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Preface

Lotte Philipsen and Rikke Schmidt Kjærgaard

The Aesthetics of Scientific Data Representation: More than Pretty Pictures (Routledge Advances in Art and Visual Studies series) explores scientific data representation across boundaries and scopes of the humanities and the natural sciences, discussing diagrams that map complex chemical relations, scanning microscopy providing images of nanoscale structures, sonic output testifying to tectonic movements, and colorful images of galaxies in outer space where no light is ever present (to mention just a few examples from this volume).

Representation, scientific data representation, too, is inevitably a matter of aesthetics since all representations are created and shaped under human influence. Even a graph on a monitor have at least shape, color, position, and size, and however advanced devices we may use in the process, these representational features are culturally and technically constructed by humans.

Natural scientists constantly make use of and depend on aesthetic representations in their research but tend to consider such representations as neutral transmitters of data. On the other hand, researchers in aesthetic theory have in-depth knowledge on image representation, aesthetics and epistemology, but tend to apply this knowledge to analyses of art or popular culture, and ignore the ever-important role data representation plays within the natural sciences.

The aesthetics of scientific data representation is a cross-disciplinary matter – accordingly, the intended readership of this volume includes researchers and students from the natural sciences as well as from the humanities. Despite the cross-disciplinary nature of this field, when navigating it in practice, most of us tend to follow familiar routes within the established boundaries of our own discipline. Terminologies that most of us take for granted, like “artists”, do not mean the same within different disciplines. We realize this only when forced to explicate whether we mean “artists”, “designers”, “illustrators”, “data visualization experts”, or something else. Similarly, different scientific domains have different understandings of “data”, “representation”, “aesthetics”, etc. This volume addresses these challenges through cross-disciplinary, comprehensive understanding of the epistemic, aesthetic, and communicative mechanisms and implications of contemporary scientific data representation.

Existing interdisciplinary resources on scientific data representation have so far mostly been dominated by an art-science focus and historical accounts. Edward Tufte’s works on graphic design for data representation are among the most recognized examples of guides on how to represent data in ways that combine clarity with visual attractiveness (Tufte, 2001, 2003, 2006). However, they convey an ideal of prettiness and clarity in the production of scientific visual representations without acknowledging the aesthetics that lie beyond the pretty. Other books touching upon art and the conception of data representation are Katy Börner’s huge coffee-table books on mapping. However, Börner does not explicitly address the concept of aesthetics in data visualization (Börner, 2010, 2015). Peter Galison and Caroline Jones’ edited Picturing Science, Producing Art accounts for relations between art and science, too, but its chapters explore science-art relations from a wide variety of different theoretical and historical perspectives (Jones & Galison, 1998).

Over the years, art historian James Elkins has contributed with valuable research on scientific images. Elkins’s book The Domain of Images (1999) offers an intriguing take on scientific images, although from an art historian’s point of view; Elkins’s Six Stories from the End of Representation and his edited volume Visual Practices Across the University include viewpoints of both humanists and natural scientists and offer insights into the roles images play in a wide variety of disciplines (Elkins, 2007, 2008). A similar approach is seen in the volume edited by Catelijne Coopmans et al. (2014), Representation in Scientific Practice Revisited, which focuses on contemporary practices of scientific representation through a variety of interdisciplinary investigations.

An important contribution to understanding the cultural constructions of scientific imagery is Peter Galison and Lorraine Daston’s book on the history of Objectivity (2007), which has a historical rather than contemporary focus, and a similar theme is investigated in Lisa Gitelman’s edited volume “Raw Data” Is an Oxymoron (2013).

As such, the overall theme of the current volume belongs to a well-established field of investigations in scientific data representation. However, this volume focuses exclusively on contemporary practices of scientific data representation – historical references are sparse and serve only as a means to better comprehend current practices. It offers in-depth aesthetic analyses that reaches beyond the average how-to-guide on data visualization and, most importantly, does not reduce the question of aesthetics to a matter of pretty pictures. It does not, however, systematically cover data representation from all scientific disciplines. Some chapters focus exclusively on the aesthetics of data representation within one discipline, or even one specific example, while other chapters investigate a specific dimension of data representation across a number of disciplines. It is an edited volume authored by different experts across the natural sciences and the humanities that forms a whole in the sense that the chapters are informed by other chapters, offer numerous cross-references, and built upon each other in order to form a coherent progression throughout and across chapters.

The first chapter in this volume, “Visualizing the Bacterium Streptococcus pneumoniae” by Engholm et al., demonstrates the book’s topic par excellence by providing a data representation that crosses the traditional borders of art and science: a hand-drawn watercolor painting of the bacterium Streptococcus pneumoniae. The painting is developed by a molecular biologist and very much inspired by other similar scientific and artistic paintings by molecular scientists and scientific illustrators. The chapter exemplifies the process of transforming data from the laboratory to the final painting through methods, specific choices, and considerations, producing a range of different images. The case presented in Chapter 1 implicitly prompts a number of theoretical questions on the relation between the icons and diagrams—and their different representational mechanisms—that are articulated and investigated in Chapter 2, “Diagrammatic and Iconic Imagery in Science” by Stjernfelt, who also introduces the role of beauty in data representations.

Chapters 3 and 4 elaborate on the diagrammatic and iconic dimensions respectively: Chapter 3 “Scientific Data Visualization: Aesthetic for Diagrammatic Clarity” by Krzywinski, discusses more broadly the ideas and key concepts of data design and data visualization. It creates a framework for data visualization based on examples and terms presented in previous Chapters 1 and 2, and in the author’s own work focused on genome research. By looking at a wide range of examples, Chapter 3 considers the role of aesthetics in recent data visualization broadly. Chapter 4, “Plant(ing) Aesthetics between Science and Art” by Philipsen, maps different mechanisms of aesthetic judgment of taste in science, art, and critical design. The chapter combines its theoretical investigations closely with concrete analysis of three different representations of plants: a modified scanning electron microscopy, a piece of photographic art, and a (perhaps) fake sex consultancy service.

Some of the figures in the next chapter follow dogmas presented in Chapter 4, but the volume now moves from the molecular scale of the biosciences to the scale of the whole universe. Chapter 5, “Visualizing the Invisible Universe” by Hannestad, describes how astrophysicists look at and visualize outer space phenomena—things very big, very far away that, in most cases, have ceased to exist millions of years ago. The chapter portrays the rising complexity in visualization within astrophysics. From the challenges of taking photographs of outer space phenomena that emit light in wavelengths not detectable by the human eye and therefore in need of manipulation in the visualization process, to the methods of visualizing phenomena that are in their very essence invisible since they consist only in mathematical data. The morphology of data representation in relation to its production process is also the focus of Chapter 6, “The Epistemics of Data Representation: How to Transform Data into Knowledge”, where Samuel discusses the epistemic roles of scientific data representation by demonstrating the gaps between phenomenon, data, and data representation. The chapter also demonstrates how scientists’ perception of data representations depends on additional translational acts that compensate for the gaps—to the extent where physicists’ data representation images need to be blurred for a biologist to comprehend them.

Chapter 7, “Sonification and Audification as Means of Representing Data” by Søndergaard and Vandsø, demonstrates how phenomena and data change according to the means of representation. Whereas the previous chapters almost entirely focused on visual data representation, Chapter 7 offers a much-needed insight into the domain of sonic data representations. Data of the chapter’s examples originate from scientific domains (comets, cells, tectonic movements), and the chapter investigates how sonic representations are inevitably intertwined with artistic and mainstream cultural practices like Hollywood movies. Further investigation of the intertwinement between science and public audiences is conducted in Chapter 8, “Scientific Storytelling: Visualizing for Public Audiences” by Veldhuis, who explores considerations, negotiations, and discussions that go into the making of data representations for a non-specialist audience in museums, at festivals, and online. Whereas Chapter 8 discusses the concept of “selling science” in a broader perspective, to a broad audience, Chapter 9, “Communicating Science—Aesthetic Choices in Publishing” by Krause, focuses on the process of producing covers for the scientific journal Nature and takes the reader through the steps of understanding the research, understanding the “vernacular” or visual language of that particular field, and translating the message into visual form that is appropriate to the particular audience.

Rafner and Schmidt Kjærgaard extend ideas and concepts from general data representation to scientific animation and moving images in particular in Chapter 10, “Ideas in Action: Using Animation to Cut through Complexity”. The chapter discusses the representational and aesthetic possibilities, advantages, and constraints that animation as a tool provides for data representation. Chapter 11, “Making Sense, Nonsense, and No Sense when Representing Audio-Visual Collections” by Vallø Madsen, investigates new methods for online visualization and interaction as a means of representing networks and meshworks of collections of audio-visual material. The entire volume is concluded in Chapter 12, “‘Facts’—and Representational Acts” by Kyndrup, picking up from the trans-media discussions and key concepts in the previous chapters and exploring “What is representation?” and “What is a representation?” The chapter provides a basic, theoretical understanding of what constitutes and defines the notion of “representation”, and it demonstrates its theoretical points by referring to selected specific cases and examples from previous chapters.
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1 Visualizing the Bacterium Streptococcus pneumoniae

Ditte Høyer Engholm, David Goodsell, Mogens Kilian, Ebbe Sloth Andersen, Bjørn Panyella Pedersen, and Rikke Schmidt Kjærgaard

The bacterium Streptococcus pneumoniae, known as the pneumococcus, is the causative agent of bacterial pneumonia, otitis media, meningitis, and septicemia. It is a major global health problem, and extensive research on the bacterium has been done. However, effective means of communicating knowledge about the bacterium to the general public is lacking. Scientists often specialize in narrow research fields, even within the biology of the pneumococcus, and they focus on communicating results to other scientists through scientific journals inaccessible to the general public.

In this chapter, we describe a visual representation of the pneumococcal biology that is meant to be accessible to a lay audience. We show how molecular data is integrated into a watercolor painting showing a 2,000,000x magnified section of the cell that will attract the attention of the viewer and stimulate curiosity and involvement. We discuss design choices and communication strategies during the process of transferring highly complex scientific data into an intentional aesthetically pleasing visual representation. The particular result shown in this chapter is a test painting. The entire project will result in a series of eight new illustrations, aimed to facilitate public awareness of the bacterium and its biology, generate hypotheses, and challenge familiar and unquestioned assumptions held by scientists.

In science, visual data representations are often the very result of the scientific process and serve mainly two purposes: reflection (internal) and publication (external). Typically, scientific figures in journals are used to communicate results to other scientists, both experts and non-experts, but rarely to a broader audience with no or little scientific background.

Initiatives such as the SciArt-program funded by the Welcome Trust 20 years ago, which had a ‘significant influence on the public’s engagement with science’, has radically improved scientific outreach (Welcome Trust, 2006). Artists have increasingly been inspired by genetics and biology since the early 1990s, and scientists are now becoming aware of the value of art in science as well (Anker & Nelkin, 2003). However, only a minority of scientists in the natural sciences has the time and resources for data representation through artistic means in addition to the more traditional laboratory-related tasks. In addition, the major advantage of scientists being responsible for the data representations is that they have an in-depth understanding of the science that may be difficult for artists, information designers, or scientific illustrators to gain and express through the representations (Anker & Nelkin, 2003; Welcome Trust, 2006).

Our aim is to increase public awareness of the pneumococcus bacterium by making the vast molecular scientific knowledge more accessible to a lay audience in the form of watercolor paintings supported by short narratives or essays explaining the biological processes. Our reasons for doing this is that, according to the World Health Organization, the pneumococcus is the fourth most frequent microbial cause of fatal infections. It is the most common cause of bacterial pneumonia, and an estimate of more than 900,000 children under the age of 5 died from pneumonia in 2013 (World Health Organization, 2014). Pneumonia is most prevalent in the developing countries, and disease outcome depends largely on host health status and treatment initiation (Gratz, Nam Loh & Tuomanen, 2015; World Health Organization, 2011). Therefore, implementation of vaccination schemes, antibiotic strategies, as well as increased public hygiene is sufficient to significantly reduce mortality and control pneumococcal disease (World Health Organization, 2011). For this reason, it is of great importance that the general public becomes informed in order to help prevent pneumococcal pneumonia.

The comprehensive scientific work on the pneumococcus has never been artistically visualized before. We hope that the visualizations of the pneumococcus presented in this study will aid awareness by attracting attention and promoting dialogue. Furthermore, because the illustrations are as accurate as possible and based on current state-of-the-art science in the field, we believe they will be valuable in expert scientific discussions as well.

Combining our backgrounds in molecular biology, medical microbiology, and data visualization, we use scientific data to create visual representations showing 2,000,000x magnified sections of the pneumococcal cell. In this chapter, we describe the making of a test painting. It illustrates intracellular narratives shown as snapshots of small portions of the cell, showing the location, size, and shape of all the macromolecules. This is in contrast to the living cell, in which everything is in constant motion and thousands of chemical reactions happen every second. Being much smaller than the wavelength of light, the illustrated proteins and other macromolecules cannot be seen directly. We rely on methods such as X-ray crystallography, allowing us to model what is not visible to the naked eye. The main challenge of this project is to use the data available for the individual proteins as well as scientific literature to construct a visual representation that is as scientifically accurate as possible. With the annotated genome (the genetic material that codes for functional proteins and RNA) of the pneumococcus as a starting point, we use data from X-ray crystallography and protein modeling to represent the majority of the individual components of the cell. The localization in the cell and interaction with other proteins is based on scientific databases and journal articles.

Although we attempt to minimize assumptions in the paintings, some degree of artistic license will be required for a project like this to be possible (Goodsell & Johnson, 2007). For example, in our test painting, the molecules are always visualized from the same angle to enable easy recognition of specific proteins at different locations in the painting. In contrast to this, the ever-moving proteins inside a living cell would be seen from many different angles, if we were able to catch a glimpse inside of it. Moreover, we would not be able to see any details in color. Therefore, the colors chosen in the painting are not based on scientific literature. As we discuss later, schematic representations of cellular landscapes generally apply a limited color palette.

Research in the pneumococcal biology was initiated more than 100 years ago, but even though much is known, a complete understanding of the biology is not yet available (Brown, Hammerschmidt & Orihuela, 2015). Therefore, one of the most important and challenging tasks in making visual representations like the one shown in this chapter is to illustrate what is currently known in a way that will condense the scientific literature enough for it to be accessible to the lay viewer (Goodsell & Johnson, 2007). We have chosen the watercolor painting as the artistic representation because, contrary to a schematic scientific diagram, it will be familiar to the lay viewer and therefore increase the accessibility of the biology, as well as the structure and shape of the individual proteins.

We expect the style to appeal to the mainstream audience because it attracts attention, invokes curiosity, and easily conveys the scientific narrative in a simplistic style that uses as little artistic license as possible. A popular scientific short story accompanies the painting to facilitate dissemination of the narrative to the general public.


Choosing the Narratives

Our team consists of a medical microbiologist, two molecular biologists, two crystallographers, and a data visualization expert. Based on a deep literature review, we decided on eight distinct narratives for our visual representations that individually told an exciting story but collectively covered the most important aspects of the pneumococcal biology.

For each narrative, we wrote brief, state-of-the-art scientific literature reviews, not accessible for a lay audience but serving as a guide for drawing a rough sketch of the painting, and short popular scientific explanations to accommodate a lay audience. The test painting presented in this chapter shows the pneumococcal transformation process. The short popular text for the painting explaining the process of transformation is shown in Box 1.1 (the numbers in brackets refer to numbers on the rough sketch Figure 1.1A, for colors see Plate 1).


Box 1.1 Painting Narrative: Short Popular Text

Peter Parker was just a normal high-school student until an irradiated spider bit him and he became Spiderman. Now, imagine what actually happened is that the spider transferred some of its DNA to Peter Parker. At the wound site, the DNA from the spider was injected into Peter’s blood. The foreign DNA was incorporated into his own genes. Due to his new spider genetic material, Peter Parker developed spider abilities. In similar ways, the pneumococcus is able to take up genetic material and incorporate it into its own genes. This process is called transformation. The acquisition of new genes that encode specific traits (or abilities) is random but very important in the ongoing evolution of the pneumococcus.

For pneumococci to take up foreign DNA, a chain of events must be initiated. In the cell membrane, receptors (1–2) transmit outer signals into inner actions. A small messenger (3) functions as the outer signal, initiating the inner action: the synthesis of the first round of proteins known as the early proteins (1–6). The early proteins include more messengers (3) and they prepare the cell for the uptake of DNA. Another of the early proteins is a transcription factor (4) that mediates the synthesis of more than 80 late proteins. Three of these late proteins are responsible for the release of foreign DNA (7–9), and several proteins are required for the uptake of the released DNA (10–15).

The pneumococcus displays long, sticky, hair-like protrusions called transformation pili (11) on the surface. Each pilus is composed of thousands of small protein subunits (10). Before assembly, a preparation protein (12) trims the pilus subunits (10). Two proteins (13–14) are responsible for the assembly of the trimmed pilus subunits. The foreign DNA (17) is negatively charged and binds positive patches of the pilus (11) – much like negatively charged dust binds your positively charged computer screen.

Two proteins close to the pilus shaft (15–16) prepare the DNA (17) for entry through a pore (18) in the cell membrane, unwinding the DNA and removing one of the strands. When it gets inside the cell, DNA protective proteins (19) bind the DNA, before specific proteins (20–21) insert the foreign DNA into the pneumococcal genome.




[image: images]

Figure 1.1 (See Color Plate 1) A. Rough working sketch of a section of a pneumococcal cell showing the uptake and integration of foreign DNA, known as transformation. Structures with bold outlines and red numbers are described in the short painting narrative in the box. The red line on the surface of the cell membrane marks the boundary between inside and outside. Structures above the red line are surface structures outside the pneumococcal cell, whereas the proteins and DNA shown below the red line are located inside the cell. The numbers in the sketch refer to numbers in the brackets in the text. This rough sketch serves as an overview and as a guide for drawing the final sketch for the painting (see Figure 1.4, Plate 2). B. This figure shows how DNA (red) binds the transformation pilus before entry proteins (labeled EA and EndA) process it. The DNA is imported through a channel in the membrane (labeled EC) and bound by protective dark green proteins and integrated in the genome by the blue and yellow proteins. The figure is reprinted with permission from the review Streptococcus pneumoniae, le transformiste by Johnston et al. (2014). C. Modified version of A, highlighting the proteins shown in both A and B. The comparison between B and C exemplifies how we used traditional journal article illustrations in composing our rough sketch. Browsing through illustrations in the literature, we quickly identified which important proteins to illustrate. Using the proteins that were illustrated most often, we broadened the literature reading to be able to compose the full narrative.






Making a List of Proteins for the Painting

The species Streptococcus pneumoniae encompasses many thousands of strains. Each strain represents a genetic variation of the pneumococcus. Their distinct genomes have been generated by genetic transformation and accumulation of mutations through evolution. Most of these strains express one of the more than 90 distinct capsular polysaccharide structures. As a template for our visual review, we chose the so-called TIGR4 strain because it is considered a reference organism, and it is one of the most widely used pneumococcal strains for research. Furthermore, its genome is fully sequenced, and pneumococcal experts have manually assigned the 2,240 genes to a function. Most of these genes encode proteins important for the biological function of the cell. Our first task was to decide which proteins to include in the painting.

While writing the brief scientific literature reviews, we documented the proteins in a spreadsheet. The proteins considered necessary for communicating the narrative were located in the pneumococcal genome by using a list of the annotated TIGR4 genome with locus numbers, gene symbols, and common names as well as a TIGR4 RAST spreadsheet with complete protein sequence information for all proteins (Aziz et al., 2008; Tettelin et al., 2001). The article ‘Streptococcus pneumoniae, le transformiste’ (Johnston et al., 2014) was one of the key review articles for the transformation narrative. We use Figure 1.1B to exemplify how we made the list of proteins for the painting. Similar to the rough sketch (Figure 1.1A), this figure shows how DNA is bound to the transformation pilus, marked in Figure 1.1B as GC. The two proteins EA and EndA then prepare it for import through the membrane channel EC. Inside the cell, the three proteins DprA, RecA, and SsbB bind the DNA and integrate it into its genome. Figure 1.1C is a modified version of Figure 1.1A, highlighting the components relevant for comparison with Figure 1.1B. The more technical aspects of identifying the proteins to be illustrated are explained in Box 1.2.


Box 1.2 Example of Protein Identification Using Databases

Each of the illustrated proteins in Figure 1.1 (Plate 1) was located in the annotated genomic list to find the genomic locus number. The cellular localization was found by using the Sybil database or the UniProt KnowledgeBase. We first identified the proteins in the annotated genome list and found their individual genomic locus number. All the illustrated proteins in Figure 1.1C except one were identified directly. The missing protein (labeled EA, an abbreviation for ComEA in Figure 1.1B) was identified by using the protein’s name “ComEA” in the protein search form at the Sybil Streptococcus pneumoniae Comparative System Database. The search resulted in eight protein entries from different pneumococcal strains with identical protein lengths and amino acid sequences. The sequence of the amino acids in a protein is unique. Therefore, by using this amino acid sequence from one of the entries, we were able to identify the locus number of the protein in a list containing both the genomic locus number and amino acid sequences of all proteins in the pneumococcal genome. Searching the annotated genome list for the location number of ComEA obtained from the Sybil database, we identified the genomic locus number SP_0954 and its alternative name CelA labeled (15) in Figure 1.1A.






Cellular Location of the Proteins

Inside the cell, proteins are associated with specific cellular environments – some are found in the bulk interior, known as the cytoplasm, whereas others can be found on the surface. To ensure correct placement of the proteins, we used annotations of subcellular location for protein entries at the UniProt KnowledgeBase and the Sybil Streptococcus pneumoniae Comparative System Database. As an example, the subcellular localization of the DNA processing protein called EndA (number 16 in Figure 1.1A) is described as “cell membrane, single-pass membrane protein” by UniProt and simply “cytoplasmic membrane” by Sybil. Although both UniProt and Sybil identified EndA as a membrane protein, they provide different levels of information. In a cell, proteins can be associated with the membrane in different ways. The protein can be embedded within the membrane or only partly with a small fragment inside the membrane with a membrane anchor or with a part of it traversing the entire width of the membrane, or it can merely be close to the membrane but not physically attached to it. The Sybil annotation “cell membrane” does not distinguish between the mode of association. The annotation by UniProt, on the other hand, clearly identifies the proteins to have a fragment that traverse the membrane width. Based on its function, processing DNA before its entry into the cell, the bulk of the protein model is placed on the outer side of the membrane (number 16 in Figures 1.1 and 1.4). In some cases, the annotated localization was not used in the painting. For instance, even though a particular protein, such as the one used to build the long transformation pilus (number 11 in Figures 1.1 and 1.4) is annotated as synthesized in the cytoplasm by UniProt, we knew from the scientific literature that the bacterial life cycle required this particular protein to be localized in both cell membrane and as a pilus structure on the cellular surface.




Visualizing Proteins

To visualize proteins, structural biologists use atomic models and 3D reconstructions derived from X-ray crystallography, nuclear magnetic resonance, and electron-microscopy data. To visualize protein structures and models for the test painting, we used the molecular graphics and modeling program PyMOL. Figure 1.2 shows how a protein, in this case the pilus protein (number 11 in Figure 1.1A), can be visualized using different renderings. The default visualization mode is the line representation (Figure 1.2A). PyMOL shows the protein in the four colors green, blue, red, and white representing carbon, nitrogen, oxygen, and hydrogen atoms, respectively. For clarity, however, colors have been omitted in Figure 1.2.
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