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In the spring of 2014, master’s degree students in the Information Experience Design (IED) program at the 
Royal College of Art (RCA) and physics PhD students at Imperial College London (ICL) entered into a 
one-month collaboration with the purpose of translating the concepts and methods of quantum physics to a 
human scale. Engaging in both high- and low-tech approaches, the students used (for example) balloons, 
lasers, speakers, lenticular printing, and physical computing to create spatial and experiential installations. 
The final result  of the PhysicSpace project was an exhibition entitled “Physics Happens in a Dark Place”, 
held in the basement of London’s historic Shoreditch Town Hall.  

As an exemplar, we present here an art-science collaboration that, in its methods and outcome, lies in 
between didactic museum display, practical visualization, and science-inspired art projects Throughout this 
article, we use the term “art-science collaboration” with the understanding that design practice exists within 
“the arts,” just as the IED program is based at the Royal College of Art.  

Visualization attempts to convey complex information in a comprehensible form,2 and many scientific 
visualizations employ the familiar language of pie charts, bar graphs, and scatterplots to visualize data.3,4 
Art, by contrast, “presents layers of visual connections, analogies and metaphors, asking the viewer to 
complete the picture. Unlike visualization, its intent is to raise questions rather than provide answers.”2 The 
goal of our project was not to create artworks informed or influenced by science; nor was it about 
visualizing scientific data. Rather, the work endeavored to communicate physics concepts and methods in 
an engaging manner through spatial and experiential installations. 

We are thus engaged in interdisciplinary, practice-led design research that attempts to balance scientific 
rigor and computational thinking with art and design practice. Our hope is to make a contribution—through 
our process and outcomes—to the fields of information visualization, science communication, and art and 
design. We (the authors) collectively bring to this work extensive experience in information visualization 
and science communication. Karin von Ompteda, with an academic background in both biology and 
communication design, has been engaged in data visualization for many years as a designer, researcher,5 
and educator (http://tinyurl.com/mupkpb5). Most relevant is the Critical Visualization Workshop that she 
has run since 2010 in the UK and abroad, in which participants have rendered world statistics as object, 
environment, and experience.6 Kevin Walker has many years of experience in visualizing science using 
technology in the museum context, by employing techniques of physical computing.7,8 

Visualizing Quantum Physics 

For the work we describe here, we secured funding from the Institute of Physics to collaborate with 
physicists, aiming to render the concepts and methods they use in physical, spatial, multisensory, and 
experiential forms, resulting in a public exhibition. Visualizing quantum physics is inherently difficult 
because of the scale at which it operates, the abstract nature of its formulations, and the confusing, often 
counterintuitive effects studied.9 Because the field is so specialized, visualizations tend to be created by 



 

 

physicists or computer scientists.10–12 Even with such resources, many physics graduate students continue 
to hold deep-rooted misconceptions about the subject, even after one or two years of specialist 
instruction.13 

There are several artists working in the realm of quantum physics. For example Edward Tufte, best 
known in the visualization community for his practical books, also creates sculptures based on the wave 
and particle diagrams of physicist Richard Feynman.14 Among well-known artists, Grenville Davey15 and 
Conrad Shawcross (http://tinyurl.com/ljjjvn6) create works based on string theory. Victoria Vesna has 
become well-known in the art-science community, working particularly with nanosystems including 
quantum interactions.16 Other artists working with physics include Tauba Auerbach 
(www.taubaauerbach.com) and Mira Schendel.17 Libby Heaney (http://libbyheaney.co.uk) and Julian Voss-
Andreae (http://julianvossandreae.com) are perhaps unique in having been formally trained in quantum 
physics before moving on to careers as artists. 

For the PhysicSpace project, Walker enlisted the participation of four physics PhD students from ICL, 
all of whom had an interest in the art world and expressed a desire to explore new forms of science 
communication. Each of the physicists displayed an impressive ability to communicate their research, and 
based on their presentations, groups of RCA students chose one of them to work with. The RCA students 
were inspired from the outset; the tools and apparatuses the physicists used, from lasers to waveguides to 
quantum systems, already provided a material basis for physical and interactive ways to communicate the 
science. 

Von Ompteda next drew up a brief that tasked RCA students to create projects that would interpret their 
collaborators’ concepts and/or methods and, in so doing, bring the quantum world to a human scale. An 
excerpt from the brief elucidates the spirit in which this work was undertaken: “Our ultimate goal will be to 
bring people into the dreamy, philosophical, analytical, and poetic space of physics; communicate a sense 
of wonder, awe.”  

Example Installations 

The RCA-ICL collaborations led to seven installations. We describe three in this article, and presentations 
about the other four are available on the PhysicSpace webpage at http://spaceprogram.rca.ac.uk. 

Carrolynne Hsieh and Jae Kyung Kim (RCA) worked with David Trevelyan (ICL) to create 
flow.instability. His double-cylinder computer simulations model instabilities in liquid argon, a complex 
fluid with properties that cannot be described using Newtonian concepts such as viscosity. Fluid dynamics 
can be imaged directly, but at the molecular level, it is typically simulated18,19 and visualized using tools 
and libraries such as MatPlotLib (http://matplotlib.org), PyMol (www.pymol.org), and Visual Molecular 
Dynamics (VMD, www.ks.uiuc.edu/Research/vmd/). 

According to the Lennard-Jones Potential model used by Trevelyan, when liquid argon molecules are far 
apart, they do not sense each other; hence there is no attraction. As they move closer together, they become 
increasingly attracted to each other, but when they are too close, they repel each other. This is not unlike 
human behavior, according to space proxemics.20 People seek security in numbers,21 but there are 
(culturally variable) comfort zones of personal space. 

The installation thus brought Trevelyan’s simulations to a human scale with a walk-through structure, 
approximately 4 m in diameter × 2 m high, consisting of two concentric rings, reflecting Trevelyan’s 
computer model. The spaces between the rings were carefully designed such that, in order to pass each 
other, people would need to turn sideways in uncomfortably close interactions. 

For the structure’s surface, the students designed an arrangement of wood pieces that began chaotically 
but resolved into a more orderly pattern, mirroring the way Trevelyan conducts his research; the molecular 
behavior he studies appears chaotic at first, but it has a general trajectory, and he turns the observed values 
into ordered data by averaging the data repeatedly to derive the overall flow of molecules. flow.instability 
was compelling both visually and experientially, effectively communicating both the interactions between 
particles/visitors and a movement from chaos to order as visitors moved inward. Figure 1 shows the final 
installation. 



 

 

Figure 1. flow.instability by Carrolynne Hsieh, Jae Kyung Kim (RCA), and David Trevelyan (ICL). The 
installation attempted to communicate both the interactions between liquid argon particles/visitors and a 
movement from chaos to order as visitors moved inward (Photo courtesy of Carl Bigmore.) 

Oliver Smith (RCA) worked with Vignesh Venkataraman (ICL) to create Resonance, Revenant, an 
installation simulating the transfer of energy between particles on the quantum scale, which occurs as a 
result of each particle’s frequency. It specifically modeled, at a human scale, a system exhibiting non-
Markovian behavior—that is, a system with memory, in which previous states affect the current state. 

Resonance, Revenant translated these unseen shifts into an immersive experience using sound and light. 
Bare loudspeaker cones were arranged on the floor, facing upward, with a ring of light projected around the 
base of each to indicate its state (see Figure 2). This echoed the cone shape used to visualize quantum 
particles in an open quantum system.22 The cables connecting the loudspeakers to an amplifier were left 
visible, although they were carefully arranged to reinforce the objects’ connections to each other in a 
system. Speakers with shorter cables between them represented more closely coupled pairs, and cable 
lengths were kept flexible to facilitate changes in connections and couplings based on self-selecting 
frequencies. Lighting was designed to allow visitors to walk through the installation without significantly 
obstructing the projection, giving the piece a magical quality. 

Figure 2. Resonance, Revenant by Oliver Smith (RCA) and Vignesh Venkataraman (ICL). The installation 
simulated the transfer of energy between particles on the quantum scale by creating an immersive 
experience using sound and light. (Photo courtesy of Carl Bigmore.) 

The transfer of energy between particles, typically represented in the scientific literature using 2D and 
3D graphs,23 was represented in the installation when a speaker was activated with both sound and light; 
nearby speakers would then appear to absorb some of the energy given off. The energy lost from one 
speaker to another eventually returned to the original speaker, with some loss of energy along the way.  

The sound of bells was chosen for its role as a human signaling mechanism. Collectively the sounds 
combined to create harmonic tones and oscillations, further reinforcing the perception of a complete 
system, and stimulating in visitors not only an auditory response but a visceral, whole-body sensation. 

Visitors were encouraged to move around the space, exploring the system’s output with their eyes and 
ears, looking for patterns. Smith took care to simplify the system’s output in order to clearly communicate 
his intentions, while still retaining enough mystery to maintain visitors’ interest. “This,” he explained, 
“boils down to a simulation of a simulation, using Processing [software] to mirror the work (in a simpler 
way) and pare down its output to the most interesting, engaging essentials.”24 

Charles Rickleton (RCA) worked with David Trevelyan (ICL) to create an installation they called 
Average Football Game. To predict fluid dynamics at a molecular level, many thousands of computer 
simulations must be carried out. The data has a high noise-to-signal ratio, so it must be averaged and 
repeated many times in order to extract meaningful data. Coincidentally, the data emerging from 
Trevelyan’s simulations, when each iteration is layered atop of one another, bore a striking similarity to 
von Ompteda’s data-driven approach to type legibility, directly influencing the project outcome.5 Time 
series overlays are in fact a common way of visualizing scientific results,25 particularly in molecular 
dynamics.26  

Rickleton’s interest in this visualization method found its material form in the bar at RCA, which 
contains a foosball table. He recognized the game as a system that similarly undergoes many iterations, 
with ample variety to keep players interested, yet with an ultimately bounded space of possibilities. His 
resulting installation faithfully communicated the scientific ritual of repeated experimentation, while 
integrating elements of performance, participation, and emergent design. 

Rickleton took on the role of referee, first creating a bespoke uniform by spray painting black stripes 
onto a scientific lab coat. The players (visitors) and “lab assistants” (who would stand by taking notes) 
were also provided with color-coded lab coats/uniforms. The bar loaned the foosball table for the duration 
of the exhibition, and Rickleton cut sheets of thick watercolor paper to fit precisely onto its surface. He 
further created an “inking station” that consisted of a small table for a series of balls, a squeeze bottle of 
ink, and a pair of rubber gloves with sponges attached to the palms. 

During play, Rickleton—whistle in mouth—acted as an agent in the system, keeping precise time and 



 

 

closely observing and monitoring the game. He slid a sheet of paper onto the surface of the table, carefully 
inked a ball and dropped it into the center. Players (at one point including Trevelyan) donned their colored 
coats, lab assistants took their places, and play proceeded as it would in a normal foosball game. 

After each game, the paper was removed and hung in the exhibition foyer turned gallery (see Figure 3) 
to reveal distinct patterns in the form of “heat maps,” as Trevelyan described them, out of the chaotic 
system. The installation made explicit that foosball is a system with rules, positions, and procedures, and 
Rickleton had created a visual mechanism for recording data from it over time. 

Figure 3. Outputs from the Average Football Game project, with RCA students Jae Kyung Kim and 
Carrolynne Hsieh. The installation attempted to simulate the iterative processes that often occur in 
scientific experimentation using a foosball table metaphor and live player participation. A paper recorded 
the movement of an inked ball across the surface of the table during each round of play. (Photo courtesy of 
Carl Bigmore.) 

Discussion 

The PhysicSpace project revealed affordances of art, design, and visualization as well as the potential of 
each to inspire science communication. The following topics revealed themselves over the course of our 
collaborative process. 

Information versus Data Visualization 
The ICL PhD students initially brought representative datasets to the collaborations, for the purpose of 
visualization. However common technologies were not able to handle them; the data crashed Microsoft 
Excel and froze a MacBook, for example, clearly showing the huge volume of data generated merely 
within individual physics experiments. During discussions between the RCA students and von Ompteda, it 
became clear that the data as provided, even if it could be faithfully visualized, would remain 
incomprehensible to a layperson. Thus, a collective agreement was made that the students would instead 
delve into the concepts and methods at the core of their collaborators’ work and explore ways to 
communicate them.  

According to Ruth West and her colleagues, “The narratives framing data creation and representation 
circumscribe what we can see and know, and how we see and know.”27 Although many information 
visualization systems “offer incredible quantity and variation, they usually lack any self-critical function 
and simply stream forth without discrimination.”28 Dietmar Offenhuber calls the deliberately rhetorical 
function of visualizations “visual anecdotes.”29 These insights helped students as they shifted from 
visualizing data to visualizing concepts and methods.  

The work created by the students inherently posed this question: Is the “information” in information 
visualization restricted to quantitative data, or could it encompass abstract concepts, qualitative findings, 
and single and multiple perspectives? Broadly considering the purpose of visualization as conveying 
complex information in a comprehensible form,2 visual narratives qualify as visualization, but perhaps only 
if they are grounded in empirical data. Extending this reasoning, the installations we describe here qualify 
as visualization, being grounded in scientific data, although they do not depict it directly. 

Design versus Scientific Visualization 
Design operates at the interface between people and complex information. It is important for designers to 
be able to enter into a foreign knowledge set and understand it well enough to communicate it. According 
to Francesca Samsel, “collaborations between visualization, art and science have the potential to 
communicate the science to a broader audience” and “a common understanding and language between art, 
science and visualization should achieve this.2 Yet the designers’ lack of understanding—even deliberate 
misunderstanding—can also be an asset; they stand on the outside and as such have an immediate 
connection to a lay audience. They then employ their skills and experience to extend an invitation into 
knowledge that might otherwise be impenetrable. 

Many designers also engage in visualization as a critical practice, described in part by Peter Hall as “the 



 

 

framing, gathering, connecting, and arraying of data.”30 Thus unlike scientists, designers may engage in an 
overtly subjective practice for the purpose of communicating information of their choosing. Discussing art 
in the context of visualization, Samsel states, “Unlike visualization, its intent is to raise questions rather 
than provide answers.”2 The focus here is not on usability or aesthetics but on intent, and this, according to 
Fernanda Viégas and Martin Wattenberg, “provides a coherent category of work with important 
distinguishing characteristics from scientific visualizations.”31 Visualization as an art form has quickly 
risen to prominence, fulfilling Hall’s prediction that it would open up the field.30 The IEEE VIS Art 
Program stands as evidence. 

Experience versus Visualization 
Having argued for a broader notion of “information” in information visualization, we now question the 
term “visualization.” Despite Colin Ware’s insistence on the predominance of visual information,4 our aim 
is to transform information into experiences that are immersive, multisensory, and multimodal. This is 
based on our expanded definition of information; on strong evidence linking memory formation and 
sensory, emotional arousal;32,33 on the literature on experiential learning;34,35 and on our previous work. 

Von Ompteda uses the term “data manifestation” to describe the outputs of her Critical Visualization 
Workshop, which are 3D, spatial, and experiential, providing “a much-needed counterpoint to our 
increasingly prevalent interaction with information on screen.”6 Walker’s research36 and practical 
experience8,37 of designing installations and activities aimed at “meaning making” in museums, employ 
techniques that suggest scientific visualizations take advantage of physical forms beyond popular screen 
representations.  

According to John Dewey,38 art derives its power as an intensified form of experience, and meaning 
making can be seen and measured in the personal, social, and physical contexts in which it is experienced, 
as well as in relation to the tools (including artworks or visualizations) that mediate our relations with 
information.36 Although a great deal of research has been conducted on the understanding of 
visualizations3 and on didactic science museum exhibits,39 further work is needed to investigate how 
people make meaning from physical and experiential manifestations of information. There appears to be 
evidence40 that physical data representations (versus on-screen visualization) improve information 
retrieval—one of the core foundations of the visualization literature.41 Currently, von Ompteda’s research 
is focused on this area at OCAD University, where the Visual Analytics Lab is producing relevant work,42 
and Walker’s research is focused on experience and multimodal representation.43  

As big data ceaselessly gets bigger, we suggest an expanded notion of information that includes narrative 
and is grounded in an understanding of the contexts in which it is collected and experienced, a critical 
approach to visualization as a design process that is informed but benefits from an outsider perspective to 
facilitate effective communication, and a broadening of the field of visualization to encompass physical 
representations and experiential installations. 

The installations in our exhibition were all very different, yet all of a piece, because they were all born 
from the same place. In our shift from visualizing numbers to ideas and practices, the data was not left 
behind. On the contrary, bringing quantum physics to a human scale reveals a link between the interactions 
of particles and those of humans, as was most apparent in flow.instability. In fact, the term “social physics” 
is used to refer to the many small transactions between individuals that comprise social phenomena.44 

An estimated 700 people visited the exhibition during the week it was open, and almost all feedback 
(from scientists and artists as well as visitors as a whole) was positive. One review said, “It’s like stumbling 
into a forgotten Tesla laboratory.”45 Reflecting on the journey from his dark basement lab to our dark 
basement exhibition, one ICL physicist said, “In science, you really push the boundaries of human 
knowledge, but only in a very, very limited corner. And you can lose the more general picture.” He was 
pleased to see visitors queuing up to see an installation based on his work. “There was somebody who 
would never come to the lab—never even know me—but is queuing to see what I do, which [the students] 



 

 

represented so well.”46  
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