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Abstract 

Infrastructure digital twins are transformative tools for 

managing complex systems. This study examines how 

infrastructure digital twins are narratively constructed and 

how these narratives shape governance. Drawing on 

narrative theory, we analyze 75 academic publications 

and their framing of digital twins to identify recurring 

conceptual patterns. The findings indicate that digital 

twins are beyond mere technical artefacts, rather are 

embedded in narratives that implicitly script 

technological function, institutional roles, and governance 

alignments. There is a need to treat digital twin adoption 

as a technical innovation and also as an institutional 

design challenge shaping how infrastructure decisions 

will be made. 

Introduction 

Digital twins are increasingly promoted as transformative 

tools for the planning, operation, and governance of 

infrastructure systems (Keskin et al., 2022). Across 

transport networks, water management, and energy 

systems, digital twins are expected to improve 

performance monitoring, predictive maintenance, and 

long-term asset management (Pan & Zhang, 2021). In this 

sense, they are often presented as key enablers of data-

driven infrastructure governance. Yet research on 

digitalization in the construction sector has consistently 

shown that the success of digital technologies depends not 

only on technical capability but also on their integration 

into organizational practices, professional roles, and 

institutional decision processes (Miraj et al., 2025). 

Studies of building information modelling and related 

technologies demonstrate that implementation outcomes 

are shaped by how tools are interpreted, embedded, and 

governed within organizational life, rather than by their 

technical sophistication alone (Datta et al., 2020). This 

suggests that the way emerging technologies are 

conceptualized may influence how they are specified, 

procured, and ultimately used (Broo & Schooling, 2023). 

The rapid expansion of digital twin research has resulted 

in a focus on defining what a digital twin is, identifying 

technical architecture, or assessing potential performance 

benefits (Jiang et al., 2021). Much less attention has been 

paid to how digital twins are conceptually framed in 

practice. In particular, little empirical work examines how 

infrastructure digital twins are described in academic 

discourse and what these descriptions imply about users, 

responsibilities, and decision processes. This is a 

significant gap, because the language used to characterize 

new technologies often shapes how problems are 

understood and how solutions are designed (Ninan et al., 

2022). The paper therefore asks: How are infrastructure 

digital twins conceptually framed in academic discourse, 

and what institutional assumptions do these frames imply 

for their governance? 

The aim is to contribute to an understanding of 

digitalization in infrastructure sectors by highlighting the 

role of conceptual framing in shaping technological 

expectations and institutional integration. In the literature 

review section, we review literature on digital twins in 

infrastructure and the role of narratives in technologies. 

Following this, we detail the methodological choices 

relating to the use of academic literature, search criteria 

and highlight how data was collected and analyzed. In the 

findings section, the dataset is summarized and in the 

discussion section the conceptual categories are argued. 

The conclusion section summarizes the findings from this 

research and emphasizes the theoretical and practical 

contributions before highlighting the limitations and 

scope for future research. 

Literature review 

Digital twins in infrastructure projects 

Digital twins have rapidly emerged as a central concept in 

the digital transformation of infrastructure projects and 

support predictive maintenance, optimization, and long-

term planning (Ham & Kim, 2020). They have potential 

to improve operational efficiency, sustainability, and 

system reliability by linking physical assets with 

continuously updated digital representations 

(Kaewunruen & Lian, 2019). Digital twin research in the 

built environment spans multiple strands, including 

framework development, technical integration, and case-

based applications (Broo & Schooling, 2023). Much of 

the literature categorizes studies into technical modelling 

approaches, implementation architectures, or application 

domains such as asset management and smart cities 

(Keskin et al., 2022). Similarly, work focusing 

specifically on civil infrastructure emphasizes issues such 

as interoperability, data integration, and lifecycle 

modelling, reflecting the strong engineering orientation of 

the field (Jiang et al., 2021). Across these studies, digital 

twins are typically treated as technical systems that 

integrate IoT data, analytics, and simulation capabilities. 



Olde Scholtenhuis & Soman (2025) challenge this techno-

centric framing, showing that many construction digital 

twins function effectively despite operating with varying 

latency, fidelity, and levels of automation, suggesting that 

usefulness depends more on contextual decision needs 

than on technological sophistication. While existing focus 

has produced valuable advances in system architecture 

and modelling techniques, however, the conceptual and 

institutional dimensions of digital twin adoption remain 

comparatively under-explored. 

While early digital twin research emphasized technical 

architectures, more recent work acknowledges that digital 

twins operate within complex sociotechnical 

environments (Miraj et al., 2025). Scholars increasingly 

recognize that digital twins affect organizational 

coordination, professional roles, and governance 

arrangements, rather than simply providing new 

computational capabilities (Agrawal et al., 2023). 

Research in the AEC sector has long shown that digital 

technologies reshape work practices and decision 

processes (Ernstsen et al., 2021). Studies of BIM adoption 

demonstrate that implementation outcomes depend on 

how digital tools are interpreted, negotiated, and 

embedded in organizational routines (Papadonikolaki et 

al., 2019). Similar insights are now emerging in digital 

twin research, where scholars highlight organizational 

adaptation, data governance, and institutional 

coordination as key barriers to implementation (Broo & 

Schooling, 2023). Digital twin deployment often 

encounters conceptual ambiguity and difficulties in 

creating shared understanding among stakeholders 

(Tripathi et al., 2024). Practitioners and other stakeholders 

struggle not only with technical integration but also with 

defining what a digital twin actually is and how it should 

be used within organizational processes (Kober et al., 

2024). Thus, digital twins should be understood as 

sociotechnical systems whose performance depends on 

institutional integration and shared interpretive 

frameworks (Nochta et al., 2021). 

A related strand of research focuses on the role of digital 

twins in supporting decision-making, policy and 

governance processes (Solman et al., 2022). In smart city 

and infrastructure contexts, digital twins are increasingly 

presented as tools for scenario analysis, policy evaluation, 

and long-term system planning (Ham & Kim, 2020). 

Digital twins afford multiple possibilities to support 

public-sector decision-making by modelling complex 

urban dynamics and enabling scenario-based planning 

(O’Dwyer et al., 2020). There is a need to understand 

digital twins as human-technology interfaces rather than 

purely analytical systems; for instance, studies of 

construction control rooms show how digital twins can 

function as collaborative decision environments that 

enhance coordination and judgement rather than simply 

automate analysis (Soman et al., 2025). Similarly, 

research on digital twin ontologies and standards 

emphasizes the need to align digital twin development 

with principles such as trustworthiness, public value, and 

governance transparency (Lavikka et al., 2018; Deng et 

al., 2021). Thus, digital twins must support technical 

performance as well as accountability and institutional 

legitimacy. 

Despite these emerging concerns, digital twins are 

primarily conceptualized as information systems or 

modelling platforms rather than as environments for 

structured institutional decision-making (Korenhof et al., 

2021). Researchers and practitioners use the term to refer 

to a wide range of systems, from data visualization 

dashboards to high-fidelity simulation environments 

(Nochta et al., 2021). To resolve this ambiguity, 

typologies, architectures, or maturity models are proposed 

(Uhlenkamp et al., 2022). Yet few studies examine how 

digital twins are actually described in discourse or how 

conceptual metaphors shape expectations about their 

functions. 

Narratives of technology 

The role of narratives and framing in shaping 

technological trajectories are emphasized in construction 

innovation, particularly on how narratives shape 

innovation (Ninan et al., 2022). Technologies diffuse 

based on technical superiority as well as how they are 

interpreted, justified, and legitimized through narratives 

that make certain futures appear plausible and desirable 

(Williams, 2006). Within infrastructure sectors, narratives 

help manage tensions between innovation and risk, often 

shaping how stakeholders interpret responsibility, value, 

and uncertainty (Sergeeva and Ninan, 2023). Conceptual 

framings therefore influence how technologies are 

discussed and how they are designed, procured, and 

governed (Davidson, 2002). 

From this perspective, analyzing how digital twins are 

described can reveal the institutional assumptions 

embedded in their conceptualization. Language such as 

“platform,” “service,” or “dashboard” invokes particular 

models of interaction and responsibility that originate in 

software ecosystems rather than infrastructure 

governance. Although existing research acknowledges 

the sociotechnical nature of digital twins and the 

importance of governance considerations, little empirical 

work examines how digital twins are conceptually framed 

in academic discourse. Most studies focus on technical 

architectures, implementation challenges, or application 

benefits. Few investigate how language constructs 

expectations about digital twins, what kinds of actors and 

decisions are implied, or how responsibility and 

uncertainty are represented. This gap is particularly 

important in infrastructure contexts, where digital twins 

must support long-lived systems involving multiple 

organizations, regulatory constraints, and public 

accountability. Conceptual framings that emphasize 

software metaphors may obscure these institutional 

realities and shape design priorities in ways that misalign 

with governance needs. 

Research setting and method 

The present study adopts a qualitative interpretive design 

to examine how infrastructure digital twins are 

conceptually framed (Gephart, 2004). Conceptual 

framing is understood here as a sociotechnical process 



through which technologies are described, interpreted, 

and rendered meaningful. Such processes are not directly 

observable in technical artefacts themselves but are 

expressed through language, metaphors, and descriptive 

formulations (Goatly, 2004). A qualitative approach is 

therefore appropriate because it allows the study of how 

technologies are imagined, positioned, and justified 

through discourse rather than through measurable 

performance outcomes (Dyer & Wilkins, 1991). 

Academic publications are treated in this study as a 

discursive arena in which technological expectations and 

norms are constructed and reproduced. They play an 

important role in shaping technological trajectories 

because they influence funding priorities, procurement 

practices, standards development, and professional 

education. The way technologies are described in the 

literature therefore contributes to how they are specified 

and implemented in practice. The empirical material 

consists of peer-reviewed publications indexed in Scopus. 

The dataset was constructed using the search query: 

TITLE-ABS-KEY (“digital twin as” AND infrastructure) 

till 31 December 2025. This query was chosen because 

“digital twin as …” constructions explicitly reveal 

conceptual framings rather than technical functions. Such 

phrases tend to appear in definitional passages where 

authors articulate what a digital twin is understood to be. 

The search returned 75 publications spanning 

infrastructure domains including transport, energy 

systems, water management, and urban infrastructure. 

The papers represent a heterogeneous set of disciplines 

including engineering, information systems, urban 

planning, and construction management. Together, they 

provide a cross-disciplinary corpus capturing how digital 

twins are framed in infrastructure research and constitute 

as a naturally occurring data (Ninan, 2020). The analysis 

therefore focuses not on the intentions or beliefs of the 

authors, but rather on how digital twins are represented 

and what institutional assumptions those representations 

imply. 

The study employs qualitative content analysis with 

iterative coding (Miles & Huberman, 1994). The analysis 

proceeded in three stages. Stage 1 involves the 

identification of framing constructions. All publications 

were read to identify passages where digital twins were 

defined, described, or metaphorically framed. Particular 

attention was given to sentences using the structure 

“digital twin as …”, and these passages were extracted 

and compiled into a corpus of framing statements. Stage 

2 involved coding of conceptual framings. Framing 

statements were coded inductively to identify recurring 

conceptual categories. Through iterative comparison, 

seven dominant framings emerged such as digital twin as 

product, digital twin as platform, digital twin as service, 

digital twin as dashboard/interface, digital twin as 

predictive or optimization system, digital twin as 

organizational capability, digital twin as decision 

environment. Each framing category was treated as an 

interpretive lens through which authors implicitly define 

the system’s purpose, users, and scope. Stage 3 involved 

coding of institutional implications. The themes were 

grounded in existing literature for validation. 

Findings 

The analysis of 75 infrastructure digital twin publications 

reveals three empirical patterns such as dominance of 

software metaphors, marginalization of decision 

processes, and absence of governance-centered framings. 

These are described below. 

Dominance of software metaphors 

Across the entire period from 2017 to 2025, digital twins 

are overwhelmingly framed using software- and 

computation-oriented metaphors. Early publications 

establish this pattern clearly, presenting digital twins as 

virtual replicas, models, or services that mirror physical 

systems. For example, Borodulin et al. (2017) describe 

manufacturing processes as being “accompanied by 

virtual models – Digital Twins,” emphasizing that these 

models should be implemented as “independent 

computational service[s].” In this framing, the digital twin 

is conceptualized primarily as a software artefact that 

represents and simulates the physical world. This 

metaphorical emphasis persists in subsequent years. 

Kudriashov and Markov (2019) frame digital twins as 

analytical instruments designed to analyze the behavior of 

complex technical systems under various operating 

conditions, reinforcing the idea of the digital twin as a 

computational lens rather than an organizational or 

political construct. Even as application domains expand, 

the core metaphor remains rooted in modelling, 

simulation, and software execution. 

From 2020 onwards, software metaphors become 

increasingly elaborate and infrastructural. Zibuschka and 

Ruff (2020) describe digital twins as systems that 

aggregate data from multiple sources, implicitly 

positioning them as data platforms. Deutschmann et al. 

(2021) similarly emphasize integration, noting that digital 

twins must combine technical, operational, and social 

components within what they describe as “industrial-

social mobility hubs.” Despite this broader scope, the 

language remains grounded in systems engineering and 

software integration. 

Subsequently, software metaphors are further reinforced 

through references to real-time operation, automation, 

and scenario generation. Michalec (2025), while critical 

of prevailing framings, notes that digital twins are 

commonly promised as systems “able to automatically 

operate in real-time and generate countless scenarios to 

advise with planning of new infrastructures.” Even here, 

where the article explicitly interrogates governance, the 

dominant discourse it critiques remains firmly anchored 

in computational imaginaries. 

Marginalization of decision processes 

A second major finding concerns how decision-making is 

treated in the publications. While many papers state that 

digital twins support decisions, the decision processes 

themselves are rarely described, theorized, or 

problematized. Instead, decision-making is presented as a 



downstream activity that benefits automatically from 

improved models and data. In early industrial literature, 

this marginalization is particularly pronounced. 

Borodulin et al. (2017) focus extensively on simulation 

orchestration and scalability but make no reference to who 

uses these simulations or how decisions are made on their 

basis. Similarly, Kudriashov and Markov (2019) 

emphasize system analysis without specifying decision 

contexts, actors, or institutional settings. As digital twins 

are increasingly linked to complex systems, decision-

making begins to appear more frequently, yet still in a 

limited form. Deutschmann et al. (2021) acknowledge the 

socio-technical complexity of airports but do not 

elaborate on how conflicting objectives or interests are 

negotiated through digital twin systems. Decision-making 

is implied rather than examined. 

By 2022 and 2023, several publications explicitly 

reference uncertainty and coordination, which implicitly 

presuppose decision-making under conditions of risk. 

Barat and Kulkarni (2022) frame digital twins as 

responses to “environmental uncertainties and 

hyperconnectivity,” suggesting that they play a role in 

navigating complex choices. However, the publications 

do not specify decision rules, accountability structures, or 

the distribution of authority. 

More explicit references to decision-making appear in the 

most recent publications, yet even here the process 

remains under-specified. Fett and Wilking (2025) state 

that digital twins offer support of decision-making 

processes, but do not clarify whose decisions are 

supported, how conflicting values are addressed, or how 

responsibility is allocated. Decision-making is treated as 

a technical function rather than a social or political 

practice. The marginalization of decision processes is 

particularly notable given the increasing scope and 

influence attributed to digital twins. As these systems are 

positioned as tools for planning infrastructure, managing 

energy systems, or shaping urban environments, the lack 

of attention to how decisions are made, contested, and 

legitimized becomes a significant analytical gap. 

Absence of governance-centered framings 

The third and most striking finding is the persistent 

absence of governance-centered framings across the 

dataset. Although many papers deal with domains that are 

inherently governance-intensive, such as energy systems, 

urban infrastructure, and sustainability, governance is 

rarely named explicitly and even more rarely analyzed. 

In early publications between 2017–2019, governance is 

entirely absent. Digital twins are framed as internal tools 

for firms or engineers, with no reference to regulation, 

public accountability, or collective decision-making. This 

absence reflects the technical orientation of early digital 

twin research communities. From 2020 onwards, 

governance-relevant issues begin to surface indirectly. 

Zibuschka et al. (2020) discuss data aggregation, while 

Deutschmann et al. (2021) describe industrial-social 

mobility hubs, implicitly raising questions about 

coordination and oversight. However, these issues are not 

framed in governance terms. 

The clearest engagement with governance appears in a 

small subset of recent publications. Michalec (2025) 

explicitly critiques the dominant framing of digital twins-

as-models, arguing that this framing conceals the politics 

of data sharing. The paper highlights that debate on ethics 

and politics remain limited to modelling concerns such as 

“bias, accuracy or explainability,” while broader 

governance questions are sidelined. Michalec (2025) 

argues that energy governance should instead focus on 

“anticipating the reconfiguration of the political and 

economic relationships enabled by new data sharing 

infrastructures.” Despite this exception, governance-

centered framings remain rare. Even sustainability-

oriented studies, such as López-Alfaro et al. (2025), frame 

digital twins as tools for “reducing light pollution and 

promoting sustainable lighting strategies” without 

addressing regulatory authority, public participation, or 

democratic accountability. Sustainability is treated as a 

technical outcome rather than a governance challenge. 

Overall, the findings demonstrate that digital twin 

discourse has expanded in scope but not in governance 

awareness. While digital twins are increasingly positioned 

as central to infrastructure planning, sustainability 

transitions, and public decision-making, the papers 

largely avoid explicit engagement with governance 

concepts. These findings show a consistent pattern across 

time. Digital twins are predominantly framed through 

software metaphors, decision-making is treated as a 

secondary and largely unexamined activity, and 

governance-centered perspectives are largely absent. This 

combination suggests that digital twin discourse remains 

technically sophisticated but institutionally and politically 

underdeveloped. The persistence of these patterns across 

multiple publications indicates that they are not incidental 

but structural features of how digital twins are currently 

conceptualized. 

Discussion 

This study sets out to examine how infrastructure digital 

twins are narratively framed in academic discourse and 

what institutional assumptions these framings imply for 

governance. The findings indicate that digital twins are 

beyond mere technical artefacts, rather are embedded in 

narratives that implicitly script technological function, 

institutional roles, and governance alignments. Drawing 

on narrative theory, we interpret these framings as 

institutional scripts that shape how technologies are 

expected to function within socio-technical systems. 

Narratives of technological function 

Across the literature, infrastructure digital twins are 

predominantly narrated through metaphors of platforms, 

monitoring systems, optimization engines, and predictive 

tools. These framings define the technology primarily in 

terms of functional capability rather than institutional 

purpose. Narrative theory suggests that such descriptions 

do more than communicate features; they establish what 

counts as the legitimate problem-solving role of 

technology within organizational life. 



By emphasizing simulation, optimization, and real-time 

monitoring, these narratives position digital twins as 

instruments for enhancing technical performance. In 

doing so, they foreground engineering rationality while 

backgrounding institutional negotiation. This aligns with 

broader observations in science and technology studies 

that technical narratives often stabilize innovation 

trajectories by narrowing attention to calculable functions 

rather than contested purposes (Bowker, 2008). Within 

infrastructure contexts, this functional scripting matters 

because it frames digital twins as solutions to operational 

inefficiencies rather than as tools embedded in political or 

governance processes. As a result, literature implicitly 

constructs digital twins as technologies of optimization 

rather than technologies of institutional coordination. 

Narratives of institutional roles 

A second narrative pattern concerns the institutional roles 

implied by digital twin framings. Actors are frequently 

described generically as “users,” “operators,” or 

“stakeholders,” while decision processes remain largely 

implicit. From a narrative perspective, this abstraction is 

consequential: it removes the need to specify authority 

structures, decision rights, or accountability mechanisms. 

Narratives that present digital twin outputs as 

automatically actionable insights reinforce what can be 

termed a technocratic authority script, in which the 

legitimacy of decisions derives from data visibility rather 

than institutional deliberation. This pattern resonates with 

research on socio-technical imaginaries showing how 

technological visions can naturalize particular governance 

assumptions without explicitly debating them (Jasanoff, 

2015). 

In the context of infrastructure systems, this narrative shift 

is particularly important. Infrastructure decisions 

typically involve trade-offs between public value, cost, 

environmental impact, and political priorities (Foerster et 

al., 2015). Yet when digital twins are framed as providing 

objective, real-time knowledge, the decision process itself 

becomes narratively compressed. Responsibility appears 

to follow from information access rather than institutional 

authority. Thus, literature implicitly constructs 

governance as a downstream effect of data rather than as 

a structured process of collective judgement. 

Narratives of governance alignment 

The third narrative dimension concerns how digital twins 

are imagined aligning with institutional arrangements. 

Much of the literature situates digital twins within 

procurement cycles, lifecycle management frameworks, 

or operational integration processes. Governance is 

therefore narrated as an implementation issue rather than 

as a domain of institutional design. 

Narrative theory suggests that such framings matter 

because they define the “setting” in which technologies 

are expected to operate (Coeckelbergh & Reijers, 2016). 

By embedding digital twins within performance 

management and efficiency narratives, literature positions 

them as tools that reinforce existing institutional logics 

rather than as technologies that might reconfigure them. 

These echoes work on technological narratives showing 

how innovations are often framed as extensions of current 

systems rather than as catalysts for institutional change 

(Bijker & Law, 1994). The absence of governance-

centered farming is therefore not merely an omission but 

a narrative effect. When digital twins are described 

primarily through operational and performance lenses, 

alternative imaginaries, such as digital twins as platforms 

for public deliberation, regulatory coordination, or cross-

sector negotiation, remain outside the discursive horizon.  

Taken together, these narrative patterns show that 

academic discourse does more than describe digital twins; 

it constructs institutional expectations about them. 

Literature tends to script digital twins as technologies for 

optimization rather than coordination, sources of 

actionable insight rather than inputs to deliberation, and 

tools embedded in existing institutional structures rather 

than catalysts for institutional redesign. This 

interpretation contributes to narrative theory by 

demonstrating how technological discourse can function 

as a form of institutional scripting. It also extends 

infrastructure governance research by showing that 

governance assumptions are often embedded in technical 

descriptions long before systems are implemented. In this 

sense, digital twin narratives shape not only how 

technologies are understood but also how their 

governance becomes thinkable. 

Conclusion 

This study examined how infrastructure digital twins are 

narratively framed and what institutional assumptions 

these framings imply for governance. The analysis shows 

that infrastructure digital twins are predominantly framed 

using software-oriented concepts such as platforms, 

dashboards, and services. While these framings may be 

useful for describing technical components, they risk 

obscuring the role of digital twins as socio-technical 

decision environments embedded in organizational 

processes and governance structures.  

Three key insights emerge. First, digital twins are 

predominantly framed through narratives of technological 

function that emphasize optimization, monitoring, and 

predictive capability. These narratives foreground 

engineering rationality while backgrounding institutional 

negotiation. Second, narratives of institutional roles tend 

to abstract decision-makers and compress governance 

processes, implying that actionable knowledge flows 

automatically from data visibility. Third, narratives of 

governance alignment position digital twins within 

existing procurement and performance structures, thereby 

reinforcing current institutional logic rather than 

questioning them. Together, these findings suggest that 

digital twin discourse performs an anticipatory 

governance function: it defines how the technology is 

expected to operate within institutions before those 

arrangements are explicitly designed. This insight 

contributes to narrative theory by showing how 

technological descriptions act as institutional scripts that 

shape future governance possibilities. It also contributes 

to infrastructure studies by highlighting that digital 



transformation is not only a technical process but also a 

narrative one, in which assumptions about authority, 

responsibility, and coordination are constructed through 

narratives and discourses. Practically, the study suggests 

that policymakers and infrastructure organizations should 

treat digital twin adoption not only as a technical 

investment but as an institutional design challenge. If 

digital twins are to support strategic decision-making, 

cross-agency coordination, and public accountability, 

governance arrangements must be explicitly articulated 

rather than assumed to follow from technical capability. 

The study has several limitations. It focuses on academic 

discourse rather than implementation contexts, meaning 

that it captures how digital twins are imagined rather than 

how they are enacted. Future research could compare 

these narratives with practitioner discourse, policy 

frameworks, or project case studies to examine how 

narrative assumptions translate into institutional practice. 

Comparative studies across infrastructure sectors or 

national contexts could also reveal whether governance 

assumptions differ depending on regulatory environments 

or political traditions. 
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