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Abstract

A growing body of literature argues that digital models do not just help organizational leaders to predict the future. Models
can inadvertently produce the very future they purport to describe. In this view, performativity is a side-effect of digital
modeling. But digital twins turn such thinking on its head. Digital twins are digital models that are designed to be per-
formative—changes in the model are supposed to produce corresponding changes in the world the model represents. This
is what makes digital twins useful. But for decision-makers to act in ways that align the world outside the model with the
predictions contained within, they must first believe that the model is a faithful representation. In other words, for a digital
twin to become performative, it must first be taken-for-granted as “real”. In this paper, we explore the technological and
organizational characteristics that are likely to shape the level of taken-for-grantedness of a digital twin.
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Prediction is a key organizational activity. Because neither
the past nor people’s instincts are reliable predictors of the
future, organizations are increasingly turning toward digital
models that use simulations to estimate the likelihood that
events, processes, or outcomes will occur (Brayne 2017,
Dodgson et al. 2007; Faraj et al. 2018; Leonardi 2012;
Thomke 2003). Although digital models are, by their nature,
imperfect characterizations of the likelihood of real-world
outcomes, even marginally accurate predictions of the
future are believed to give those who use them an edge in
the present.

But a growing body of research on performativity within
organizations suggests that predictions made by digital mod-
els do not just represent a possible future state of a sys-
tem; rather, they can perform their predictions by sparking
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a chain of events that can lead to the construction of the
very reality they purport to describe (Beunza and Ferraro
2019; Knorr-Cetina and Grimpe 2008; Mackenzie and Millo
2003; Orlikowski and Scott 2014). Studies conducted under
this performative rubric describe how predictions made in
domains as diverse as, and through models as different as
those used in, atmospheric science (Barley 2015), automo-
tive engineering (Leonardi 2012), and financial markets
(Callon 1998; MacKenzie 2006)- including financial mar-
kets’ not-so-diverse sub-fields of arbitrage trading (Beunza
and Stark 2008), socially responsible investing (Beunza
and Ferraro 2019) and commodity auctions (Garcia-Parpet
2007), can lead to behaviors that make those predictions
come true.

One increasingly common type of model used by organi-
zations for the purpose of prediction is the digital twin. A
digital twin is an interactive digital representation that has a
synchronized, two-way relationship between a mathemati-
cal representation and a real-world phenomenon (van der
Aalst 2021; Lyytinen et al. 2023). Like any digital model, a
digital twin is a collection of algorithms that make predic-
tions based on data. Algorithms are carefully defined proce-
dures that take inputs and manipulate them based on certain
assumptions. Digital twins use computational techniques to
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interact various algorithms in ways that simulate the dynam-
ics of complex environments under certain conditions. Those
interactions among the algorithms are represented by equa-
tions assumed to be the “laws” that govern the relationships
between them. As the complexity of the simulated environ-
ment increases, the more algorithms we need to arrive at a
detailed prediction of the future. Digital twins are increas-
ingly adopted in a diversity of industries, including manu-
facturing (Kritzinger et al. 2018; Tao and Qi 2019), urban
planning (Shahat et al. 2021; White et al. 2021), and health-
care (Croatti et al. 2020; Liu et al. 2019).

The extant discussion about models and performativ-
ity suggests that digital models can shape the future as a
byproduct of their attempt to predict it. But when consider-
ing digital twins, it does not make sense to treat performativ-
ity as a side-effect. Performativity is, in effect, the telos of
a digital twin. This is because the purpose of a digital twin
is not just to represent reality, but, rather, to create it in a
performative loop. The two-way synchronizations between
model and real-world phenomenon means that when some-
thing happens in one, the change should immediately be
reflected in the other. If, for example, an engineer on the
ground changes the rate at which air is forced through the
compressor in the digital twin of a jet engine, the adjustment
is automatically carried out in the physical engine by either
automatic flight controls or the pilot. Conversely, if a pilot
increases the rate of air flow in the engine in the plane, the
digital twin should immediately depict such an adjustment to
maintain real-time synchronization. Achieving synchronized
performative action between the two creates dual realities
such that one can operate in either the digital or physical
world with the same outcomes.

For a performative loop to work, the feedback between
model and reality needs to be, or at least feel, frictionless.
Lyntinen et al. (2023) ask in what way a digital representa-
tion can come to successfully stand in for another object
without much critique or disbelief on the part of those who
use them. They suggest that representations like digital twins
work best when their “fit” with their referent is sound (p.
3). There are many factors that shape fit and therefore how
“virtually perfect” a digital twin becomes (Grieves 2011). It
is important, for example, that there is minimal lag between
the model and referent (Wurm et al. 2023), which can be
depend on the extent of automation in the referent (Lyytinen
et al. 2023), or the visibility of work processes (Leonardi and
Treem 2020). By addressing fit, organizations can reduce
lag and achieve high-fidelity digital models through which
that they can work the performative loop to experiment with
and effectively manage real world phenomenon (Korotkova
et al. 2023).

Despite the importance of understanding when predic-
tions become performative (and when they do not), most
studies of performativity have focused only on either the
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effects of performativity (Callon 1998; Garcia-Parpet 2007;
Garud et al. 2018; Mackenzie and Millo 2003) or on eluci-
dating the mechanisms through which behaviors come to
align with predictions of them (Ferraro et al. 2005; Millo
and Mackenzie 2009). In this paper, we expand this theoriz-
ing by asking what organizing practices produce predictions
that can and will become performative. This seems a criti-
cal focus for scholarship about digital twins because if they
do not become performative, they will be of little use for
organizational design. Yet research shows great variation in
whether people accept the reality that is simulated through
digital models (Bailey et al. 2012). In some cases, question-
ing the representations produced through a model is impor-
tant because doing so reminds viewers that the future is not
already scripted and they have agency to intervene (Turkle
2009). In other cases, failure to accept that the dynamics
simulated in the model are likely to occur may lead to inac-
tion (Dunbar and Garud 2009). In still other cases, acting
as though a model and the world it represents are one in
the same can produce the very outcomes the model predicts
(Callon 2008). No matter what the case, it is clear that the
effect that digital twins can have on organizational action is
critically dependent upon whether or not people take them
for granted. Actors have taken a model for granted when
they believe that what is happening within the model will
also happen outside the model once certain decisions are
made.

When something is taken for granted, its status as a “fact”
is no longer questioned. As Berger and Luckmann wrote,
“The reality of everyday life is taken for granted as reality.
It does not require additional verification over and beyond
its simple presence. It is simply there, as [a] self-evident and
compelling facticity. I know that it is real” (1991, p. 37). A
rich body of sociological and organizational research dating
back to Berger and Luckmann’s influential work has theo-
rized that the negotiated social orders that produce knowl-
edge, practices, and institutions become taken for granted
when they stop being questioned and start to be perceived as
real (Barley 2008; Greenwood and Suddaby 2006; Heaphy
2013). This existing theory focuses on how certain ideas,
values, or relations between entities become routinized and
embedded into social and organizational life in ways that are
no longer discussed or noticed (Colyvas and Powell 2006).
But what happens when we use digital twins to simulate
ideas, values or relations that people have already accepted
as the way things are?! Existing theory does not explain

! Berger and Luckmann (1991) suggest that when “There we go
again” becomes “This is how these things are done”, something has
become taken for granted: “It becomes real in an ever more massive
way” (p. 77).
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how and under what conditions models of those phenomena
become taken for granted as the phenomena themselves.

In this paper, we expand such theorizing by asking
how and under what conditions digital twins are likely to
be become taken for granted and, thus, can act performa-
tively—just as those who adopt them hope they will.

Performativity through modeling

In 1970, JL Austin (1970) coined what he called an “ugly
phrase”—performative utterances—to distinguish between
those words that do something and those that simply
describe something being done (p. 233). Although per-
formative utterances appear grammatically identical to
their non-performative counterparts, they have the power to
effect change. Austin gave the examples of saying “I do” in
a marriage ceremony, or breaking a bottle on a ship while
saying, “I name this ship the Queen Elizabeth” as utterances
that performed specific and important activities. These utter-
ances do not describe the ceremony or christening; they per-
form them.

Since Austin’s writings, scholars have noted that it is
not only utterances that are performative. Bubble chambers
(Pickering 1995), economic calculations (Callon 1998),
social scientific theories (Ferraro et al. 2005) and charts and
graphs (Barley 2015), to name a few, can also bring into
being the realities they purport to describe. Perhaps the most
detailed example of performativity in practice comes from
MacKenzie’s (2006) study of futures trading at the Chicago
Board Options Exchange. MacKenzie followed the creation
and diffusion of the Black—Scholes model of options pric-
ing, an algorithmic model that identified inefficiencies in the
market that could be exploited through arbitrage trading. His
data showed that although predictions of the Black—Scholes
model were inaccurate when it was first debuted 1973, its
subsequent adoption by traders changed their behaviors in
ways that, over time, brought options pricing into alignment
with the model’s predictions. As MacKenzie summarized,
the model’s usefulness in helping traders to predict arbitrage
opportunities, “does seem to have helped to create patterns
of prices consistent with the model” (p. 256). When some-
thing is performative it affects the very phenomenon that it
measures, describes, or predicts. Consequently, the perform-
ativity thesis suggests a cycle constituting a feedback loop
that aligns the physical world and the model that predicts it
(Abrahamson et al. 2016; Barnes 1983; Beunza and Ferraro
2019; Garud and Gehman 2019; Marti and Gond 2019).

A common thread across studies of predictive models
is that in cases when they are performative, the effect is
both unintentional and fleeting (Mackenzie 2006). When,
for example, Black and Scholes designed their options
pricing model, they sought to infer approximate (and often

“unrealistic”) predictions about under- and over-valued
stocks that could make for a lucrative arbitrage opportu-
nity (2006, p. 32). It was beyond the scope of their calcula-
tions that the adoption of the model by traders could work
to align future pricing with the model’s predictions. The
model’s performativity was therefore a surprise. This kind
of serendipitous alignment of prediction and reality is what
makes performativity so fascinating. By contrast, digital
twins’ designers seek to engineer a performative outcome
in a reliable and enduring way. This is important not only
because a twin must maintain a synchronized, two-way link
between model and reality, but also because a core utility of
digital twins for organizations is that people can run endless
hypothetical scenarios and assess outcomes before making
any changes in the real organization (van der Aalst 2021).
For such experimentation to be useful, its predictions need to
bear out in reality. Thus, a digital twin’s design is predicated
on its performativity. Without it, its utility quickly dissipates.

The presence of human agents complicates efforts to
engineer performativity. It is one thing to build digital twins
of physical assets like jet engines, where components and
interactions between them can be transposed onto a digital
model using physics. It is an entirely different endeavor to
build a model of a phenomenon with a social component. In
modeling a car crash, for example, one must account for a
range of possible human reactions over a split-second inci-
dent (Leonardi 2012). Going even further into the social
realm, digital twins of business processes or even whole
organizations introduce such complexity so as to challenge
the limits of the digital twin phenomenon (e.g., https://www.
my-invenio.com/). Unlike the valves on a jet engine, people
have the “capacity to make choices, learn from experience,
and pursue their own objectives...[and] conflict is common”
(Becker and Pentland 2022, p. 244). This means that if a
user makes a change in a digital twin that relies on a human,
rather than mechanical automation, to mirror the action in
the real world, the virtual perfection can likely falter. Work-
ers may not notice a task assignment from the model, or if
s0, may not want to carry it out because they have goals
contrary to that of the digital twin. Indeed, their refusal may
be the right call for themselves and the organization if they
know something important that the model’s designers did
not, or if they observe a safety risk that has gone digitally
unaccounted for. Thus, for digital twins of organizations to
achieve a level of high-fidelity synchronization that accounts
for stochastic human activity, designers need to achieve
more than the accurate digital replication of physical assets.
They need for its users to believe that it is real (Boellstorff
2016; Dsterlie and Monteiro 2020).

A sign that a digital model has become “real” to its
observers is that they begin operating directly with it based
on its own internal logic and they stop discussing and debat-
ing its link to dynamics or events occurring in the physical
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world outside the model (Bailey et al. 2012). Baudrillard
(1994) argues that when such a link is lost a model is no
longer “a referential being, or a substance. It is the genera-
tion... of a real without origin or reality” (p. 1). He suggests
that when a model is treated as a reality in its own right, it
ceases to be a simulation and becomes a simulacrum. A
simulacrum is a model that is internally consistent and seem-
ingly complete because it synthesizes multiple data streams
in a way that people cannot experience through their every-
day participation in the “real” world (p. 81). For this reason,
Baudrillard suggests that a simulacrum begins as a copy of
an original (a simulation), but that through the accretion of
models that produce their own dynamics and rely on their
own internal logics, it becomes a copy without an original.

If a model becomes a simulacrum—it is treated as its
own reality—the referential relationship between the predic-
tion and the model is lost. Simulacra do not make predic-
tions about the future; they are realities in which people
treat the predictions as though they were already fulfilled.
To put this idea in context, options traders who acted on the
prices predicted by Black’s Sheets did not ask whether the
Black—Scholes model accurately described market dynam-
ics. Instead, they took the values given on the sheets as a
reality that existed in the here-and-now and to which they
should orient their action (e.g., buying options in an under-
valued stock). In Baudrillard’s conception, one should not
ask whether the reality simulated on Black’s Sheets accu-
rately represented a separate, external reality because such
a question would miss the point that the sheets were a real-
ity in their own right. As several scholars have suggested,
the models that constitute financial markets should not be
assessed in terms of how well they represent the actual
behavior of markets, but instead as simulacra that are acted
upon as though the futures they predict are already occurring
such that the model becomes embedded in the dynamics of
the market (Hertz 2000; Muniesa 2018). As Muniesa (2014,
p. 127-28) observes, “economic life is cluttered with simu-
lacra, situations of simulation...which ultimately constitute
the very vehicle for the realization of business, with realiza-
tion understood in the sense of becoming actual.”

The interesting case elaborated in Beunza and Ferraro’s
(2019) study of the launch of a responsible investment data
service at a financial data company provides empirical data
showing that if actors do not view a digital model as real
(as a simulacrum) they will not act in a way that makes
the predictions it generates performative. The organization
they studied developed a product that provided data about
corporate environmental, social and governance activities
(what they call, “ESG” data) that they hoped would signal
to investors whether a company was responsibly managed.
Their goal in providing these data was to convince inves-
tors to buy responsibly managed companies. If they did,
the executives reasoned, companies would begin to align
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their practices with investor expectations and become more
responsibly managed. As one of the principle executives of
the firm observed, their goal was to “make it cheaper to
do that [invest responsibly]. And then, then it becomes a
self-fulfilling prophecy” (p. 525). However, as Beunza and
Ferraro describe, users of the models who consumed the
ESG data did not believe the model represented responsible
management. This failure to believe that the model repre-
sented reality was even prevalent within the company itself,
as a member of the ESG team reported: “many people in [the
company] don’t believe ESG is material” (p. 527). Because
people did not treat the model as real, it could not initiate the
desired cycle of performativity. The model the company cre-
ated certainly performed, but it was not performative. This
distinction is important. As Orlikowski and Scott (2014, p.
873) observe, “performance refers to the doing of an activity
in context (e.g., playing a concerto), a situated practice that
is both embodied and embedded. Performativity assumes
the notion of performance but points to a further claim: that
reality is enacted through performance.”

Although the emerging literature on performativity has
been generating knowledge about what happens when a pre-
diction made by a model becomes performative, as opposed
to simply performing (Orlikowski and Scott 2014; Beunza
2019) and the mechanisms by which performativity works
(MacKenzie 2006; Beunza and Ferraro 2019; Garud and
Gehman 2019), it has overlooked just how actors come to
view a model as reality itself. In both of these streams, the
literature takes as a point of departure that for the effects
of performativity to be realized, actors need to first view
predictions as real and, once they do, the cycle through
which models create a reality in line with their predictions
can begin. Understanding how actors begin to treat a digital
model as real is, therefore, of important theoretical concern.
The literature on the sociomaterial enactment of performa-
tivity provides a solid foundation for exploring this process.

As Callon (1998; 2008) has observed, performativity
does not occur through discourse alone. Models become per-
formative through a set of sociomaterial enactments, which
are variously referred to as “agencements” (Callon 2016;
Kuhn et al. 2019) “apparatuses” (Barad 2003; Orlikowski
and Scott 2014) and “imbrications” (Leonardi 2011; Sassen
2006). Differences in nomenclature aside, the consistent idea
is that a model’s performativity arises through the constitu-
tive entanglement of the social and the material in practice
(Orlikowski 2007). Models of the world are enacted through
material devices that simultaneously enable and constrain
their scope. In MacKenzie’s (2006) study, Black’s Sheets—
a simple material device—presented to traders the value of
options that had been predicted by the Black—Scholes model.
Traders in the pits of the Chicago Board Options Exchange
did not access the model’s algorithms directly, nor the dif-
ferential equations that governed the interactions between
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them; instead, they drew on a simplistic output sheet that
encapsulated the model. Elsewhere, MacKenzie and Millo
(2003; 2009) emphasized the cognitive simplicity, physical
design, and public availability of Black’s Sheets as material
qualities that encouraged traders to adopt and act on their
model. Similarly, in his analysis of merger arbitrage trading,
Beunza (2019, p. 91) described how one of his key inform-
ants, Max, used technologies, which embedded the models
underlying his work and used their algorithms to perform
the complex computations necessary to make predictions,
to identify the spread (i.e., the difference in price) between
two companies:

Max was not using models in his head, as economic
accounts appeared to imply. Instead, the model was
programmed into an Excel spreadsheet and turned into
a graphical form—the spreadplot—on the Bloomberg
terminal. The cognitive complexity of the collared
trade, as Max had said, was otherwise too high.

Other studies of financial markets have shown that infor-
mation available to actors on variously formatted screens
constitutes an “onscreen reality that lacks an off-screen
counterpart” (Beunza and Stark 2008, p. 254), bringing
certain data to traders’ attention by “rendering it interac-
tionally present” (Knorr-Cetina and Grimpe 2008, p. 909).
It is through the entanglements of discourse and materiality
that predictions can begin to enact their performative effects
(Gond and Bres 2020).

Orlikowski and Scott (2014) offer the most direct account
of the sociomateriality of prediction and performativity.
Their findings show that the material-discursive practices
constituting the UK Automobile Association’s and Trip
Adpvisor’s evaluation and prediction schemes produce two
distinct apparatuses of valuation. These apparatuses were
distinct because they represented different entanglements
of social expectations for travel and material infrastruc-
tures. For example, the Automobile Association arrived at
its predictions of hotel value through a standard formula
co-produced with hoteliers and made transparent through
its 65-page publication of quality standards, which helped
hotels to align their actions with the categorization schemes
of the apparatus. By contrast, Trip Advisor used an opaque
algorithm that was constantly changing: “a relational mash
of software code, weighted priorities, and filtering pro-
cesses that gather, store, assemble, and distill multiple hotel
reviews and ratings posted by millions of anonymous users
to produce specific rankings about hotels” (2014, p. 885).
Consequently, Trip Advisor’s predictions had different per-
formative effects on hotels than those made by the Automo-
bile Association. As Orlikowski and Scott argue, because
Trip Advisor’s breadth was so great, hoteliers began to re-
organize much of their hotel management program in light
of its predictions, thus enacting a performativity that was

distinct from that enacted by the Automobile Association’s
predictions.

To the extent that they become performative, the predic-
tions made through digital models begin to shape behavior
in ways that make them real through an assemblage of social
conventions and material artifacts that enable and constrain
action (Marti and Gond 2019). Because most actors experi-
ence a model through technological devices that simulate the
dynamics of the system, it seems plausible that these devices
would also play an important role in shaping whether or not
people stop treating the model as a mere representation of
an external, “real”, physical world and begin operating on it
as though it was the world itself (Abrahamson et al. 2016;
Muniesa et al. 2007).

Understanding digital twins as sociomaterial accom-
plishments raises new questions about how organizations
can design and use them in practice. For a digital twin to
become performative the material artifact and related social
conventions should enable people to act without making
a distinction between representation and referent. It is not
enough to achieve perfect material symmetry. Absent taken
for grantedness, material symmetry dissolves upon contact
with human agency. Thus, sociomaterial symmetry requires
additionally that people must take for granted that the twin is
the world itself and that the actions they take on and through
the twin are as real in their consequences as actions on the
real-world phenomenon. It seems that the ways in which
models become mediated technologically plays an important
role in this process.

Technological mediation of modeling

There are many kinds of models. Models that are theoretical
(Muniesa et al. 2007) or purely mathematical (MacKenzie
et al. 2007) are what Feldman and Pentland (2003, p. 101)
call “ostensive”, which they define as an “ideal schematic
form” or an “abstract, generalized idea”. The authors argue
that although the ostensive aspects of phenomena can shape
action in many ways, those phenomena are significantly
altered when they are instantiated through technology. As
abstract, generalized ideas are made concrete through the
writing of computer code, the ostensive aspects of the phe-
nomena are changed and adapted to fit within the technol-
ogy’s limitations and to take advantage of its affordances
(Pentland and Feldman 2008). Digital models, though they
may begin as ideal forms like theoretical or mathemati-
cal models, move out of the ostensive realm when actors
seek to activate them through digital technologies. Their
abstract, idealized forms are changed through this instantia-
tion because the nature of digital technologies is contingent
and dynamic (Leonardi 2011). As Baskerville et al. (2019)
observe, digital technologies are temporary assemblages of
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material and non-material objects joined together by algo-
rithms that execute live actions of pre-specified construc-
tions that are never performed the same way twice. To make
this complicated definition more concreate, the authors pro-
vide the useful examples of account balances:

An account balance is often computed when needed
rather than stored in a record. Because it is the out-
come of carrying out a set of instructions, it is cre-
ated as a digital object to display to humans, but then
erased. Ontologically, the account balance is a tempo-
rary assemblage of material and non-material objects
brought about by an algorithm at the moment of run-
time. It is not real in the naive realist sense, yet at the
same time, it is real as an emergent being (p. 12).

Similarly, digital models—by virtue of the fact that they
are always contingent sociomaterial accomplishments—
are only ever “temporary assemblages.” The collection of
algorithms and the computing infrastructures upon which
those algorithms run shape the kinds of predictions a digital
model makes, and they shape the way those predictions are
rendered for stakeholders. To explain how digital models
become taken for granted, then, it is imperative to explore
the digital infrastructures that mediate between the models
and their referents in the physical world.

To construct a digital model, modelers acquire data about
the physical world they wish to simulate. They then rep-
resent these physical properties as a set of equations. The
algorithms that constitute the digital models are themselves
constructed out of equations that represents how these prop-
erties influence the performance of the object under inves-
tigation. Although the construction of a digital model may
sound straightforward, each action is influenced by a set of
important social choices. Data used to calibrate the model
are socially negotiated proxies for dynamics that exist in the
physical world and the schemes through which they are cat-
egorized affect the way they are ultimately valued (Bowker
and Star 2000). The mathematical representations of digital
properties are also social conventions, as are the causal rela-
tions that algorithms are programmed to represent (Dourish
2016). The ways in which the outputs of simulations are
rendered digitally also reflects a series of social contesta-
tions and agreements about the best way to represent data
so it is easily consumed (Leonardi 2012). For these reasons,
models are not just objective digital tools or subjective social
choices, they are complex sociomaterial accomplishments
(Orlikowski 2007).

A useful way to understand digital models as sociomate-
rial accomplishments is to consider the example of a mirror.
What you see in a mirror is not reality. It is a representation
of reality—photons penetrate the glass and reflect off the
silver atoms inside to produce a reflection. The materiality
of the mirror (e.g., the curvature and thickness of the glass,
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the density of silver atoms, etc.) influences the character of
the representation you see when looking into it. Therefore,
it is more accurate to say that a mirror is a simple simulation
of reality as opposed to a reflection of it. Most of the time,
we forget that what something looks like in the mirror is not
exactly what it looks like in the physical world. But when
the materiality of the mirror changes significantly from that
of the mirrors we normally use—when someone decides
to make the glass concave or convex—the representation
changes dramatically and it is easy to notice that the image
displayed by the mirror diverges too much from our experi-
ence with reality to pass as real. This is why we laugh at
the way we look in a funhouse mirror. But sometimes the
materiality of the mirror shapes the simulation in ways that
obscure its mediation. For example, many department stores
purposefully install slightly convex mirrors in their dressing
rooms that render representations of the mirror’s onlookers
as slimmer than they appear in the physical world. The dis-
tortion is so slight that most people do not notice: they mis-
take the representation for reality and happily spend money
on the clothes they think make them look so good. When
viewing themselves in a funhouse mirror, the viewer retains
the awareness that there is a difference between the repre-
sentation and what is being represented. But when looking in
the dressing room mirror, the awareness of the link between
the representation and the technology used to produce it is
obscured and the viewers take their reflections for granted.

When Baudrillard (1994) argues that when such a link is
lost and a model is no longer “a referential being, or a sub-
stance. It is the generation... of a real without origin or real-
ity” (p. 1), the irony that he illuminates is that a model has
become taken for granted when its users no longer compare
the representation to the referent. Taken-for-grantedness is
accomplished when those users either forget, deny, or no
longer care that the model is not equivalent to the physi-
cal world. They look through the glass without recognizing
that it is an intermediary and that its materiality has cre-
ated a new reality upon which they base their decisions.
Baudrillard further suggests that the increasing invisibility
of technological mediation is the basis upon which taken-
for-grantedness can occur: “It is as though things had swal-
lowed their own mirrors and had become transparent to
themselves” (1996, p. 2).

Similarly, in presenting the data on twenty years of obser-
vations of students learning science, Turkle (2009) reported
the paradox that the more present and visible digital tech-
nologies were to their users, the more their role in shaping
the dynamics of the model receded from view. Although the
professors she studied warned their students that the digital
models they worked with were simply models, not perfect
reflections of the physical world, students often could not
see that the digital technologies were actively mediating the
dynamics they observed:
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When students claimed to be “seeing it actually hap-
pen” on a screen, their teachers were upset by how a
representation had taken on unjustified authority. Fac-
ulty began conversations by acknowledging that in any
experiment, one only sees nature through an apparatus,
but here, there were additional dangers: the users of
this apparatus did not understand its inner workings
and indeed, visualization software was designed to
give the impression that it offered a direct window onto
nature” (Turkle 2009, p. 29).

It is not just students who are at risk of losing track of dig-
ital mediation when working with models. In their study of
automotive design, Bailey and Leonardi (2015) documented
how managers worried that engineers would believe that the
dynamics they observed in their digital models were real,
rather than representations of the behavior of a vehicle in
the physical (i.e., the “real”) world. As evidence of this con-
cern, the authors showed an image of the following reminder
printed at the beginning of every chapter of engineers’ train-
ing manuals: “Don’t Believe That Model Is Reality” (p. 96).

Together, these examples demonstrate that despite the
fact that the sociomateriality of digital models produces
representations that necessarily distort the reality they pur-
port to simulate, users can and do often take for granted that
the dynamics happening in them will happen in the world
outside them. The process of taking a model for granted may
occur when stakeholders stop recognizing that their interac-
tions with the world in the model are mediated by the digital
technologies through which the model is produced and ren-
dered. Thus, to understand how digital models become taken
for granted, it is important to uncover how stakeholders lose
track of technological mediation.

We have argued in this paper that the idea of designing
and using a digital twins of organizations without distin-
guishing between representation and reality is perhaps not as
farfetched as some have argued (Becker and Pentland 2022).
Where faithful digital representations of the physical world
are routine (Bailey et al. 2012; Dourish 2004), synchronized,
two-way digital twins can complete the performative loop by
becoming taken for granted. This second step is attainable,
given that organizations are undergoing what Baskerville
and colleagues (2019) have called an “ontological rever-
sal,” in which the “the non-physical digital version of the
reality is not just as real as the physical version, it is more
s0” (p. 6). People are increasingly accustomed to operating
in the digital world and expecting their actions to bear out
in the physical referent, if it is even necessary. Decisions
made in spreadsheets enact real world salaries and budgets
(Mazmanian and Beckman 2018), fashion companies launch
new clothing lines on video games before they reach brick
and mortar shops (McDowell 2021), and digital, rather than
physical, tickets for airline flights are the only legitimate and

up-to-date proof of travel (Baskerville et al. 2019). In many
ways, the emergence of digital twins realizes Baudrillard’s
theory of simulacra, which he wrote about decades before
the technologies to achieve it existed (1994). A few months
before his death, Baudrillard (2007) described a perfect
simulation in terms much like those we would ascribe to a
digital twin’s taken for grantedness:

At the height of simulation—in other words, at the
height of the virtual and the digital—we’re in the pure
operation of a world expurgated of any illusion, and
hence perfectly real, technically realized (pp. 59).

Taking digital twins for granted

As people design and use digital twins to make predictions
and manage organizations, studies should start with the
existing explanations and find what new pathways there are
to digital taken-for-grantedness. Unless organizations come
to view that what happens in the digital model is “real” they
will not be willing to make changes to the organization that
make those changes occur. Thus, understanding how to make
taken-for-grantedness happen when we want it, and how to
avoid it when we do not, is a key concern for students of
organizations and technology.

To understand how a model like a digital twin becomes
taken for granted, we need to first be able to recognize when
it has become taken for granted. But what are the indicators
that actors no longer distinguish between the model and the
reality outside it? Although organizational scholars have
not yet answered this question, those who study important
organizational processes such as the commercialization of
science (Colyvas and Powell 2006), categories (Hsu and
Grodal 2015; Ruef and Patterson 2009), legal practices
(McPherson and Sauder 2013; Smets et al. 2012), and pro-
fessional conduct (Micelotta and Washington 2013; Steele
2020) provide some indicators that point toward an answer.
According to these studies, there are at least five indicators
that a once contested process has become taken for granted.
We summarize these traditional pathways toward taken-for-
grantedness in Table 1 and we speculate about what that
process might look like when the phenomena under study is
not reality itself, but a technologically mediated model of it.

First, something that is taken for granted is no longer
debated. That is, people do not explain why that thing hap-
pens or discuss whether it should happen. For example,
Colyvas and Powell (2006) documented how early attempts
by university scientists to profit from their inventions by pat-
enting them were met with vehement opposition and charges
of conflicts of interest from the scientific community. Sci-
entists and university administrators debated the validity
of approaches to science in which private inventions were
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Why digital models are different

Digital models of reality

Reality

Table 1 How taken-for-grantedness occurs

Explanation

@ Springer

Modeling produced in limited timeframe to repre-

Many decades (Colyvas and Powell 2006; Hsu and Quick iterations over months

Time

sent already taken-for-granted phenomena

Grodal 2015)
Socialization and transmission of symbolic uni-

Models are so quick to reproduce and each time

Production of successive versions of the model

Successive generations

they are reproduced they become more granular

(data accretion)

verse (e.g., successive CEOs or from parents to
children) (Berger and Luckmann 1991; Feldman

2013). Cultural persistence (e.g., from one gen-

eration of participants to the next) (Zucker 1977)

Algorithm is base text of model that affects all

Legitimate actions become texts. Texts are created People with influence direct modelers to edit

Production of texts

subsequent outputs

algorithm

by people with influence (Phillips et al. 2004)

Modeling activity formalized into occupation and Need for modeling expertise in planning process

Activities formalized into occupational roles

Elaboration of roles and routines

routines of modeler

(Colyvas and Powell 2006). Becomes embodied
in organizational practices (McPherson and

Sauder 2013)
Sustained in everyday interactions Corrective sensemaking in conversation (Lok and Model reflects current consensus and is referential Model is used in sensemaking activity (e.g., used

for explanation and clarification)

basis for everyday sensemaking

de Rond 2012; Steele 2020). “Universe mainte-

nance” (Berger and Luckmann 1991)

developed with public funding. Over time, these debates
receded and justifications for doing science in this way were
no longer made or asked for—it was taken for granted that
scientists could, and in some cases even should, seek to com-
mercialize their discoveries. In the context of digital models,
such debate and discussion are likely to occur over whether
the dynamics simulated in the model will occur outside the
model. A sign that such debate and discussion have ended
would be when actors talk about the dynamics of the model
using absolute (“this will happen”) rather than provisional
(“this might happen”) language and their audiences do not
challenge these statements (Green 2004).

Second, actors produce texts (broadly construed) that
inscribe one interpretation or idea where before there were
many. Texts capture the results of discussions and debates—
or the preferences of those powerful enough to write the
text—thereby obscuring the social processes by which
they were constructed (Ashforth and Fried 1988; Palmer
et al. 1993; Thornton et al. 2015). As Phillips et al. (2004)
observe, the process of inscription structures messy dis-
course into logical patterns and flows, which then present the
ideas contained in them in an authoritative way: “Discourses
that are more coherent and structured present a more unified
view of some aspect of social reality, which becomes rei-
fied and taken for granted” (p. 644). Digital models inscribe
action and discussion not in words but in algorithms. Algo-
rithms are routines that specify orders of operation. Structur-
ing the relationships between variables in an algorithm gives
them coherence. Through the coding of these relationships
into material form, certain beliefs and values are formalized
and made durable while others that are not turned into algo-
rithms remain fuzzy, are denigrated, and eventually dropped
and forgotten (Christin 2017; Dourish 2016). Also, unlike
texts which can be easily read and understood, the workings
of most algorithms are opaque to the average viewer, thus
conferring the algorithms and the models they constitute
increased authority (Kellogg et al. 2020).

Third, actors do not or cannot reflect on other possibili-
ties. They accept actions, processes, and relationships as
they are without casting a critical eye upon them (Douglas
2012; Zucker 1983). As Harmon (2019, p. 543) observes:
“alternative ways of behaving [are] literally unthinkable.”
Digital models are typically designed with multiple (figu-
rative) levers that analysts can pull to simulate differ-
ent dynamics, or the same dynamics built upon different
assumptions (Thomke 2003). It is a presumed benefit of
most digital models that testing multiple scenarios is cheap
and easy (Leonardi 2012). When actors forget that the model
has levers, they no longer ask to pull them, thereby stabi-
lizing the model and removing the possibility to explore
alternatives.

Fourth, roles (Barley and Tolbert 1997) and routines
(Smets et al. 2012) evolve to enable and support one way
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of thinking and acting and to constrain others. At least two
major roles have emerged in most organizations to support
the creation and use of digital models. The first role is that
of the person who is in charge of building the model. This
person is typically well trained in knowledge of the math-
ematics underlying the model and use of the digital tech-
nologies through which the model is produced (Bailey et al.
2012). The second role is that of the person who interprets
the model for stakeholders. People in this role connect its
outputs with the decision-making structure of the organiza-
tion (Boland et al. 2007). Consultations with models become
aroutine part of organizational action when interpreters are
invited to present the model’s predictions at various meet-
ings at which key stakeholders make important decisions
(Leonardi 2011).

Fifth, when something is taken for granted it becomes
the foundation upon which other action is made possible
(Scott 2014). Hsu and Grodal (2015) demonstrated that as
the taken-for-grantedness of the light cigarette market cat-
egory increased, debate about it diminished and regulators
and consumers stopped paying such close attention to the
qualities of the products in that category. This leeway gave
tobacco companies the opportunity to change their products
and introduce new products at a rapid pace, largely free of
public scrutiny. Once a model has been taken for granted,
other important decisions can be built atop its predictions.
For example, once energy companies take for granted the
wind patterns predicted by digital models of the weather,
they begin to make decisions about where to build new wind
turbines, thereby increasing their commitment to the predic-
tive power of the model (Barley 2015).

Although the prior literature is helpful in pointing to such
indicators by which we would know when a digital model
has been taken for granted, it stops short of explaining how
digital models are taken for granted because it does not ade-
quately theorize the role that the computing infrastructure
through which such models are enacted shapes how actors
interact with and respond to them. We hope that this discus-
sion has provided some provocations about how this process
might unfold.

Conclusion

The many ways in which managers use maps to chart a future
for their organizations are rooted in what Weick (1990) calls
“cartographic myths”. He theorized that the most important
quality of maps is not the amount or quality of data inputs
they have, or even their degree of accuracy. Rather, maps,
are an important tool with which one can take action:

...maps are intimately bound up with action, both the
action that is ongoing when the map is first invoked,

and the action that occurs subsequent to the discovery
of the map. It is the tight coupling between maps and
action that tightens the coupling between maps and the
territory (pp. 9).

Digital models are maps of a certain type that have the
potential to shape action. But as we have discussed, the
decoupling, rather than the coupling, between the map and
the territory make it possible for mathematical models of
organizational phenomena like digital twins to become
taken-for-granted. Although an extensive body of research
has focused on how activities, practices, and phenomena in
the “real world” become taken-for-granted, we must explore
how digital models of that “real world” become-taken-for-
granted as the world itself. This paper contributes to theory
by suggesting that how organizing actions intertwine with
the development and implementation of digital models can
shape whether those models are treated as maps that chart
territories, or as maps whose territories they make disappear.
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