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Abstract

Film shoots often resemhble Rube Goldberg machines, those chain
reactions of objects and contraptions that are currently popular on
social media. Behind the camera of a narrative film, there is
continuous improvisation. Machines get connected with makeshift
solutions and crew members. A large network emerges, and all
parts collaborate for a successful shot. Sometimes, what happens
behind the cumera can be more exciting and creative than the
sequence being filmed. One should turn the camera around and
film the set!

The narration on screen and the process on set often follow the
same principles. All crew members are heroes who spring into
action to achieve a goal. Similar to Rube Goldberg machines, the
goal is not to find a the direct route from A to B, but to find a
solution that achieves the most impactful result. On set, | always
carry a two-cent coin, which has already solved quite a few
problems for me. This paper follows my coin’s journey and
describes tinkering as an experimental practice that takes place
during conventional and standardized film work. Despite industrial
uniformity, every set is an experimental system that brings forth
what might be the standards of tomorrow, hoth in terms of film
aesthetics and film technology.
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Last year, as the cinematographer on a low-budget short film with a small crew, my task was to follow an actress with a tracking shot through
an open door. The door’s locking mechanism was too strong to be held in place by the sandbag | had planned to use for this purpose. As there
was no wooden wedge available on set to keep the door open, | had to improvise. | ook a wooden clothes peg apart and slid half of it under
the door as a wedge, but the gap between the floor and the door was sfill a bit too wide. | then took a two-cent coin from my pocket and placed
it between the floor and the half wooden peg. The door stayed open and | began to sing the praises of my two-cent coin and its remarkable
abilities.

Coins are used time and again in filmmaking. A two-cent coin has fulfilled the most astonishing functions, mostly as a mediator between two
other objects or between other objects and myself. In combination with stacks of books and other coins, it has balan ced the camera when filming
from a fixed position unsuitable for a tripod (such as from within a bookshelf). It has also allowed small LED lights to be placed in the correct
position to illuminate a miniature set (such as the inside of a drawer in which a doll’s house had been set up). Coins are also frequently used on
set when there is no screwdriver available, as soon as the connection between a camera and a tripod needs to be made or loosened using a
SCrew.

The sound recordist on the film we shot last year is a good friend of mine. He knows of my interest in the objects of filmmaking and in the
methods of aesthetic research. When | had finished singing the praises of the efficiency of the solutions improvised with the two-cent coin, he
simply said: Why don’t you write an academic paper about it and call it ,my two cents’. Well, here we are.

My interest in the objects used in filmmaking is linked to a current research project on recordings of Rube Goldberg machines on YouTube, those
chain reaction machines that are currently popular on video platforms and social media. In these chain reactions, objects are connected along a
course in such a way that once activated, they transmit and transform a kinetic impulse; this could potentially go on indefinitely until af the end
of the chain, a task is performed that could have been accomplished much more simply. These machines trace their origins back to the American
cartoonist Rube Goldberg (1883-1970), who, among other creations, drew a selfie machine incorporating a toy sailing boat, a smouldering
cigarette butt, a balloon and a figure identified as a dictator in the machine’s obligatory accompanying text (Fig 1). When the balloon bursts, the
dictator thinks he has been the victim of an assassination attempt, whereupon he falls over and thereby presses the camera’s shutter release.

/AS YOU SIT ON PNEUMATIC, CUSHION &A),You FORCE
AIR THROUGH TUBE éB WHICH STARTS |CE-BQN'6¢),
CAUSING LIGHTED CIGAR BUTT (D) TO EXPLODE
BALLOON (E)— DICTATOR (F ), HEARING LOUD
REPORT, THINKS HE’S BEEN SHOT AND FALLS

Figure 1. Simple Device for Taking Your Own Picture, Rube Goldberg, September 1941.

The selfie machine serves merely as an example of the countless machines that Rube Goldberg drew over the course of some thirty years [1].
To do so, all he needed was his imagination, a pen, and a piece of paper; this is in stark contrast to what is required in the cinematic adaptations
of such machines, which draw inspiration from his cartoons. In addition to the elaborate and innovative construction of the machine, a high level
of cinematographic expertise is crucial for its recording. Successful cinematic staging requires precise tracking of the kinetic momentum across
countless objects, as well as an understanding of light, colour, sound recording and sound editing, continuity montage or the uncut presentation
in the form of sometimes complex camera movements. Without the masterful use of cinematographic techniques, it is impossible to maintain
an uninterrupted sense of the individual interactions between the various objects.

The production of such a video often requires more than just the construction and activation of a single machine. Rather, a second course
including people and technical gear is also set up behind the camera, initiating a second chain reaction. The two machines, on and off camera,
are synchronized with one another via the moment of recording by the camera apparatus. Both the interconnections in front of and behind the
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camera can be aptly described using the vocabulary of actor-network theory, as established by Bruno Latour, amongst others, to overcome the
dichotomy between object and subject and instead emphasise the conjunction of object and subject in units of action (quasi-objects, networks)
and the equality of both entities at the moment of action (actants, agency).

Within the field of production studies, the making of a film has already been described as a network in texts such as Lights, Camera, but Where’s
the Action? Actor-Network Theory and the Production of Robert Connolly’s Three Dollars (Mould 2009), with the focus here primarily on the work
of the production department. Yet, particularly on a film set, all actants (such as the lights and the camera mentioned in the title of the text)
must interact flawlessly at the moment of recording, much like the reaction chain of a Rube Goldberg machine, because otherwise the constructed
sequence must be repeated. Only where a cutis planned in the shot, can the operations behind the camera be interrupted. As long as the camera
is recording, the chain reaction must run without interruption. It is not uncommon for the interactions behind the camera to be more complex
than the action in front of it, often requiring a greater number of objects and a higher degree of technical sophistication in the gadgets used.

Some devices, such as the follow focus, also function as a chain of reactions, transmitting a human impulse to the lens via numerous individual
steps. The parallels between a Rube Goldberg machine and the machinery on a film set extend right down to the individual film-making gadgets
—foremost among them the camera, which appears as an assembly of individual components. Particularly illustrative of this is the film transport
mechanism in analogue film cameras, which, even when viewed in isolation, already represents a complex network inside the camera body.

3 : . . =

Figure 2 & 3. Rube Goldberg machines are networks par excellence, yet every film set can also be described as a Rube Goldberg machine and
thus as a network. The video of a Rube Goldberg machine connects two networks through the camera: the one in front of the camera and the
one behind it. (Left: Jiwi’s Machines Ep. 3; https://youtu.be/F2kRIsWs7il?si=S05mdxKo SWTmOsi. Right: How To Get A Parrot Eat A Grape! Jiwi's
Machines Ep 3 | Behind the Scenes; https://youtu.be/wlarFgnNBoE?si=ggkRx4ArdnZ1Q03F)

Rube Goldberg attributed the invention of his machines to a fictional character known as Professor Lucifer Gorgonzola Butts. In doing so,
Goldberg, who himself studied engineering at the University of California, Berkeley (Wolfe 2000, 18), highlights the scientific parody aspect of
his drawings. Just as in a laboratory, unexpected and previously unknown combinations of objects are created and integrated into a structure
in a thoroughly experimental manner. Whilst Goldberg’s drawings construct absurd situations and often assert the principle of causality against
all probability (such as the falling dictator in the example above, cf. Olson & Nelson 2017), the actual construction of such a machine requires
close ties to the natural sciences, engineering and design processes, because it must actually function within the space and time of the video
recording. In this way, physically constructed Rube Goldberg machines maintain a direct connection to kinetic art, an artistic period, which,
particularly in the 1950s and 1960s, aimed for the actual mechanical functioning of its sculptural structures in order to thematize spatial and
temporal relationships through real movement. The discourse on kinetic art was also shaped by the question of its (alleged) proximity to the
natural sciences (cf. Lucie-Smith 1975, 189 and Popper 1975, 12), which was simultaneously subjected to irony through Dadaist means by some
of the artists.

Cinema is also characterised by close links to mechanical production and science. The new requirement for a (formerly photographic) camera to
record a large number of frames per second demanded, in the early days of film history, considerable expertise in technical design and
manufacturing. It is no coincidence that pioneers of early cinema such as Edison and the Lumiére brothers, as manufacturers, had access to
infrastructures that combined engineering and (photo)chemical knowledge with means of production. It was in such settings that the film camera
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could be successfully developed and manufactured. Well into the 1920s, camera operators on set wore white lab coats, which they had adopted
directly from chemical laboratories and only stopped wearing once reflections on surfaces within the frame were identified as a problem [2].
Cinematographers also often owned customized cameras, which they brought to the filming location, modified to meet the challenges of the
shoot and adapted to their own needs and preferences (Hergersherg & Koerber 1994). In other words: filmmakers in the early days of cinema,
and cinematographers in particular, often came from a background shaped by science and engineering. Their cameras, which they regularly
refined through experimentation during filming, were among the devices that could only be manufactured in the wake of industrialisation, and
thus among the objects whose increasing presence in everyday life Rube Goldberg satirized in his cartoons (Wolfe 2000, 13).
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Figure 4 & 5. Transport system within a film camera or film projector (IefAnimqugruph by Paul & Acres, March 1896). The drawing resembles
the drawings of Rube Goldberg (right, Self Pumping Tire, Rube Goldberg, September 1929, edited), who drew inspiration from patent
specifications, among other sources.

The scientific and technical background of cinematographers goes hand in hand with the fact that film sets were places of tinkering and frial and
error, and thus also of experimentation, even before individual practices became established and standardized through repetition and variation.
An outstanding and well-documented example of this is the so-called Entfesselung der Kamera’ (unchained camera technique, f. Weinsheimer
2007) in the 1920s. It took another thirty years after the first films were made, and in response to the growing demand for camera movement,
before products such as dollies and camera cranes were manufactured industrially to stabilise the mobile camera. Prior to this, makeshift
solutions were used too, along with a whole arsenal of different means of transport, ranging from trains and cars to draisines, wheelbarrows
and pallet trucks, as well as cable winches and wooden structures of all kinds. The first castors, which were attached to the legs of a tripod in
Hollywood studios, initially served solely to reposition the cameras — which had become heavier (as a result of the advent of sound film) —
during breaks in filming (Bordwell 2006, 71). It was only after some time, in collaboration with experimentally minded cinematographers, that
this new connection between object and camera led to camera movements during filming, functioning as a quasi-object with new agency.

The long journey from experimentation and improvisation towards standardised solution took place on a creative and formal level as well,
which was linked fo the technical development of film recording. Editing techniques such as parallel montage were initially tested experimentally
(for example by D.W. Griffith, cf. Salt 2009, 107-109), until, through repetition and variation, they became established as cinematic devices and,
over the course of film history, evolved into a convention. The history of the reaction shot also provides a striking example of this. According
to his own accounts, Lev Kuleshov initially conducted practical experiments and derived theories from them, which were then set down in
academic writing (Beller 2019, 20-21), subsequently becoming a standard creative tool for filmmakers (Salt 2009, 212). The interdependence
between research into cinematographic aesthetics and the development of film-technical objects could also be demonstrated for parallel editing
and the reaction shot, for instance through a historiography of spatial construction in early film studios (cf. Salt 2009, 100-109). The establishment
of camera movements in cinema, however, represents a particularly vivid example of the interconnection hetween technical and aesthetic
development.
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In all of these examples, filmmaking appears to be a process rooted in experimentation, from which standardised solutions only emerge over
time. Ultimately, every conventional feature film owes its existence to the improvisation of individual filmmakers who have conceived the
environment of a film production as an experimental system (Rheinberger 2006) and made it usable for practical research, in order to derive
problem-solving methods that can become a framework or ,,schema” (Bordwell 2008, 265) for technical and creative standard practice. In the
spirit of Paul Valéry, experiment and improvisation are not to be described as exclusively intellectual operations. Rather, they take place in
conjunction with ,matter, artistic means, but also a series of coincidences’ (Schiirmann 2015, 62. My trans.) [3].

This brings me back to my two-cent coin. Contemporary film shoots are also characterised by constant improvisation, often for budgetary
reasons, as in the short film mentioned at the outset. | do not wish to claim that the combination of half a clothes peg with a coin and a door will
set a precedent and give rise to a new gadget of film practice — after all, a svitable wooden wedge would have sufficed, had one been available.
But | would like to point out that most stages of a scientific experiment are far more likely to falsify a hypothesis than to follow the path that
ultimately leads to a discovery or a new product. Even in scientific experiments, one often starts by improvising with the available resources in
the laboratory:

,Thomas Kuhn himself notes, with regard to the natural sciences, that their methodological norms are not fixed in advance, but emerge from
the complex interplay of local laboratory conditions, practical exercises, concrete problems, momentary states of mind, situational constellations
and much more’ (Haarmann 2015a, 85. My trans.) [4]

There is much to suggest that the set of any feature or documentary film currently being shot, however conventional, should be understood as
an ,atelier-laboratory’ (Haarmann 2015b, 101). Some exploratory improvisation takes place on a small scale, for instance when gadgets such as
the Steadicam or a camera drone are connected to other objects and thus personalised to meet specific challenges. This includ es mounting a
monitor in various positions, attaching counterweights during balancing, or retrofitting the drone camera with optical filters. Other research
achievements, by contrast, are much more visible, for example when they function as a marketing tool and thereby attract media attention.
This includes, for instance, the de-aging of the actors in Martin Scorsese’s film THE IRISHMAN (USA 2019).

When a technique was sought for this film to make faces and hands look younger without sacrificing high-contrast lighting on set (Schruers
2020), Industrial Light and Magic, the renowned film visual effects company, carried out years of experimentation. VFX supervisor Palo Helman
described this phase as ,a great Nasa project” (Grobar 2020), thereby emphasizing the scientific foundations of the endeavour: ,We did tests.
We started getting our own cameras, [adding] filters and taking filters [out]. It was a real NASA moment, a moment in which we all played with
stuff” (Grobar 2020).

Following a two-year testing and research phase, the use of infrared light was identified as the solution. Two additional digital film cameras
(Arri Alexa Mini) were mounted on a large rig attached to the camera previously chosen for filming; their image sensors were modified so that
they could record infrared light. At the sume time, rings of light had to be installed around the camera lenses, emitting infrared light reflected
by the people and objects in the frame, without any loss of visual information in the shadows on the faces due to the high-contrast lighting on
set.
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Figure 6. ,The Three-headed monster’ on the set of Scorsese’s THE IRISHMAN. https://ymcinema.com/2020/02/10/red-helium-surrounded-by-
two-arri-minis-the-irishmans-de-aging-camera-rig.

In this way, a process that initially appeared to be a task for post-production on a computer was brought to the film set through years of
experimentation with specialised cameras and light sources. Many different actants joined forces for this research achievement: Thirty staff
members from the VFX Research & Development Department at ILM and an incalculable number of filmic objects, the production de partment and
the necessary financial and temporal resources, solved the problem by inventing a new technical process: ,It's a combination of a lot of playtime,
and a very organized way of managing that playtime* (Grobar 2020).

To achieve this solution, both the cameras’ light sensors had to be modified and the film crew had to adapt, as they suddenly found themselves
working with three enormous cameras on a rig, which necessitated an increase in cameras assistants, particularly when recording from multiple
perspectives simultaneously. Three cameras were required per perspective, meaning that at times nine cameras were used simultaneously for
the shoot and had to be managed by camera operators, focus pullers, grip and assistants for data wrangling. Due to the significant amount of
work involved and the massive scale of the setup, the film crew affectionately dubbed ILM’s invention ‘The Three-Headed Monster’.

This example illustrates very clearly that a film production is governed by a logic similar to that of a Rube Goldberg machine. In order to achieve
a specific aesthetic effect, there is a proliferation of objects and procedural steps. Instead of taking the direct route from A to B — two static
shots instead of a fracking shot through an open door, editing instead of a single sequence shot, make-up instead of infrared cameras and VFX
to de-age hands and faces — countless detours are created, connections between objects are established and chains of operations are extended.
In the process, the network expands to a considerable, often downright absurd extent.

Just as those who design and build a Rube Goldberg machine, filmmakers on set often resemble the main characters in narrative films. A
(cinematic) narrative, too, never takes the shortest route from A to B, but derives its power from detours and obstacles that must be overcome
— often with the help of new (human and non-human) allies. On set, filmmakers are, in a sense, on their own hero’s journey, the goal of which
is the successful filming of scenes. To achieve this, they must research topics and technologies and draw up plans, but they must also improvise
and, in an experimental way, make new paths viable by successfully overcoming existing obstacles and forging new connections.

This applies just as much to large-scale productions such as THE IRISHMAN as it does to low-budget productions. We, too, could have dispensed
with a tracking shot on the set of our short film and simply accepted the mechanism for closing the door. That would have spared us the extra
work of connecting the two-cent coin, the clothes peg and the door (maybe causing new problems to solve while trying to do two separate static
shots). But for aesthetic reasons, we opted for a tracking shot, which made our work more difficult and required greater involvement by several
quasi-objects off-screen. Yet it was precisely this network expansion that allowed us to achieve a more arfistically pleasing result.
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The considerations in this paper boil down to viewing a film set fundamentally as an experimental system, as described by Hans-Jorg
Rheinberger. It ,comprises instruments and measuring devices, preparation fixtures and the necessary technical skills for their application, the
objects to which the fixtures apply, as well as the spaces in which they are placed in relation to one another’ (Hall 2014, 225. My trans.) [5]. An
experimental system is also characterised by a certain degree of ambiguity, because precise knowledge of the intended results closes off the
space for the emergence of something new rather than opening it (Rheinberger 2006, 24-25). Instead, the ,ambiguity of every experiment
requires researchers to decide which interpretation to pursue further’ (Hall 2014, 225. My trans.) [6] in order to consolidate the results of a
series of experiments.

Rheinberger’s reflections on scientific research can be aligned with Bordwell’s description of the schemata in film production that arise from the
adaptation and enhancement of problem-solving methods. This conjures up the image of a film set where recurring tinkering appears as a form
of aesthetic research. The activity of tinkering, in turn, can be described, following Claude Lévi-Strauss, as a form of work that is equally
connected to science and art (Lévi Strauss 1973, 36). Even the most commercial films are always produced, in part, through tinkering and
experimentation, because their production requires improvisation and because even the most conventional film-aesthetic and technical
procedures owe their form to past experiments.

Just as productions conceived and received as experimental films from the outset, conventional narrative films also contribute through the
tinkering that takes place during their production, to the technical and creative standards of tomorrow. Much of the improvised problem-solving
strategies employed by filmmakers will be discarded, but some will become established over time and give rise to new conventions. This
constitutes the experimental research aspect of film production. The film set as an experimental laboratory is, ‘to quote Frangois Jacobs, a
machine for manufacturing the future’ (Rickli 2015, 137. My trans.) [7].

The videos of Rube Goldberg machines on YouTube demonstrate quite emblematically that it is often precisely the creative detours that produce
aesthetically fascinating results, rather than the simple path from A to B. At the same time, these videos underscore how playful and elegant a
film sequence can appear, even if its production required great effort both in front of the camera and behind it. Although part of the machinery
appears directly in the frame and is shown in action, all the failed attempts during filming are omitted from the recording, as is the work
involved in constructing the machine. These processes are concealed behind the successful operation of the machine, resulting in an
aestheticisation of the labour invested. When watching the finished video, it would be hard to guess that the recording of a rather modest Rube
Goldberg machine can sometimes require 200 takes, produced over a period of several days [8].

Just as obscured by an aesthetic of effortlessness are the processes taking place off-screen in a film, whether it depicts a Rube Goldberg
machine, adopts a documentary style, or is a narrative fiction film. The technical and logistic networks of film production including the
construction and activation of the cinematic apparatus behind the scenes, are only indirectly reflected or inscribed in the film’s images. And so
my two-cent coin also leads a shadowy existence off-screen, and with it an important aspect of aesthetic research which is constantly taking
place on a film set.

Using the Rube Goldberg machines to specifically draw attention to object interactions on set focuses exclusively on analogue forms of aesthetic
research, which may seem anachronistic in the age of image-generating Al. Current technical developments suggest that the interaction of
quasi-objects on set will become less common, and what may also be imminent is a complete suspension of real actants in film production. The
technical process for de-aging in THE IRISHMAN, which was geared towards specific and partly analogue operations on the film set, is also likely
to be taken over by artificial intelligence in the future. The film tech company Blackmagic announced a tool in April 2026 called Al Face Age
Transformer, which offers a comparable function in version 21 of its editing software Resolve [9].

The idea that my two-cent coin will one day disappear because it has been completely replaced by virtual means of payment and virtual film
production tools seems unlikely to me, though not impossible. More interesting than such speculations, however, is the question of what forms
of aesthetic research will emerge with artificial intelligence, and the role of improvisation, detours and an experimental mindset will play in
the future. Removing an object from its previous context in order to make it productive for a new (artistic) purpose however seems to be far
more complicated in fully digitalised filmmaking environments.

www.ineff.org 7



https://www.ineff.org/

References

1. Rube Goldberg drew around 50,000 cartoons during his lifetime (Wilson 2018), though only a small proportion of these depict the characteristic machines
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on film theory, aesthetics and practice at the Stiftung Universitit Hildesheim
for several years. In 2020, he became acting manager at Marburger
Kamerapreis and postdoctoral assistant professor at the Philipps-University
Marburg. In 2024-2025, he was visiting professor at the Stiftung Universitiit
Hildesheim. His academic research is centered on camerawork, long take
filmmaking and the interdependence of film studies and filmmaking through
artistic research.
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