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Abstract

Many of our non-human co-habitants focus on other sensory modalities, however most humans are particularly dependant on the visual. Visualization can serve as a powerful means of translation within science and technology, but as STS scholars it can also help us to perform translations of science and technology.  For STS scholars, the act of translation (in its actor-network theory terms) is fundamental to many activities: obligatory points of passage, intéressement, etc. While we can translate science and technology into such visualizations for STS, scientists and engineers themselves make use of visualizations for purposes of translation within their networks. This creates the opportunity for a reflexive move. Rather than use such reflexivity as a destructive tool to undermine epistemological claims, we can better explore reflexivity as recursion, combining recursive technoscience (fractals, chaos and complexity) with reflexive STS to create opportunities for intervention, opening the relations between cultural politics and technoscience networks for more democratic participation.
1. Introduction
In his seminal paper on scallops, Callon makes use of the term “translation” in two senses. First “translate” in the mathematical sense of “move” or “displace” --  fishermen and scallops are mobilized as part of the research network. Second “translate” in the sense of language: in order to recruit the fishermen, the scientists must translate their discourse of research into the fishermen’s discourse of harvest. When we discuss the process of visualization, we are also talking about translation in both senses of the word. Scientists produce visualizations because they are useful in the interressement, enrolment, and mobilization of their allies in both popular and professional domains. There is a curious contradiction here: when scientists speak of epistemology—of their ability to establish facts—they often tell us that quantification is the key, and that stories and pictures belong to poets. Yet billions of dollars are devoted to generating convincing images. In the public domain such images are useful for newspaper headlines, courtroom dramas and congressional testimonies. In the professional domain they provide translations between one scientific community and another, between one laboratory and the next, between one scientist’s self-interested hopes for her hypothesis and her own sense of integrity and honesty. 

All of what I have said so far is, I think, our common understanding within sociology of technoscience. But what we are to do with visualization ourselves? We can indeed engage in the same projects of translation as the subjects of our research do, creating visualizations of scientific process or technological projects for our own professional and public use. But we cannot ignore the need for a reflexive view: an understanding of our work as scientists should be changed by our new perspectives on science. The term “reflexive,” particularly in writings of Woolgar, has become associated with disruption and negation of truths. What I hope to show here is that there are more positive uses of reflexivity in STS visualization, particularly if we shift the term from “reflexive” to “recursive.” Recursive visualizations in the form of fractal geometry, nonlinear dynamics, and complexity theory have been used with great success in the sciences, and I suspect they can be equally helpful in STS.
2. Fractals

Aerial photos of traditional African settlements often show fractal structure. I spent a year of ethnographic study in west and central Africa, and found that these architectural fractals result from intentional designs, not simply unconscious social dynamics, and that recursive scaling structures can be found in other areas of African material culture (art, adornment, religion, construction, games, etc. I published the book “African Fractals” in the hopes that we could mobilize public schools in this translation between traditional African mathematics and contemporary math education. But when I asked math teachers in black communities they replied “not only are these kids flunking math, they also don’t know much about Africa.” We asked them what the students would best respond to, and they answered “the hairstyle examples.” With funding from the NSF, Dept of Ed, and HUD we created “Cornrow Curves,” the first of our interactive web-based applets in which user-generated simulations of these African fractals can be used for contemporary education in mathematics. Some of the children’s designs become very creative, and so it is also used as an artistic tool. Here is an example where one of the students is creating a simulation of his own hairstyle (figure 1). 
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Figure 1: Student simulating his own hair style

This is a good image to think with. How do we think of this particular image in the terms of reflexivity or recursion that I mentioned at the start of this talk? It is recursive at two levels: the hairstyle itself uses recursive scaling, and the user is recursively self-simulating. If you ask the average computer scientist what can be done for low-income or minority community members, they will likely suggest donating some old computers. Their answer might be visualized by a one-way bridge across the digital divide. That is because they see the low-income community only as an absence. But in the case of our fractal simulations we have a two-way bridge: there are complex algorithms to be found in hairstyles, mud huts and bead patterns. Just as Boudieu spoke of better utilizing cultural capital, there is unexplored computational capital that can empower oppositional actions for disadvantaged groups. Recursive loops can help undermine domination, not just epistemology.
3. Nonlinear Dynamics

Another case for recursion in STS visualization can be made in the case of nonlinear dynamics. In a historical study on the origins of cybernetics, I noted that there were two dimensions to cybernetic systems: they could vary between the extremes of analog and digital, and they could vary between the extremes of recursive and non-recursive (figure 2). [image: image2.jpg]RECURSIVE
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Figure 2, the flat map of cybernetics circa 1947

 At first it was a level playing field, you could go anywhere you wanted. But during the 1960s the counter-culture began to map humanism and organicism on to the “chaos” corner of these two dimensions of the cybernetic map, and the military-industrial complex mapped itself to the “order” corner. As a result the map deformed over time (figure 3). 
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Figure 3: increasing political basins of attraction in cybernetics 1947-1967
In nonlinear dynamics terminology these are “basins of attraction;” you can think of them as gravitational wells that entities like people and machines are drawn into. Figure 4 shows that this mapping occurs differently for various individuals. 
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Figure 4: different routes to the same political/cybernetic coupling for Bateson and Mead

In the case of Margaret Mead, her political map was already contoured; she conformed her technological map to match it, since the only cyberneticists interested in her were the recursive analog ones. Bateson was the reverse: he cared deeply about analog recursion, but found that only leftists were interested in his theories. 
Just as we made the move from fractal simulations to a two-way bridge, we can broaden the application of such nonlinear dynamics visualizations from its more literal-minded portrait of science dynamics to the recursive feedback between technoscience and society at large. Figure 5 shows such a graph from our recent anthology, “appropriating technology.” 
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Figure 5: the uphill battle for technoscience production at low social power

Here we see one axis showing the spectrum between producers and consumers of science and technology. The other axis shows the spectrum between high social power and low social power. In the third dimension we see resistance to flow: it is very difficult to become a producer of science and technology if you are in a position of low social power. Like the one-way bridge, this is a kind of common sense map; it visualizes our expectation that we don’t expect to find sophisticated engineering systems under development in ghettos. But in fact we occasionally do (figure 6):
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Figure 6: successful resistance to the down-hill flow of technoscience
Hence our study of appropriated technologies is a way of being more reflexive about such generalizations, and about the way such appropriation can violate our STS expectations.
4. Complexity

My final set of images is drawn from thoughts about applying complexity theory to STS. Like Warren Sack, I am interested in the online conversions of technoscience; but I prefer to think of them as trees. Figure 7 shows how one would go about converting a threaded conversation into a conversation tree. 
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Figure 7: converting threaded conversation into tree

Fractal dimension has several advantages for thinking about conversation trees. First it is visually intuitive. Sparse trees have a low fractal dimension, and lush trees have a high fractal dimension. Second, it can take over when our intuition fails: trees too complicated for us to judge visually can still be measured and compared. Third, we know that fractal measures of biological trees can tell us something about their lives: biological trees become sparse in poor soil and more lush in better soil. Finally, there is a powerful connection to complexity theory. 

In complexity theory, adaptive systems are generally characterized as existing on a range between orderly, equilibrium behavior and random, disequilibrium behavior. There is strong evidence for correlations between this order/disorder continuum and the fractal dimension of structures directly affected by it. This is typically summarized as an “inverted U” function in which fractal dimension moves towards integer values for both extremes of order and disorder, and towards N.5 (where N is the integer part of the dimension measure) for the center. This center point is described in terms of a phase transition in Langton’s (1991) cellular automata model, as the “edge of chaos” in Kaufman’s (1991) NK model, as “criticality” in Bak’s (1987) self-organization model, and in several other frameworks. Figure 8 shows how trees might vary in their fractal dimension according to such a range: 
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Figure 8: variation in the fractal dimension of conversation trees

very sparse, dull conversations would tend towards low fractal dimensions, very noisy, confusing conversations would tend toward high fractal dimension. Very robust conversations would be in the middle. By investigating relations between a quantitative measure of fractal branching in conversation trees and ethnographic data on order/disorder regimes in the communities under study, we hope to contribute to application of complexity theory for these conversation networks. 
Again, what happens if we avoid the literal-minded, scientistic approach to this visualization, and instead apply a more reflexive understanding? To gain better perspective on this problem, lets compare the sociological actant network approach with a network analysis from the natural sciences, that of Linked: The New Science of Networks by Albert-László Barabási. Barabási’s primary claim to fame is conducting graph theory analysis of the internet, showing how the presence of “highly connected hubs” (due to its fractal structure) greatly increases vulnerability to planned attack. But in Linked he shows the applicability of graph theory to everything from financial networks in economics to enzyme networks in biology. Combining research the propagation of computer viruses in fractal networks with data showing that networks of human sexual contact have a fractal structure
, Barabási and others (cf. Liljeros et al 2001) concluded that HIV infection rates could be greatly reduced by targeting the same “highly connected hubs” – sexually promiscuous individuals. But a direct translation from this computational model to its implementation as social health policy could be dangerous.  In Africa, for example, people connected with AIDS risk (whether by admitting to having AIDS, or merely by some association) have been subject to harassment, violence, and even murder. As a result, communication about HIV is very poor, and this lack of communication greatly increases transmission rates. As Feldman (2003) notes, fixations on sexual promiscuity in African have been closely linked to right-wing religious opposition to condom use. “Targeting” sexually promiscuous individuals may actually worsen the situation in terms of both human rights and transmission rates, especially if it is introduced in those terms to the general public.

How then, do we enable our scientific analysis of these conversation networks to avoid the reductivist errors we criticize in science? I want to close with one last set of images.
Conclusion: reflection, recursion and difraction

In her 1988 paper on ““Situated Knowledge,” Donna Haraway makes use of visual technologies in science.  She contrasts a paranoid, technophobic response to the diversity of scientific visualization methods (science as a sort of cosmic national security agency) with an appreciation for its possibilities in disrupting monovocal description and expanding connections to social concerns. A closely related visual metaphor emerges again in her later work using the example of x-ray diffraction. X-ray crystallographers bounce beams off of unknown atomic structures, resulting in patterns such as that of figure 9. 
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Figure 9: Diffraction pattern for a hexagonal crystal lattice

Haraway contrasted the unitary, totalizing concept of reflection with the multiplicity of diffraction. She suggests that rather than see science as producing mere mirror reflections—a repeated “sign of the same” that assures reproduction of elite power—we should also think about diffractions, where the unity of vision is split into fragments. 
A reductive objectivist or positivist of the most orthordox sort would claim that Haraway is mistaken in her understanding of the science behind her metaphor: while the diffraction pattern might indeed be thought of as a fragmented portrait, the purpose of the diffraction data is to reconstruct those fragments into the one right answer: what is the atomic structure that produced that particular diffraction pattern? This reconstruction dilemma is not unique to the diffraction metaphor; in fact it plagues all forms of what I refer to as multiple objectivity. We might reply that the objectivist is taking Haraway too literally. But I think the power of her argument—the strength in using science itself as a force of liberation rather than looking to its opposite in the Garden or the Goddess—is precisely in the ways that it is simultaneously both metaphor and literal example. As a more subtle approach to the reconstruction dilemma in the case of diffraction, we might look to the science of diffraction itself. 

There are a number of ambiguities in x-ray crystallography, ranging from experimental noise (thermal scattering, imperfections in the crystal, etc) to the "phase problem" (the diffraction data contains information only on the amplitude but not the phase of the structure factor). But even in the worst cases, crystallographers can always fall back on the close relation between the symmetry of the crystal and the symmetry of the diffraction pattern. Figure 9, for example, shows a comparison between a model of a crystal lattice with hexagonal (6-fold) symmetry, and what the corresponding diffraction pattern might look like. Thus diffraction data was thought to always deliver the fundamental basis for defining a crystal: a repeating pattern of atoms. Any pattern that can “tile the plane” (fill in a 2-dimensional surface without gaps, such as the four-fold symmetry of squares, the six-fold symmetry of  hexagons, etc) could be detected and reconstructed by diffraction methods. The development of x-ray crystallography in 1912 was followed by seventy years of confirming observations, in which diffraction patterns were nicely reconstructed into their predicted periodic crystals.  Periodicity became the the basis for the definition of a crystal. But in 1982, professor Dan Shechtman discovered an atomic structure with the “forbidden” five-fold symmetry – that is, the oxymoron of an “aperiodic crystal” (figure 10). 
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Figure 10: Diffraction pattern from an aperiodic crystal

It took over two and a half years for his seminal paper to be accepted for publication, and nine years before the International Union of Crystallography, after considerable debate, redefined the term "crystal" to include these aperiodic structures. Even today (in the face of every-increasing numbers of examples) they are referred to as “quasi-crystals,” still implying a liminal status
.

In other words diffraction variations go far beyond mere ambiguity, mere negative barriers to reconstructing the one truth. Rather, they can be a positive force in rethinking the very basis of the reality they are supposed to represent. What was before a strictly singular truth—the definition of crystal as atomic periodicity—became multiple, and its reconstruction back into a singular definition was a matter of social debate. The decision could have turned out otherwise, and today aperiodic structures would not be considered crystals. 
In the three cases presented here–fractals reverberating between Africa and the Americas, basins of attraction for the social landscapes of technoscience, and complexity in human networks–I’ve tried to provide a contrast between a literal-minded, scientistic approach to the data, and a more reflexive stance in which we can interrogate our analysis at the same time we make use of it. I believe that there are close ties between recursion and reflexivity, and thus recursive visualization technologies are particularly appropriate for such endeavors.






� This was a completely unexpected result: most researchers assumed that human sexual networks had a bell-curve probability function, where the vast majority of contacts was between individuals with an average number of sexual relations. But the research data used by Barbasi (from Amaral and Stanley at Boston University) looked more like a fractal or power-law function, with 10 percent of the men having 48 percent of the contacts.





� Originally there were two separate terms: “quasi-crystal,” which designated a liminal status, and “quasi-periodic crystal,” which meant that it was a legitimate crystal with an aperiodic structure. Lifshitz (2000) merged the definitions by redefining the term quasi-crystal as an abbreviation  for “quasi-periodic crystal,” and adding constraints to the definition which would eliminate examples with a sort of false quasi-periodicity (e.g. incommeasurate composites). 








