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Multiple Objectivity: an Anti-relativist Approach to Situated Knowledge
Abstract

Much of the advocacy for relativism is based, either consciously or unconsciously, on the assumption that objective methods are necessarily singular in their outcomes. This essay examines the possibilities for multiple objectivity: frameworks that are objective, and yet avoid the reduction to a single right answer. It examines two mechanisms by which this epistemic diversity can be generated – nominalism and process indeterminism – and discusses their role in two potential theories of multiple objectivity: Pickering’s mangle Haraway’s diffraction. The essay concludes with a discussion of the relations between multiple objectivity and ethics. 

Introduction
The term “relativism” has several different connotations: in anthropology for example it is a methodology for allowing the investigator to take on the “emic” view of the subjects of the investigation. Science and Technology Studies (STS) concerns epistemological relativism: the stance that the choice between competing scientific claims cannot be decided by a transcendent source such as nature, rationality, or evidence, since those sources are (typically) marshaled by both sides. Unfortunately many of the external critics of STS (Sokal, Gross, Levitt, etc.) have conflated this relativism with anti-realism.
 Contrary to their assertions, epistemological relativism does not deny an external reality, existing independently of human consciousness. But disregarding such inaccurate characterization, there are still good reasons for firmly abandoning epistemological relativism. This essay will review the reasons for opposing relativism, and describe an alternative stance, multiple objectivity, which can allow research on the social construction of science and technology without the inclusion of a relativist epistemology.

The relativist stance is not adopted by all STS researchers, but of those who do, a good representative would be Bloor’s Strong Program. In both the original statement (Bloor 1976) and later exposition he is careful to distinguish between anti-realism, which he is opposed to, and relativism, which he summarizes as the stance that “there are no absolute proofs to be had that one scientific theory is superior to another: there are only locally credible reasons” (Bloor 1999 pg 102).  He also notes, however, that even those epistemological theories that are opposed to social construction in normal
 science, such as Popper’s falsifiability framework, do not typically see the decision between competing theories as a matter of “absolute” proof. Thus in his view the distinction becomes more a matter of emphasis: for relativists social influences have the potential
 to play a large role in normal science; for anti-relativists it is an insignificant role, and the bulk of significant decisions are due to the direct influence of nature and logic. This erroneously makes relativism synonymous with social construction.
.
Setting aside for the moment the great varieties and nuances of social construction theories, and focusing on the (admittedly crude) characterization of epistemological relativism above, why should any social scientist object to relativism? And even if they do object, wouldn’t eliminating relativism mean that we can no longer study the social construction of normal science, and restrict us to the study of pathological cases, social impact analysis, and the like? 
A good starting place for the first question--why we should object--can be found in Latour (2002). There he cites certain critics of global warming (who admit that they are promoting the views of a small minority in the scientific community because it will forestall environmental regulations), and other uses of skepticism against scientific authority that he (and likely most readers of this essay) would find potentially destructive. In a more extensively detailed example, Nanda (2003) analyzes the use of STS and constructivist arguments by right-wing nationalists in India, whose activities include suppression of minority groups through both physical violence and cultural domination.
It is tempting to dismiss such depressing outcomes as merely an aberrant abuse of constructivist skepticism, but Latour (p. 227) himself warns against such excuses: 

“Should I reassure myself by simply saying that bad guys can use any weapon at hand, naturalized facts when it suits them and social construction when it suits them?” Relativism is more than just a potential for external abuse; it is also an internal problem for STS. Recently the Committee on Anthropology of Science, Technology and Computing (CASTAC), the STS group within the American Anthropological Association, held an online discussion on a proposal to issue a public statement in support of teaching evolution and excluding “Intelligent Design,” a creationist version of biology, in public school science curricula. Three CASTAC members (all tenure-track faculty) expressed doubt that the principles of social construction would allow such a position; two of them with great regret. During that time (fall 2005) professor of STS Steve Fuller testified as an expert witness on behalf of the Intelligent Design defendants in the Dover Pennsylvania court case; almost all STS researchers I have discussed this with expressed dismay at his position. 

In other words the STS community appears to largely agree that teaching Intelligent Design as part of the public school science curriculum is bad for both science and society, but they also appear to largely agree that it is at best unclear how social constructivism can provide a basis for its critique. A similar reaction seemed to accompany the February 18 2004 statement issued by the Union of Concerned Scientists, documenting the Bush administration’s suppression and distortion of scientific analysis in federal agencies. The STS community generally found this laudable, but no one seemed to be able to support this result using a social constructivist framework. The relativist components of social constructivism prevent us from condemning things we would like to oppose, and block our advocacy of that which we would like to support. 

These are not conclusive arguments by any means, but they do give a partial answer to the first question—we can now see why at least some STS researchers object to relativism. We can now go about answering the second: how to reduce or eliminate relativism and still produce variants of social construction.  Social construction requires us to prove, as often stated, “it could have been otherwise.” If a particular scientific or technological result was the only one possible then it is difficult to see how social influence matters. To have multiple possible outcomes is a necessary condition for social constructivism. But we are taught from an early age that objective methods produce “one right answer” (as a child is instructed in mathematics class) while subjective methods have multiple right answers (the same child is told that in art class she can let her imagination roam free). Thus we tend to produce multiplicity in STS by introducing some element of subjectivity. Such elements include “interpretive flexibility” (Collins 1981), “rhetoric” (Latour 1986), and other means of stressing the role of hermeneutic process in the production of scientific knowledge.
My point here is not to criticize the analyses that document such subjective elements, but rather to criticize the assumption that subjective elements are the only way to produce the needed multiplicity. Once we see that objectivity can also produce multiplicity, then we no longer need to tie social construction to relativism. To return to our childhood education example, the mathematical question X2 = 4 has two possible right answers: 22=4 and -22=4. We can then posit a social influence—Jane was feeling negative today—to explain which of two outcomes were realized, without opening the door to the infinite flood of possible “right” answers under relativism.
 Of course this is a trivial, cartoonish example (as well as one which artificially separates science from the social). The following two sections will present brief case study descriptions, organized under two general categories, “nominalism” and “process indeterminism,” for the mechanisms by which multiplicity can be generated in objective science.
Nominalism

Hacking (1999, p. 83) uses the term “inherent-structurism” (which he admits to be ugly) to describe the position in which our conventions for naming the world correspond, more or less, to a structure that nature embodies.  The opposite would be nominalism. Our term “estuary,” for example, names the salty water that lies between rivers and the sea, but a nominalist would point out that the designation is arbitrary: we have no fixed line to delimit where river ends and estuary begins, or where estuary ends and ocean begins. Starr and Bowker’s (1999) Sorting Things Out makes use of an implicit nominalist stance for their contention that categories are socially constructed: if it is not nature that requires us to use particular designations, then they must be socially imposed. Latour’s (1993) contention that particular divisions between the social and the natural were imposed by science could also be thought of as a nominalist framework. But we can also use a nominalist stance to support the idea that objective science can have multiple outcomes. 
A scientist who examines a species that exists along the entire continuous gradient from fresh water to salt water may have a very different perspective from one who studies a species that is restricted to the estuary region. Indeed the gradient/discrete dichotomy is an important class of nominalist cases. Emily Martin (1999) for example notes that rather than see manic-depressive as a discrete category of illness, it is increasingly seen as a gradient in which successful manic-depressives such as Robin Williams and Ted Turner are at the “healthy” end of the spectrum. MacKenzie (1983) shows that in the early twentieth century statisticians Karl Pearson and George Yule conflicted over whether statistical measures would be best carried out using the model of a gradient (Pearson’s rT) or discrete categories (Yule’s Q), and that this conflict mapped onto their differing social interests (e.g. their differences in economic class identity). This can be seen as a nominalist claim that the choice between approaching the world as discrete or continuous is not forced upon us by nature, and yet either approach can be evaluated by objectively methods (ie tested for mathematical and pragmatically validity).
Another important class of nominalist cases for multiple objectivity concerns the axioms of a scientific framework. The well-known case is the rise of non-Euclidean geometry, but Fujimura (1998) provides a more subtle example that strikes at the heart of current debates in STS. She begins with Sokal’s famous “hoax” paper, which he later claims to be an illegitimate representation of science, produced as a parody of postmodernist social construction. She notes that one of the comments that Sokal apparently put forth as part of the hoax stated that one could construct multiple values of pi, all of which would be valid in particular situations. Fujimura then goes on to describe how mathematicians have indeed produced many varieties of non-Euclidean metric spaces, each with its own value for pi. 

Her article ends its mathematical analysis at that point (concluding nicely with a demonstration of the similarities between the orthodox 19th century mathematicians who used ridicule and satire in their attempts to block non-Euclidean geometry, and the use of ridicule and satire by Sokal and his like-minded colleagues). But returning to the mathematics, it is important to note that since Fujimura is defending the social construction thesis, her argument depends entirely on finding lack of constraint – if all mathematics were in fact constrained to the same value of pi, Sokal’s statement would indeed be a hoax. Any time we focus exclusively on finding lack of constraint – as is true for many of social constructivist analyses – we weaken the possibility for multiple objectivity, because it opens the door to relativism. We need to give equal attention to the presence of constraint (yet another extension of Bloor’s symmetry thesis). In this case we can do so by examining the ways in which the different values of pi have constraints in relation to their metric space. Fujimura gives the examples of the absolute metric space, in which pi = 2sqrt2, and the maximum metric space, in which pi= 4. Is pi always constrained to one particular value in any given metric space? Can we choose any arbitrary value for pi, and find a metric space which corresponds to that value? Are there some values of pi that correspond to more than one metric space? Rather than pitting a social constructivist portrait of multiplicity against an objectivist portrait of unity, an epistemological balance of constraining and enabling forces can promote the ways in which multiplicity and objectivity can work together.

A third class of nominalist cases for multiple objectivity might be called the figure/ground switch. Hofstadter (1980) provides a review of artistic designs in which the background can suddenly be seen to have important features (sometimes by fading the figure of the foreground into obscurity). In M.C. Escher’s “day and night” for example we see white birds flying on a black background, and black birds flying on a white background, with the two flocks merging together in the center. A scientific version of figure/ground switch can be seen in the case of electrons: we normally think these as negative particles moving towards a positive pole of the circuit, but it is also valid to model this as the flow of “electron holes”—places where an electron could fit—moving from the positive pole to the negative. An astronomer at Ohio State University once told me about his shock at hearing a meteor specialist describe the solar system: he was used to thinking about stately planets orbiting the sun with some junk sprinkled about them, but the speaker described a solar system populated by swarms of these fascinating objects, with an enormous range of sizes and trajectories, which occasionally met their demise when encountering one of the nine large, lumbering obstacles.
Perhaps the most surprising figure/ground switch is the rise of “gene space.” At one time species were the only certainty, and genes merely hypothetical entities. That view was replaced by representations in which each had equally real and important roles. Tracking virus mutations proved to be difficult however, so some geneticists proposed that rather than consider them as a discrete species with a very large number of mutations, they should be seen as vectors moving through a gene space. Microbiologists are now using an even more radical gene space concept, under the term “metagenome,” to describe the total microbal DNA available in a particular soil sample. As we learn more about gene drift between different species, it is not difficult to foresee a future in which gene space comes to be the preferred characterization, and all species are merely temporary vectors within it.

Here, then, are three classes of nominalist variation that can lead to multiple objectivity: the gradient/discrete dichotomy, axiomatic assumptions, and the figure/ground switch. Perhaps further research will lengthen the list.   

Process Indeterminism
We might think of the multiplicity produced through nominalism as “ontological contingency,” because it creates its epistemic diversity by choosing a different starting basis for scientific investigation. But in the following three examples, epistemic diversity can also arise after that starting point, through the scientific process itself.

A vivid portrait of this process indeterminism can be seen by using the example of the history of Euler’s formula for polyhedra. Originally explored by Lakatos, and later used by Bloor, Euler’s formula (figure 1) began in 1752 when Euler proposed a relation of Vertices, Edges, and Faces for all polyhedra:  V - E + F = 2 [figure 4 goes approximately here]. Here polyhedra are defined as "a solid whose faces are polygons." In 1813, Lhuilier found that the formula didn’t hold for polyhedra with holes going though them, but it was agreed to restrict the formula to polyhedra without holes. In 1815, Hessel noted that a cube with a cubic hollow inside does not satisfy Euler's theorem. This produced a controversy in mathematics: should we give up Euler’s theorem, or redefine polyhedra? The monster-barrers won out: polyhedra were redefined as "a surface made up of polygonal faces." Then in 1865 Mobius notes that two pyramids joined at the vertex also defies Euler's theorem. Again a controversy in mathematics: should we give up Euler’s theorem, or redefine polyhedra? Polyhedra are finally redefined as "a system of polygons such that two polygons meet at every edge and where it is possible to get from one face to the other without passing through a vertex." Figure 4 shows a diagram for this branching history of choices. At each bifurcation there is a path not traveled, a virtual mathematics that we could have today, but do not.
Figure 1: Branching paths of virtual (left side) and real (right side) histories of Euler's formula for polyhedra
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We should not assume that process indeterminism can only occur in historical perspective. The next example considers multiple objectivity in a new methodology in nonlinear dynamics. In ordinary space, we consider objects of 1 dimension, like a line, or 2 dimensions, like a square, or 3 dimensions, like a cube. When we project a higher-dimensional object onto a lower-dimensional space, the resulting projection can take on multiple shapes, depending on the angle of projection. A soup can’s shadow looks like a circle from one projection, and like a rectangle from another. Such examples are good metaphors for multiple objectivity, but they are quite susceptible to what we might call the reconstruction dilemma: combining these projections to reconstruct the original seems inevitable. That may not be true, however, for the case of phase space reconstructions. 

In monitoring muscle fiber behavior, neural signals, population changes, and other time-varying dynamics, it is often useful to map the time-varying data in terms of its phase relations. A pendulum with friction, for example, will have its position and velocity 180 degrees out of phase, so that mapping its behavior into that “phase space” shows a spiral—that is, the pendulum spirals towards the “point attractor” of its final resting position. A powered pendulum, like a metronome, has a cyclic attractor as its final resting trajectory. It is also possible to have a chaotic attractor, in which there is no final resting trajectory; the behavior is always bounded and yet always varying. 

Chaos theorists first gained attention by suggesting that what appear to be merely random variations or stochastic noise could actually be the result of these “strange attractors.” This approached worked well for some “low-dimensional” physical systems, such as dripping faucets or buckling beams: an apparently random time series could be “reconstructed” in phase space as a strange attractor, leading to a simple deterministic equation for what was previously thought to be sheer chance behaviors. In the 1980s, when chaos theory was in its hey-day, it was hoped that many important systems, such as stock markets, earthquakes, and heart attacks, which appeared to be random, would in fact be the result of relatively low-dimensional attractors. It was with this optimism that chaos theorists spoke of the “holistic” perspective that nonlinear dynamics offered (Gleick 1987). 

But the quest for this one right answer—the one global attractor that would be reconstructed from the time series—became increasingly complicated since most of the really interesting systems appeared to be high-dimensional – their attractors might exist in 300 dimensions rather than 3. Applying standard reconstruction techniques to such high-dimensional attractors sacrifices detailed information for the sake of achieving the global portrait. As an alternative to this quest for the one right answer, some scientists developed methods for examining particular “slices” through the high-dimension attractor—much like our two-dimensional shadow of the three-dimensional object. Gluckman et al (1997) for example researched the possibility of using chaos theory to reduce epileptic seizures, which are thought to be governed by high-dimensional chaotic attractors. They found that by tracking only a few unstable periodic orbits in an attractor, they could use small external perturbations to keep the system behavior moving in these periodic trajectories. Such approaches might be called “deconstructive dynamics,” because they assume that partial perspective, rather than global totalities, allow for greater understanding. Even acts of reconstruction can sometimes contribute to multiplicity in objective outcomes.
As the last example of process indeterminism, we consider the “pluralist epistemology” described by Longino (2002). She cites several social studies of science in which specific  disciplinary fields are not unified, but differing accounts are not necessarily in exclusionary competition with each other either. Sandra Mitchell (2002) for example describes the different causal models of the division of labor in social insect colonies. Some models stress genetic diversity as the fundamental source of the labor diversity. Others hold that the insects are born with essentially identical behavioral repertoires, and see principles of self-organization as the cause, coupling the differential features of nest architecture with behavioral differences. Mitchell maintains that nature may be too complex to be reduced to one of these explanations. Longino cites additional instances of such epistemic pluralism in studies of evolutionary selection theory (Waters 1991), electron microscopy (Rasmussen 1995), and other disciplines.  In some ways Longino’s framework resembles Lakatos’ concept of simultaneous competing research programs, although in his version one must eventually win out over its competitors.  

Picking’s mangle and the reconstruction dilemma
Both nominalism and process indeterminism provide us with mechanisms through which multiple objectivity can be achieved. Any theory that would combine such mechanisms  with social constructivism must have two additional features. First, it has to solve what we previous referred to as the reconstruction dilemma.  Take, for example, the familiar fable about the 3 blind men who encounter an elephant: one feels the leg and says it is a tree, another feels the trunk and says it is a snake, and the third assumes the tail is a rope
. But someone who opposed multiple objectivity (a “mono-objectivist”) would point out that there is nothing to stop the three blind men from comparing their data and reconstructing it into an elephant. Every example of both nominalism and process indeterminism is susceptible to this reconstruction dilemma; a constructivist theory must be able to explain how the multiple outcomes are prevented from collapsing into a singular answer.
Second, a constructivist theory that is compatible with multiple objectivity has to have some credible means by which society influences the choice between possible outcomes. To return to our childhood math example of X2 = 4, if Jane flipped a coin to decide which answer to put down, it would make a poor example of social influence. Even the prior example, in which Jane’s feelings were the causal factor, was problematic since it allows a clean temporal separation—first the science, then the social influence. Indeed the very term “influence” may be inappropriate, since it implies a separation of society and nature, which is not assumed by several contemporary formulations (e.g. Latour 1993, Haraway 1991). 
Pickering’s (1995) “mangle” offers an excellent example of a social constructivist framework that allows for multiple objectivity. He shows that scientists and mathematicians are often proceeding along a line of inquiry when they run into some kind of “resistance” – a physical property is not quite what they thought it would be, a machine doesn’t quite act the way they thought it would, and so forth. They respond with an “accommodation,” a creative solution that allows the inquiry to proceed through some alternative arrangement (which re-arranges social as well as technical and natural relations). These are contingent – some other arrangement might have also provided a working accommodation – but they are constrained by the conventions of objectivity
 (causal logic, statistical significance, etc.). Thus his “mangle” of nature, society and technology provides the possibility of multiple but objective outcomes. 

Pickering’s primary mechanism for multiplicity is what I have termed process indeterminism: the closure of an inquiry emerges through the “mangle” of resistance and accommodation. This is also his means for showing the social influence in science. In the case of the development of the bubble chamber in particle physics, for example, he focuses on the work of Donald Glaser, who explained that he abhorred the bureaucratic “factory” environment of big science, and pursued the creation of a bubble chamber because he wanted the “peaceful environment” and opportunities for individual initiative afford by small science. But his attempts to keep the bubble chamber small encountered “resistance”: triggers did not work, so he switched from cosmic ray detection to accelerator beams. The chamber was still too small for even this reliable source, so he had to scale up the chamber size, which required scaling up the number of personnel to a level still below that of big science but above what he had originally intended. Both his social
 goals and his experimental goals had together been “mangled” to a new, successful configuration. 

How would Pickering address the reconstruction dilemma? Lets return to the history of  Euler's formula for polyhedra. Note that there is nothing to stop current mathematicians from returning to the controversy and taking up the negated path, exploring the mathematics of a class of objects that include both traditional and “non-Eulerian” polyhedra. Wouldn’t we then be able to put these new branches together with the old, and have a single overall framework? Pickering mentions two elements of the mangle that could be used to circumvent this reconstruction dilemma. First, he sees such branching structures as scale invariant; i.e. the paths are fractal trees which continue to branch out at all levels (p. 234, 240). Following a path not taken will merely open up the opportunity for more branching of new varieties. Second, he sees incommensurability, in the sense used by Kuhn for comparing paradigms, as blocking such over-arching convergence (p. 188). Even if we do re-trace our steps and take a negated path, there is no guarantee that we will be able to bring the new knowledge together with the current system.

Haraway’s diffraction and the reconstruction dilemma
Like Pickering, Donna Haraway posits an account of science that allows both multiplicity and objectivity. In Haraway (1988) she makes use of visual technologies in science as both metaphor and fact of multiple objectivity. Beginning with a play on the term “objective lens” from microscopy, 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 for polyvocal description and thus potentially expanded connections to social concerns. A closely related visual metaphor emerges again in her later work (1992, 1997) 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 2 [figure 2 goes approximately here]. Figuring out which atomic structure corresponds to a particular diffraction pattern can get tricky, but it has been successfully accomplished for thousands of substances, and today it is performed even for complex organic molecules. It was, for example, Rosalind Franklin’s X-ray crystallography data that allowed Watson and Crick to make their double helix model of DNA (unfortunately without giving due credit to Franklin; cf. Sayre 1975).
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 information is gained from the interactions between multiple collisions between reference beam and objects. Her first mention of this makes the connection to the earlier work on visualization multiplicity: “diffraction patterns made possible by recomposed visualizing technologies” (1992 p. 322). In her later work (1997 p. 273) she illustrates the concept using Lynn Randolph’s painting, “A diffraction,” in which multiple selves appear from a singular image. Haraway’s point about diffraction cannot be reduced to multiplicity—it is also about concepts of interference, difference, and interaction—but clearly multiplicity is a strong theme here. A mono-objectivist would claim that Haraway is mistaken in her understanding of the science behind her metaphor: while the diffraction pattern might
 Figure 2: A Model of a Hexagonal Crystal Lattice and its Diffraction Pattern

[image: image2.jpg]



[image: image3.jpg]



indeed be thought of as a multiple portrait, the purpose of the diffraction data is to reconstruct that multiplicity into the one right answer: what is the atomic structure that produced that particular diffraction pattern? 
Thus in reply to Haraway’s celebration of the multiplicity of visual forms in science (which includes diffraction among others), the mono-objectivist might state that the diversity of visualization technologies are, in fact, merely allowing us to reconstruct the single truth of objective scientific reality. This reconstruction dilemma is more challenging than that of Pickering’s theory, because Haraway makes use of a nominalist mechanism: the multiplicity is axiomatic to diffractions. We might reply that the mono-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. For an 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 2, for example, shows a comparison between a model of a crystal lattice with hexagonal (6-fold) symmetry, and what its 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 3) [figure 3 goes approximately here]. 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. What was before a strictly singular truth—the definition of crystal as atomic periodicity—became multiple, and its resolution was a matter of social debate. The decision could have turned out otherwise, and today aperiodic structures would not be considered crystals. Haraway was correct in asserting that diffractions can be both literally and metaphorically a positive force in rethinking the very basis of the reality they are supposed to represent.
 Figure 3: A Model of a Quasi-periodic Lattice (Penrose tiling) and its Diffraction Pattern
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Multiple Objectivity and Ethics
We began by examining the ethical dilemmas created by epistemological relativism, such as its use for cultural domination by Indian right-wing nationalist groups, as described by Nanda (1983). But Nanda fails to describe some of the problems with ordinary non-relativist objective science in India; there is no mention, for example, of disasters such as Bhopal in her book. From Nanda’s point of view that is because science does not cause such disasters; it is only the mis-application of the fruits of science (i.e. abuses from capitalism and bureaucratic indifference) that is to blame. But we validated Latour’s refusal to dismiss such culpability of constructivism as merely “bad guys abusing good ideas”; it would be hypocritical to allow objectivity that easy out. Many years of STS research have produced strong evidence for the ways in which public and professional concepts of scientific objectivity bolster dubious claims in enterprises such as nuclear waste disposal (Downey 1988),  pesticides (Wargo 1996), agricultural antibiotics (Martin 2005), logging (Hirt 1994), racial differences in cognition (Gould 1981), and many other topics. With suds this toxic, no wonder we are tempted to toss out the baby with the bath water.
Can multiple objectivity allow us to sustain both these critiques against dubious uses of scientific authority and—simultaneously—an anti-relativist stance?  Let us return to our childhood math model of X2 = 4, in which Jane flips a coin to decide which answer to put down. This is a poor example of social influence not only for its clean separation of science and the social, but also because it lacks any sense of systematic bias. If social effects were really random, they would not be ethically problematic. But the effects of corporate influence (Krimsky 1994, Rampton and Staube 2001), sexism (Keller and Longino 1996),  political ideology (Government Reform Minority Office 2003), and other social interests steer the putatively objective content of science in socially systematic directions.
The valuable contributions that STS has made to address these systematic manipulations are weakened when relativist versions of social construction are deployed. Multiple objectivity offers possibilities for strengthening such efforts. For example, in her explanation of “situated knowledge” Haraway (1988, 1997) recommends the idea of partial perspective as an alternative to totalizing claims for decontextual, universal knowledge. The “deconstructive dynamics” discussed earlier, in which the quest for a global phase space reconstruction is replaced by taking a particular “slice” through the whole, is one way to illustrate how such partial perspective can still be scientifically robust.  
Haraway’s struggle to prevent situated knowledge from collapsing into relativism is evident in her discussion of Theodore Porter’s (1995) constructivist account of  statistics. There she notes “Porter believed that this kind of objectivity inheres in specialist communities, which rely on expertise rather than community and which substitute quantitative representations for trust and face-to-face interactions” (1997 p. 199).  She directly contradicts Porter by immediately stating that, to the contrary, we know “impersonal, quantitative knowledge to be a vital dimension of moral, political, and personal reflection and action.” She validates his insight that statistics specifically, and objectivity in general, is about producing an intersubjectivity that is impersonal, but she links this impersonal quality to democratic institutions.
 
Other researchers have explored promising frameworks along the lines of multiple objectivity which include ethical implications; for example the “strong objectivity” of Harding. Longino (2002) makes use of epistemological pluralism as a critical component in her guidelines for distinguishing science from pseudoscience, such as creationist alternatives to evolutionary theory. She does not hold that the outcome of an inquiry must be pluralist, but she maintains that allowing for the possibility of both plural and singular outcomes is necessary for what she carefully defines as an open critical process in science. Both Haraway’s links between democracy and objectivity and Longino’s conceptualization of open critical process could be used to address the dilemma presented by Nanda, in which translations of ancient Hindu texts are elevated to the status of scientific fact through anti-democratic means and with purposes that sometimes violate civil rights.

Karl Popper’s “Open Society” explored this relationship between objectivity and democracy long ago. But Popper’s condemnation of Marxism as pseudoscience placed him firmly in the camp of free-market advocates (despite his welcoming experimental approaches to government intervention), thus a difficult resource for critics of corporate influence in science. And the STS critiques of Popper’s falsifiability—for example Kuhn’s demonstration that it is often ignored for the sake of paradigm loyalty—made it even less attractive. We need Popper’s falsifiability in STS, not as a failed example of what scientists were thought to do, but as an ideal of humility that everyone should strive for.
 

More recently advocates of non-relativist versions of situated knowledge have utilized the examples of persons embodying the role of “scientist-activist” to explore the merger between social construction and objectivity. Previously the figure of the scientist-activist in STS was primarily in the context of biographical works; e.g. Manning’s (1983) work on Ernest E. Just, Heim’s (1984) biographical comparison of von Neumann and Weiner, Koblitz’s (1983) study of Sofia Kovalevskaia, and so forth. But this intersection has also become an important resource for constructivists probing the potential for synthesis with objectivity; both in terms of the presence of scientist-activists as well as their absences.
  One of the most thoughtful treatments of this issue is Deborah Heath’s (1997) essay in which she describes the reaction of one scientist to her question about why she did not allow research questions to be directed by social concerns (in this case the needs of patients with a malady related to her area of study). The scientist begins to reply that objective inquiry requires pursuing the single path generated by the data itself. Yet in the course of her answer, we can see that Heath has raised doubt in her mind about the singularity of that path; the possibility of making objectivity compatible with multiple paths—some directed by social concerns—becomes, as Heath puts it, a modest intervention.
Another profound area of synthesis between objectivity, ethics, and multiplicity is in the field of post- processual archaeology. Although it unfortunately includes some relativist condemnations of objectivity, it is largely based on the analysis of quantitative data, and offers many instances in which researchers offer a positive view of the possibility for multiple models derived from normal scientific methods. While processual archaeology stressed the formation of theories that could confirm universal cultural processes, post-processual archaeology (some prefer the term contextual archaeology) stressed the ways that human agency and feedback between material culture and society produced multiple potential cultural outcomes (eg Hodder 1982). At the same time, they also began to question the singularity of modeling outcomes in archaeology itself. This perspective remains controversial, but even some of the detractors find merit in the arguments that posit the approach more in terms of multiplicity than an attack on objectivity (Redman 1991). Many of the insights derived from the methodology of ethnoarchaeology, in which archaeologists worked as cultural anthropologists, gathering data on living indigenous groups (Lane 2006). But the same issues of agency also alerted ethnoarchaeologists to the ethical issues of studying contemporary peoples: in particular the need to support indigenous struggles in the contemporary world (Fewster 2001). Since part of that struggle was linked to the ways in which the indigenous groups had been “primitivized” as occupying lower rungs on an evolutionary ladder, the alternative “bush” model for multiple paths of cultural development offered by post-processual archaeology also contributed to fulfilling this ethical need. Hence multiplicity has been a significant innovation in both content and inquiry process in archaeology, and it has aided both scientific and ethical development of the field.
Critique of Multiple Objectivity

It would be hypocritical to bring up falsifiability and not raise issues of potential failure. We have already considered one critique of mono-objectivists, that of the reconstruction dilemma. In fully engaging that critique, I believe it would be critical to distinguish multiple objectivity from the “underdetermination” thesis espoused by Pierre Duham, Willard Quine, Mary Hesse and others, although space here does not permit that discussion. But there is also reasonable critique to be found from the relativist side. In his celebrated essay, “Anti Anti-Relativism,” Clifford Geertz outlines the destructive effects that unreflective hostility towards against relativism can have on anthropology. Geertz likened the effect to red-baiting in the McCarthy era: just as one need not be a communist to oppose the destruction of civil rights under the house un-American activities committee, one need not be a relativist to oppose the academic versions of red-baiting that sometimes operate in relation to relativism. There is legitimate use of relativism as ethnographic methodology, and it is possible that the anti-relativist position promoted in this essay could be misused to oppose it. Even in the case of epistemological relativism, it is important that such ideas circulate freely in academic networks as long as there are responsible scholars who espouse it; again this essay would be a failure if it were misconstrued as opposing such open critical discussion.

Finally, it is important to note that there are many ethical domains in which objectivity—singular or multiple—simply fails, and subjective understandings and practices play a critical role in issues of justice and sustainable life. 
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� For example, in one of the most quoted passages Sokal (1996) characterizes the STS stance as one in which “’physical `reality' ... is at bottom a social and linguistic construct.’ Not our theories of physical reality, mind you, but the reality itself.” 





� I’ve qualified this as normal science because everyone acknowledges that there is social influence in “pathological” cases such as the Lysenko affair.





� Bloor qualifies his stance as “methodological relativism,” noting that sociologists cannot assume aprioi that the balance of social causes versus natural causes for a particular scientific belief tips in one direction or the other.


 


� Advocates for relativism might object that it does not imply that there are an “infinite” number of right answers, and that one can have a constrained relativism. My contention is that if such constraints are applied in the sense advocated by this essay – adhering strictly to normal scientific conventions -- then the result would be multiple objectivity.





� The legend of the Blind Men and the Elephant originated in the Pali Buddhist Udana, compiled in the second century BCE. It is interesting to note that the number of blind men decreases with age: Islamic theologian Ghazzali (1058-1128 c.e.) uses a “community” of blind men, while American poet John Godfrey Saxe (1816-1887) had only six men in his poem. Much contemporary usage reduces it to 3 or 4.





� Pickering (1995, pp. 197-198) distinguishes between traditional notions of objectivity as a list of static rules or “mental hygine” and his “mangle objectivity” as one that emerges through the dialectic of accommodation and resistance, but he points out that it is equally opposed to an “anything goes” subjective stance, and makes use of the same elements of evidentiary procedures, communal ratification, etc. 





� This might sound too “internal” to science, or too individualistic, to be considered social. But Picking notes that Glaser’s decisions were also determined by competition from big science labs, such as that of  Luis Alvarez. Since Alvarez was able to utilize the liquid hydrogen made available from his lab’s military connections, the social connections were also links to political issues.





� I have altered the originals slightly to enhance clarity.





� 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. incommensurate composites). 





� To put it another way, she uses Porter to make the point that no tool of objectivity, even numerical representations such as statistics, should be held immune from critique, but that such critiques cannot use objectivity itself as a basis for condemnation.





� That’s not to say that there is no democratic way in which one can generate translations between ancient texts, indigenous knowledge or vernacular doxa—the literature on successful examples is extensive. But it must be carried out in ways that are accountable to open critical review, including scientific peer review, as well as applied in ways that are sensitive to issues of cultural domination.





� While I think Popper’s condemnation of Marxism was problematic—its explanatory value is not primarily invested in its predictive ability over large time scales—Popper’s contention that Freudian psychology is a pseudoscience is entirely germane to this discussion. There is a chilling resemblance between the Freudian contention that denial is evidence of guilt, and the similar accusations (“only the guilty refuse to confess”) under totalitarian governments, McCarthyism, etc.  This point was implied in Warren McCulloch’s (1965) criticism of Freud, in which he noted that his own critique would probably, at some future date, be taken as proof of his guilt—a prediction that came true in Hayles (1992).





� We should also include the STS writings of scientist-activists themselves, such as S.J. Gould’s Mismeasure of Man. Here Gould outlines several varieties of multiplicity phenomena—the ladder versus bush model of evolution, General Intelligence vs multiple intelligences— as well as process indeterminancy in science itself. For example, Gould notes that mathematically it is equally valid to either average the numerical results of intelligence testing into a single measure (in support of the General Intelligence theory) or split it into independent factors (in support of multiple intelligences).








