The circulation of knowledge and disciplinary formation
Akera – 3 Societies Conference 


The Circulation of Knowledge and Disciplinary Formation: Modern Computing as an Ecology of Knowledge

Atsushi Akera

Rensselaer Polytechnic Institute
Conference paper presented at the 3Societies Conference, Halifax, NS, August 2004.
Please do not quote or cite without permission

Given that this is the last session in the third day of the conference, I wanted to offer a different kind of paper, one that I hope to help along with a bit of computer graphics! The image you see behind me is basically one attempt to synthesize Latour and Callon’s actor-network theory; Peter Galison’s ideas about intercalation; and Rosenberg and Star’s writings about the ecology of knowledge—all in visual form. What I want to do is to show how the different ways in which we have been talking about the circulation of knowledge can perhaps be depicted through this representation, providing what I hope may be a more integrated understanding of the concept. I then make a reflexive point about how a fragmented approach to the study of the circulation of knowledge may prevent us from appreciating the heterogeneous complexity of epistemic cultures, and then demonstrate this point by applying the representation to early 20th century developments in computing.  I should also add that unlike most of the other papers in this conference, which have been based on careful research, this talk is more of a “concept piece” based on the secondary literature.
Let me start by demonstrating some of the different ways in which we’ve spoken about the circulation of knowledge. The chart on the above left is a list of the different modes of circulation, as described in the original call for papers. To begin with a straightforward process: The diffusion of a new experimental technique during a widespread effort to replicate a scientific result, as was the case with cold fusion, might look something like the this. [pause] By contrast, when we speak about “exploration, migration, trade, and fieldwork,” we are basically speaking about the embodied circulation of knowledge, during which individuals obtain, translate, and reconstruct the knowledge of one context and makes it relevant to another.
The translation and intersubjective reconstruction of knowledge featured prominently in many of the other sessions in this conference. However, when we speak about the popularization of science, or the circulation of knowledge between professionals and amateurs, it became clear that an underlying issue was a tension between shared epistemic foundations, and the different epistemic cultures through which different groups decoded knowledge in different ways—the products of which we see, for instance, in natural history museums, or popular science periodicals. A similar process was at work during “the circulation of scientific knowledge between North America and Europe,” and between these regions and elsewhere in the world. However, in the case of an institution such as the Republic of Letters, it is evident that the shared epistemic foundations are broader, and that the exchange network has a much different topology, mirroring the Republican ideology that gave rise to the institution. A full generation of constructivist scholarship has brought us to think of context in terms of macroscopic institutions such as Republican ideology. However, the proposed representation follows Latour in extending a much more symmetric treatment to objects and institutions, so that the immediate context of science can also be viewed in terms of the material culture and practices of scientists. Thus, what we know about the difficulties of transporting knowledge across the continents; or the common difficulty in replicating experiments, may also find specific expression in this representation.

In depicting various historiographies in a single visualization, I am not suggesting that the different modes for the circulation of knowledge are somehow subsumed by this representation. Each of the different modes of circulation constitutes a distinct social process, each of which are defined within the overall culture of scientific practice. Each may be considered the product of a specific epistemic culture, as defined by Karin Knorr-Cetina, or the interaction among different epistemic cultures. In this sense, studies in the circulation of knowledge must be a particularistic enterprise.
In turning more explicitly now to the representation, the notion of an ecology of knowledge emerges out of sociological studies in the symbolic interactionist tradition, as well as an early essay written by Charles Rosenberg entitled, “Toward an Ecology of Knowledge” (1972). The representation that I offer basically provides a means of visualizing an ecology of knowledge, much in the way that ecologists have embraced representation as part of their disciplinary practice to deal with the heterogeneous complexity of nature. However, unlike typical representations in natural ecology, this visualization utilizes both a geospatial and layered representation. The spatiality of the representation, which really also draws from the underlying ecological metaphor, is useful in depicting the regionalization and geographic distribution of both knowledge and experience--which ought to be valuable for discussions about the circulation of knowledge. Meanwhile, the layered representation makes it possible to focus on the metonymic relationships that are more clearly identified in Rosenberg’s work. Thus, precisely as a leaf is to a tree is to a forest, the layered representation makes it possible to depict for instance how C.T.R. Wilson’s cloud chambers were constitutive of condensation physics as a discipline, and of science as a social institution.
How a layered representation might be integral to current work on the circulation of knowledge can in fact be seen by tying it to the representation used by Peter Galison to describe his idea of intercalation. Galison basically used this image to bring the renewed interest in the material culture of science to bear upon a fundamental question in the history of science, namely to account for the general sense of epistemic continuity that prevails within the sciences even despite the broadly recognized discontinuities in the theories, instrumental traditions, and experimental practices of science. Clearly, there is a substantial mapping between Galison’s figure and the lower layers of the proposed representation. Yet although Galison’s representation is useful in describing time-dependent relationships between theorists, experimentalists and instrumentalists, it presents each as homogeneous to these three broad subcultures of physics. By adding a fourth metonymic layer to represent research organizations, and relying on the spatiality of the representation, it becomes possible to document more precisely how a commitment to specific theories and experimental traditions may differ across laboratories, and how this undergoes change across time. [pause] 

While it is possible to work at this level, this kind of disaggregation can be carried even further. Each of the three subcultures of physics can be disaggregated across multiple layers to recognize that they hold separate if interrelated commitments to artifacts, knowledge, and skilled practices, which Galison acknowledges in his subsequent discussions about a “trading zone.” At this level of detail, the representation approaches the kind of heterogeneous complexity identified by Peter Taylor, Leigh Star and others in their studies. It becomes possible to depict local variations in knowledge and instrumental tradition that come to define a specific laboratory or research program. This is what I take Galison to be grappling with when he wrote that the more he pressed his laminated picture of intercalated practices, the more it seemed to decay and fall apart. (783)
I should say that pointing to the complex, heterogeneous associations of science is not the same thing as delivering science into an abyss of relativistic chaos. If anything, it is at this level of disaggregation that the epistemic continuities of science are most apparent. Thus, even when there is major shift between two bodies of theory, as during the canonical shift from classical mechanics to relativistic physics, much of the prior structure of the associations between artifacts and practice, including the knowledge and skills of those who continue to rely on classical mechanics, continues to remain intact. They remain intact even after classical mechanics is reduced to a special case of relativistic physics. All this suggests that the sense of continuity and accumulation in science may lie more in the structure of its associations, rather than the continuity of a well-defined body of theory or instrumental tradition.

While spatial representation and the disaggregation of the “internal” practices of science offer important reasons for turning to the metaphor of an ecology of knowledge, an equally important reason is the broader metonymic relationship between knowledge and its social context. While the basic goals of constructivist scholarship may seem like a well worn subject, I would hazard a guess that the talks most people found most interesting during this conference were those that made an explicit connection between the circulation of knowledge and its supporting institutions. Whether in studies of knowledge and exploration; the circulation of knowledge across the institutional boundaries of science, law, and bureaucracy; or the study of fieldwork in the context of colonial and post-colonial regimes, the circulation of knowledge seemed to gain significance precisely to the extent to which it was tied to an epistemic culture that had its origins in some broader social institution.

On the other hand, it should be clear from the earlier visualizations that much of the interest was not in the mere reproduction and diffusion of institutionalized practices, but more local and creative processes such as those of appropriation, translation, and the reconfiguration of knowledge. Thus, as against the process of syntagmatic extension that can be used to describe the simple diffusion of knowledge, these alternative processes may be described, at a more abstract level, in terms of interpretive extension, combination, and dissociation. While I do not have the time to define these processes here, it is worth considering, for example, how Galison’s account of the emergence of the image and logic traditions in experimental physics is based on the many creative extensions and combinations of the material culture of physics, as well as their successive dissociation from older institutionalized traditions such as a Victorian culture of mimesis.
While I again support the idea that studies in the circulation of knowledge ought to be a particularistic enterprise, I am concerned about the fashionability of some of the topics. To the extent to which the work in the circulation of knowledge is driven by other literatures—postcolonial studies, critical legal studies, studies of the body and the like—we may miss the extent to which the circulation of knowledge results from more mundane processes. In a related point, we may also fail to see how the different modes for the circulation of knowledge operate simultaneously during processes we deem central to the history of science, such as that of disciplinary formation. In the remainder of this paper, I would like especially to demonstrate this second point through a case study involving early 20th century US developments in computing.

(The Early Landscape for Computing in the United States)
At the start of the 20th century, computing was not yet a unified field. It remained a loose agglomeration of related knowledge and practices sustained through different institutional niches for commercial, scientific, and engineering work. In the domain of commerce, the increasing pace of industrialization, as accompanied by urbanization and multiple waves of immigration, brought many changes to the US economy and its demographics. Quite notable were the expanding ranks of white collar workers who took on the task of administering the ever increasing volume of the nation’s financial transactions. It was in the back offices of banks, insurance companies, and large department stores where feminization, routinization and mechanization went hand in hand. A new wave of devices, such as bookkeeping machines and billing machines emerged in this context.

Meanwhile, there were other commercial niches that fostered early developments in computing. Inventors at National Cash Register (NCR), for instance, concerned themselves with the moral character of waiters, who could roam the restaurant floor with a mixture of tips and diverted receipts. A figure of no lesser stature than Charles Kettering spent three weeks cavorting with waiters to learn of such things as erasures and double checks. Although firms like NCR succeeded because of their ability to introduce new transaction accounting methods into the US retail industry, these firms also learned to capitalize on a retailer’s fears of embezzlement. By the early 1900s, NCR had multiple inventions departments specializing in tailoring their machines to the specific juncture of workers, customers, transactions, and mechanical devices that defined each retail and service trade.
Meanwhile, the major concern among US railroads and utilities was that of establishing a different kind of accountability in the face of Progressive Era politics. The famous Philadelphia Rates Case of 1911 was primarily about the watered down stocks of the Philadelphia Electric Company. Nevertheless, accusations of bureaucratic inefficiency followed on the heels of those of corruption. Frederick Taylor was called in to employ his principles of scientific management to probe the operations of the firm. IBM’s tabulating machinery, aside from their routine use for the census and actuarial calculations, came to occupy a special place amidst the expanded demand for public accountability over matters of corporate finance.

All of these changes were driven by larger social commitments to, and perceptions about gender, wage work, accountability, and economic efficiency. Yet although it is possible to speak of a time when “women were computers,” the social foundations of computing were broader than that. Progressive reforms played themselves out not only in the realm of politics, but in the cultural domain of science. As US research universities began to emulate British and German models, a new strategy for advancing knowledge emerged around the notion of precision. Even here, however, European developments led those in the United States. One of the most elaborate scientific instruments built during the late 19th century was a pair of analog computing devices devised by William Thomson. Thomson brought together the physical properties of a mechanical integrator with the mathematics of Fourier to produce a tidal analyzer and predictor—useful in the important task of transoceanic commerce. However, US scientists, such as Albert Michelson, could draw on the byproducts of US industrial processes to improve on the exactitude of such instruments. Using precise metal springs, Michelson was able to build a harmonic analyzer, similar to Thomson’s tidal analyzer that could extract the harmonic components of a periodic function out to the eightieth harmonic.

Numerical astronomy was another site that presented a need of precise computation. Although the classic three-body problem presented a formidable challenge for astronomers, by the late 1910s, Ernest Brown of Yale had published a definitive set of equations for computing the lunar orbit. However, given the greater British institutional infrastructure for promoting nautical commerce, the routine calculations of the lunar positions were carried out by the Nautical Almanac Office in England.

Despite a broad range of developments in the sciences, it was the engineers who made the more extensive, if less elaborate use of computation. The intense concentration of industry during the 20th century drove the scale of industrial machinery upwards, creating various pressures for firms to improve the efficacy of their capital equipment. Precision remained less important to most engineers—transformers lost power, the strength of materials varied, and there was no need to demonstrate accountability through the precise figures work with which a bank could render a nine-digit balance down to the exact dollars and cents.

Nevertheless, there were certain industries whose problems brought them to more formal methods of analysis. Though driven as much by pedagogic initiatives as by engineering necessity, electrical engineering was one of the fields that turned to formal analysis, especially to deal with the recalcitrant problems of electrical transients in the nation’s expanding power grids. This enabled Vannevar Bush to create a research program at MIT for assembling new mathematical instruments. Bush and his students brought together a mechanical integrator with the electrical industry’s standard watt-hour meter, and then a mechanical torque amplifier borrowed from the steel industry, to assemble a device that could solve the second order differential equations used to represent electrical transients. Yet, to the extent to which mathematical reforms began not in engineering, but in physics and the other scientific disciplines, the differential analyzer also emerged as an important tool within the sciences. Through the support of Warren Weaver of the Rockefeller Foundation’s Natural Sciences Division, Bush was able to place his work at the juncture of industrial interests and scientific patronage.

(Integration)
The 1930s brought many additional opportunities to integrate the knowledge and techniques developed during the past several decades. Perhaps one of the more curious efforts was the Mathematical Tables Project, assembled at New York University under the technical direction of the mathematical physicist, A.N. Lowan. The Mathematical Tables Project was a Depression era initiative for producing mathematical tables for scientists and engineers using the Work Projects Administration’s (WPA) relief rolls. At its peak, the project employed more than three hundred workers, each of whom worked as a human computer. Because the WPA was a depression era program, the funds had to go to human labor, not machinery. Still, Lowan benefited from the vast rank of unemployed clerical workers who were displaced by the sudden collapse of New York’s commercial economy. This was a seasoned and highly disciplined work force that was able to accept the tedium of doing manual calculations up to the WPA limit of 39 hours a week.
Lowan’s project also bore the imprint of the interwar ascent of science. Although the Mathematical Tables Project was asked to produce tables of the broadest possible utility to scientists and engineers, Lowan proceeded to work through his own network of scientific colleagues in identifying interesting problems. Among the problems he solved would be the fourth-order non-linear differential equation Hans Bethe had requested to study a point-source model of stellar cooling. As a non-linear equation, this problem required the use of numerical integration. Previously considered to be a non-computable problem, Lowan used the unique resources created by the Great Depression to extend the boundaries of what could be considered computable in mathematical physics.

Another project that brought together prior developments was Leslie Comrie’s work at the Nautical Almanac Office. Hired into the NAO in 1925 with a Cambridge PhD in astronomy, Comrie set out to rationalize and mechanize the internal operations of the NAO. He quickly discovered that the latest accounting machines and tabulating machines, which were being designed to support the increasingly complex accounting operations of modern firms, could be used to execute the computation of lunar positions for the Nautical Almanac. Comrie’s technique was picked up in the United States by Columbia University astronomer Wallace Eckert, who then relied on a preexisting relationship between IBM and Columbia to make further modifications to the machinery.

IBM’s affiliation with Columbia served as a stepping stone for an even larger collaboration between IBM and Harvard. The Harvard Mark I was designed by Howard Aiken, a control systems engineer who had entered Harvard’s PhD program in physics. Like Vannevar Bush, Aiken worked at the juncture of engineering and physics. While enrolled in the PhD program, he also served as an instructor in Harvard’s Cruft Analytical Engineering Laboratory. Through his studies, Aiken became enamored by the fact that a small difference between a computed and experimental result could lead to scientific discovery. As he worked in the analytical engineering laboratory, all around him were the electromechanical devices that could make physical equations computable.

Working from a design created a full century earlier by British mathematician Charles Babbage, Aiken brought IBM a proposal to build one of Babbage’s analytical engine using modern electromechanical components. Still, a close study of the Mark I reveals the priorities of a 20th century engineer turned physicist, rather than a 19th century mathematician and philosopher. Thus, whereas Babbage spoke of a “mill” and a “store” in describing his analytical “engine,” Aiken spoke of the Mark I as an “arithmetical computing plant.” The Mark I also exceeded Babbage’s analytical engine in precision and complexity. Designed to handle numbers with as many as 46 decimal digits of precision, the Mark I was a manifestation of Aiken’s commitment to discovery through precise calculation. Apart from the practical uses of the computer in science and engineering, Aiken could also admire his sleek and elegant creation as an elaborate control instrument abstracted away from the mundane purposes of industrial capital. Yet his work was based on appropriating the knowledge of IBM’s engineers. Even the smooth steel and glass exterior was designed by Norman Bell Geddes based on the unique sensibilities of 1930s industrial design.

Despite these and many other advances during the 1930s, computing remained, however, a disparate field. The integrative effects of technical exchange were offset by the draw of different institutional demands. The continued fragmentation of the field was nowhere more evident than in the machinery, all of which continued to serve a specific purpose.

(Coherence)

It was World War II that drew the diverse forms of knowledge together in the name of military necessity. During the early stages of the war, much of the integration occurred under the National Defense Research Committee’s (NDRC) work on anti-aircraft weapons. By this point, Vannevar Bush was the director of the NDRC, and he had appointed Warren Weaver, the Rockefeller Foundation officer, to oversee the work of NDRC Section D-2. A mathematical physicist by training, Weaver proceeded to view the “fire control” problem, as it was called, primarily a problem in analytical engineering. Mathematicians were joined by analytically-inclined engineers, including those from Bell Laboratories and MIT, all of whom toured the various weapons facilities and translated what they saw into mathematical terms. In the course of their investigations, the group also identified computational facilities relevant to their work. Section D-2 absorbed MIT’s differential analyzer; the IBM facility at Columbia; along with knowledge about military ballistics and numerical computation that had its roots in numerical astronomy. This section also evaluated the nascent efforts in electronic computation, and drew in some independent work on electromechanical computers that had taken place at Bell Labs.

As carefully  documented by David Mindell, there were definite limits to the extent to which anti-aircraft weapons could be improved through engineering analysis. Weaver was soon ousted from his post as the head of Section D-2, and placed in charge of a separate group known as the Applied Mathematics Panel. Yet it was upon being relieved of his obligation to focus on a specific military problem—an intentional constraint generally built into the organizational structure of the NDRC, though not applied to the Applied Mathematics Panel—On being released of this obligation, Weaver was able to fully mobilize the US mathematical community. Under the Applied Mathematics Panel, Weaver assembled a network of research mathematicians willing to advise the military agencies and the NDRC on mathematical problems; he absorbed other interwar computing facilities, including Lowan’s Mathematical Tables Project; he also served to disseminate the IBM methods employed at Columbia through a series of NDRC contracts that replicated the facility at a dozen different laboratories across the United States. Perhaps most important, in handling over 200 different studies for the war, the Applied Mathematics Panel helped to diffuse new knowledge about applied mathematics and computing to many different domains of military science and engineering, nearly all of which picked up on that interest after World War II.

From the standpoint of disciplinary formation, the most significant thing was that there was a group of research mathematicians within the NDRC who came to occupy an organizational vantage point from which they could view computing as a coherent discipline. In addition to Warren Weaver, his technical aids, George Stibitz and Mina Rees, gained a broad understanding of wartime computing developments. Stibitz, in particular, who had designed the relay computers at Bell Labs, came to understand the formal equivalence of the different machinery used to solve mathematical problems. His reports on computing devices, as well as one written later by Rees, were broadly circulated within the NDRC. John von Neumann was also among those involved with the Applied Mathematics Panel, although the breadth of his knowledge about computing also came from other sources.
The development of the electronic computer itself took place at a different site during World War II. Yet, it was the Applied Mathematics Panel, and other organizations like it, that did as much to pave the way for the postwar enthusiasm surrounding the electronic computer. Wartime research was by no means entirely centralized. Even the NDRC itself operated under a decentralized structure. Nevertheless, the centrifugal effects of disciplinary and institutional difference were now overrun by the integrative effects of technical exchange, which even under the veil of military secrecy created a vast network of laboratories interested in high speed computation. The priorities of war transformed the ecology of knowledge, making computing a more coherent field of practice.
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