantic systems which are closed, that’s the dinosaur thinking.” 

4.2 Recognized but “unaddressed” information needs 

When interviewees discussed about information needs in the scope of the entire built 

environment lifecycle, they were less confident that their organizations were suitably 

integrated. The adequacy of the existing information sources, the process and workflow 

discontinuities, and the uncertainty of how much data to collect and for what purposes 

were three topics generally described as problems that still have to be solved. 

Improving adequacy of information sources. The prevalence of inadequate sources 

of building information was a concerning issue for most stakeholder groups, but ap-

peared particularly pressing for the FM organizations, who must manage buildings that 

may have not been designed and constructed using modern software tools. These con-

cerns referred to information from either analogue (i.e. paper-based) or digital sources. 

In the first case, interviewees mentioned that industry stakeholders still rely on paper-

based designs, blueprints or models which are outdated or inconsistent. In terms of in-

formation already available in digital format, legacy IT systems, data silos and unnec-

essary replication were deemed as recurrent integration problems.  

─ n3: “There is one large construction company with a 300-point solution developed by 

themselves […] they use it to solve a certain issue or task, but they recreate [every time] 

the whole information, which would be available if they looked at the bigger picture.” 

─ n6: “When you import and export data from our database, it means that you will lack some 

information […] we have customers who are exporting an XLS file [using] another soft-

ware, so you get only like five columns of data.” 
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Reducing information gaps in processes and workflows. Interviewees frequently 

commented about a critical breaking point in the flows of information between the AEC 

and FM phases of the built environment lifecycle. Their examples highlighted the im-

probability of the use/operation/maintenance stakeholders (e.g. FM staff, building in-

habitants) to know in advance specific data to maintain the building, such as manufac-

turer name and model of the supplies they require. Interviewees in the FM segment 

claimed that most of the relevant information they needed was lost between AEC and 

FM, whereas unnecessary information is also transferred between the parties. Most 

practitioners attributed these information “continuity” problems to the temporary in-

volvement of people rather than to the project scale. They suggested a leadership or 

coordination role was needed to oversee the information flows across the entire built 

environment lifecycle, as every stakeholder had just a limited view of the building data. 

─ n19: “Who can provide the ‘as-built’ model to the one [that] maintains the building? Ba-

sically what you get is the BIM model, which is ‘as-designed’ model, then you have lots 

of information in different documents where you describe what happened and that’s it.” 

─ n2: “You have different parties involved in different stages, but you don’t have this lead-

ership role [...] you don’t have someone who looks at the whole lifecycle, which means 

there is a lot of data gaps and discontinuities.” 

Interviewees across different stakeholder groups believe BIM may become a solu-

tion to improve such process workflows, because the data contained in the models can 

be used for other purposes besides designing with high precision and improved quality. 

BIM was also seen as a method to reduce manual work and repetitive tasks, by auto-

mating the information exchange between stakeholders. Thus, study participants fre-

quently interpreted the acronym BIM as “Building Information Management”. 

Uncertain extent and purposes of data collection. Research participants often ex-

pressed they already had the technical resources to collect and store vast amounts of 

information about the buildings. At the same time, interviewees also stated it was dif-

ficult to determine which data were valuable or could be shared between stakeholders, 

as in most cases the usage scenarios and benefits to the organization, its partners or 

customers were yet to be determined.  

─ n21: “We want this information to be given through the whole supply chain to the final 

customers […] it is too much information that in different systems it’s difficult to use.” 

─ n24: “We have a project with the FM team about how they can use our data of design and 

construction […] but FM doesn’t need all that […] there is so much information.” 

Interviewees gave multiple examples of use cases where it was not so important to 

collect more data but rather just the right pieces of data according to the user and pur-

pose. This notion has been discussed among practitioners as the “useful minimum”.  
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5 Discussion 

A frequent aspect observed across all “addressed” information needs is how clearly the 

interviewees could articulate the resulting value of inter-organizational integration. 

From the perspective of the project-based firms, the flexibility to cope with variable 

conditions between multiple construction projects or dealing with many parties in-

volved on each individual project are important motivations to integrate. Supply net-

work stakeholders pursue rather better products and services built from existing tech-

nical resources. For interviewees of other stakeholder groups, the improved decision-

making based on the lifecycle information can be considered an important incentive. 

Therefore, it can be argued that practitioners across all stakeholder groups aim at effi-

ciency gains through inter-organizational integration.  

Another element observed on both the “addressed” and “unaddressed” needs is the 

difficulty to make a clear distinction between levels of integration (i.e. technical, busi-

ness and socio-organizational), because all of them are closely intertwined as Kähkönen 

[16] argues. Even the interoperability and compatibility between software products, 

which can be considered just a technical matter, is strongly associated to the business 

goals of both providers and end users. On one hand, contractors are willing to pay for 

interoperable solutions to minimize workload or automatize manual repetitive tasks. 

On the other hand, software vendors are keen on providing open APIs and develop 

partnerships with other companies to improve the value of their products in a way that 

could not be achieved otherwise. Thus, incorporating the features from potential com-

petitors becomes a cost-effective alternative to avoid being replaced by them. In sum-

mary, the integration of software across organizational boundaries is perceived not so 

much as an incentive on its own right, but as the means to achieve higher-level business 

goals. This may also explain why the “addressed” information exchange needs have 

been often solved by establishing partnerships between AEC/FM stakeholders, ensur-

ing that both the technical and business incentives are clear for the parties involved. 

Table 4. “Unaddressed” information exchange needs and their possible reasons 

“Unaddressed” information exchange needs Possible reason(s) 

Improving adequacy of information sources Shared value of inter-organizational integra-

tion not clearly agreed upon 

Reducing information gaps in processes 

and workflows 

Value of utilizing BIM beyond design not 

fully understood 

 Lack of leadership and coordination of inter-

organizational integration 

Clarifying extent and purposes of data col-

lection 

“Useful minimum” information exchange be-

tween stakeholders not yet identified 

 

The remainder of this section will focus on the “unaddressed” information exchange 

needs summarized in Table 4, which appeared more often when interviewees had to 

reflect about integrating with other organizations of the whole built environment lifecy-

cle (i.e. beyond construction projects). Understanding these issues and potential solu-

tions can set the course of action for a better integration of the AEC/FM industry. 
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5.1 Improving adequacy of information sources 

Previous studies have noted that incomplete, obsolete or fragmented building infor-

mation predominates in the industry, resulting in ineffective project management, time 

loss or cost increases in maintenance, retrofit or remediation processes [28]. According 

to Shen et al. [24, 25], incorporating legacy systems and achieving higher interopera-

bility is an ongoing challenge of the construction industry. However, technical integra-

tion is not a standalone matter that can be analyzed in isolation from other layers of 

inter-organizational integration. The data silos mentioned by interviewees at technical 

level went hand in hand with key information gaps at the business level. Companies 

must invest time and money to develop interoperable solutions, an effort which may 

not translate into immediate economic benefits. Therefore, it may be necessary to study 

further how the shared value of inter-organizational integration projects, namely the 

benefits for every stakeholder, is agreed and communicated.  

5.2 Reducing information gaps in processes and workflows 

The “information breakpoint” between the construction and operation phases of the 

built environment lifecycle (i.e. between the AEC and FM of AEC/FM) has been al-

ready discussed in previous research [25, 26]. Information about the use of buildings 

can provide valuable feedback for project-based firms such as contractors. Future re-

search should therefore focus on different use cases of building operation data collec-

tion and analysis aimed at providing more value back to the AEC stakeholders, for 

instance to improve their construction practices or help with the staff training. 

Scholars have also acknowledged that applications primarily used to model and vis-

ualize building structures can serve other purposes besides design, for instance to facil-

itate shared understanding across the interdisciplinary groups participating in a building 

project [3]. The value of BIM beyond the scope of design activities has been covered 

in previous research [1, 12] and more recently, the interest has shifted toward the po-

tential uses of BIM in FM processes such as maintenance and refurbishment [28], or to 

mitigate the sub-optimal management of information across the entire built environ-

ment lifecycle [4, 12, 28]. Researchers are currently studying how the principles of 

Product Lifecycle Management (PLM) from the manufacturing sector can be adopted 

by the AEC/FM industry, developing an emerging concept of “Building Lifecycle Man-

agement” (BLM) which emphasizes the need for a collaborative management of infor-

mation throughout the entire building lifecycle, supported by existing and improved 

BIM solutions [18]. Further studies are needed to assess whether and to what extent 

these promised BIM benefits have been achieved with existing software solutions.  

Another aspect observed in terms of reducing workflow gaps was the lack of a lead-

ing entity that can assume the coordination of inter-organizational information ex-

changes. Dubois and Gadde [8] have examined the different coupling patterns used in 

AEC projects to coordinate within supply chains, among firms and within firms. Future 

research could extend such approach to the whole built environment lifecycle. 
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5.3 Clarifying extent and purposes of data collection 

The notion of “useful minimum” has been introduced in the scope of interoperability 

between software applications implementing IFC exchanges [15]. It emphasizes the 

need of passing only the most essential information to other stakeholders of the 

AEC/FM industry. These interdependencies should be understood and mapped at two 

levels: First among the actors collaborating within each phase of the built environment 

life-cycle and then between the actors taking over the building tasks in the consecutive 

phases (e.g. contractor handling out the HVAC/electrical product specifications to FM). 

These “useful minimum” pieces of information can be also seen as inter-organizational 

integration requirements and can help stakeholders understand how to keep the essen-

tial building data “flowing”, particularly addressing the “unaddressed” integration 

needs outside the scope of building projects, as shown in Fig. 1. 

 

Fig. 1. “Useful minimum” information dependencies integrate stakeholders participating in the 

same stage (thin arrows) and in different stages (thick arrows) of the built environment lifecy-

cle. Building projects denote boundaries between “addressed” and “unaddressed” integrations. 

6 Limitations and future work 

This paper has some limitations regarding data collection, coding and categorization, 

as these activities were mostly performed by a single researcher. The analysis could be 

thus enhanced with the inclusion of other researchers bringing different interpretations 

to the data. Another important limitation was the lack of Finnish-English translation of 

key industry reports and documents, requiring the occasional involvement of external 

assistant researchers. Our findings could be further complemented with additional data 

collection instruments such as surveys, in which the various needs for inter-organiza-

tional integration can be assessed or validated with different stakeholders. 

This research does not analyze whether and to what extent the "useful minimum" 

can be attained with different types of IT solutions available during the building lifecy-

cle. Therefore, future studies may benefit from including other research methods rely-

ing not only on the opinions of practitioners but also looking at the technical artefacts 

they refer to, i.e. their BIM tools and software platforms. 
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7 Conclusions  

We explored how the information exchange needs in the Finnish AEC/FM industry 

have been covered by technical, business and socio-organizational integration methods. 

When the analysis was limited to building projects, practitioners often described their 

information needs as “addressed”. In such cases, the value of inter-organizational inte-

gration was clear, as the involved parties aimed at managing the complex stakeholder 

relations or handling the variability between different projects. On the other hand, when 

the discussions about integration were framed in the scope of the whole built environ-

ment lifecycle, information needs were presented as “unaddressed” problems: Existing 

information sources may remain inadequate as long as the shared value of inter-organ-

izational integration is not clearly agreed upon. Process and workflow discontinuities 

demand a better understanding of the value of BIM beyond design applications, as well 

as some leadership or coordination. The uncertainty of how much data to collect and 

for what purposes can be mitigated by establishing “useful minimum” information ex-

change between stakeholders. This study provides a basis for further IS engineering 

research focused on how to identify or manage such “useful minimum” dependencies 

that enable the inter-organizational integration in AEC/FM industry and other sectors. 
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Abstract 

This study compares the perspectives on inter-organizational integration of information 
between stakeholders of the architecture, engineering, construction, and facilities 
management (AEC/FM) industry in Finland. Our findings are grounded on semi-
structured interviews with practitioners that participated in a project of the Finnish 
government. Applying the theoretical framework of dialectical analysis, we identified six 
dimensions where conflicting points of view may arise regarding shared information: 
Ontology, standards, storage, openness, monetization and the involvement of the public 
sector. We argue that stakeholders will have stronger motivation to integrate with new 
actors if they share the same vision about one or more of such challenge areas. Awareness 
of these tensions helps to understand and guide the development of inter-organizational 
information systems in networked industries.  

Keywords:  information systems, inter-organizational integration, dialectics, AEC/FM 

Introduction 

The Architecture, Engineering and Construction (AEC) industry is usually described as fragmented and 
unintegrated (Nam and Tatum 1992; Papadonikolaki et al. 2017; Papadonikolaki and Wamelink 2017). It 
operates as a project-based network of stakeholders that must coordinate specialized and differentiated 
tasks (Dubois and Gadde 2002; Gann and Salter 2000) to produce investment goods such as buildings, 
roads or bridges according to unique specifications (Kamara et al. 2002). Stakeholder involvement tends 
to be highly dissociated throughout the various stages of the building lifecycle, because the AEC processes 
are often performed by different teams than the ones in charge of the building operations, also called 
Facility Management or FM (Vanlande et al. 2008). Already 30 years ago, scholars observed that AEC/FM 
industry had more vertical fragmentation (i.e. between project phases) and horizontal fragmentation (i.e. 
between specialists at any given project phase) than manufacturing, negatively affecting the productivity 
and competitiveness of the sector (Howard et al. 1989). For these reasons, AEC/FM practitioners widely 
agree that sharing or exchanging information across organizational boundaries is a fundamental 
requirement to achieve more efficient resource usage (Volk et al. 2014), time and cost reduction (Vanlande 
et al. 2008), increased productivity, improved business performance and overall quality of buildings 
(Ahmad et al. 1995; Nam and Tatum 1992).  

The development of Building Information Modelling (BIM) software tools since the early 2000s has 
provided new opportunities to reduce fragmentation in the AEC/FM industry and increased the exchange 
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of data between actors from different organizations in the supply chain network. From a technical 
perspective, BIM broadly refers to the domain of loosely coupled information systems (IS) used to generate 
(authoring tools), control (model checking tools) and manage (planning tools) building information 
(Papadonikolaki and Wamelink 2017) in terms of their 3D geometric and non-geometric (functional) 
attributes and relationships (Ghaffarianhoseini et al. 2017) in an interoperable and reusable way 
throughout the lifecycle of the building (Papadonikolaki and Wamelink 2017; Vanlande et al. 2008). BIM 
has been described as a new paradigm and evolutionary step of Computer-Aided Design (CAD) (Bryde et 
al. 2013; Succar 2009; Vanlande et al. 2008) allowing to support not only the design activities but also the 
procurement, fabrication and construction processes of a building project, as well as the operation and 
maintenance after the building has been completed (Azhar 2011).   

Among industry practitioners, the acronym of BIM has been increasingly referenced as “Building 
Information Management”, with the aim of bringing attention to other dimensions besides the technology 
– namely the process and people needed to create, enable or manage the building information (Lindgren 
and Widén 2018). Consequently, BIM software tools are now considered as just one component to achieve 
closer collaboration between companies. In recent IS literature, these sociotechnical integration 
phenomena have been described as digital infrastructures (Lyytinen et al. 2017) supported by inter-
organizational information systems (IOIS) that spread through the boundaries of at least two autonomous 
organizations, who use them jointly to benefit from common or shared IT capabilities through standardized 
interfaces (Lyytinen and Damsgaard 2011; Reimers et al. 2010).  

From a practical perspective, AEC/FM practitioners are certainly interested in the possibilities to integrate 
with other actors and develop common platform ecosystems across the industry (e.g. by using BIM), but 
the organizational implications and challenges of such projects are often unclear. Our review of previous 
studies suggests that integrating information of common interest for multiple stakeholder groups across an 
entire industry is a topic that has not been sufficiently covered in the IS or AEC/FM fields from the 
perspective of the practitioners themselves. The existing literature about IOIS has extensively explored the 
adoption and implementation of such systems within specific time-bound projects, without providing 
thorough theoretical models to understand their evolution across longer lifecycles (Reimers et al. 2014). 
Similar limitations may be found in dedicated AEC/FM studies, which have covered BIM adoption mostly 
from the perspective of individual actors while overlooking the holistic view of the inter-organizational 
dependencies and decision-making that are fundamental in a networked industry (Papadonikolaki et al. 
2017).  

To address these research gaps, we adopt a dialectical approach that highlights how the diverging opinions 
of industry stakeholders about sharing information across company borders can lead to tensions. Thus, the 
primary aim of this paper is to explore and compare the heterogeneous perspectives of diverse AEC/FM 
practitioners about the information they must (and are willing to) exchange with other stakeholders across 
organizational boundaries. These goals are summarized with the research questions “How do the opinions 
about integrating information across organizational boundaries differ between the stakeholders of a 
networked industry?” and “How do the emerging dialectic tensions between these stakeholders influence 
the development of inter-organizational information systems?” Even though the phenomenon of the inter-
organizational integration of information – and the conflicting points of view of different actors about the 
topic – is not exclusive to the AEC/FM industry, we consider it as an ideal study context due to its networked 
and fragmented nature. Thus, we present a case study taking the whole AEC/FM industry in Finland as its 
unit of analysis. 

The theoretical lens of dialectics employed in this research has been previously deemed suitable to explain 
both the persistence and the transformation of IOIS over time (Reimers et al. 2014). It has been used in 
prior IS, management and software engineering (SE) studies to describe the motivations and methods of 
organizational change (van de Ven and Poole 1995) as well as the conflicting interests arising during the 
development and implementation of enterprise systems (Moe et al. 2017; Nordheim and Päivärinta 2006; 
Robey et al. 2002; Soh et al. 2003). We build upon and expand the previous contributions by applying the 
dialectical analysis in the context of a whole industry, with multiple stakeholders struggling between the 
status quo and potential new business opportunities resulting from inter-organizational integration. We 
consider dialectics a suitable theoretical lens to approach this issue, because it transforms any “lessons 
learned” from our case study into action points for practitioners. To support the sensemaking process and 
give meaning to our research findings, we also frame our discussion in higher-level theories by Tilson et al. 
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(2010) and Lyytinen et al. (2017), which portray the evolution of digital infrastructures as the result of 
dialectical tensions. By applying these theories in our case study, we provide new opportunities to improve 
our current understanding of how the development and implementation of IOIS can be guided by opposing 
industry forces. 

Our results derive from semi-structured interviews with key representatives of the Finnish AEC/FM 
industry during 2018, who were enquired about the technological, business and socio-organizational 
challenges to integrate the information of buildings across their organizational boundaries. We identified 
six key aspects where the stakeholders’ points of view can clash and lead to tensions. From the perspective 
of practitioners, this study provides a theoretical framework that helps managers and other decision-
makers define clearer strategies for their inter-organizational integration projects. From the scholarly 
perspective, this paper contributes to existing IS research by extending the scope of dialectical analysis from 
a single company or project into a network of dissimilar organizations collaborating in the same industry 
over long timeframes. We also expand the discussion about the relationship between the concepts of IOIS 
and digital infrastructures. To position our own findings within current IS literature, we apply previous 
theories that describe the changes in these sociotechnical systems as the result of dialectical tensions.  

The paper is structured as follows: Firstly, we review the theory about integration and dialectical analysis. 
The next section introduces the case study background and the research methodology used to choose the 
research participants, collect data and analyze our findings. We present our key observations from the 
interview data, which are later contrasted to previous IS studies. Finally, we summarize the limitations, 
future opportunities and conclusions of our research. 

Background 

We present in this section the theoretical basis of our study, reviewing previous research on inter-
organizational integration of information and dialectics. 

Inter-organizational integration of information 

Integration is an encompassing concept that has been approached in IS, management or software 
engineering literature from various angles, depending on the aim or focus of the study (Barki and 
Pinsonneault 2005). Organizational research applies the term in general to describe the efforts undertaken 
in connecting business structures to facilitate cross-functional processes. To guide such ventures, previous 
IS studies have developed extensive theories which explain how information technology (IT) solutions at 
the data, application and systems level – or in general terms simply “information integration”, support the 
integration of functions, units or entire organizations (Berente et al. 2009). Literature reviews about 
integration in an organizational context have concluded that this phenomenon entails technical, 
organizational, business and social aspects (Chowanetz et al. 2012). Accordingly, integration can be studied 
from three perspectives that are intertwined and cumulatively built on top of each other: technical, business 
and socio-organizational (Kähkönen 2017). 

Scholars have also proposed different categories of integration aiming to explain – among other aspects – 
the question of “at what scope” is the integration occurring. This latter dimension, named integration reach 
(Chowanetz et al. 2012), takes the process chain of the organizations as an overarching reference and can 
be either internal (i.e. intra-organizational) or external (i.e. inter-organizational or cross-organizational), 
depending on whether the integrated process in question has to go across the boundaries of an individual 
or multiple organizations (Barki and Pinsonneault 2005). An IOIS exists in the context of at least two 
autonomous organizations but can encompass a whole industry along with the suppliers and customers of 
the organizations operating in it (Lyytinen and Damsgaard 2011; Reimers et al. 2010). Consequently, we 
define the phenomenon of “inter-organizational integration of information” as the integration of an IOIS, 
which enables to share and exchange information across the boundaries of various autonomous 
organizations, to support the business processes that demand their mutual communication and 
coordination. This concept accounts for the technical, business and socio-organizational layers of 
integration alike. 

To integrate information across organizational boundaries, different industry stakeholders may decide to 
adapt their existing IT systems or implement entirely new software platforms that can be used by other 
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companies. In previous IS research, such resources enabling the operations of multiple actors at the 
corporate, industry, national, regional or global level have been conceptualized under the name of digital 
infrastructures. This high-level term refers to “shared, unbounded, open, heterogeneous and evolving socio-
technical systems, composed of IT capabilities and their design, operations and user communities” 
(Hanseth and Lyytinen 2010; Tilson et al. 2010). 

Our observations and discussion are focused on the development and evolution of digital infrastructures 
within one specific industry: The Finnish AEC/FM sector. In this study, we consider digital infrastructures 
and IOIS the same1, because in either case the phenomenon under study is the exchange of information 
between multiple organizations. For this reason, observing the tensions that emerge between stakeholders 
helps to understand both the development of IOIS and the evolution of digital infrastructures spanning 
across an entire industry. 

Dialectics 

Dialectical theories aim to explain stability and change as the result of a power struggle between two or 
more opposing entities, who subscribe to certain thesis or antithesis, respectively (van de Ven and Poole 
1995). The researcher focuses on the difference between these entities’ ideas and actions, the mediation of 
their interests and the recognition of their different power positions, which signal their capacity to control 
the direction of events (Benson 1977). The inherent motivation behind dialectic thinking is to overcome 
dualism in favor of a higher-order integration or a synthesis of the conflicting parts (Bledow et al. 2009). 
Such synthesis often represents a novel construction derived from both the thesis and antithesis, which will 
become a new thesis on its own right as the dialectical process continues. Thus, dialectics differ from simple 
contradictions (i.e. “either-or” choices between two alternatives) and paradoxes (i.e. dilemmas that demand 
impossible choices), by allowing to embrace both poles of the conflict and merge opposite views (Gibbs 
2009). This result can be considered by the involved parties as a compromise (Moe et al. 2017). Other 
potential outcomes are the maintenance of the pluralist or conflicting status quo (i.e. no resolution), or the 
survival of either the thesis or the antithesis alone (Nordheim and Päivärinta 2006). 

Through the lens of dialectics, organizations are seen in a permanent “state of becoming” rather than as 
fixed and determinate entities. Scholars are increasingly recognizing duality as a normal and inevitable 
characteristic of organizations, which becomes exacerbated in decoupled teams (Gibbs 2009). Previous 
literature has also characterized organizational innovation as an inherently dialectic process, where the 
resulting innovation is the specific instance of a synthesis carrying the old and embracing the new at the 
same time (Bledow et al. 2009). Consequently, theories derived from dialectical analysis connect 
scholarship with practice and contribute actively to the continuous process of reconstructing organizations 
(Benson 1977). 

In the IS field, dialectical analysis has been used to understand the procurement, development and 
implementation of Enterprise Resource Planning (Moe et al. 2017; Robey et al. 2002; Soh et al. 2003) or 
Enterprise Content Management (Nordheim and Päivärinta 2006) systems, as well as the organizational 
consequences brought by the introduction of such technologies. Such examples suggest a strong focus of 
previous research on the observation of time-bound software projects linked to some specific organization, 
or with providers and suppliers in relatively well-defined business environment. A notable exception is the 
study by Lewis et al. (2010), who concluded that stakeholder tensions are also inherent to the structure of 
collaborative inter-organizational relationships, as participants frequently struggle with issues of formality 
and flexibility that must be handled through communication. This study extends the existing theory, by 
covering the conflicting perspectives of stakeholders across an entire industry (AEC/FM), who participate 
in a permanent and continuous dialogue about integration. 

 

1 Even though we employ the concepts of digital infrastructures and IOIS interchangeably, some digital 
infrastructures may not fit under the category of IOIS. For example, an internal software platform 
maintained by a single organization can be considered a digital infrastructure but not an IOIS. Digital 
infrastructures can also differ from software platforms in their design complexity or their behavior over 
time, but here we treat both indistinctively as IOIS. We refer the reader to the work by Hanseth and Lyytinen 
(2010) for a more detailed term comparison. 
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Methodology 

Our research was conducted as a case study, a qualitative empirical method that investigates in depth a 
contemporary phenomenon (i.e. inter-organizational integration of information) to provide a holistic 
understanding about it (Yin 2018). We observed that the following two conditions were fulfilled to deem 
this method as adequate: (1) unlike in experimental research, the boundaries between the case and its 
context are not always clear and (2) the case should be more than an abstraction and provide some 
distinctive real-world manifestation. Both features are present in the AEC/FM industry, which has fuzzy 
boundaries but produces very tangible results. Even though case studies often focus on a single person, an 
organization or a project, at a less concrete level they can also refer to communities, relationships, decisions, 
partnerships or industry sectors within the economy (Creswell and Poth 2018; Yin 2018).  

This paper examines the case of the whole AEC/FM industry in Finland and relies on the pool of 
practitioners involved in the KIRA-digi project that ran between 2016 and 2018. It was under responsibility 
of the Ministry of Environment, along with a steering group and strategic management team comprised by 
officers at State and local levels of government, private partners and professional association 
representatives. Because of the wide range of stakeholders participating in this project and the potentially 
conflicting perspectives emerging between them over a long timeframe, we deemed it a unique opportunity 
to capture our observations of the inter-organizational integration phenomena in the industry. It is worth 
noting that neither the present research paper nor its authors were sponsored by or affiliated to KIRA-digi. 
Nevertheless, it was still possible for us to voluntarily recruit the interviewees and obtain data for our study, 
given the public and open nature of the project. 

Our case selection was not random or statistical but theoretical or purposive, choosing the participants who 
were likely to help replicate or extend our emergent theory, clarify its logic and the relationships among its 
constructs (Easterbrook et al. 2008; Eisenhardt 1989; Eisenhardt and Graebner 2007). Since we were not 
sampling the people per se but the concepts they discussed, we conducted interviews iteratively until a point 
of “saturation” was reached and the codes or categories derived from the primary data could not be 
expanded further in terms of their properties or variation (Corbin and Strauss 2015). We applied the 
discriminant sampling strategy suggested by Creswell and Poth (2018), which consists in verifying if the 
codes and categories derived from the initial interviews were consistent to explain also the answers given 
by any subsequent study participants. In our study, the first interviewees were the “gatekeepers” or 
representatives of the organizations participating in the KIRA-digi project, who were identified mainly from 
news articles and whitepapers about the local AEC/FM industry and the KIRA-digi project. Each one of 
them was asked for names of other key people to interview next, until the additional discussions did not 
reveal any significant new insights (Runeson and Höst 2009).  

The findings of this study are grounded on the data from 24 semi-structured practitioner interviews during 
the first half of 2018. This data collection method employed planned questions that were not necessarily 
asked in the same order as originally listed (Runeson and Höst 2009), thus allowing to maintain a balance 
between improvisation and exploration of the relevant study topics. All the interviewees had participated 
or collaborated with the KIRA-digi project of the Finnish Ministry of Environment, so they were likely 
interested in or at least acquainted with the topic of the study. To procure a thorough representation of the 
target sector, the participants were selected to cover altogether every stakeholder group from the model of 
innovation and knowledge flows in construction by Gann and Salter (2000). Table 1 summarizes the profile 
of the study participants. The names of these practitioners and their organizations have been intentionally 
removed to preserve anonymity. 

List of practitioners interviewed for this study 

Stakeholder 
group 

Organization Role 
Participant 
ID 

Regulatory 
and 
institutional 
framework 

A: Public sector, real estate Senior Expert P1 

B: Public sector, State government Senior Specialist P2 

C: Public sector, State government R&D Specialist P3 

D: Public sector, local authorities Special Planner P4 
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List of practitioners interviewed for this study 

Stakeholder 
group 

Organization Role 
Participant 
ID 

E: Public sector, State government Senior Adviser P5 

Project-based 
firms 

F: Construction contractor 
Chief Information Officer P6 

Development Manager P7 

G: Technology consultancy services Senior Enterprise Architect P8 

H: Construction consultancy 
services 

Partner and Senior Advisor P9 

I: Construction contractor 
Chief Technology Officer P10 

Development Manager P11 

J: Engineering sub-contractor Research Project Manager P12 

K: Construction consultancy 
services 

Project Manager P13 

Technical 
support 
infrastructure 

L: Professional association, public-
private partnership projects 

Chief Digital Officer P14 

Project Assistant P15 

M: Universities and research 
institutes 

BIM Professor, Architect P16 

Supply 
network 

N: BIM software provider 
Business Director P17* 

Product Manager P18* 

O: BIM software provider 

Product Development 
Director 

P19** 

Customer Success Manager P20** 

Q: Trade union partnership, 
software provider 

Development Manager P21 

R: FM software provider Technology Director P22 

S: Trade union Managing Director P23 

Projects 
T: Association of property owners, 
landlords and tenants 

Project Manager P24 

Table 1. Study interview participants (*, ** = Interviewed simultaneously) 

Our interview protocol included both closed and open-ended questions to discuss foreseen topics while 
giving also the opportunity to get unexpected insights into the participants’ experiences (Seaman 1999). To 
improve construct validity, we pilot-tested the interview protocol with other researchers besides the one 
who conducted the interviews (Easterbrook et al. 2008) and continuously refined it with better wording to 
unambiguously address the pertinent issues (Lethbridge et al. 2005). Each practitioner was interviewed 
separately, except for two group interviews in which two participants were present at the same time. The 
length of the conversation ranged from 45 to 90 minutes, giving interviewees the opportunity at the end to 
complement their previous answers or suggest new ideas previously unforeseen. An audio recorder was 
used under consent of the participants to reduce distractions and to facilitate the subsequent analysis of the 
interviews. Both data collection and transcription were performed by the same researcher, allowing to 
include in the transcript text any unspoken cues that were visible only to the interviewer, such as the tone, 
gestures or attitudes adopted by the study participants during the conversation. To improve the 
trustworthiness of the account, the researcher recorded the initial codes using the Atlas.ti tool while 
transcribing the interviews (Ezzy 2002; Saldaña 2016), thus letting the initial open codes emerge directly 
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from the data itself without a priori assumptions or hypotheses. The initial coding was done by a single 
researcher, whereas the analysis of the higher-level codes and categories was performed by both authors of 
this paper. As suggested by Eisenhardt (1989), the analysis was first done for each interview transcript and 
later across interviews to compare the similarities and differences in the answers of participants. Categories 
with a higher level of abstraction were also derived from the constant comparison of the interview notes 
and analysis memos written by the main researcher, providing a logical link between the initial codes 
identified from the raw data. 

A theory based on dialectic forces can be either identified a priori or induced during data analysis (Robey 
et al. 2002). Our study followed the latter process, because we derived our findings from the continuous 
interpretation and comparison of the raw data from interviews. Table 2 summarizes the six key dimensions 
associated to the main category “dialectic tensions in the context of inter-organizational integration”, which 
emerged as the result of the iterative analysis and the continuous refinement of lower-level codes into 
categories. We do not intend to provide an exhaustive list of all possible integration challenges or dialectical 
conflicts faced by the AEC/FM industry, but rather focus on the most relevant concerns of practitioners in 
terms of sharing or exchanging building information. These six key dimensions were rarely mentioned 
explicitly by the participants but could be still inferred from their testimonials and examples. For instance, 
whenever an interviewee referred to the need to understand better the language or concepts used by other 
actors, this comment was coded with the “ontology” label regardless of the exact wording used. Any previous 
or subsequent interviews were analyzed to determine if other participants referred to the same dimension. 
This process continued until the point of saturation, i.e. when the inclusion and analysis of additional 
interview transcripts did not provide new dimensions or significant variations on the ones previously 
identified. Thus, we ensured all our findings were grounded on the actual interview data. 

Dialectic tensions in the context of inter-organizational integration 

Dimension Description 
Opposing stakeholder views  

(Thesis vs. Antithesis) 

Ontology 
Understanding what information must be 
integrated and its intended meaning 

Harmonizing concepts across 
industry domains vs. Maintaining 
domain-specific vocabulary 

Standards 
Selecting and agreeing on technical norms for 
the access points to integrate the information 

Waiting for industry consensus 
vs. Developing own proprietary 
alternatives 

Storage 
Defining the physical or virtual location 
where the information is to be kept 

Centralizing information into the 
same location vs. Maintaining 
information separately 

Openness  
Limiting specific actors who are eligible to 
share or exchange the information 

Providing interfaces for anyone 
vs. Restricting access to partners 

Monetization 
Demanding an economic compensation to 
access, store, use or exchange the information  

Free-to-use vs. Fee-to-use 

Public sector 
involvement 

Establishing the role and responsibilities of 
public agencies providing information or the 
infrastructure to access, store and exchange it 

Public sector as enabler or 
facilitator vs. Public sector as 
enforcer of rules 

Table 2. Opposing stakeholder views and dialectic tensions observed in the Finnish 
AEC/FM industry 

Findings 

In this section, we present the diverging stakeholder views about inter-organizational integration of 
information and provide contrasting interview excerpts to demonstrate the dialectic tensions that can arise 
from each pair of opposing perspectives. We observed that sharing or exchanging information across 
organizational boundaries forces the industry stakeholders to choose between diverging options across six 
key areas, which are listed in Table 2. We refer to these points of contention as “dimensions”, because they 
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all contribute to the same phenomenon: The emergence of dialectical tensions that will either result in 
maintaining the status quo in the industry or shaping new business partnerships and alliances. We argue 
that stakeholders will have stronger motivation to integrate with each other if they share the same view 
about one or more of these dimensions. Otherwise, they will be prone to continue working with their 
existing partner network. In other words, the decision of the stakeholders to integrate is a power struggle 
that persists until an alignment is reached across all dimensions. 

Two aspects should be noted regarding the findings presented in this section. First, the dimensions listed 
in Table 2 are not intended to be approached separately or sequentially. They should rather be assessed 
together as entwined and overlapping concerns of the actors involved in inter-organizational integration 
projects. Second, since our case study and interviews focused on a whole industry rather than a time-bound 
project, the stakeholders’ decision on whether to change or maintain the status quo should be understood 
as part of a continuous discussion. Thus, practitioners expressed the current “result” of this dialectic process 
in terms of their past experiences and future intentions, as shown by the interview excerpts provided in the 
following sub-sections.  

Ontology: Harmonizing concepts across industry domains vs. Maintaining 
domain-specific vocabulary 

Inter-organizational integration of information in the local AEC/FM industry requires communication 
between stakeholders across various domains (e.g. architecture, engineering, facility maintenance, etc.) 
who may assign different meanings to the same terms. An example frequently mentioned was the Finnish 
word that in some cases refers to the land area where a property is located, but which can be also used to 
describe both the land and the real estate property built on top of it. Some practitioners believe the 
ambiguous interpretation of key industry concepts reduces the possibility of implementing IOIS to manage 
the whole building lifecycle, because their cross-organizational processes cannot be represented 
consistently as digital entities.  

For this reason, interviewees often mentioned that integration firstly demands a basic mutual 
understanding of key concepts and their relations across AEC/FM domains standards and the tools, 
stressing that the development of a common vocabulary for the whole industry is required before any other 
technical implementation aspects can be effectively covered. These practitioners advocate for the 
development of an ontology, or high-level model of knowledge formally representing things, concepts and 
phenomena that must be shared by many people in an explicit and machine-readable way (Devedzić 2002; 
Hofferer 2007). According to interviewees aligned with this perspective, if two domains employ the same 
concept for different purposes, then both sides need to find and agree on a new shared term that can be 
used to describe unequivocally the same idea. Each of the organizations involved should thus designate a 
person responsible for harmonizing the semantics in their fields of expertise with other domains. 

Opposing stakeholder views regarding ontology 

Thesis: Harmonizing concepts across industry 
domains 

Antithesis: Maintaining domain-specific 
vocabulary 

P11, project-based firms: 

“there is a database and then we have- or we 
will have the API descriptions […] but you can’t 
have the API descriptions if you don’t know 
what information you want to have, so there 
are a lot of chicken or egg problems […] you 
can’t have this technical stuff before you have 
the concepts ready.” 

P21, supply network: 

“everyone has its unit and it is not an official 
term, but it’s something that you own or use [...] 
for real estate business, it could be a cost center 
of one company which owns a couple of 
buildings, the cost center could be one building 
or in some cases the cost center could be (just) 
one apartment.” 

Table 3. Example of dialectic tensions related to ontology 

Interviewees also justified in some cases the need to maintain divergent conceptual definitions between 
stakeholders, due to the high specialization and fragmentation of work in the AEC/FM industry. Since each 
participant has different work requirements and goals, harmonizing the vocabulary across the entire 
industry may not provide additional business value to the individual organization but rather complicate its 
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operations. For instance, among real estate companies the same concept of target unit can refer to a group 
of buildings, a single building or a single apartment. In this case, the differentiation is needed for 
administrative, financial or accounting purposes, since each company for instance can organize its cost 
centers or manage its project portfolio in different ways. 

Standards: Waiting for industry consensus vs. Developing own proprietary 
alternatives 

Establishing a strategy for wider adoption of standards in the local AEC/FM industry was one of the KIRA-
digi project goals that demanded the participation of stakeholders from diverse domains. Despite the 
general perception that standards can facilitate the technical integration of systems, consequently 
improving the exchange of information and bringing business benefits to all parties involved, interviewees 
within large construction companies expressed doubts about the current pace of development and approval 
process of the standards. From their perspective, waiting for an industry consensus can slow down 
innovation and affect their competitive advantage.  

Performance and efficiency also seemed to play an important role in measuring the trust of private actors 
on the industry standards. For instance, both software vendors and customers indicated that the files 
created with the ISO 16739 standard, commonly known as Industry Foundation Classes (IFC), offer a simple 
solution to exchange data about built assets across various AEC/FM domains, using a single format that is 
compatible with different BIM tools. At the same time, IFC was regarded as an inefficient method to 
exchange all the necessary information across the various stages of the building lifecycle, because the size 
and load time of the files increases significantly over time. Thus, promoting a de facto standard from private 
alliances was often mentioned as an option to overcome such technical limitations. 

Opposing stakeholder views regarding standards 

Thesis: Waiting for industry consensus Antithesis: Developing own proprietary 
alternatives 

P19, project-based firms: 

“there is a lot of standardization and then if you 
think about data – geospatial data, 
infrastructure data, building data – they just 
meet and they need to be compatible […] how 
do you charge for it, how do you make sure that 
the data has the quality that was agreed or is 
usable for the next phase? Based on the 
standards.” 

P10, project-based firms: 

“we are lacking proper standards, so we have 
to form some sort of group who can agree on 
something that at least we can use […] So why 
wait? Who would be the standardization body? 
There is none. BuildingSMART? [laughs] it 
won’t work, we have already seen that it’s too 
slow, so we need some sort of alliance to fix 
that.” 

Table 4. Example of dialectic tensions related to standards 

Storage: Centralizing information into the same location vs. Maintaining 
information separately 

Throughout the study, interviewees discussed current and future opportunities to keep the building 
information stored in the same location, for instance by combining the BIM models maintained by different 
parties, or by developing software platforms that can be utilized by multiple companies to store and retrieve 
shared data. Achieving a complete view of the lifecycle of a building was considered as a long-time ambition 
of many AEC/FM practitioners, thus motivating interviewees to reflect whether such goal can be reached 
by keeping a central data repository that can be used to enrich the IFC files of BIM models (e.g. by adding 
work-flow metadata or detailed explanations about decisions taken by various stake-holders at different 
points in time). From such discussions, we also identified diverging opinions between the stakeholders, 
both from a technical and business perspective.  

At the technical level, some practitioners explained they have already established mechanisms to combine 
building information from various sources, while others dismissed it as an unattainable goal, mainly 
because of the technical limitations of BIM and IFC. Besides the technical implementation aspects, 
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centralization of data required stakeholders to consider the organizational dimension as well, since they 
had to establish for example who was responsible for integrating all the necessary information. According 
to the study participants, the information shared between different actors or maintained separately by each 
stakeholder has been traditionally determined on a per-project basis, rather than as the result of industry-
wide consensus or established practices. Even as practitioners acknowledged being unable to fully centralize 
all the required BIM data because of technical and performance limitations, they still expressed interest in 
the potential business value of keeping and managing by themselves the building information. This suggests 
that stakeholder perspectives about information storage differed not only because of the technical 
limitations explicitly described, but also due to unspoken issues about data ownership and assignment of 
roles and responsibilities for the integration. 

Opposing stakeholder views regarding storage 

Thesis: Centralizing information into the same 
location 

Antithesis: Maintaining information separately 

P13, project-based firms: 

“We have a combined model, which is up-to-
date and our first source of design information 
[…] We have a separate BIM coordinator who 
combines the model […] then we have this kind 
of meeting every two weeks to see the combined 
model and what has been changed, what errors 
are there, what clashes are there and what 
should be fixed.” 

P17 and P18, supply network: 

P17: “Maybe you have read what the 
government has done in UK. They were aiming 
to combine all data models in one location. That 
will not happen.” 

P18: “Never.” 

P17: “Never, because there’s so many changes 
and so much information which has to be 
reachable.” 

Table 5. Example of dialectic tensions related to storage 

Openness: Providing interfaces for anyone vs. Restricting access to partners 

The information ownership issues mentioned above became more evident when interviewees had to reflect 
with whom to integrate and allow the exchange of information, balancing the required level of openness 
against the importance of their existing business partnerships. Study participants described a deep-rooted 
struggle in the AEC/FM industry between the need to preserve the strategic information which can provide 
competitive advantage and the desire to achieve new business benefits through greater inter-organizational 
integration. Interviewees expressed accordingly their interest in developing “platform ecosystems” open to 
any actor in the industry or inclined rather toward more closed software solutions available only to their 
partners. 

Opposing stakeholder views regarding openness 

Thesis: Providing interfaces for anyone Antithesis: Restricting access to partners 

P9, project-based firms: 

“Data was earlier part of a company’s IPR, an 
asset of the company, but industries today also 
understand they are part of a larger value 
network.” 

P15, technical support infrastructure: 

“You have your own core knowledge and you 
want to keep it as secret as possible, because 
that is all you have […] everybody is playing 
with secrets and with their close partners in the 
industry.” 

Table 6. Example of dialectic tensions related to openness 

Among the various stakeholder groups, participants from project-based AEC firms were the least willing to 
develop open interfaces to their systems. These organizations have already extended some functionalities 
provided by third-party software vendors and developed in-house solutions that fit better their own needs 
as well as the needs of their partners within the building projects. The changes needed to integrate with 
other industry stakeholders with whom they do not maintain such a close business relationship, such as the 
government or FM organizations, were either perceived as too costly or not delivering any foreseeable value 
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in the future. Interviewees were aware of similar or overlapping proprietary software platforms being 
developed simultaneously by competing AEC/FM companies to exchange building information, whose 
scope, business model and technical architecture are determined only by a handful of partner organizations. 

Monetization: Free-to-use vs. Fee-to-use 

Diverging perspectives were also observed when the practitioners explained whether and how to reimburse 
the costs incurred in developing and implementing the inter-organizational systems. According to 
interviewees, alliance model contracts have become a strong incentive for the inter-organizational 
integration of the local AEC/FM industry. Companies operating under such contractual arrangements may 
find already enough compensation for the efforts to establish the required information flows. A different 
scenario was described in the case of third-party software vendors. Since their customers can often access 
the data directly via API calls rather than by acquiring a full package of licensed software applications or 
tools, practitioners from this stakeholder group expressed their interest in finding new revenue models over 
their existing products and services, for instance by monetizing on the direct access to their databases and 
the usage of their APIs.  

Interview answers also suggest that some organizations in the industry are better positioned than others to 
demand payments for accessing data through their applications or platforms. For instance, software 
providers entering binding agreements with main contractors can restrict the access to building 
information which is otherwise available for free. To mitigate these risks, other AEC/FM stakeholder groups 
which have not been traditionally focused on software development activities, such as trade unions or 
building material suppliers, may develop increasingly more data services and APIs for their customers to 
access directly, thus bypassing the restrictions imposed by software vendors. 

Opposing stakeholder views regarding monetization 

Thesis: Free-to-use Antithesis: Fee-to-use 

P23, supply network: 

“They [the software vendor] try to collect data 
into their own cloud and become partners with 
construction companies. After they have made 
the contract, they go to the wholesalers and 
manufacturers and ask for something like 
€200K a year to allow their own product data 
(to be transferred) into the construction 
companies’ systems. They have become like a 
door closing or opening with that price tag […] 
(so our) strategy now is to give that (same) 
data free of charge to the whole supply chain.” 

P19, supply network: 

“If our customers are using our application, 
they get free access to our API […] but maybe it 
will change, if there is a drastic change (such 
as) that nobody is using our app but only (our) 
database […] we understand our customers and 
see where they are going […] if they get value 
from something that we provide, they will pay 
for it […] if they depend on some platform or 
application, they will pay for it, if it’s good.” 

Table 7. Example of dialectic tensions related to monetization 

Involvement of the public sector: Facilitator or enabler vs. Enforcer of rules 

The perspectives of practitioners differed on the role that government should play in the integration of the 
local AEC/FM industry. On one hand, the KIRA-digi project was often cited as an example of positive 
collaboration between private and public actors, through which the latter raise awareness of the current 
technical limitations or process deficiencies in the sector, provide funding to support the development of 
innovative IT solutions, and motivate all stakeholders to reach a shared vision and work together. On the 
other hand, interviewees also noted that private actors alone may find it difficult to agree by themselves on 
a more integrated industry setting because of their conflicting interests (such as the ones already described 
in the sections above). For this reason, they argued that the public sector should adopt a more active role in 
fostering inter-organizational integration, for example by requiring the adoption of certain standards, BIM 
tools or IS managed by the government, especially if public funds have been invested.  

One of the governmental projects discussed during various interviews was the ongoing development of a 
public services infrastructure to allow the exchange of building information between any AEC/FM 
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stakeholder in a standardized format. Some interviewees referred to this solution with hesitance, arguing 
that other commercial platforms constitute better alternatives for the same purpose. Furthermore, 
coordinating technical integrations with the representatives of the public sector was often described as a 
demanding task, because agencies are organized under different organizational structures and keep high 
autonomy within their own branches of administration. These interviewees strongly argued that 
government should act simply as a facilitator for private companies. Yet in some other cases, interviewees 
did not observe a conflict regarding the involvement of the public sector, arguing that it can act as an enabler 
and enforcer of rules at the same time. However, the question of to what extent should government actors 
perform either role remained as an unanswered or puzzling matter. 

Opposing stakeholder views regarding the involvement of the public sector 

Thesis: Facilitator or enabler Antithesis: Enforcer of rules 

P3, regulatory and institutional framework: 

“Technically the integration could be done with 
commercial integration systems, but there has 
also been the development of this national 
service architecture that we adopted from 
Estonia […] it has been criticized because not 
everyone wants to have this compulsory 
technical exchange layer.” 

P5, regulatory and institutional framework: 

“There are private sector actors who 
understand, who wish to participate and who 
see that the work that we [the public sector] are 
currently doing and pushing forward is the 
way to go.” 

Table 8. Example of dialectic tensions related to the involvement of the public sector 

Discussion 

As mentioned in previous sections, the evolution of IOIS or digital infrastructures at the industry level has 
not yet been fully explored using the dialectical lens. Previous IS studies have used dialectics mostly in the 
context of time-bound projects, to understand the implementation and adoption of specific software 
products. However, we identified two higher-level theories by Lyytinen et al. (2017) and Tilson et al. (2010), 
which have attempted to explain how stakeholder tensions or paradoxes can become the engines of change 
in more complex systems, such as those used to connect actors across the entire AEC/FM industry in 
Finland. The selected theories are not constrained by geographical or industrial context, thus being generic 
enough to be applied in our case study and assist us in giving meaning to our findings.  

According to Tilson et al. (2010), the traditional infrastructures of modernity, such as the railway networks 
or the electric grid, differ from digital infrastructures because the latter are capable of transforming on its 
own as the result of conflicts between (1) stability and flexibility, and (2) openness and control. These 
clashes derive into what the cited authors call the paradoxes of change and control, respectively. In our case 
study, we observed the first of those paradoxes represented by the BIM standards currently employed in 
the AEC/FM industry. On one hand, BIM has provided a strong foundation to facilitate the inter-
organizational integration of information between actors along the value chain of AEC projects. The 
improvements in terms of efficiency and automation (e.g. through the exchange of IFC files, use of 
combined domain models, timely clash detections, etc.) have become tangible for the industry stakeholders, 
to the extent that most of these actors are now eager to explore new applications extending the information 
exchange across the whole lifecycle of a building, covering not only its construction but also the land use 
planning and facility maintenance phases. Such an idea becomes technically and financially viable as the 
standardization of building design, modelling and management through BIM allows new players like 
property technology (“PropTech”) start-ups to develop and provide tools for the large industry incumbents. 
Thus, standards act simultaneously as an anchor of stability and an engine of growth, leading to tensions 
when the stakeholders look for alternatives to overcome their technical constraints, or when the strategic 
alliances with partners rearrange and blur their organizational boundaries. Consequently, we argue that 
BIM standards and tools play a fundamental role as part of the installed base in AEC/FM digital 
infrastructures (Hanseth and Lyytinen 2010; Tilson et al. 2010). BIM can be also understood as a boundary 
structure of an IOIS aligning the views of different communities of knowledge/practice or industry domains 
(Reimers et al. 2014).  
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The second paradox proposed by Tilson et al. (2010), the paradox of control, pervades all dimensions shown 
in Table 2, because they all relate to the strategic actions of industry stakeholders who want to establish 
control points for future changes in their digital infrastructures. Even though our codes and categories were 
grounded exclusively in the interview data and defined prior to reviewing any previous research, we found 
they matched aspects already listed explicitly by Tilson et al. (2010) as triggers for the paradox of control, 
such as: The changes in ownership of data (“storage”) and their definitions (“ontology”), the control of 
critical resources through APIs (“openness”), the appropriation of value (“monetization”), or the role of 
public policymakers and regulation (“involvement of the public sector”). Thus, we consider the six 
dimensions presented in this study not only portray the phenomenon of inter-organizational integration of 
information but also help to understand the power struggles between different actors for the control of a 
digital infrastructure or a socio-technical ecosystem e.g. by utilizing a software platform or IT system that 
extends at the industry level. 

 

Figure 1. Challenges for the inter-organizational integration of information in the AEC/FM 
industry within the model of digital infrastructures generativity by Lyytinen et al. (2017) 

Lyytinen et al. (2017) elaborate on the idea of Tilson et al. (2010), proposing a model which further develops 
the original two drivers of growth into four interrelated paradoxes. Unlike the original study, their expanded 
version of the model does not directly attribute the tensions to the dialogue between industry stakeholders 
but presents them as the result of contradicting features inherent to any digital infrastructure along two 
dimensions: (1) Its technological and non-technological aspects on one hand, and (2) its tangible and 
intangible character on the other. As shown in Figure 1, our six tensions from Table 2 can be related 
simultaneously to one or more of the paradoxes proposed by Lyytinen et al. (2017), covering all quadrants 
of their model. A notable exception is the non-technological/tangible dimension associated to the physical 
contexts, which was not explored in our study as it was purposefully limited to the scope of the Finnish 
AEC/FM industry and its socio-economic conditions. However, we consider plausible that further 
challenges for inter-organizational integration may emerge in terms of the local vs. global tension if were to 
extend our observations about the AEC/FM industry to the Nordic, European or global levels. We also 
observed that most of the dimensions identified in this paper refer to the quadrant of socio-economic 
contexts, where the interactions between stakeholders have the most relevance in comparison with the 
tangible technical elements of the IOIS or digital infrastructure. This may be explained by our choice of 
research methods, since we relied primarily on semi-structured interviews with practitioners, without 
evaluating directly their technical artefacts (e.g. BIM tools, databases and other types of IT systems). 
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Based on our analysis of the case study data and the application of existing frameworks, we corroborate 
dialectics is an adequate lens for understanding and explaining the development of IOIS, as well as of digital 
infrastructures spanning over an entire industry. Furthermore, we believe our six dialectic tensions can be 
effectively used as a framework to study the evolutionary processes of IS, by pinpointing the areas of interest 
where opposing industry actors will concentrate their power struggle to decide whether they integrate with 
other similar-minded players.   

Practical implications 

Integration is a phenomenon that entails technical, business and socio-organizational aspects. From the 
perspective of practitioners in AEC/FM and other industries, the tensions presented in this paper serve as 
a reminder that inter-organizational integration projects cannot be approached by addressing technical 
issues alone. The decision about standards, open interfaces or storage mechanisms that an IOIS employs 
depends on human motivations as much as on technical factors. Thus, our findings provide guidance on 
how to plan and operate IOIS on an industry-wide scale, by bringing attention to six areas where clashes 
with other actors may occur. It is not enough for practitioners to recognize these potential tensions, but 
such understanding must be translated into action: Timely planning, clear communication and effective 
negotiation can certainly help to align the interests of project participants, thus providing a mutually 
beneficial synthesis or even avoiding any dialectical conflicts altogether. A concrete recommendation for 
companies planning to implement an IOIS is to explicitly address in the contractual agreements and project 
discussions all six dimensions that may lead to tensions between the involved parties.   

This study invites researchers and practitioners in the AEC/FM field to observe holistically the complex 
interactions taking place beyond the scope or timeframe of specific construction projects. As the 
development of BIM, cloud and service technologies enables the exchange of building information with 
increased flexibility and at a wider scale, giving deeper attention to the dimensions presented in this paper 
can bring awareness to – and hopefully help to solve – the integration issues of the industry at the technical, 
business and socio-organizational levels. 

Limitations and future work 

This paper presented the dialectical tensions we observed between stakeholders of the AEC/FM industry. 
We assessed the trustworthiness of our exploratory inquiry in terms of four established criteria for 
qualitative research that suit our interpretive approach: credibility, transferability, dependability and 
confirmability (Eriksson and Kovalainen 2008; Guba 1981; Shenton 2004). Even though the activities of 
data collection and initial coding were mostly performed by a single researcher, this does not represent a 
liability but rather an advantage of our study, because it allowed to include in the transcripts any unspoken 
contextual cues that were only evidenced by the interviewer. Our interview guide was pilot-tested by 
multiple researchers, our codes were written without a priori assumptions and checked with the 
participants themselves in subsequent interviews, as suggested by Saldaña (2016), thus maintaining the 
credibility and confirmability of our findings. In terms of dependability, we have provided a thorough 
description of the steps we followed for data collection and analysis. Our research process could be 
enhanced with the inclusion of research methods relying not only on the opinions of practitioners but also 
looking at the technical artefacts they refer to, e.g. their BIM tools and software platforms. To improve 
transferability, the tensions summarized in Table 2 should be discussed more thoroughly in future studies 
by other authors (i.e. researcher triangulation) to determine how accurately such dimensions describe the 
inter-organizational integration of information in different sectors other than AEC/FM. We also highlight 
the importance of evaluating and re-defining our original case study boundaries to an international or 
global level, which could give insight on new dimensions of dialectical tensions and include other relevant 
actors who were not part of the KIRA-digi project. 

Conclusions 

This study presented the question “How do the opinions about integrating information across 
organizational boundaries differ between the stakeholders of a networked industry?” Based on the 
qualitative analysis of our interviews with field practitioners, we identified six areas of significantly 
contraposing perspectives that may originate dialectic tensions: Ontology, standards, storage, openness, 
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monetization and the involvement of the public sector. We also inquired “How do the emerging dialectic 
tensions between these stakeholders influence the development of inter-organizational information 
systems?”. According to our observations, matching the points of view along the aforementioned six key 
dimensions can determine whether the actors will continue operating with their existing partners or 
integrate with new stakeholders, thus guiding their course of action for the development and 
implementation of IOIS.  

Industry practitioners must concentrate their strategic efforts in these tension areas if they want to share 
or exchange information across organizational boundaries. By framing our findings in previous IS models, 
we believe that such opposing views are not exclusive to AEC/FM but can be observed in other industries 
as well, because of the paradoxical relations between the technological/non-technological and the 
tangible/intangible attributes of any digital infrastructures. This provides an interesting opportunity for IS 
researchers to further test our proposed dialectic tensions and potentially discover new ones. In the specific 
context of our case study, BIM currently stands at the crossroads of an evolutionary process: Its standards 
and tools act as the boundary structures of an IOIS, which enables sharing and exchanging information 
across the industry. Thus, BIM helps to align the perspectives of different actors across the AEC/FM 
industry sub-domains or communities of practice. As it develops and becomes widely adopted, BIM will 
also constitute the new installed base of emerging AEC/FM digital infrastructures. 
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Abstract 

Despite previous research on well-established digital platforms aimed at business-to-consumer markets, 

there is a limited understanding of how smaller actors of project-based industries create new business-

to-business digital platform ecosystems. This paper explores how incumbent actors evaluate business 

value as they transition towards an emerging ecosystem. Based on two cases of construction companies 

in Finland and Norway, we describe how the actors’ perception of value changes during the early stages 

of their digital transformation process. We present a non-exhaustive list of criteria different than costs 

and revenue, which the actors relied upon to evaluate or measure the value of their emerging platform. 

From a theoretical perspective, we expand previous studies on digital platform ecosystems and value 

creation. From a practical perspective, we discuss how to adapt existing business models and manage 

new partnerships for an emerging ecosystem. 

Keywords: Digital platforms, emerging ecosystems, value creation, business-to-business, construction 

1 Introduction 

Digital platforms have become ubiquitous and permeated different areas of society. In the fields of 

strategic management and Information Systems (IS), several authors have explored the definition and 

components of digital platforms (de Reuver, Sørensen, & Basole, 2018; Hein, 2020; Rolland, 

Mathiassen, & Rai, 2018), the relationships between platform owners and complementors (Ghazawneh 

& Henfridsson, 2013), as well as the market and network effects generated by such platforms (Gawer 

& Cusumano, 2014). Despite the significant research contributions analysing industry platforms 

managed by well-established tech companies (Gawer & Cusumano, 2014; Ghazawneh & Henfridsson, 

2013; Selander, Henfridsson, & Svahn, 2013), we have a limited understanding of how smaller 

incumbent actors articulate their efforts or attain the required capabilities to create new ecosystems (de 

Reuver et al., 2018; Hein et al., 2019, 2020).  

Recent IS literature has called for more research on emerging industry platforms (Gawer & Cusumano, 

2014) and how new value creation practices are established between partner firms in a business-to-

business (B2B) context, whose needs differ from those covered by the existing platforms in business-

to-consumer (B2C) markets (Hein et al., 2019). There is also limited research on how incumbent 

industry actors transform their traditional goods-dominant (G-D) supply chains into service-dominant 

(S-D) ecosystems (Hein, 2020). Previous contributions have mostly relied on historical case studies 

(Ghazawneh & Henfridsson, 2013; Selander et al., 2013), but the real-time observation of changing 

platform dynamics over time is still lacking, especially in cross-case studies offering an insider’s view 

of the actors’ discourses and motivations (de Reuver et al., 2018).  

Digital transformation strategies often entail finding new value propositions or redefining the networks 

of participants involved in value creation (Matt, Hess, & Benlian, 2015; Vial, 2019). IS literature has 
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widely explored the economic perspective of so-called network effects or network externalities in B2C 

platforms, which generate a positive reinforcement loop where actors see more value in the ecosystem 

as the existing user base expands (de Reuver et al., 2018; Gawer, 2014; Gawer & Cusumano, 2014). 

However, emerging B2B platforms governed at the level of consortium are often driven by strategic 

goals different than expanding the member firms’ installed base. There is a need for exploring how these 

incumbents find the incentives and common vision to reorganize themselves around a digital platform, 

especially in the absence of an ecosystem champion or “keystone” actor that can compel others to join 

(Dattée, Alexy, & Autio, 2018). 

We contribute to previous studies, by exploring the actors’ changing perception of value during the early 

stages of their digital transformation. Our study focuses on the construction sector, which has been 

described in project management and innovation literature as the archetype of a project-based or 

networked industry (Gann & Salter, 2000; Kamara, Augenbroe, Anumba, & Carrillo, 2002). This term 

refers to a loosely coupled set of firms collaborating to execute specialized work for mutual gain. Unlike 

traditional supply chains of buy-sell relationships, such as those found in manufacturing processes, 

project-based industries usually lack a focal actor, their interfirm linkages are temporary, and the entire 

network reconfigures for each project instance (Alin, Maunula, Taylor, & Smeds, 2013; Dubois & 

Gadde, 2002; Gann & Salter, 2000; Taylor & Levitt, 2007). 

To address the identified research gaps, our paper aims at answering the following research question 

(RQ): How do the incumbent actors of a project-based industry evaluate the business value of an 

emerging digital platform ecosystem? Through the qualitative analysis of semi-structured interviews, 

participant observations and review of documentation from two consortia of firms specialized in the 

construction industry, we identified a non-exhaustive list of criteria that actors used to evaluate or 

measure business value. We also found that the incumbent actors’ understanding of value changed if 

they adopted the perspective of a project-based industry or the perspective of a digital platform 

ecosystem, which facilitates the development of new service business models in their industry. 

From a theoretical point of view, this paper connects previous studies about digital platform ecosystems 

and value creation. We contribute to these streams of IS research as follows: First, we explore how 

different actors of a project-based industry approach the implementation of new digital platforms, which 

are jointly owned and managed by a consortium of partner firms in a B2B context. Second, we identify 

some of the criteria that incumbent actors rely upon to evaluate the business value of such platforms, 

looking at other aspects different than the financial benefits, revenue generation, or costs. Third, we note 

how the transition toward an emerging ecosystem influences the actors’ control over key resources, their 

desired levels of autonomy, and other strategic decisions concerning their interdependencies. 

This study also poses some practical implications for industry professionals. We describe the early 

stages in the transition of a project-based industry towards a new business ecosystem. Rather than 

relying on accounts of historical cases documented by third parties, our findings are grounded on direct 

observations and testimonials from the industry practitioners themselves. The construction industry is 

organized as a loosely coupled project-based network (Dubois & Gadde, 2002; Gann & Salter, 2000) 

with a long-standing record of fragmentation issues (Howard, Levitt, Paulson, Pohl, & Tatum, 1989). 

Therefore, the two consortia of construction firms presented in this paper provide an ideal context to 

analyse how incumbent actors adapt their existing business models, evaluate the value of new digital 

platforms, and manage relationships with other partners of their emerging ecosystem. 

This paper has the following structure: Section 2 summarizes the background literature from two IS 

research streams that are relevant to our study, namely digital platform ecosystems and the co-creation 

of value in S-D logic. Section 3 explains our research methods and gives an overview of the entire 

process. Section 4 describes the within-case and cross-case findings from two emerging digital platform 

ecosystems in Finland and Norway. In Section 5, we compare our findings to the extant literature about 

digital platform ecosystems, S-D logic, and value creation. Finally, Section 6 recaps our main 

conclusions and proposes new opportunities for research. 
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2 Background 

2.1 Digital platforms and ecosystems 

The existing literature on digital platforms is extensive and originates from multiple research streams 

(Bazarhanova, 2020; Hein et al., 2020). Previous studies in the fields of strategic management, 

economics, engineering, and IS conceptualize digital platforms under different assumptions about their 

constitutive elements and evolution (Rolland et al., 2018). The technological or engineering perspective 

has its roots in physical product and software product development (Rolland et al., 2018). It approaches 

digital platforms as technical artifacts (de Reuver et al., 2018) or extensible codebases of purposefully 

designed software architecture (Gawer, 2014), which provide a core functionality and interfaces to 

integrate complementary modules. The economic perspective equates digital platforms to “two-sided” 

or “multi-sided” markets (de Reuver et al., 2018; Gawer, 2014). It emphasizes the so-called network 

effects between different groups of consumers, whose interactions are mediated by the platform and 

who otherwise would be unable to transact with each other (Gawer, 2014). This paper draws upon the 

organizational perspective on digital platforms in IS research (Rolland et al., 2018). This approach 

emphasizes the innovation practices of different actors, who loosely organize themselves around the 

same technical assets and commonly agreed social arrangements, to develop complementary products 

or services (Bazarhanova, 2020; Rolland et al., 2018). We concur with the calls for a better integration 

of platform research contributions under this perspective and adopt the sociotechnical definition of 

digital platforms as “a collection of technical elements, comprising both hardware and software, 

together with their associated organizational practices and standards” (de Reuver et al., 2018).  

Our research focuses on two cases of industry(-wide) platforms, which enable one or more firms to 

create innovative products, technologies, or services. These platforms have a different scope and intent 

than company-specific or product platforms, which are used by a single firm to organize its own 

resources and develop derivative products (Gawer & Cusumano, 2014). Existing literature has 

extensively discussed different mechanisms of platform ownership and governance (de Reuver et al., 

2018; Saadatmand, Lindgren, & Schultze, 2019). Eisenmann (2008) identifies two roles among 

companies involved in platform development: Sponsors, who control the technology and participation 

rights; and providers, who mediate the interactions between users. Either role can be served by one or 

multiple firms. Similarly, Gawer (2014) classifies the agents interacting with the platform into (a single 

focal) leader and (multiple peripherical) complementors. We discuss in later sections how these existing 

categories might not fully portray new B2B platforms managed by a consortium of project-based firms. 

The concept of ecosystems is intrinsically linked to digital platforms (de Reuver et al., 2018). In IS 

literature, the word ecosystem is a useful metaphor to portray companies as entities that evolve over 

time. It generally refers to a group of firms that are interlinked by common interests and depend on each 

other’s activities (Jacobides, Cennamo, & Gawer, 2018; Selander et al., 2013). Multiple examples and 

types of ecosystems have been proposed, such as knowledge, business, and innovation ecosystems. Our 

study approaches business ecosystems and more specifically, innovation ecosystems as a network of 

companies that cooperate with the goal of jointly creating (“co-creating”) new value for their customers 

(Aksenova, Kiviniemi, Kocaturk, & Lejeune, 2019; Guggenberger, Möller, Haarhaus, Gür, & Otto, 

2020). When these actors organize themselves around shared digital platforms, it is said they have 

constituted a digital business ecosystem (Senyo, Liu, & Effah, 2019) or digital platform ecosystem (Hein 

et al., 2020). This encompassing concept brings attention to the evolution of the digital artifacts as well 

as to the changes experienced by the actors around them, turning both into a single and more captivating 

object of inquiry than just the platform alone (Bazarhanova, 2020).  

2.2 Value co-creation 

Since the economic value of services started exceeding other sectors during the 1970s, marketing 

researchers questioned the traditional characterization of products and services as mutually exclusive 

categories or counterparts of one another (Kimbell, 2009, 2010). Early discussions focused on the IHIP 

model, named after four attributes (i.e. Intangibility, Heterogeneity, Inseparability and Perishability) 
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that were said to differentiate products from services (Zeithaml, Parasuraman, & Berry, 1985). This 

Goods-Dominant (G-D) logic was the prevailing scholarly view until Vargo and Lusch (2004) proposed 

that service provision rather than goods is the base of all economic exchange, and that any tangible 

outputs or physical products are simply conduits of the value generated during that process of service 

provision. This new perspective or Service-Dominant (S-D) logic differentiates between operand and 

operant resources (Lusch & Nambisan, 2015; Vargo & Lusch, 2004, 2011). Operand resources are 

usually static, limited, or tangible resources that resemble commodities, which merely serve as input for 

value creation processes. Operant resources are the intangible or dynamic resources derived from human 

intellect and knowledge, which are applied by the actors on the operand resources to produce an effect. 

Due to their differentiating nature, operant resources play a more prominent role in value creation and 

can be considered a strategic source of competitive advantage. 

Value co-creation refers to the process in which different actors of a digital platform ecosystem1 engage 

to jointly create new business value (Hein et al., 2019) for the benefit of others or for themselves (Lusch 

& Nambisan, 2015). The roles adopted by these actors can vary or overlap and therefore, are not bound 

to the traditional “producer-consumer” dichotomy (Vargo & Lusch, 2011). Under S-D logic, all actors 

perform essentially the same two functions: (1) integrating resources and (2) engaging in service 

exchange (Vargo & Lusch, 2016). Consequently, the generic denomination of “actor” is used to 

indistinctively describe any of the parties involved in value co-creation, whereas the whole ecosystem 

can be characterized as a non-linear “actor-to-actor” (A2A) network (Vargo & Lusch, 2011) with 

simultaneous presence of complementarities and interdependencies between the actors (Kapoor, 2018).  

3 Methodology 

This paper summarizes the observations of two exploratory case studies carried out in Finland (C1) and 

Norway (C2). Case study research is an appropriate method to answer “how” questions (Yin, 2018) like 

the one proposed in this paper, where the boundaries between the real-life phenomenon under study (i.e. 

evaluating value in emerging digital ecosystems) and its context (i.e. the construction industry) may not 

be clearly evident. In both of our cases, the unit of analysis was a consortium of partner organizations 

from the construction industry. The actors involved in these consortia were working on similar projects 

aimed at developing and implementing within the next 3-5 years a digital platform for the exchange of 

requirement and information about the construction, management, and operation of built assets. Table 1 

below lists the commonalities and differences between both cases. 

 

Methodological component Finland (C1) Norway (C2) 

Case unit of analysis Consortia of incumbent actors of the construction industry, aiming at 

implementing a digital platform within 3-5 years 

Primary data collection method(s) Semi-structured interviews Semi-structured interviews, 

participant observation 

Tertiary data collection method(s) Documentation analysis 

Number and type of interviews 14 individual interviews + 2 

group interviews (total number of 

participants: 18) 

21 individual interviews (total 

number of participants: 16) 

Table 1. Comparison of the study cases 

 

1 S-D logic literature prominently refers to “service ecosystems'', which are defined as “relatively self-contained, self-adjusting 

[…] A2A structures that loosely coupled actors create and recreate through their effectual actions and which offer an 

organizing logic for the actors to co-create value through service exchange” (Lusch & Nambisan, 2015). In this paper, we use 

the terms “digital platform ecosystem” and “service ecosystem” interchangeably, given that both concepts share a socio-

technical nature and have the main purpose of value co-creation. However, we give preference to the former term to emphasize 

that such co-creation of value is facilitated by the technical artifacts of a digital platform.   
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We adopted an interpretive research approach (Orlikowski & Baroudi, 1991; Walsham, 1995) inspired 

by “mode 3” of grounded theory method collaboration in IS research (Pekkola, Hekkala, Rossi, & 

Smolander, 2019), which consisted of individual data partitioning and coding, followed by collaborative 

refinement of theory and reporting. Our findings draw upon the qualitative analysis of data collected 

from three data sources: Semi-structured interviews (Runeson & Höst, 2009; Seaman, 1999), participant 

observation (Lethbridge, Sim, & Singer, 2005; Seaman, 1999), and documents like industry- and 

project-specific reports. This triangulation of data collection methods provided a stronger base to support 

our findings and strengthen the grounding of the theoretical framework discussed in Section 4 

(Eisenhardt, 1989; Eisenhardt & Graebner, 2007). An overview of the entire research process is shown 

on Figure 1. The following subsections explain in detail each step. 

3.1 Semi-structured interviews (C1 and C2) 

During their initial meetings, the first two co-authors of this paper discussed their common research 

interests and prepared together a shared interview protocol with the same set of open-ended questions, 

allowing for deeper exploration of the study phenomenon and inviting a broader range of possibly 

unforeseen answers (Runeson & Höst, 2009; Seaman, 1999). This interview protocol was then revised 

by the third co-author of the paper, to confirm that the proposed questions were unambiguous and 

relevant to the research topic (Easterbrook, Singer, Storey, & Damian, 2008). Using the adjusted 

interview protocol, co-author one and co-author two collected the primary data concerning each one of 

their cases separately. To minimize distractions and facilitate notetaking, all the interviews were 

recorded under consent of the participants. The recordings and transcripts of the interviews were kept 

in separate databases for C1 and C2, due to the importance of maintaining the privacy of the participants 

and ensuring an ethical handling of strategic information. Interview transcripts were coded by the same 

researcher who performed the interview, for purposes of including contextual notes, clarifying meanings 

and capturing more precise details such as non-verbal feedback (Runeson & Höst, 2009; Saldaña, 2016). 

3.2 Participant observation (C2) 

Participant observation (Jorgensen, 1989) was conducted in C2 from November 2018 to December 2019 

by the second co-author, who was granted access to the offices and IT network of one of the companies 

participating in the consortium. She spent 3-4 days per week at the company premises, for a total of 54 

days between November 2018 and April 2019. Afterwards, the frequency of visits reduced to 

approximately 1-2 days every two weeks. The second co-author was able to build trust with the company 

informants (Lethbridge et al., 2005), due to her extensive presence in the field, her observation of daily 

activities and project meetings, and her privileged access to different workshops, seminars and informal 

discussions. This deep onsite engagement generated a snowballing effect, which allowed the second co-

author to identify subsequent interviewees among the various informants in the company. The primary 

data from the observations was collected in a field notes journal (Fetterman, 2020; Seaman, 1999). 

3.3 Documentation analysis (C1 and C2) 

The first two co-authors of this paper analysed reports and presentations related to the Nordic 

construction industry, as well as to the C1 and C2 project consortia. Rather than directly contributing to 

the findings of this paper, the documental analysis (Easterbrook et al., 2008; Lethbridge et al., 2005) 

was specifically aimed at corroborating and augmenting the information from the other two direct 

sources originally intended to inform the case study research, i.e. the semi-structured interviews and 

participant observation (Runeson & Höst, 2009; Yin, 2018). The market reports and whitepapers were 

also used to gain a deeper understanding about the current business models and technical terms used in 

the construction industry, thus facilitating the dialog between the study participants and the co-authors. 

3.4 Qualitative analysis and theory refinement 

Co-author one and co-author two individually conducted a first round of qualitative analysis and open 

coding per each case, after which they discussed their interpretations and compared their higher-level 
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code categories across cases (Eisenhardt, 1989). Based on this discussion, the two researchers agreed 

on a common theoretical framework and devised a shared coding schema to help answer the proposed 

research question. The schema comprised the following dimensions: (1) Value evaluation criteria, (2) 

the incumbent actors' strategy under the perspective of a project-based industry, and (3) the incumbent 

actors' strategy under the perspective of a digital platform ecosystem. 

The S-D logic approach was used during the analysis as a sense-making lens to observe all actors of the 

emerging digital ecosystem at the same level. For this reason, all the interviewees and observed 

informants were generically labelled as “actors”, unless there was a need for explaining how different 

domains of practice or stakeholder categories work in the construction industry. We also adopted the 

concept of operant resources from S-D logic theory to describe some of the dimensions of value 

observed in our case studies. 

After agreeing on the common schema, the first two co-authors performed another round of qualitative 

analysis and coding of the primary data, to seek evidence for or against the framework. Based on this 

evidence, all three researchers who co-authored this paper discussed again their individual observations 

and refined together the final theoretical model. Lastly, the review of existing IS literature in digital 

platform ecosystems and value co-creation provided a base for the discussion presented in this paper 

and allowed to contextualize the main theoretical contributions summarized in Table 2, while keeping 

such theory grounded on the original case data (and complemented by the previous studies rather than 

only being deduced from them). 

 

Figure 1. Research process overview 

4 Findings 

4.1 The Finnish case (C1) 

All the organizations participating in the C1 consortium belong to different domains of practice within 

the construction industry and collaborate under a publicly funded research project. These firms include: 

A vendor of Building Information Modelling (BIM) software, a property manager of public offices, an 

owner of commercial premises, and a construction contractor. Their aim is to implement a so-called 

digital twin of built assets, or in other words, a digital representation of real-life physical buildings, 

along with their geometrical and operational specifications that are automatically updated across the 

whole life cycle of the building. The functional requirements and components of the digital twin are still 

under discussion, but the consortium firms agree that the resulting artifact will be a shared data platform. 

The actors believe that the platform will help address some of their ongoing issues related to information 

management, like the duplicity of systems and data, or the poor information exchange between the 

consortium members and their partners. 
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C1 actors struggled to understand their share of value capture and value creation in the context of the 

emerging ecosystem. On one hand, interviewees acknowledged that the digital platform could enhance 

their operational efficiency and bring additional new benefits that were not immediately quantifiable in 

monetary terms, such as improved customer satisfaction or better coordination with partners and 

suppliers. On the other hand, interviewees argued that it was difficult to get buy-in from the upper 

managers, because the expected financial returns for their organization were not always clear:   

"we had actually 3 workshops about the topic [… and even] with that professional 

expertise around, we weren’t able to find too many solutions or end results where 

we can use [the digital platform]" – Property Manager, Building Owner 

For C1 interviewees, it was also difficult to persuade decision-makers about the value of the platform, 

because they lacked a holistic understanding about new collaboration opportunities at industry level. 

Clarifying the requirements and expected results of the project demanded technical skills that were 

scattered among different actors, such as architects, engineers, or property managers. We observed the 

platform project was helping to reduce those knowledge gaps between domains of practice. Actors were 

gradually breaking their silos thanks to an increasing mutual understanding and standardization. 

When asked about the importance of their current software solutions for designing or managing built 

assets, interviewees answered that these tools did not offer additional business value besides what was 

necessary to complete their share of work. C1 actors struggled to rationalize if these tools allowed them 

to build synergies with others. In comparison with the new digital platform, current software solutions 

were simply perceived as “commodities” that could be easily purchased or replaced anytime: 

“Solutions are not important, data is important […] There is no unique software. 

They are all commercial software [that] everyone can buy” – Senior Expert, 

Property Management  

On the other hand, the digital platform was frequently described as a complex solution that would deliver 

benefits to the consortium members in the long term. These recurring arguments suggested that C1 

actors did not only quantify the value of the platform in monetary terms. However, when pressed for 

clarifications, interviewees struggled to explain how they would measure value in other ways different 

than costs or revenue. These difficulties appeared to be linked to two uncertainties: (1) The uncertainty 

about the vast amounts of data available to share through the platform and (2) the uncertainty about all 

the possible combinations of actors involved in sharing those data. To deal with these uncertainties, the 

actors aimed at sharing only the most essential data required to achieve some level of complementarity. 

By limiting their integration scope, they could gradually enable the provision of new services, one use 

case at a time. At the same time, they aimed at maximizing the endpoints or interfaces to other actors. 

By leveraging these interdependencies, wanted to increase the opportunities for “win-win” value co-

creation, or at distributing the future costs of implementation and operation of the platform: 

“In my opinion, the best way is to solve one problem at a time [...] You have to 

focus on small but important things [for the whole network]” – Senior Expert, 

Property Management 

4.2 The Norwegian case (C2) 

The C2 actors include operators, main contractors, sub-contractors, and vendors. Their multifaceted 

interactions are enabled by exchanging a checklist of facilities’ requirements, which are based on 

governmental regulations as well as national and international standards for construction, covering 

aspects such as the safety and the reliability of facilities or equipment. These requirements are managed 

with digital tools but remain scattered across many documents (usually around 10,000 .pdf files) that 

must pass throughout the different actors involved in each construction project. The companies 
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participating in the consortium argue in a 2016 report2 that their requirement handling processes are 

inefficient, time-consuming, and a bottleneck for reducing and controlling costs. These deficiencies are 

mainly attributed to the lack of a standardized language to share requirements and technical information. 

Furthermore, each actor has adopted their own requirements management system (RMS), which could 

be either a custom-built software solution or an off-the-shelf commercial product tailored to their needs. 

For these reasons, the actors decided to replace their disparate and partially overlapping RMS with a 

data-centric digital platform. They believe that this integrated software solution will improve their 

handling of requirements.   

The recognition of the business value in the emergent digital ecosystem unfolded in different ways 

among C2 actors. Some of them struggled to recognize the value for their individual organizations 

during the early stages of the platform development. Uncertainties over what information should be 

shared and by whom, prevented this group of actors from evaluating how they could operationalize the 

shared value of the digital platform into their own specific business context: 

“If we deliver too much information they will be as competitors to us. We need to 

be cautious about what we are offering to them.” – Developer, Software Vendor 

On the other hand, all actors acknowledged that standardization activities could provide financial and 

non-financial benefits, such as agreeing more easily upon requirements, developing a common language 

for collaboration, or enabling a continuous thread of information along the life cycle of built assets. The 

actors also highlighted the value of implementing machine-readable requirements, which could be 

automatically verified and validated by the new digital platform: 

“Sharing the requirements requires to be supported by the standards. Without 

standards, it is too costly and expensive. Simplification, standardization and 

removing the duplicates are what we all need.” – Senior Manager, Operator 

Some of the actors expressed interest in maintaining their own RMS, even after the introduction of the 

new platform. Their aim was to build upon the digital platform, to incrementally deliver new value that 

would not directly translate into monetary gains. Improved traceability and more dynamic management 

of information were mentioned as two examples of these future unquantifiable benefits: 

“In our company, we are [already] using a tool for our requirement management 

in which we can create specifications to have the traceability of the requirements. 

(...) The [new] tool that is developing here [digital platform] would then 

communicate with the system we are using now” – Project Engineer, Contractor 

C2 actors often acknowledged that their industry has traditionally experienced a high level of inter-

organizational dependency, as shown by the numerous requirements and regulations demanding a deep 

knowledge of activities carried out in different stages of a construction project. With the implementation 

of the new digital platform, actors aimed at reducing the burden of knowing and applying those complex 

rules from other domains. In other words, they intended to co-create value through a better integration 

of systems and data, but at the same time they wanted to decouple their ongoing tight collaborations 

with other actors of the ecosystem. While some participants were sceptical that these goals could be 

reached, we observed that other members of the C2 consortium had a better understanding of the 

importance of transparency and openness towards their ecosystem partners. Our observations suggest 

that the latter group of actors was more willing to adapt their work processes. They had also identified 

new opportunities for long-term value co-creation, based on the exchange of essential knowledge: 

 

2 The co-authors have intentionally omitted this report reference to keep the anonymity of the participating companies. 
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“Sharing of resources and knowledges that the industry has in common can open 

up the automated engineering, letting the computers to do the tedious work and 

freeing up our mind to find better solutions” – Senior Manager, Contractor 

4.3 Summary of cross-case findings 

In this section, we present the results from the qualitative analysis across the two case studies. Table 2 

contains a summary of our findings and represents the main theoretical contribution of this paper. As 

mentioned in Section 3, the first step for building our shared coding schema was to identify the 

dimensions on which the actors relied to evaluate the value of their novel digital platform ecosystems. 

Those dimensions are listed on the column “Criterion” of Table 2. It is worth emphasizing that we do 

not claim the list to be fully exhaustive, but it rather represents the similarities found across both cases.  

 

Category Criterion 

How do incumbent actors evaluate value? 

Perspective of project-

based industry 

Perspective of emerging 

ecosystem 

Distribution and 

control of operant 

resources 

Diversity of operant resources Specializing and diverging Standardizing and 

converging 

Ownership of operant resources Accumulating or preserving "Useful minimum" sharing 

Process of value 

co-creation 

Orchestration of transactions Distributing complexity Striving for simplicity 

Perception of value sharing Quantifiable and limited, 

value-in-exchange 

Unquantifiable and 

unlimited, value-in-use 

Frequency of innovation Discontinuous Continuous 

Autonomy and 

relationship 

between actors 

Scope of actor involvement Time-bound or fixed Undetermined or variable 

Degree of actor complementarity Decreasing Increasing 

Degree of actor interdependency Increasing Decreasing 

Table 2. Criteria used to evaluate value in a project-based industry and an emerging ecosystem 

We also observed that the business strategy of the incumbent actors varied depending on whether they 

adopted the traditional perspective of a project-based industry or the perspective of an emerging digital 

platform ecosystem, respectively. The two last columns on the right side of Table 2 summarize how the 

actors assessed each value criterion under these different contexts. At the time of writing this paper, the 

actors were still switching from the strategy shown in one column to the other. 

Finally, we grouped the value evaluation criteria into higher-level categories of related themes, which 

played an important role in shaping the actors’ understanding of business value: The distribution and 

control of operant resources, the process of value co-creation, and the autonomy and relationship 

between actors. These categories are shown on the leftmost column of Table 2. The following 

subsections explain each category and its value evaluation criteria in detail. 

4.3.1 Criteria related to the distribution and control of operant resources 

These value evaluation criteria relate to the distribution of strategic information and the centralization 

of power between the actors of the emerging digital platform ecosystem. We focused on the operant 

resources, which are arguably difficult to replicate and therefore, have a more prominent role in shaping 

the actors’ strategic decisions than the operand resources. In terms of “diversity of operant resources”, 

we observed that incumbent actors had traditionally organized themselves as a highly specialized 

network under G-D logic, where operant resources like the technical skills were distributed into silos 

for each domain of practice, e.g., design, engineering, or operations. To reorganize themselves around 

the emerging digital platform ecosystem, C1/C2 actors were gradually decreasing their organizational 

barriers and converging into multidisciplinary competence networks (Vial, 2019), through the increased 
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standardization at the technical level (e.g., software solutions, data structures) and business level (e.g., 

processes, language, ontology).  

“[traditionally] on one side, there was the artist architect and on the other side, 

there was the BIM [tech] specialist” – Architect and BIM Manager, Designer, C1 

The next criterion influencing the distribution of power and control of the novel ecosystem is the 

“ownership of operant resources”. As part of a project-based industry, incumbent actors considered 

that their specialized knowledge was a key asset that should be accumulated and preserved to create 

value. The plans of implementing a novel digital platform reinforced most of the actors’ stance that such 

expertise was indeed a strategic resource. At the same time, they were aware that the information about 

buildings can deliver more value when shared across organizational boundaries. Not all C1/C2 actors 

were likely to develop this same awareness about the need for resource integration. Thus, to balance the 

protection of the own resources with the opportunity to leverage the use of resources from others, the 

participants of C1/C2 consortia seemed likely to limit their data sharing to the most essential (“useful 

minimum”) cases that could improve existing business collaborations or enable new services. 

4.3.2 Criteria related to the process of value co-creation 

These criteria refer to the process in which the actors of the emerging ecosystem engage to create value 

together (hence “co-create”), by using the novel digital platform as an intermediary. We adopted the 

term “orchestration of transactions” to describe the actors’ rationale for bringing their specific 

contributions to the rest of the ecosystem. Under the traditional view of a project-based industry, the 

incumbent actors’ strategy focused on distributing their tasks as much as possible between different 

specialists. Following this approach, each actor got involved in value generating processes each time 

their individual skills or knowledge were needed. In the context of the novel platform implementation, 

we observed that C1/C2 actors were becoming more tightly coupled in planning and designing common 

business processes, joint operations, or new services based on the digital platform. To facilitate the 

orchestration of these shared processes, incumbent actors aimed at keeping the future platform 

infrastructure, interfaces, and interaction mechanisms as simple as possible.  

The “perception of value sharing” criterion describes the actors’ understanding of the future distribution 

of value that is co-created within their industry or ecosystem. This comprises both the mechanisms of 

transaction (i.e., locating resources and agreeing on value exchange) and innovation (i.e., building new 

contributions on top of the platform) alike. Under the traditional perspective of a project-based industry, 

actors focused on the quantifiable financial returns they could capture as the result of their own 

individual work or contribution. This aligns with a G-D logic where value is delivered through the 

exchange of specific goods or services (i.e., value-in-exchange). In contrast, under the perspective of a 

digital platform ecosystem, actors acknowledged that value was not something that could be directly 

measured in terms of revenue, because it comprises new operations or services that might be enabled 

through the digital platform. This is consistent with a S-D logic view of the industry, where the value is 

not fully known in advance but rather co-created when the platform is utilized (i.e., value-in-use).  

Across C1 and C2, we observed that some actors struggled more than others to overcome inertia (Vial, 

2019) and understand what value they would get in return for their contributions to the digital platform 

ecosystem. This uncertainty or scepticism could be attributed to the C1/C2 actors’ awareness that the 

platform boundary resources and shared data could be leveraged by anyone in the ecosystem, regardless 

of their share of participation in the technical infrastructure or data flows. Thus, we argue that the 

“frequency of innovation” criterion was understood as something continuous and less cost-dependent 

under the perspective of the emerging digital platform ecosystem, because the common technical 

artifacts and shared data would be available for anyone in the ecosystem. The uncertainty about these 

future opportunities for continuous innovation also suggest that frictions might arise in the mid- or long-

term if some actors take disproportionally less or more advantage of the available platform resources: 
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“The tool we are using is not a competitor, but it is a facilitator providing dynamic 

information administration. We would use the engine [digital platform] that comes 

out of this project to build on our system” – Project Engineer, Operator, C2 

4.3.3 Criteria related to the autonomy and relationship between actors 

These criteria refer to the individual freedom and the expected relationship with other actors in the 

emerging ecosystem. Under the traditional perspective of a project-based industry, inter-organizational 

collaboration and partnerships were mostly managed through contractual or formal agreements. In this 

case, the “scope of actor involvement” was generally bound to the time duration or work tasks defined 

in such contracts. As the industry reconfigures around the digital platform, it is likely that the 

participation of the different actors in the C1/C2 consortia will depend less on formal agreements and 

more on how well they can leverage the platform boundary resources, to develop new contributions that 

others in the ecosystem might have not previously foreseen. This additional flexibility to innovate on 

top of the platform was reflected in the actors’ concerns about having less clarity upfront about the scope 

or the duration of each partner’s engagement.  

"Everyone is doing everything nowadays, the challenge is to find the value 

network" – Founder and CEO, Software Vendor, C1 

On one hand, “degree of actor complementarity” describes the actors’ intent to incrementally innovate 

or create new value offerings by building upon others’ contributions (“divergent thinking”). On the other 

hand, “degree of actor interdependency” refers to the actors’ need to maintain a close integration with 

specific actors in the ecosystem (“convergent thinking”). Our observations of the incumbent actors’ 

strategies suggest they did not aim at simultaneously increasing their economical complementarities and 

structural interdependencies, even if the digital platform can augment both conditions. The ideal levels 

of complementarity and interdependency seemed to be rather inversely proportional or paradoxical: 

Actors considered that it was valuable to increase their opportunities of building on top of others’ 

contributions, but they also thought it was valuable to decrease their existing dependencies to others. 

5 Discussion 

After covering all dimensions of the shared coding schema, we compare in this section the findings of 

our cross-case qualitative analysis with previous studies about digital platform ecosystems and value 

creation. We observed that the higher-level categories used to group our value evaluation criteria are 

strongly related to three prominent characteristics or “building blocks” of digital platform ecosystems 

(Hein et al., 2020): Platform ownership, value-creating mechanisms, and complementor autonomy. 

However, we adopt different terms and adjust their interpretation to account for the particularities of 

emerging ecosystems, where the governance of the future platform will be shared among multiple firms. 

In contrast to the “platform ownership” block from Hein et al. (2020), we argue that the evaluation of 

value in an emerging digital platform ecosystem requires addressing unresolved issues of power and 

control, as well as responding to the uncertainties about the future ownership of the strategic information 

to be shared through the platform. For this reason, we propose analysing not only the centralization or 

governance of operant resources, but also the actors’ possibilities to diversify such resources in the 

future. Our observations regarding the “diversity of operant resources” criterion align with previous 

studies highlighting the need for a shared worldview, which can be achieved e.g., by adopting industry 

standards or a common institutional logic, to reduce the cognitive gaps between ecosystem actors (Hein 

et al., 2019; Lusch & Nambisan, 2015). In this context, the gradual integration of the domains of practice 

in the construction industry aligns well with the S-D logic lens: Any difference in the actors’ roles 

becomes secondary since all of them are essentially resource integrators (Lusch & Nambisan, 2015). 

The evaluation of value in emerging ecosystems strongly relies on subjective aspects because there is 

not yet a fully operational platform where the mechanisms of transaction and innovation can be observed 

in action. For this reason, instead of “value-creating mechanisms” we use the broader category “process 

of value co-creation”, which accounts for the actors’ expectations about the future value distribution.  
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Within this category, the “perception of value sharing” criterion suggests that the mechanisms of 

transaction and innovation should be observed at two states: Expected/planned and operationalized. If 

the comparison results in a mismatch, it is likely that tensions between the actors will emerge during the 

“operationalized” phase, e.g., if one actor believes that they are giving more resources than receiving 

benefits, or if one actor feels that another actor is exploiting the platform for the own benefit. 

Our two case studies focused on new B2B platforms that will be managed, owned, and utilized by a 

consortium of partner firms. These platforms differ from supply-chain and industry platforms (Gawer, 

2014) due to the project-based nature of the construction industry: Ownership does not fall upon one 

single firm, and every firm in the emerging ecosystem can act as owner and complementor at the same 

time. The uncertainties we observed regarding the non-monetary benefits (“perception of value 

sharing” criterion) and the new value offerings that will be developed from shared data (“frequency of 

innovation” criterion) suggest that neither of our cases featured a “keystone” actor championing the 

vision of the future ecosystem (Dattée et al., 2018). Therefore, these emerging B2B platforms governed 

by consortia do not align with the categories from Gawer (2014), which assume the existence of a focal 

actor (i.e., “assembler” in supply chain platforms, or “platform leader” in industry platforms). 

Furthermore, the terms "supply chain" and “assembler” wrongly imply that the platform interfaces or 

interfirm linkages are bound to predefined production pipelines, which do not exist in our cases as the 

whole construction network might reconfigure for each project. We consider that the A2A approach 

from S-D logic is a suitable lens to explain how business value is evaluated among peers in the 

construction industry. Hence, our value evaluation criteria refer to “actors” instead of “complementors”. 

The B2B platforms featured in our cases may look like shared platforms (i.e., multiple sponsors, 

multiple providers). However, we noticed two important differences from the original conceptualization 

proposed by Eisenmann (2008). First, the roles of sponsor and provider in shared platforms are clearly 

distributed between different firms. In the AEC/FM consortia, those roles are indistinctively fulfilled by 

the same firms. Second, the sponsors of shared platforms might collaborate on R&D efforts, but their 

strategy is to become competitors and provide differentiated offerings. The companies participating in 

our cases cannot compete, because they belong to different domains of practice within the construction 

industry. Thus, it is worth considering if this phenomenon deserves its own category, e.g.: co-creative 

shared platforms, collaborative B2B platforms, or consortium platforms. 

Previous studies have characterized platform ecosystems as markets where both complementarities and 

interdependencies can be found (Kapoor, 2018), and described how the growth in the platform’s 

installed base leads to positive network externalities or network effects for the whole ecosystem (Gawer, 

2014). Those self-reinforcing feedback loops of same-side or cross-side network effects seemed to be 

less clear in our cases of B2B digital platforms. At least during the early stages of the digital platform 

ecosystem, it is likely that benefits can be measured up to some extent only, e.g., by forecasting 

operational efficiency gains. In many other cases, such as the establishment of new strategic partnerships 

reliant on shared data, the definition of value might depend more on the trust between the involved 

parties than on specific evaluation criteria like the ones presented in this paper. 

Our findings relied on the interpretive analysis of empirical data across two cases of consortia in the 

construction industry. However, we acknowledge some limitations of this paper. For instance, we looked 

at the phenomenon of emerging digital platform ecosystems by relying primarily on the perspective of 

the involved actors and without a minimum viable product of the platforms in production, which could 

have allowed us to verify our observations in an operational environment. Furthermore, the scope of our 

research was purposely limited to B2B platforms owned and managed by a consortium of partner 

companies. Therefore, it is possible that our findings might not be fully transferable to the context of 

platforms aimed at B2C markets, or platforms characterized by the clearer presence of a dominant actor.  

To mitigate these limitations and strengthen the trustworthiness of our results, we applied researcher 

triangulation, relied on multiple data sources and informants, and used different data collection methods 

(Easterbrook et al., 2008; Guba, 1981; Shenton, 2004). We have also justified our choice of research 

methods and provided a “thick description” of each step along the process (Creswell & Poth, 2018), thus 

enabling an audit trail and facilitating the replication of similar research in future studies. Finally, our 
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within-case and cross-case analysis (Eisenhardt, 1989; Eisenhardt & Graebner, 2007), comparing two 

similar consortia in the Nordic construction market, provides a more robust theoretical contribution and 

gives us greater confidence that there were no material misinterpretations in our findings. 

6 Conclusions and future outlook 

The paper proposed the research question “How do the incumbent actors of a project-based industry 

evaluate the business value of an emerging digital platform ecosystem?”. Based on our qualitative 

analysis of two cases of construction companies trying to establish a digital platform within 3-5 years 

in Finland and Norway, we observed that the incumbent actors’ perception of business value changed 

as they transition towards a digital platform ecosystem. We identified a non-exhaustive list of criteria 

that explain the different strategies adopted by the incumbent actors to evaluate the value of their current 

business model in a project-based industry, as well as the value of their emerging digital platform 

ecosystem. We categorized these value evaluation criteria into three relevant themes that play a 

prominent role in value evaluation: The distribution and control of operant resources, the process of 

value co-creation, and the autonomy and relationship between actors. Finally, we compared our value 

evaluation criteria and higher-level categories with existing literature on S-D logic, and discussed why 

emerging B2B digital platform ecosystems demand a different approach to evaluate value, by “zooming 

in” or “zooming out” from the scope and the terminology covered in previous studies, e.g.: by looking 

into more detail into the operant resources instead of the platform as a whole, or by analysing the process 

of value co-creation as opposed to just the mechanisms of transaction and innovation, respectively. 

This paper offers interesting opportunities for future research. Subsequent studies should explore how 

actors respond to unexpected contributions, in those cases where the platform ownership is shared 

among different members of an industrial consortium including the complementor company itself. 

Follow-up research is also needed to re-evaluate our theoretical contributions after the platforms are 

implemented, to determine if the same value evaluation criteria apply or if new ones can be identified. 

In that context, one of the pending questions concerns the frictions that could arise if any of the B2B 

ecosystem actors takes disproportionally less or more advantage of the available platform resources. 

This could be achieved by comparing the expected business value of the platform project vs. the benefits 

obtained when that same platform is operational. 
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ABSTRACT Digital twins have raised the attention of practitioners in the fields of Architecture, Engineering
and Construction, and Facilities Management (AEC/FM). The term broadly refers to the cyber part of
cyber-physical systems used for representing andmanaging real-world assets. This qualitative study explores
how Finnish AEC/FM practitioners describe digital twins of assets in the built environment. Our findings
are primarily derived from the interpretive analysis of semi-structured interviews with project managers
and C-level executives during 2018 and 2019. The results of this analysis are discussed within the existing
literature about digital twins, complex software ecosystems, and Service-Dominant (S-D) logic.We observed
that digital twins were often explained using simple metaphors that could be easily understood by practition-
ers. We identified seven of such metaphors, each associated with a key attribute of digital twins. We argue
that digital twins are the basis of complex software ecosystems, resulting from the increased expectations
of AEC/FM stakeholders about the role of Building Information Modeling and other software solutions
in their daily operations. Under an S-D logic perspective, digital twins are a resource applied by multiple
interdependent actors to integrate information, co-create value for their entire network, and jointly deliver
new products or services.

INDEX TERMS Building information modeling, construction industry, digital twins, software ecosystems,
service-dominant logic.

I. INTRODUCTION
The Architecture, Engineering and Construction, and Facil-
ities Management (AEC/FM) industry is complex and frag-
mented. Its stakeholders do not operate inside organizational
structures with clear boundaries – as it often occurs in
manufacturing – but rather within temporary project-based
networks [1] of companies that do not always interact
directly with each other [2]. Furthermore, the variety of
actors involved across the long and unpredictable lifecycles
of assets in the built environment (e.g., buildings or urban
infrastructure) add further complexity to the exchange of
information across organizational boundaries. Consequently,
theAEC/FM industry suffers from vertical fragmentation (i.e.
between the different phases of a building project) and hori-
zontal fragmentation (i.e. between specialists collaborating in
any given phase), which decrease its productivity and overall
competitiveness [3], [4].

The associate editor coordinating the review of this manuscript and

approving it for publication was Porfirio Tramontana .

In the last decades, AEC/FM stakeholders have devel-
oped new tools and methods to integrate building infor-
mation, to guide their operational decisions at the building
or city level, and to inform public policy [5]. In terms of
software solutions, the emergence of Building Information
Modeling (BIM) in the early 2000s opened new possibil-
ities for practitioners and researchers alike to address the
fragmentation issues within the sector. BIM comprises a
wide range of loosely coupled information systems (IS) used
to generate, control and manage building information, sup-
porting the representation of built assets in terms of their
3D geometric and non-geometric (i.e. functional) attributes
and relationships [6] in an interoperable way [2], [7]. BIM
is considered a different paradigm and evolutionary step
over previous Computer-Aided Design (CAD) technologies,
because it allows to specify objects and connections between
objects using structured interoperable schemas [2], it can be
used for construction projects of different sizes as well as for
individual project components [8], and facilitates the infor-
mation exchange between stakeholders involved in different
phases or sub-phases of such projects [9].
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More recently, industry actors have started exploring the
possibility of combining BIM tools with other technological
developments associated with the Internet of Things (IoT),
such as sensors, cloud computing or big data. Their purpose
is to create a complete replica or digital twin of any given
built asset, which could act as a substitute or replacement
of the latter in several processes. The concept of digital twin
has gradually become commonplace jargon among AEC/FM
practitioners due to a combination of technology push and
market pull [10]–[15], but it has not reached yet the same
maturity in the context of the built environment as in the
manufacturing and production disciplines [16]–[19], where
the bulk of digital twin literature can be found [20], [21]. As a
result, the term is still lightly used, even if industry actors
do not fully understand its technical and managerial impli-
cations. Communicating the features, benefits, and business
value of digital twins of built assets is a matter that cannot be
simply solved by referring to existing studies in other fields,
because the components of a machine or production line are
modeled differently than the physical spaces where humans
live or interact for long time periods.

This qualitative study aims at bridging the current gaps in
literature about digital twins, complex software ecosystems,
and Service-Dominant (S-D) logic. While previous research
has explored how digital twins can be technically imple-
mented [10], [22], [23], we expand previous contributions
by approaching the topic from a managerial perspective.
We analyzed howAEC/FM practitioners describe the concept
of digital twin and its intended meaning, to outline what they
consider to be the essential technical, business, and insti-
tutional requirements for implementing such solutions. Our
findings serve as a guideline for professionals interested in the
planning, design, and development of digital twin systems.
We also discuss various use case examples to inform practi-
tioners and policymakers about the potential applications of
digital twins of built assets. The following research questions
summarize our study goals:
• How do AEC/FM practitioners understand the concept
of digital twins in relation to their current software sys-
tems?

• How do digital twins support the development of com-
plex software ecosystems and new services in the
AEC/FM industry?

Our findings are based on the interpretive analysis of
semi-structured interviews with key representatives of the
FinnishAEC/FM industry during 2018 and 2019.We selected
this qualitative research methodology to keep our findings
grounded to data from real testimonials of practitioners rather
than to any prior hypotheses of the authors, thus providing a
research contribution that is highly interesting and relevant
for the practitioners themselves.

From a scholarly perspective, this study develops a
midrange theory to understand how complex software and
service ecosystems (i.e. digital twins of built assets) can be
assembled on top of existing software tools and applica-
tions (e.g. 2D or 3D CAD/BIM models). For this purpose,

we compared our empirical observations of the AEC/FM
industry with previous studies about complex software
ecosystems [24] and Service-Dominant (S-D) logic [25].
We observed that AEC/FM industry stakeholders do not share
a commonly agreed definition of digital twins, but often rely
on simple metaphors to explain the concept. We identified
seven of those metaphors, which are individually built on top
of various dimensions that practitioners considered to be the
key attributes of digital twins. We argue that digital twins are
complex software ecosystems that emerge from the increased
expectations that AEC/FM stakeholders place upon BIM and
other related technologies. To cope with those user demands,
the architecture, components, and scope of digital twins are
generally more complex than those found in the existing soft-
ware solutions. Despite the struggle that practitioners faced
when defining what a digital twin is, the concept helped them
to reflect on new ways to deliver business value.

Besides these theoretical contributions, our study has var-
ious implications for practice. First, we analyse the mean-
ing and scope of digital twins to clarify what is technically
and economically feasible to achieve in inter-organizational
projects related to this subject. Second, we identify the tech-
nical, business, and institutional requirements outlined by
industry actors who want to implement digital twins of built
assets. Third, we present various use case examples to inform
practitioners and policymakers about the potential applica-
tions and smart services that can be developed on top of com-
plex software ecosystems, thus raising awareness about new
business opportunities of the digital twin technologies. Our
findings are mostly bound to the AEC/FM industry context
but could serve to inform practitioners in related fields.

This article is structured as follows: Section 2 pro-
vides a summary of previous studies about built environ-
ment, digital twins, and S-D logic. Section 3 introduces
the research methodology we followed for collecting and
analyzing the primary data obtained from practitioner inter-
views. In Section 4, we present our main findings, which are
organized into seven metaphors and seven key attributes of
digital twins according to AEC/FM practitioners. We discuss
in Sections 5 and 6 the implications of our findings for theory
and practice, respectively. Section 7 clarifies the limitations
of our research and howwemitigated them. Finally, Section 8
summarizes the main conclusions of our study and outlines
the future research opportunities.

II. THEORETICAL BACKGROUND
In this section, we present two essential concepts of our
case study: The built environment and digital twins. We also
summarize the differences between Goods-Dominant (G-D)
logic and S-D logic, providing a theoretical base to explain
the changing perspectives of AEC/FM actors in terms of
service delivery and value co-creation.

A. THE BUILT ENVIRONMENT
Researchers have defined the built environment in numerous
ways [26]. The term broadly refers to the artificial nature
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or ‘‘constructed ecology’’ created by humans to separate
themselves from the natural systems and to get protection
from the elements or from physical danger [27]. This goal
can be achieved through a variety of physical objects such
as buildings, houses, or roads (which we will indistinctively
describe throughout this study using the term ‘‘built assets’’
or ‘‘physical assets’’). On a larger scale, the built environment
also comprises the use of land plots, urban design, and the
study of human activity patterns before, during and after the
construction of assets [28]. Consequently, it demands the col-
laboration of different actors like civil engineers, architects,
and policymakers, who altogether work within the AEC/FM
industry ecosystem. In this study, we focus on the modeling
of built assets and their digital representations, which are
generically known as ‘‘digital models’’. AEC/FM actors com-
monly use different names for the various versions of a dig-
ital model (e.g. ‘‘as-planned’’, ‘‘as-designed’’, ‘‘as-built’’),
to distinguish the stages of the built asset lifecycle.

Designing, constructing, and overseeing the operation of
built assets is challenging for multiple reasons. Buildings
have long lifecycles that can span many years or centuries.
As time passes and technology changes, the information
related to old buildings becomes more difficult to manage.
Existing built assets often lack detailed design specifications
in a digital format compatible with state-of-the-art technolo-
gies, which could easily allow to share or exchange infor-
mation between the relevant actors that inhabit or maintain
such spaces. Because of the networked nature of the AEC/FM
industry, updating the information of a building is often a
costly process involving many actors. Previous studies have
found that the temporary engagement of different compa-
nies causes continuity problems in the inter-organizational
exchange of building information, particularly between the
pre- and post- construction phases [2], [29]. Furthermore,
unlike machines made of equipment parts and software algo-
rithms, buildings are more complex and chaotic systems to
model, because they are also the scenario for unpredictable
patterns of human flows and movements.

B. DIGITAL TWINS
In recent years, digital twins have become popular across dif-
ferent industries. To highlight their importance, the consult-
ing firm Gartner has consistently listed them among the top
ten strategic technology trends during 2017, 2018 and 2019
[11]–[13], reaching the highest point of the so-called ‘‘hype
cycle’’ curve of emerging technologies [14]. Other advisory
firms have published detailed reports [30] and currently offer
services to guide decision-makers in the strategic planning
and implementation of digital twins.

Despite the high interest of industry practitioners, digital
twins are not a new idea. The exact origins of the concept
are still a matter of debate, but the broader notion can be
traced back to Gelernter’s predictions of a ‘‘mirror world’’
in 1991 [31]–[33]. Scholars have attributed the current the-
oretical definition, elements, and aim of the term ‘‘digital
twin’’ to a presentation about Product Lifecycle Management

(PLM) by Grieves in the early 2000s, followed by the draft
strategic technology roadmap by NASA in 2010 (as sug-
gested e.g., by [16]–[19], [34]). There are multiple similar
or overlapping terms used to describe the technologies and
use cases for the mirroring of data between the real and
virtual worlds [17], [34], but the most significant stream of
scientific literature on digital twins can be currently found on
the fields of production, manufacturing, andmechanical engi-
neering [10]. The business value and broader implications
for the whole AEC/FM industry have not been sufficiently
discussed beyond pilot projects showcasing specific BIM
applications (e.g. for measuring ambient light, temperature,
or humidity [22]), whereas company reports and commercial
presentations of futuristic inspirational examples abound.

Digital twins are prominently featured in manufacturing
and production literature describing pilot cases or industrial
applications in the context of PLM, e.g. for tracking the
phases of creation, production, operation and disposal of
products [16]. For these purposes, digital twins enable access
to data at different levels of granularity or detail, which can
be accessed by any practitioners interacting with the asset
throughout its lifecycle phases [18]. Scholars have noted that
the architecture of a digital twin must be generally defined in
advance tomeet a specific industrial purpose. Consulting firm
Deloitte mentions six steps to articulate that architecture [30]:
Creating the required infrastructure, enabling communication
between components, aggregating data, analyzing data, pre-
senting insights on visualizations or dashboards, and execut-
ing actions upon the asset. As a result of this complex value
chain, digital twins bring together different communities of
practice inside an industry, bridging the gap between the
development and operation of systems.

From a technical perspective, digital twins are said to be
composed of three elements: Physical entities or assets in the
real world, digital models in the virtual world, and the data
that connects both worlds [19], [35], [36]. Thus, a digital
twin allows to manage the cyber part of a cyber-physical
system [34], [37], [38], by supporting decision-making and
providing functionalities for real-time prediction, optimiza-
tion, monitoring, or controlling the physical asset [10]. Some
classifications have been proposed to explain this range of
features and to illustrate how the digital twin capabilities
can evolve to support increasingly complex applications [39].
At their most basic level, digital twins simply offer a descrip-
tion of the asset, with asynchronous or low connectivity
to the real environment. These visual representations can
be enhanced with real-time data to diagnose the asset state
(e.g., for fault detection), and later on with the integration of
statistic, probabilistic or Artificial Intelligence (AI) models to
enable more intelligent predictive and prescriptive capabili-
ties. At its most advanced state, the digital twin could replace
human intervention and autonomously determine an action
on behalf of the physical asset [39], [40].

From a business perspective, software company Oracle
outlines multiple areas where digital twins can deliver added
value [10], [41]: Enhanced visibility for asset monitoring and
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control, scheduled or predictive maintenance of the asset,
what-if analyses and simulations of future states, better docu-
mentation and communication, and the purposeful integration
of disparate IS and sources of data; whereas Deloitte also
identifies quality assurance, development of new customer
services, and faster design of innovative products as other
potential benefits of digital twins [30], [42].

Based on existing contributions within our study
scope [15], [21], we adopt the following definition of digital
twins of built assets: ‘‘An integrated software solution to
manage static and dynamic information of a built asset across
its lifecycle phases. It usually provides a realistic digital
representation of the physical asset, generated by enriching
the geometric or graphical data with support from building
automation systems (BAS), sensors, internet of things (IoT)
components, and other feedback systems informing about the
asset, its occupants, or its environment’’. It should be noted
that this paper does not aim at validating prior definitions of
digital twins, but rather exploring how AEC/FM practitioners
communicate their own understanding of digital twins using
simple metaphors that emphasize some of their key features.

C. S-D LOGIC
Since the 1970s, when the economic value of services started
exceeding that of other sectors, academics and marketers
have struggled to define products and services [43]. These
concepts have been long considered mutually exclusive or as
counterparts of one another [44]. One of the most prominent
efforts to characterize the distinctive nature of services was
the IHIP model [45], named after four attributes, which were
said to differentiate services from products: Intangibility,
Heterogeneity, Inseparability and Perishability.

The IHIP model was subject to harsh scrutiny over the
following decades, because scholars found the attributes to
be non-extensive and non-exclusive: They were not general-
izable to all services and were also found in some goods [46].
In 2004, the influential work by Vargo and Lusch [47] pro-
posed a new perspective that did not classify goods and
services into mutually exclusive categories, but rather treated
them as intertwined components of the same economic
exchange that has service (in singular) as its basis. Such ser-
vice can be delivered directly or indirectly, because physical
‘‘tangible’’ goods simply act as a proxy for value distribution.
This view became known as Service-Dominant (S-D) logic,
in response to the Goods-Dominant (G-D) orientation of the
IHIP model, which had guided most of services marketing
research and practice until that date.

During the last decade, the core foundational premises of
S-D logic have been gradually refined and extended, evolv-
ing toward a broader perspective of markets as networks
of actors, without predesignated roles such as ‘‘consumer’’
or ‘‘producer’’, who integrate their resources and engage in
service exchange to co-create value [48]. Operand resources
require some action to be performed upon them to have value,
whereas operant resources (namely the knowledge and skills
of actors) are the ones enabling that action. Consequently,

service provision implies the application of operant resources
to integrate operand resources [49]. Our study findings pre-
sented in the following sections suggest that digital twins can
help different actors to align with a service-oriented view of
the industry and facilitate resource integration, where the data
of built assets are the operand resources, and the business
value is co-created through the joint provision of new smart
services.

III. METHODOLOGY
This paper presents our observations in the context of a qual-
itative empirical case study, which takes the whole AEC/FM
industry in Finland as unit of analysis (‘‘case’’). Case studies
aim at providing holistic in-depth understanding of a contem-
porary phenomenon [50]. They are generally bound to entities
with some concrete manifestation in real life, such as indi-
viduals or organizations, but at a more abstract level they can
also refer to communities, organizational projects or industry
sectors [51], [52]. To validate our choice of research method
and unit of analysis, we observed whether the following two
features of case studies were applicable: (1) unlike in exper-
imental research, the boundaries between the case and its
context are not always clear and (2) the case should be more
than an abstraction and have a real-world manifestation. Both
conditions apply to the Finnish AEC/FM industry, which has
fuzzy boundaries but produces very tangible results.

Our findings were obtained from the interpretive analysis
of semi-structured interviews conducted during 2018 and
2019 with 28 project managers, C-level executives, and prac-
titioners working in equivalent roles. Our interviews relied on
a guide or protocol containing close- and open-ended ques-
tions, which were planned in advance but not strictly asked
in the same order as originally listed [53]. This instrument
allowed us to collect unscripted answers from the partic-
ipants and keep consistency between interviews [54]. Our
initial interview guide contained broader questions about our
research topic. After successive interviews, the research team
gradually adjusted the interview guide and narrowed down
the scope of the questions. To improve construct validity,
the protocol was first pilot-tested with a different researcher
than the one who conducted the interviews [55] and later
rephrased as needed, to unambiguously express the intended
aims of the questions [56].

Since case studies do not employ random sampling but
purposive or theoretical sampling [55], [57], their findings
often cannot be extrapolated or be considered representative
of an entire population. This sampling strategy was suitable
for our study because we did not intend to isolate variables
for statistical inferences or controlled experiments. Our aim
was obtaining detailed insights from practitioners about the
phenomenon under observation. Consequently, we did not
sample people per se but their knowledge about our research
topic, thus selecting practitioners with the professional expe-
rience to help us develop our theory [55], [57], [58].

The first interviewees in each organization were identified
from news articles, industry reports, local conferences and
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TABLE 1. List of interviewees (∗, ∗∗ = same group interview).

workshops. Subsequent interviewees were identified through
‘‘snowballing’’, by asking each participant to suggest names
of key people to interview next.We repeated this process until
the additional interviews did not provide any new relevant
contributions to our study [53]. To decide whether such point
of ‘‘saturation’’ had been reached, we checked if the codes
and categories derived from the initial interviews held true to
explain the answers provided by any subsequent participants
of the study and vice-versa [51].

All interviews lasted between 45 and 90 minutes and had
only one respondent, except for two interviews with two
simultaneous participants. We used an audio recorder with
consent of the interviewees to avoid distractions and facilitate
the writing of an exact full transcription. Since the recordings
were transcribed by the same researcher who conducted the
interviews, the text included details about visible gestures,
voice tone or reactions of the practitioners during the conver-
sation. To strengthen the validity of our findings, we logged
the initial open codes using the Atlas.ti software at the same
time as the interview recordings were transcribed, thus ensur-
ing that those codes remained linked to the original data
and reduce biases in the researcher’s interpretation. We per-
formed a first round of coding for each transcript, followed by
another round of coding across multiple transcripts, in order
to identify key concepts from each interview and then search
for similarities and differences between the interviewees’
answers [57]. Categories with a higher level of abstraction

were derived from the constant comparison of the transcripts,
field notes and memos.

Besides the interview transcripts, we used secondary data
sources available online, such as news articles, whitepapers,
and press releases, to acquire more information about cur-
rent projects about digital twins of built assets, identify new
candidate interviewees and understand the business context
of the participants. We interviewed enough practitioners to
ensure the representation of every relevant stakeholder group
in the local AEC/FM industry, covering the classification
of stakeholders by Gann and Salter [59], which lists the
AEC/FM actors involved in exchange of knowledge flows to
co-create innovative products and services.

To increase the trustworthiness of our study, we performed
member checks, giving each participant the opportunity to
review the interview transcripts and discuss our interpreta-
tions [60]. TABLE 1 contains the list of all the practitioners
who took part in this study, along with the stakeholder group
they belong to. The names of these interviewees and their
organizations have been intentionally removed to maintain
their anonymity.

IV. FINDINGS
In this section, we summarize the main observations derived
from the coding and interpretive analysis of interview data.
When faced with the question ‘‘What is a digital twin?’’,
practitioners of the AEC/FM industry generally struggled
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TABLE 2. Seven metaphors used by AEC/FM practitioners to define digital twins of built assets.

TABLE 3. Key attributes of built asset models and digital twins, according to AEC/FM practitioners.

to articulate a concrete definition. Their answers rather
matched the questions ‘‘What is a digital twin like?’’ or
‘‘How can a digital twin be used?’’, which suggests that
interviewees could more easily express their vision of digi-
tal twins through the metaphors listed on TABLE 2. These
answers based on rich descriptions and individual narra-
tives allowed us to identify what practitioners considered
to be the key attributes of digital twins of built assets,
which are summarized on TABLE 3 and explained in later
sections.

We also observed that AEC/FM practitioners perceive dig-
ital twins differently than various existing types of digital
models created with CAD or BIM. We believe the boundary
separating both concepts was generally more subjective than
objective, since neither the interviewees nor the authors of
this study could claim these terms were mutually exclusive.
A digital twin was generally considered more complex than a

digital model, with features that allow to deliver new services
and added business value for their own organizations, for their
partners, and for their customers.

A. DEFINITION OF DIGITAL TWINS BY METAPHORS
Interviewees commonly relied onmetaphors to facilitate their
explanation of digital twins and approached the concept from
different perspectives that highlight one or more attributes
they deemed essential. According to stakeholders, such char-
acteristics make a digital twin different than other types of
digital models they have been already using, such as the
regular ‘‘as-designed’’ or ‘‘as-built’’ CAD and BIM models.

TABLE 2 offers a compilation of the metaphors we identi-
fied from the qualitative analysis and coding of the interview
transcripts. Our study participants did not explicitly mention
these metaphors during the interviews. We rather inferred the
metaphors based on the explanations, testimonials and use
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cases provided by the interviewees. In other words, we ana-
lyzed and grouped the transcript data using the metaphor(s)
that better summarized the participants’ rationale, regardless
of the exact words they used. As an example, we provide two
excerpts from different interviews that were coded under the
metaphors ‘‘the digital twin is a visualization tool or UI’’ and
‘‘the digital twin is a process modeling method’’:

Interviewee 7: ‘‘when we talked about this digital twin of the
building, it should be actually the user interface for the
whole project to see what’s happening in there, all the

engineers, all the people and things like that’’

Interviewee 24: ‘‘with the digital twin we can visualize
information flows and how we are using them, and we may
use that in the center of our industry for contracts and

agreements, for example, if we build something or renovate
something in the building, then we can visualize what can be

done’’

To ensure thesemetaphors were consistent with the essence
of what interviewees meant or intended, we encouraged them
to clarify their ideas using 5W + 1H (what, when, why,
who, where and how) questions. Each individual metaphor
helps to explain the concept of digital twins from a different
angle, whereas the combination of all the metaphors facili-
tates a holistic view of the scope and implications of digital
twins. Since each metaphor is based on different perspec-
tives and discourses, the key questions listed in TABLE 2
do not overlap between rows but rather complement each
other.

During the qualitative analysis, we also coded the
metaphors ‘‘the digital twin is a cyber-physical system’’
and ‘‘the digital twin is a method of inter-organizational
integration’’. However, we realized these categories were
too broad and ambiguously covered multiple other
metaphors. Thus, ‘‘cyber-physical system’’ and ‘‘method of
inter-organizational integration’’ can summarize the entire
TABLE 2.

B. DISTINCTIVE ATTRIBUTES OF DIGITAL TWINS
TABLE 3 lists the key attributes that interviewees believed
make digital twins something different or newer than their
‘‘regular’’ digital models. These attributes match the last col-
umn of TABLE 2, because they expand the analysis of each
metaphor. The values shown in the columns ‘‘conventional
digital models’’ and ‘‘digital twins of built assets’’ should not
be considered mutually exclusive or always applicable, but
rather different shades in the spectrum of qualities on which
practitioners focus the most. We describe each attribute in the
next subsections.

1) TIME RANGE AND SCOPE
When it comes to CAD or BIM digital models, practitioners’
focus was the representation or visualization of the design and
the structure of the physical asset at a certain point in time.
Interviewees thought it was enough to include in the model

the attributes required to understand a given state of the asset,
without necessarily considering its previous or future states.
In other words, CAD or BIM models were considered com-
plete even if the dimension of time is ignored, because such
graphical representations depict only one specific moment in
time.

On the other hand, when participants referred to digital
twins, their vision was to track the lifecycle of such physical
asset across various points in time. In other words, a digi-
tal twin should store a new set of attribute values for each
significant change inflicted upon the physical asset, with a
frequency and definition of ‘‘significant’’ dependent on the
use case and involved actors. Thus, time was considered an
essential dimension of digital twins. Fig. 1 illustrates how
AEC/FM stakeholders characterized digital models and digi-
tal twins when they considered the dimension of ‘‘time’’.

2) PRIMARY AIM OR PURPOSE
For interviewees, digital models and digital twins indistinc-
tively allowed them to represent reality through digital means.
However, practitioners also aimed at achieving different goals
with either type of representation. The digital twin was often
attributed more purposes besides providing a simplified and
accurate depiction of the physical asset. These additional con-
cerns dealt with the business context of such asset, tracking
how the past actions of relevant stakeholders have changed or
influenced the asset, and follow all the process stages that the
asset undergoes over its lifetime.

Besides visualizing the past or current states of the asset,
practitioners considered that digital twins could be used to
forecast future courses of action, by incorporating simulation
models, data analytics, or machine learning features:

Interviewee 11: ‘‘As I understand, how most scholars think
is that the digital twin is a BIM model, which represents the
actual construction, (but that) is really an ‘‘as-built’’ model.
What we want to build is the digital twin of the process

[interviewee’s own voice emphasis]. We have to record what
happened on site and then we will have a digital twin of how

the building or construction process went.’’

Interviewee 17: ‘‘The benefit of the digital twin is different
for different use cases [. . . ] if you would have all the

life-cycle information of each equipment or building part,
that could be utilized in proactive maintenance that could
help on planning different scenarios within the spaces or

buildings.’’

As suggested by the previous interview excerpts, a model
is deemed enough by stakeholders whose main concerns are
simply the accurate representation or detailed specification
of the asset. Under the existing industry classifications [61],
a ‘‘virtual twin’’ or graphical representation suffices to cover
these requirements. Stakeholders who want to simplify the
management of the operational processes related to that asset
require a full digital twin implementation with more complex
predictive features and business projections. Therefore, when
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FIGURE 1. AEC/FM stakeholder characterization of digital models and digital twins.

comparing digital models and twins, the precise and accu-
rate abstraction of reality are the most important features to
choose the former, whereas the consistency of information
and data flows take precedence in the case of the latter.

3) LEVEL OF ABSTRACTION AND PRECISION
Both digital models and digital twins were considered
some device for communication and understanding between
humans. For this reason, practitioners argued that user inter-
faces (UI) were an essential component in either case.
However, interviewees also thought there was a difference
between the two concepts in terms of the expected level of
abstraction (i.e., how much the unnecessary elements should
be simplified) and precision (i.e., with how much detail the
necessary elements should be specified). In the case of digital
models, practitioners often expected a UI providing highly
detailed and accurate depiction of the ‘‘as-designed’’ or ‘‘as-
built’’ asset. Interviewees thought that digital twins can go
further and cover not only those two states but also any other
phases of the lifecycle. Therefore, practitioners were willing
to reduce the level of detail in the graphical representations,
to facilitate the understanding of a process chain view of the
asset, including its history of changes, its stakeholders, and
the decisions they have taken.

AEC/FM practitioners generally agreed that both digital
models and digital twins must be presented in a format that
can be easily understood by humans. Dashboards, charts,
or spreadsheets were equated neither to digital models nor
to digital twins, because the information they contain was
so highly abstracted that the digital visual representation
lost any resemblance to the physical asset. In other words,
practitioners considered any digital abstraction must preserve
at least the asset’s 2D or 3D geometrical attributes, to con-
tinue perceiving such digital representation as equivalent to
the physical one. For this reason, the Industry Foundation
Classes (IFC) files used in BIM, which contain the geometry

specifications of a physical asset, were still considered digital
models despite the need of dedicated software tools to render
the actual shape of the asset in human-readable format.

Since the digital model focuses on the geometry of the
physical asset, practitioners considered it suffices to show it
as a 2D floor plan or 3D model. In contrast, AEC/FM digital
twins were understood as comprising additional dimensions
(besides the geometrical shape) that clarify the business
logic surrounding the asset, such as the schedule of con-
struction phases, the changes in building costs over time,
or the lifespan of building components. Using these types
of information to enrich or augment the conventional digital
models was described by AEC/FM practitioners as examples
of 4D, 5D and 6D BIM, respectively.

4) DIRECTIONALITY AND SYNCHRONIZATION
Maintaining the asset information updated and consistent
in the CAD or BIM models used by multiple specialists is
a pressing issue in the AEC/FM industry. Our study par-
ticipants often discussed their difficulties to coordinate the
changes made separately by each actor. They indicated that
most information is updated asynchronously every time a
clash (i.e. mismatch between the physical asset and its dig-
ital model) is reported. Even though participants believed
that BIM facilitates the coordination or communication with
other actors (e.g. by allowing to synchronize domain mod-
els using a shared cloud server), they also acknowledged
the lack of more efficient mechanisms to resolve conflicts
between model versions. Therefore, we observed that CAD
and BIM would only cover levels zero (standalone discon-
nected) or one (integrated descriptive) of digital twin capabil-
ities, respectively [39]. On the other hand, digital twins were
explained as a solution that maintains updated information to
consistently reflect the status of the built asset:

Interviewee 28: ‘‘Digital twin is this beautiful idea when
10 years after the building is made (and) they have moved
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this wall to here and here [sic] and then it’s different than
this as-built model. In digital twins, you always make
updates if you change materials. If you change some

different kind of these radiators, you change it
also back into the model.’’

Practitioners were generally confident that a digital twin
could solve their coordination issues. Such certainty was
attributed to the complex hardware and software architecture
of a digital twin, relying on additional components like shared
cloud storage systems, network interconnectivity, sensors,
and actuators, which could mitigate the operational deficien-
cies of standalone CAD or BIM solutions. In the context of
building construction and infrastructure projects, participants
referred to drones and 3D laser scanners as examples of
technologies used to generate and synchronize the digital
representations of assets. In the context of building opera-
tions, interviewees argued that a digital twin could be used
to adjust the settings of Heating, Ventilation and Air Con-
ditioning (HVAC) systems and produce a real-time map of
the building, populated with data from building occupants or
sensor measurements. In other words, practitioners expected
that digital twins would enable a real-time feedback loop
between the digital UI and the room conditions or the users of
the physical asset. The question of what interviewees meant
by ‘‘real-time’’ or what would be themost adequate frequency
of updates between the physical and digital environments
often remained unanswered.

5) TECHNOLOGY COMPONENTS
This attribute refers to the hardware, software and technical
infrastructure that support the digital models and digital twins
according to practitioners.When participants discussed about
digital models, they did not refer to emergent IoT platforms
but rather focused on existing CAD or BIM applications, gen-
erally adopted as standalone commercial products provided
by third-party software companies, or sometimes tailored to
their needs by in-house development teams. Many partici-
pants expressed concerns about their inability to exploit the
full potential of these applications. For instance, the IFC stan-
dard files used in BIM were considered technically inferior
in terms of data storage capacity and performance. Similarly,
interviewees argued that domain-specific BIM models (e.g.,
architectural, structural, HVAC) provided only a ‘‘layered’’
partial representation of the physical asset. Therefore, com-
bining those models meant overhead work or dedicated meet-
ings to resolve clashes.

On the other hand, digital twins were understood as a
solution that cannot be achieved only with 2D/3D CAD or
BIM, because it requires integrating additional hardware and
software elements to enrich the digital models. Due to the
heterogeneous nature of these new components, practitioners
often thought of digital twins as cloud-based data platforms
with IoT components. Several interviewees told us their orga-
nizations were pilot-testing custom software platforms to
automatically gather additional data from a wide array of

different sources, such as sensors, mobile devices, or exter-
nal public databases. In some interviews, the participants
showed us visualizations rendered using the Unity or Unreal
game engines, suggesting that digital twins can also erase the
boundaries between AEC/FM and other industries like gam-
ing. Multiple organizations who were passive users of BIM
in the past, aimed now at becoming operators of their own
building data platform. Interviewees from those organizations
valued the flexibility to access and combine the products or
services from different providers through open APIs. They
recognized there was no single ‘‘out-of-the-box’’ digital twin
solution, but it rather needs to be built together with partners
on an ad-hoc or use-case basis.

6) ACTOR INTERDEPENDENCY
Interviewees often indicated that updating and maintaining
digital models requires the interdependency of various actors
fulfilling different roles, due to the networked nature of
the AEC/FM industry. Architects, designers, structural and
HVAC engineers must work in coordination to keep ‘‘as-
planned’’, ‘‘as-designed’’, or ‘‘as-built’’ models consistent
throughout the same project, because the output of each
actor’s individual work serves as the input for others. One
practical example mentioned was that an architect cannot just
change the location of a wall or window, without considering
if a ventilation pipe or electric cable will pass through that
location. Despite the high probability of clashes, interviewees
noted that each AEC/FM specialist can continue working
independently and discuss later with other actors how to
resolve such conflicts. In other words, digital models allowed
each actor to work on highly specialized tasks, in detriment
of preserving a full picture of the asset.

In the context of digital twins, practitioners opposed the
idea that each actor could work in isolation and defer the
resolution of conflicts. They considered that the architecture
of a digital twin should be designed to automate the exchange
of information (e.g., through sensors, a shared cloud database
or open APIs), thus keeping it consistent and updated regard-
less of the actors involved. Interviewees also dismissed the
idea that digital twins could be entirely developed by one sin-
gle organization. In their view, the implementation demands
the technical resources and business capabilities of various
companies.

7) VALUE PROPOSITION
Study participants associated digital models with a G-D logic
view of the industry, focusing on the tangible attributes
of a building like its geometry or materials. Practitioners
occasionally defined the acronym of BIM as ‘‘Building Infor-
mation Management’’, because it helped them exchange dig-
italized and standardized building information with other
actors in different communities of practice, who were operat-
ing inside organizational silos with highly specialized knowl-
edge of their own domain [62]. Under G-D logic, the built
asset was the product and the digital model only a technical
specification to understand other actors’ view of that same
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product. Thus, digital models delivered value-on-exchange
when building data was transferred (e.g., using an IFC file
or database). Each actor could hold multiple versions of the
same model at any time, but only those versions depicting
updated assets were valuable for other actors.

In the case of digital twins, practitioners perceived that
business value did not only derive from exchanging building
data as-is, but also from the way such information could be
combined and reused in innovative ways. Therefore, the built
asset was perceived less as a finished product and more
as a platform for new business opportunities. Interviewees
often mentioned their interest on developing a digital twin
ecosystem governed through new institutional arrangements,
with one or more operators in charge of implementing and
maintaining the technical infrastructure, and another organi-
zation taking care of the model updates. This approach would
allow multiple companies to distribute their operational costs
and develop new applications on top of the same platform.
Thus, the idea of digital twin gave actors a holistic S-D
logic view of the industry, taking their focus away from the
asset itself and letting them explore different alternatives to
integrate heterogeneous resources and enable new services
that their organizations cannot individually deliver.Whenever
interviewees described use case scenarios for the digital twin,
they envisioned new business opportunities with other actors
of the same ecosystem:

Interviewee 24: ‘‘Ecosystems have their digital twins.
Maybe someday these [digital twins] are connected

together, not only in the user interface, but also as the very
middle of the information management [. . . ] the digital
model is the structure that keeps the information together

(or) how it’s organized, but what makes a digital twin is (the
way how) we use that information.’’

V. THEORETICAL IMPLICATIONS
A. THE ROLE OF CAD AND BIM IN DIGITAL TWINS
Few studies have explored how the functionality of digital
models can be extended to assemble digital twins of built
assets. Among the examples found in existing literature,
a framework has been proposed to create BIM-based digital
twins of factories, which could account for the movements
of humans and autonomous robots besides the factory equip-
ment itself. The authors employ pre-existing building models
in IFC format, enriched with additional metadata to describe
the navigable surfaces and agentmovements. This a ‘‘3D+ i’’
extension (i.e. 3D with additional semantic information)
that does not consider additional dimensions, such as time
‘‘4D’’ and costs ‘‘5D’’, which are nevertheless described by
the authors as steps toward more realistic BIM representa-
tions [63]. Based on our own research findings and previous
theoretical contributions [16], we argue that time – alongside
other dimensions different than the asset 2D or 3D geometry
– are factors intrinsically tied to the concept of digital twin
and its expected visual representation. The prominence of
the time dimension suggests that digital twins can enable

organizational capabilities to deliver business value to users
across all stages of the building lifecycle, from project plan-
ning to decommission. These findings of our research mark a
departure from previous studies arguing that BIM is primarily
used in design and construction, whereas digital twins are
limited to supporting predictive maintenance tasks during
the operations phase [22]. According to our observations,
digital twins can become an effective solution to bridge
the information gaps between the BIM models produced in
AEC and the information systems used in the subsequent
FM phases, an industry issue widely discussed in existing
literature [2], [4], [29].

Some of the seven metaphors identified in our research
(TABLE 2 ) align more closely with previous studies in spe-
cific fields or disciplines. For instance, the perspective of the
‘‘digital twin as an IoT data platform’’ is heavily influenced
by the Industry 4.0 movement from the fields of manufac-
turing and mechanical engineering [30]. On the other hand,
the characterizations of ‘‘the digital twin is the representation
of a lifecycle asset’’ or ‘‘the digital twin is a process modeling
method’’ seem rather influenced by the notions of Product
Lifecycle Management (PLM) and the efforts to develop an
equivalent approach for built assets, described in previous
studies as Building Lifecycle Management (BLM) [64]. The
use of these metaphors indicates practitioners’ determination
to use existing and improved BIM solutions, by assimilating
knowledge from other disciplines, to integrate new informa-
tion flows with partners across all stages in the lifetime of a
built asset.

We devoted great part of this research to compare the
characteristics associated by practitioners to conventional
CAD/BIM models and digital twins. We observed that the
differences between the two concepts can be attributed both
to subjective and objective reasons. Although both terms
share similar traits, digital twins were generally characterized
by greater complexity. For instance, interviewees considered
digital twins were an important business opportunity made
possible by the recent technological developments in IoT,
cloud computing and big data, which could be purposefully
integrated into a software platform. Our inquiries about past
or current implementations of digital twins evidenced that
such answers mixed the current reality with still unattained
project goals. Thus, it is likely that the high expectations
of practitioners about the business potential of digital twins
drive the development and implementation of more complex
software solutions in the AEC/FM industry.

From a theoretical perspective, there is still the question
of whether the term ‘‘digital twin’’ alludes to an entirely
different artifact than the ones currently labelled as ‘‘dig-
ital model’’, not only from a subjective but also from an
objective standpoint. We presented in this study the charac-
teristics attributed by practitioners to either concept, without
affirming they are mutually exclusive. The attributes listed
in TABLE 3 suggest that digital twins are complex enough
to have their own meaning or definition, but at the same time
share several attributes and are often used in the same cases as
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‘‘normal’’ CAD or BIM digital models, a contradiction that
has been also observed in previous studies [22]. Thus, it is
worth exploring in subsequent research if rather than being a
separate category of its own, digital twins merely constitute
boundary objects that enable different communities of prac-
tice to work together without the need for consensus [65].
Boundary objects can help address the needs of each indi-
vidual actor and at the same time, promote the interaction
and overall coordination with others [66]–[68]. As a result of
digital twin utilization, each user might become more aware
of new business goals or needs at both the organizational and
industry level. Thus, the key to better integration required in
AEC/FM industry might depend more on abstract concepts
and their associated symbolism rather than on the actors’
preferred choice of technology artifacts [66], [68].

B. COMPLEX SOFTWARE ECOSYSTEMS AND
REDEFINITION OF INDUSTRY ROLES
Previous research has already attributed the emergence of
complex software ecosystems to the increasing functional
requirements and expectations that users place upon their
existing software systems [24]. While digital models were
traditionally considered purely descriptive (levels 0-1 of dig-
ital twin capabilities), AEC/FM stakeholders now expect the
digital twin to become actionable, representing not only the
asset form but also its behavior [16]. To cope with higher
user expectations, the architecture of a digital twin becomes
accordinglymore complex in terms of components and scope.
Practitioners demand more flexibility to test, integrate and
combine software and hardware components, but paradoxi-
cally become also more interdependent toward other actors
to implement the digital twin architecture. In our case study
context, the need for a digital twin emerges as the result of
shifting paradigms in the AEC/FM industry about the pivotal
role that BIM and other technologies play in the design,
construction, and operation of built assets.

Digital twins of built assets are also an example of S-D
logic across an entire industry [25]. The metaphor of ‘‘the
digital twin is a service ecosystem’’ suggests that AEC/FM
actors are becoming aware of new uses for the information
that they can exchange through digital twins. In terms of S-D
logic theory, building data are merely operand resources with
no intrinsic value until an action is performed upon them,
whereas digital twins are operant resources that integrate
such data to create value for the whole network. Whichever
interpretation actors give to the terms ‘‘new business value’’
–and consequently, the level of inter-organizational integra-
tion they are willing to accept– seemed highly dependent on
each use case. This follows the ‘‘value-in-context’’ perspec-
tive [69], as multiple actors coexist around the same digital
twin, but their context determines what data they share.

The flexibility and interdependency required to build such
complex ecosystems leads the actors to reconfigure their tech-
nical resources and redefine their traditional roles within the
industry. This ongoing transformation process was observed
in our interview data. For instance, main contractors aimed at

becoming the operators of their own building data analytics
platform. Likewise, FM software providers were willingly
opening their system APIs to inform third-party app devel-
opers about building utilization patterns in real-time. These
examples illustrate how the traditional classification of stake-
holder groups [59] or ‘‘vendors vs. users’’ dichotomy may
not hold true anymore and would be more precise to simply
call everyone ‘‘actors’’. As Vargo and Lusch [48], [49] argue,
the complementary and reciprocal activities of integrating
information and providing services transcend the
‘‘producer-consumer’’ divide. Accordingly, AEC/FM actors
are switching into more flexible and often overlapping roles
to implement and manage digital twins.

VI. PRACTICAL IMPLICATIONS
A. ORGANIZATIONAL READINESS FOR IMPLEMENTING
DIGITAL TWINS OF BUILT ASSETS
Clarifying the intended meaning and distinctive attributes of
digital twins has various practical implications for AEC/FM
industry professionals. First, it helps to reduce the misuse
of the concept as an inspirational marketing buzzword and
ground its definition to the currently available technologies.
Second, it allows decision-makers to understand what is
technically and economically feasible to achieve in digital
twin projects within or across organizational boundaries. Our
findings suggest that the limitations of current CAD and BIM
solutions have raised awareness about digital twins across
all AEC/FM domains. The level of acceptance remains low
among actors who are unable to articulate the required tech-
nology components or envision new value creation oppor-
tunities from such technologies (two key attributes from
TABLE 3). We believe these technical and business chal-
lenges offer the opportunity to implement new roadmaps for
digital twins of built assets. A sensible starting point could be
to replicate or adapt the architecture of existing IoT solutions
used in manufacturing and production [30].

This research has outlined some of technical, business,
and institutional requirements that must be met before digital
twins can be successfully implemented. Digital twins are
often seen by practitioners as something more or something
different than their state-of-the-art software for visualizing
buildings on a graphical UI. That perception of ‘‘old vs. new’’
solutions is a matter of developing new technical capabilities
at the diagnostic, predictive and prescriptive levels tomeet the
end users’ increasing expectations. For this reason, software
vendors and in-house development teamsmust ensure that the
dimensions of digital twins listed in TABLE 3 are translated
into a high-level architecture and a set of functionalities
tailored to more demanding AEC/FM actors.

B. ADOPTING AN S-D LOGIC VIEW OF NETWORKED
INDUSTRIES
Besides the points outlined above, this paper has practical
implications that could help inform practitioners within and
outside of the AEC/FM industry ecosystem. The introduction
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of boundary objects and abstract concepts like digital twins
can offer decision-makers an opportunity to assimilate
knowledge from other disciplines and apply that knowledge
into their own business context (e.g., BLM as the AEC/FM
version of PLM from production and manufacturing). These
integrative capabilities give actors a ‘‘common identity’’ and
facilitate interfirm collaboration [67], [70]. Previous research
has shown that overcoming knowledge barriers increases the
likelihood of adopting complex technologies [71]. In the case
of digital twins, the same industry actors could benefit from
strategically positioning themselves as their own vendors
and users, helping other actors within the same software
ecosystem to assimilate the required new knowledge. Studies
on interfirm collaboration have also emphasized the need
for a more nuanced exploration of vendor types in software
ecosystems [72]. Thus, the unique challenges and opportuni-
ties faced by these emerging ‘‘vendor-users’’ of digital twins
is a topic worth analyzing in further case studies, focused on
other industries different than AEC/FM.

Introducing novel software solutions also challenges prac-
titioners’ own views of their industry. Previous studies in
operations and technology management describe how indus-
tries like construction are no longer seen only as a series
of manufacturing processes but rather as service networks
providing customers with new integrated solutions their par-
ticipating firms cannot offer alone [5], [67]. Existing litera-
ture has also covered the role of IT-based boundary objects
in breaking the operational silos of highly specialized work
and facilitating the transfer of information and knowledge
between different communities of practice [67]. Accordingly,
the use cases described by our interviewees suggest that the
AEC/FM industry is transitioning from a G-D into a S-D
logic of operations, because actors are aiming not only at
creating built assets but also at providing some service (in
its singular form, meaning benefit or value exchange [25])
on top of such physical assets using ‘‘digital twin’’ tech-
nologies. Therefore, digital twins can facilitate an ecosystem
for ‘‘value-in-context’’ exchange [69], where multiple actors
establish reciprocal links to deliver new services throughout
the whole lifecycle of the physical assets.

To illustrate the changes in actors’ perceptions about their
roles and new business opportunities, TABLE 4 contains
a non-exhaustive list of examples given by our study par-
ticipants about new services that they are currently devel-
oping or testing. At the level of building equipment or
‘‘smart maintenance’’, digital twins with descriptive or diag-
nostic capabilities might suffice to cover the end users’
needs [39], [41], [61]. However, if the type of asset repre-
sented by the twin is a whole building or multiple build-
ings, more complex predictive, prescriptive and autonomous
features will likely be needed, besides other cyber security
considerations [39], [40] to account for personal data that
must be stored in such systems (e.g. people’s movement flows
or room occupancy patterns).

The scope of this paper was limited to the AEC/FM
industry, but similar phenomena might be observed in other

TABLE 4. Examples of smart services enabled by digital twins.

networked industries traditionally hindered by high special-
ization and fragmentation among communities of practice.
The seven metaphors presented on TABLE 2 illustrate how
managers and decision-makers can assimilate the knowledge
of complex software solutions in industries different than
AEC/FM and develop service networks on top of complex
software ecosystems. Therefore, the discussion presented in
this study offers interesting opportunities for future research
in IS or technology management.

VII. LIMITATIONS AND TRUSTWORTHINESS
Among the methodological constraints of this study,
we emphasize that the collection, coding, and analysis of
data were mostly performed by the first author. Thus, our
findings could be validated in future studies using researcher
triangulation, to assess and interpret the seven metaphors
herein proposed from different perspectives. The list of key
differentiating attributes of digital twins could be likewise
expanded through other research methods that do not only
rely on the opinions of practitioners, but also evaluate the
design and implementation of the technical artifacts that
these actors refer to. We also underscore that our research
is deeply grounded in the context of the Finnish AEC/FM
industry. Follow-up studies should continue exploring how
the practitioners in other industries assimilate new knowl-
edge of digital twins. Therefore, the generalizability of our
findings can be limited to related industries, countries, and
regions with similar level of economic and technological
development. Despite these limitations, we believe the overall
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trustworthiness of this study has not been affected, since all
results herein presented can be traced back to the original data
from practitioner interviews and were not derived from prior
work or hypotheses of the authors.

VIII. CONCLUSION AND FUTURE OPPORTUNITIES
At the beginning of this study, we proposed the research
questions ‘‘How do AEC/FM practitioners understand the
concept of digital twins in relation to their current software
systems?’’ and ‘‘How do digital twins support the develop-
ment of complex software ecosystems and new services in the
AEC/FM industry?’’. Based on the qualitative analysis of our
interview data, we conclude that:
• Practitioners do not share a common definition of digital
twins, but often rely on simple metaphors to facilitate
their explanation of the concept (TABLE 2)

• Different metaphors emphasize different key attributes
of digital twins (TABLE 3)

• CAD or BIM models are generally considered descrip-
tive (levels 0-1 of digital twin capabilities), whereas
digital twins are expected to be actionable, representing
not only the form but also the behavior of the built asset

• Digital twins of the built environment are complex soft-
ware ecosystems, resulting from the increased expecta-
tions that AEC/FM stakeholders place on BIM and other
technologies used in daily operations

• Under S-D logic, the information about built assets is
an operand resource that enables AEC/FM actors to
co-create value for their entire ecosystem

• Digital twins are an operant resource jointly applied by
multiple interdependent actors to provide new services
that otherwise they cannot individually deliver, such as
the ones listed in TABLE 4

• Practitioners’ vision about the benefits of digital twins
–and consequently, the inter-organizational integration
of IS or data sharing they are willing to accept– varies
depending on the use case

This study expands previous research about the develop-
ment and implementation of digital twins, providing new
opportunities for future work in a previously unexplored
context (i.e., the built environment and AEC/FM industry).
Some technical issues that remain unexplored are the stake-
holders’ intended frequency of ‘‘real-time’’ updates between
the physical asset and the digital twin, determining what is
the most appropriate level of UI abstraction and precision
for different use cases, or how to implement and manage the
underlying data exchange in a scalable and resource-efficient
way. From a management perspective, future studies should
continue exploring what use cases for a digital twin can
provide enough value-in-context to motivate different stake-
holders to open their systems. Another research opportu-
nity concerns the articulation of institutional arrangements
and the design of new governance models for digital twins,
an interesting topic for projects involving actors who have
been previously competing or who might be too cautious
about sharing their strategic data. We aim at expanding the

findings of this paper in subsequent case studies, focusing on
how different industry actors establish new consortia, mediate
their inter-organizational relationships, and govern the shared
information flows required to assemble these complex soft-
ware platforms and ecosystems they call ‘‘digital twins’’.
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