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Computer Simulations Then
and Now: an Introduction and
Historical Reassessment

Arianna Borrelli and Janina Wellmann

In the twenty-first century, computer simulations have become ubiquitous.
It is hard to think of any sciences, from the natural to the social, to the
life sciences and the humanities, that have not developed, in one way or
another, methodologies involving computational tools and, in particular,
computer simulations.

However, what are computer simulations? Surveying the increasingly
vast literature in the field, the predominant impression is twofold: First,
there seems to be a unified understanding of what computer simulation
consists of. In research practices, in scientific literature, and in the public
realm we find undiscriminating talk of “simulations’, as a collective noun,
implying that they involve roughly the same approach regardless of the
knowledge domains, applications or research aims to which they are ap-
plied. Second, computer simulations are seen as technological agents of
change, a radical new technology which came into the world in the wake
of the humanitarian and intellectual devastations of the Second World
War, and in doing so, they almost immediately transformed knowledge
production in the sciences and the way we act in the world.

Research has been devoted to the many questions raised by computer
simulations, be they epistemological, political, social or economic.? But his-
torical studies of computer simulation are strikingly absent from the field’s
growing corpus. To right this, the aim of this special issue is to critically
reassess the predominant view of computer simulations as a disruptive and
unified computational technology by setting them in a historical perspec-
tive.

This special issue collects four historical case studies that focus on ex-
emplary instances of what are today regarded as computer simulations:
mathematical problem-solving with the ENIAC computer (Electronic Nu-
merical Integrator and Computer) in the 1940s; the introduction of Monte
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Carlo simulations in particle physics of the 1960s; the development of the
Paris-Durham shock model in astrophysics from the 1980s to today; and
the history of digital modeling in design and architecture in the 1980s and
1990s.

The examples given in the papers demonstrate that in the second half of
the twentieth century there was a highly fragmented landscape of different
actors, questions, goals, and practices rather than a common understanding
of “simulation” technology in diverse knowledge domains. Instead, a wide
spectrum of mutually unrelated practices which were often, but not always,
associated with electronic computers emerged in various disciplinary con-
texts and were only much later subsumed under the general heading of
“computer simulation” Perhaps even more important is another finding:
the “same” computational practices took on distinct epistemic qualities
depending on the context of use, disciplinary standards, and background
of the protagonists involved.

In the first part of this introduction, we give a brief overview of current
research on computer simulations in general, and their history in particular.
The second part is devoted to a more detailed account of the case studies
documented in this issue and their author’s methodological approach. We
sum up the findings of these case studies in a final, brief conclusion.

What Are Computer Simulations and Where Do They Come From?

Computer simulations can be found in virtually any field of knowledge
production today.

Arguably, the best known methods are that of “Monte Carlo” and “agent-
based” simulations. A typical Monte Carlo simulation uses random num-
bers to provide a stochastic model of a physical phenomenon.? Agent-
based models, in contrast, simulate the behavior of large numbers of in-
dependent agents—be they defined as individuals or collectives—as they
perform actions in response to mutual interactions and changing external
conditions. Ultimately, the purpose of agent-based modeling is to under-
stand the emergent behavior of whole systems. Processes as varied as the
spread of epidemics, evolution, flows of traffic, unemployment, and the
response to different monetary policies are simulated in this way.?

That said, contemporary computer simulations comprise a much
broader range of computer-aided practices that change within and across
disciplinary fields, research aims, and contexts of application. In physics,
chemistry or climate science, for example, the term simulation can desig-
nate different computer models (Wise 2017). Some are based on discretized
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versions of the mathematical laws assumed to rule the natural processes in
question. Others are programs which do not implement any physically or
chemically significant algorithm, but reproduce the behavior of a system
on phenomenological or statistical basis. In the life sciences and medicine,
computer simulations take various forms, such as computational models
of cells, neurons, and brains, or three-dimensional digital visualizations
and animations of growth processes, allowing to perform experiments not
only “in vivo” and “in vitro’, but also “in silico” (Wellmann 2018a). Early
on, engineers and architects started to make use of computer programs
to design, build, and test artifacts from cars to airplanes and houses to
nuclear weapons. They developed a broad range of modeling and visualiza-
tion techniques based on discretization of geometrical surfaces and solids,
which are referred to as computer simulations or digital models (Johnson
2004). Not least in today’s popular culture the entertainment industry
makes heavy use of computer simulation and artificial reality to design
shared-world computer games or technologies of sensory immersion (Pias
2017).

Inventories and overviews of simulation practices and tools, methods,
programs, and software packages in use in different disciplines are scarce
(two exceptions are Varenne & Silberstein 2013 and Varenne et al. 2014).
Despite the variety of disciplines involved, and the wide variety of appli-
cations and questions approached with the help of computer simulation,
scholarship has almost univocally put forward the claim that simulations
constitute a radical innovation in scientific methodology and a marked
technological advance. Philosophers of science were among the first to
argue that computer simulations were substantially changing scientific
practices and methodologies (Hartmann 1996; Humphreys 1990, 2004;
Rohrlich 1990; Winsberg 2010). In particular, they discussed the question
of whether and how computer simulations could be considered as a new
form of experimentation (Duran & Arnold 2013; Gramelsberger 2010).
Equally, the notoriously difficult relationship between modeling and sim-
ulating has been the subject of long-standing debates. A recent extensive
study makes a valuable contribution by analyzing this relationship in depth
and in regard to a whole range of knowledge domains (Varenne & Silber-
stein 2013; Varenne et al. 2014). Of late, historian of science Norton Wise
has introduced another thought-provoking view, arguing that understand-
ing in the exact sciences takes on a narrative character due to the dynam-
ical structure of computer simulations (Wise 2017). Scholars in the social
sciences, and architecture especially, have highlighted that computer sim-
ulations are innovative in these fields because they generate connections
between architecture, technology, culture or the public and thereby new
ways of participation (Gleiniger and Vrachliotis 2012, Loukissas 2009).
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Criticism of the narrative of a radical change has been voiced by rela-
tively few scholars. But Roman Frigg and Julian Reiss argue that computer
simulations do not constitute a fundamental novelty in the scientific and
technological landscape, they only create new versions of old problems.
Instead of trying to pinpoint the allegedly innovative aspects of computer
simulations, they advocate investigating the diverse practices and contexts
in which simulations play a role (Frigg & Reiss 2009). A more nuanced
view has been brought forward by Johannes Lenhard, who considers com-
puter simulations as a new development, albeit in the traditional field of
mathematical modeling (Lenhard 2019).

Of particular interest for this special issue is the scholarship on the
history of computer simulations. It is surprisingly scarce and fragmented,
since the subject has not yet been a sustained topic of focus within the
wider field of the history of computing.* Isolated studies and volumes
have been devoted to simulations in specific fields and subfields of science,
such as plant biology (Varenne 2010, 2018), climate science (Edwards 2010;
Heymann, Gramelsberger & Mahony 2017), architecture (Cardoso Llach
2015), the life sciences (Wellmann 2017, 2018b) and engineering (Johnson
2004).

With regard to the origins of computer simulations as a particular modus
operandi in science, references are usually made to the only study which
has tracked down the roots of such an approach. In his book Image and
Logic Peter Galison investigated the emergence of the Monte Carlo method
in the research context of the development of the H-bomb in Los Alamos
and its later diffusion into other areas of science and technology from the
1950s onward (Galison 1996, 1997). Galison offered a highly illuminating,
yet relatively coarse-grained overview of the diffusion of both Monte Carlo
methods and computing machines. He argued that they gave rise to an
“artificial reality” at the border of theory and experiment. The Monte Carlo
method and its implementation on the ENIAC computer, in this view,
constituted not only a paradigmatic simulation, but also a template upon
which later computer simulations were built. Computers and simulations
were portrayed by Galison as a unique and homogeneous agent which,
from the 1950s onwards, disrupted traditional epistemic orders in science
and technology.

Largely unchallenged, this view has been adopted by many authors.
This is especially true for the now popular idea that simulations emerged
from the “military-industrial complex” (Pias 2011, Schroeter 2004). Some
studies, however, suggest the need for revision and the development of
a more nuanced picture. Paul Edwards, in his 1997 seminal book The
Closed World: Computers and the Politics of Discourse in Cold War Amer-
ica, describes a specific historical constellation in which computers and
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simulations were crucial in creating a “closed world’, a worldview which
governed U.S. international politics and military action in the 1960s. In his
account, simulations based on game theory and on the methods of oper-
ational research as well as hybrid simulations of human-machine interac-
tions were central (Edwards 1997). In her discussion of cellular automata,
Evelyn Fox Keller points to the diversity of methods used in biology during
the 1940s (Keller 2003), as does Gabriele Gramelsberger, in her historical
reconstruction of the distinction between an analytical (symbolical) and
a numerical approach to computation (Gramelsberger 2011a).

Four Historical Case Studies

The case studies presented here were chosen to demonstrate that in the
second half of the twentieth century the trajectory of computer simulations
can be characterized by an enormous diversity of practices and approaches,
actors and fields, contexts and traditions. In particular, the studies’ topics
highlight both differences in the simulative practices of neighboring dis-
ciplines such as astrophysics and particle physics, as well as similarities
between more remote disciplines such as architecture and the natural sci-
ences. Each paper’s shared point of departure is the approach of historical
epistemology. To understand computer simulations, to assess their epis-
temic status, to interrogate claims of novelty and innovation, and, impor-
tantly, to get a nuanced view of how contemporary notions of computer
simulation were formed, we need to learn about the various practices, his-
torical actors, cultural contexts, and disciplinary fields that have shaped
computational knowledge, framed scientific practices and codified disci-
plinary research. Looking to specific historical instances, the four case
studies investigate the following questions: 1. How did scientists describe
practices which we today tend to unify under the heading of computer
simulations? 2. What fostered the introduction of computational tools,
and was this engagement with computers considered novel and innovative
by historical actors? 3. What changes—epistemological, experimental, dis-
ciplinary—were associated with the introduction of these computer-aided
practices in specific fields and contexts?

Liesbeth De Mol, in her contribution, looks closely at how three math-
ematicians engaged with the ENIAC computer in the 1940s: number the-
orist Derrick H. Lehmer, logician Haskell B. Curry and icon of early com-
puter science, John von Neumann. Changing perspective from simulation
as an object of knowledge to simulation as a practice, De Mol provoca-
tively claims that there was no simulation in the early ENIAC context,
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only various practices engaging humans with the machine. Each scientist
developed computational tools and programming techniques that matched
specific problems and methods in their respective fields: reducing a prob-
lem to simpler components, or framing it in axiomatic terms. Her detailed
comparative analysis demonstrates that the relationship between machine,
code and user was flexible at the time, allowing all three actors to shape
it according to their own questions, aims, and ways of thinking. In this
perspective, von Neumann’s use of the ENIAC as a tool for the Monte
Carlo method—a view predominant today—is only part of a much more
complex story.

Arianna Borrelli’s contribution is devoted to high energy physics. She
shows that Monte Carlo computations were not directly imported from
nuclear research into particle physics during the 1950s. In fact, this failed,
and they only became relevant in the latter discipline in the early 1960s as
event generators. At that point, Monte Carlo practices were not considered
surrogates for experimentation nor artificial realities but were more often
described as forms of computation or simulation that allowed for the pro-
duction of fake events. However, once Monte Carlo event generators were
widely employed in the late 1960s and 1970s, they not only helped physi-
cists in their search for new particles, they also triggered an unforeseen
epistemic shift in the concept of “particle”

Nathalie Bredella shifts the perspective from the field of early physics
and computation to the domain of architecture and design. Her contribu-
tion follows the introduction of digital modeling techniques in architecture
from the 1980s onwards, and the transformations in design practices and
concepts that were linked to the introduction of the computer. Bredella
brings to light the various factors which motivated and enabled the rise
of what is today referred to as Building Information Modeling (BIM) and
which she analyzes as a digital construction kit, which allowed not only the
simulation of buildings but of the whole design process. Among other ex-
amples, she investigates the visions of the architect Chuck Eastman in the
1970s, the first graphical user interfaces developed at MIT in the 1960s,
and the early adaptation of software in the office of Gehry Partners in
the 1970s and 1980s. Bredella describes these various constellations as in-
terdisciplinary landscapes and argues that these case studies demonstrate
how digital modeling served as a new communication tool, connecting
architects with the many other social actors involved in planning and con-
structing.

Finally, Sibylle Anderl follows the emergence, development and use of
a specific code in astrophysics. The Paris-Durham model of the propaga-
tion of interstellar shock waves was created around 1980 and is still in use
today. Anderl shows how the code, while remaining essentially unchanged
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for a long period, nonetheless took up different epistemic functions in
various research practices, depending on the aims of its users and, espe-
cially, the transformation of observational techniques in astrophysics. She
argues that the code was initially considered a theoretical tool for gaining
a qualitative understanding of interstellar shock waves. Later on, it became
a means for producing “synthetic data’; which could be compared visually
with direct observations. Eventually, the Paris-Durham model came to be
seen as the most complete simulation of the propagation of an interstellar
shock wave that was attainable. Epistemologically, she claims, this amounts
to an extension of the physical concept of shock waves, which were tra-
ditionally defined as discontinuous phenomena and were now, in light of
this simulation, understood to also be continuous.

Diverse Practices, Interdisciplinary Landscapes and a Protean
Concept

The close historical studies in this volume undermine the prevailing view
that simulation had its origins in the Monte Carlo method, as it developed
in the 1940s as an ancillary to the United States’ war effort. Rather, these
papers suggest a diversified and fragmented landscape of practices often,
but not always associated with the introduction of the computer. Much
like Peter Galison’s notion of trading zones, there were networks in place
that connected actors across disciplines, space, domains of basic research
and applied knowledge, backgrounds, and interests that were crucial in
bringing forward novel applications, ways of programming, and uses of
computational simulations and related practices.

This historical reassessment of the supposed paternity of computer sim-
ulations has direct implications for our understanding of the present: com-
puter simulations are not one but a set of multiple practices, approaches,
uses of computational, mathematical and modeling practices. They were
multiple in the past, and remain so in the present. Instead of being a sin-
gle, unified technique, simulations, on the contrary, can be identified by
their protean nature. The attribution of novelty associated with the use of
simulations appears to be a reflection of their bringing together hitherto
separated spheres. Knowledge, people, thinking, and doing were grouped
together in new ways which have fueled the spread of computer simulations
and have been reshaped by these new constellations. Computer simulations
establish connections that were not offered by preexisting environments
such as universities and the conventional disciplines they foster, or the pre-
vailing mindsets such as theoretical versus applied sciences encultured by
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such conditions. What is more, the configurations simulation allows for are
not stable but are ongoing in their reconfiguration, with agents constantly
reshuffling, and attaining novel, perhaps even unlikely matches.

This structural, combinatorial nature of simulations lies at the heart
of the epistemic relevance they have been able to acquire over a relatively
short period of time. The most important finding of the discrete set of case
studies presented here is that they can demonstrate how the introduction
of computer-aided simulation transformed central concepts in their re-
spective fields: Arianna Borrelli shows how Monte Carlo event generators
eventually changed the concept of “elementary particle” in physics; Sibylle
Anderl demonstrates how a new type of shock wave emerged in astro-
physics through the employment of digital models; and Nathalie Bredella
reconstructs how the understanding of what constitutes the design pro-
cess was fundamentally reframed by modeling buildings not with pen and
paper, but digitally.

To end on a provocative note: the case studies in this volume suggest
that the “black-boxing” so often associated with the use of computers in
general and simulations in particular, might not (only) lie in the complexity
of the technology but in the complexity of infrastructures, people, power
relations, historical and cultural circumstances that have come together in
a contingent historical moment, the dynamics of which are difficult and
time-consuming to trace. In other words, looking into the black-box of
computer simulation means looking out into the world.
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Endnotes

1  Among the many recent publications see Bazzanella (2012), Floridi (2019), Gramels-
berger (2011b), Lengauer (2011), Menges & Ahlquist (2011), Morrison (2015), Turkle
(2009), Vehlken et al. (2016).

2 Today, any computer-aided technique using random numbers can be described as
a Monte Carlo simulation. They are used, for example, to predict climate change,
molecular dynamics, or the dynamics of finance, see Liu (2004).
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3 Generalintroductions to agent-based modeling are missing, but there is a vast literature
on the many applications in a variety of fields.

4 On the historiography of computing in general see De Mol and Bullyink (2018), Gugerli
and Zetti (2019).
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