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    Foreword


    Andrew Ross


    


    By the early 1970s, when John Turner and Richard Fichter published their influential edited volume of planning essays, Freedom to Build, a third of the world’s population was housing itself with its own hands, often in the absence of government and professional intervention and sometimes in spite of it.1 In the United States, as many as 160,000 families annually, they noted, were building their own homes. In part, this was to minimize costs by making the most efficient use of handyman know-how. But Turner, as a good anarchist, was also inclined to believe that ordinary people perceived building to be a path to empowerment. His lionization of the self-build movement, which originated in his experience with the self-housing efforts of poor Peruvians in the late 1950s, would eventually be propagated worldwide under the auspices of the World Bank’s Transport and Urban Development Department. This self-build spirit was further reflected in the returning appreciation of communal architecture, summarized in Bernard Rudofsky’s 1964 Museum of Modern Art exhibition Architecture without Architects, and soon after fed into the advocacy planning movement of the late 1960s. Each of these initiatives posed a serious challenge to the professional self-image of the omniscient design expert. Architects, these mavericks argued, should dictate less and listen more, learning as much as possible from a building’s end user. Ideally they should view their role as assisting dwellers to house themselves: after all, housing is a verb, as Turner himself liked to say.


    Forty years later, the architect’s role in building in the United States is diminished, but not because more people are building their own houses. These days merchant builders dominate the industry, using formulaic plans that are much more likely to have been drawn up by lawyers than by architects. And so architects are conspicuously absent from the vast majority of building projects in the United States (from 90 to 95 percent, in the most apocryphal of estimates), their involvement now limited to the luxury housing niche or to the signature realm of public institutional landmarks and brand-conscious corporate towers. Ironically, as the practical influence of architects over the built landscape has dwindled, the cultural power of select high-profile designer names has skyrocketed. The bestowal of such a name as Viñoly, Gehry, Nouvel, Rogers, Piano, Foster, Hadid, Calatrava, or Koolhaas on an idiosyncratic building is now the anchor around which city managers try to engineer cultural districts for the much-sought-after “creative class,” boosting land value in all adjacent neighborhoods. Developing countries scramble to commission these wonderstuff names in order to showcase the global ambitions of their catch-up economies. In the meantime, fewer and fewer trained architects are finding opportunities to earn their livelihood out of their profession.


    There is nothing paradoxical about this situation. It is a familiar product of our neoliberal times, when the top dogs increasingly live in a different world from the rest of us. The forces of deregulation have decoupled the old relationship between commissioning state agencies and the architectural profession, allowing speculators and other entrepreneurs to intervene and directly influence bids and contracts. So, too, is the commercial subcontracting system of the merchant builders now fully protected by legal codes and zoning regulations that favor powerful interests in the building industries. Architects willing to challenge these legal constraints, as the New Urbanists have done, face opprobrium from the gatekeepers of capital-A Architecture for compromising the profession’s devotion to aesthetic innovation. Liberalization has also seen the rise of branding and other value-adding devices that position intellectual property at the core of the new service-driven economy. The outcome for architects is a winner-takes-all system where a small number of feted practitioners compete for the jackpot.


    The rise of subcontracting on a global scale has meant that routine design operationsdrafting, rendering, modelingare increasingly assigned to cheaper labor in offshore locations. There are few architectural firms in which high-skill jobs are not threatened by this rise up the value ladder of outsourcing. In the meantime the bulk of the actual labor going into the built environment is increasingly performed by undocumented migrants, whose own housing needs and life aspirations are as invisible to the architectural profession as they are to the general public. Indeed, given the explosion in the number of manufactured homesby far the biggest growth sector in the housing industryit is only a matter of time before prison labor (which currently accounts for a small proportion of manufactured production) becomes as indispensable to the industry as immigrant labor.


    Ideally, any comprehensive analysis of the labor economy of architecture ought to take account of the involvement of dweller-builders, trade artisans, and unskilled construction workers. Arguably, it should also include the work of public participants in charrettes, impact hearings, crowdsourcing, and, above all, the focus groups conducted by the industry’s market researchers. Why? Because the massive, ongoing effort to transfer work from the realm of production to that of the consumer is an increasingly vital hidden labor component of consumer capitalism. The labor of all these nonpedigreed actors is an important part of the story, but one that is seldom mentioned in debates within the profession. And architecture, as it is taught and represented in the academy, is very much an insider’s profession.


    Except, perhaps, during the 1960s, the profession has been less subject to challenges to its monopoly of expertise from outsiders or laypersons than have professions such as medicine, law, or religion. A chief reason for this is architecture’s confirmed detachment from the labor of fabrication, not to mention the vigorous activities of the end user. The gentlemanly ideal of distance from the business of productionan essential component of the architectural profession’s self-imagehas persisted against all odds. It survived the early-twentieth-century era of the factory ethos, preached as an avant-garde imperative by the likes of Corbusier and the Bauhaus school and widely adopted as a corporate model in the process-flow organization of large design firms at midcentury. The ideal underwent a renovation at the hand of boosters of the postindustrial concept of flexible specialization who imagined that a new life lay ahead for the “mysteries of craft.” Most of all, it has endured in the teeth of dangers posed by advanced technologies of design, whose capacity to “self-optimize” threatens to encroach even further on the autonomy of design functions that are left in control of the practicing architect.


    This last scenario is the immediate occasion for this book. Computer-aided design (CAD) and computer numerical control (CNC) fabrication is now so advanced in its use of parametrics that the conception and execution of a building is more and more the result of computational programming. How has this affected the role of architects and their relationships with the other specialized professionalsengineers, technicians, general contractors, and project managersinvolved in bringing a plan to realization? What does the new organization of labor among these professionals look like? Is the news good or bad, and for whom?


    Like all technologies, knowledge-processing machines have the potential to be used either as artisanal tools or as efficiency instruments of industrialization. When employed as tools they are greeted as breakthroughs in the cause of innovation, while their deployment as industrial technologies is feared because it degrades and routinizes skills that lie at the heart of the self-reliant artisan’s livelihood. Both of these responses have been widely aired in the debates within the profession about CAD. On the one hand, the new technologies are touted as an opportunity to expand the designer’s ability to solve technical problems, to deliver accurate plans, and to exhaust every possible imaginative angle. On the other hand, defenders of the Ruskinian tradition of handicraft see the imminent demise of the profession in the spectacle of plans being calculated rather than drawn, as Kenneth Frampton implies in his essay. Proponents of a brave new world of design speak about modernizing the field and of fully maximizing the potential of the designer’s hitherto-underutilized cognitive faculties. Forecasters of the death of architecture see automation as a de-skilling process and point to the devastation visited on other professions, like medicine by bureaucratic, metric-based technologies such as managed health care. Yet neither has much to say about the reorganization of labor within and around the design and building professions.


    This volume is a first effort to address that topic. In its own way, it adds to the literature on labor process initiated by Harry Braverman’s classic Labor and Monopoly Capital: The Degradation of Work in the Twentieth Century (1974), which tracks the manner in which industrialists introduce advanced technologies in order to reorganize the workplace for efficiency and control. Unlike most of the post-Braverman scholarly analyses, however, this book draws, with bold eclecticism, on the viewpoints of practitioners in a host of related professional fields. Readers of these manifold, often contradictory, contributions will build their own composite picture of where things stand, and it is almost certainly the case that they will take away differing interpretations.


    Regardless, the chief achievement of this book is to establish that the demarcation between design and fabrication is no longer feasible, if indeed it ever was. In these pages, the fully cooperative, interdependent nature of the building enterprise stands revealed. The increasing complexity of infrastructural technologies alone has required general contractors and others on the technical side to take responsibility for design decisions. Design functions are more and more divided up and assigned to specialized locations, many of them well outside the professional firm, and some of them deep within the artisanal trade structure. This also means, as Paolo Tombesi points out, that opportunities for architectural interns to move up from clerical to professional positions within a firm have been drastically reduced. As a result, graduates are just as likely to advance their career prospects by taking technical positions with building-trade subcontractors and gaining industrial experience as by relying on their design credentials. As Tombesi himself argues, the outcome of this and other related developments is that, more and more, building needs to be thought of as a “branch of architecture, rather than keeping architecture a privileged but inward-looking subset of building.”


    If this shift in perspective is borne out, then it is characteristic of other professions as well. In the academy, for example, as former University of California president Clark Kerr once predicted, credentialed faculty now see themselves as tenants rather than as owners of their institutions.2 Like most doctors and lawyers, they are managed employees, less and less in control of their vocational workplace and more and more regarded as providers of specific services. There is no doubt that we are witnessing a deformation of the professionsat least of the terms through which they were originally createdto establish a monopoly over knowledge fields and markets. Our siege mentality encourages us to imagine that the forces of commodification are closing in on our protected havens. This is an understandable delusion, but professionals and their institutions have ever been in the service of the interests of capital-owners. The difference today is that the professional services in question are now the source of the raw materialsideas, images, symbolsof the burgeoning knowledge industries. The capacity of design, for example, to add value is emblematic of the new mode of accumulation that seeks to exploit neglected generators of profit. In this respect, design is too important to be left in the hands of professionals: capital’s structural need to control this newly crucial domain requires that it be broken up and assigned to specialized nodes on a production chain. Greater efficiency may result, but that is not the primary goal. The chief motivation is to take control away from individuals vested, by tradition, with more responsibility and oversight than capital-owners would like.


    It is not surprising, then, that advocates of the design-build movementthe most aggressive counterresponse to this new division of laborpromote their services to the public by promising greater efficiency and more authentic quality control. The iconography of the movement is irradiated with loving tributes to the venerable institution of the master builder, but its raison d’etre is firmly rooted in present conditions. Integrating design, engineering, and constructing under one roof (or in one executive team) may ensure more accountability over cost, quality, and schedule, but underlying this pragmatic appeal is an ongoing struggle, at once desperate and noble, to reclaim the profession’s own freedom to build.


    If this impulse to regain control is not to end up as a rearguard action, driven by a siege mentality, then its advocates might do well to recall the spirit of Turner’s encomium about self-building, for his was a bottom-up version of the “architecture without architects” that is increasingly being practiced from the top down. The response to his call was not driven by fear at the prospect of deprofessionalization, which is the prevailing mood today. Rather, it was inspired by the challenge of reeducating the profession.


    1 Cited in Jeff Lustig, “The Mixed Legacy of Clark Kerr: A Personal View,” Academe 90, no. 4 (Jul.Aug. 2004).


    2 Cited in Clark Kerr, The Uses of the University (Cambridge, MA: Harvard University Press, 1963).

  


  
    Preface


    Robert A. M. Stern


    


    The field of architecture has expanded and become increasingly complex in recent decades, perhaps most dramatically as a direct consequence of the new digital media and their impact on both the design and the physical realization of buildings.


    The dramatic change that the digital age has brought to architecture is vividly apparent in the schools, where one rarely sees a Mayline or a roll of yellow trace on a student’s desk. Triangles, French curves, and other tools that were the stock-in-trade of architects for hundreds of years are not only no longer in use, but also not even recognizable by many young designers. Instead, computers abound, not only for information gathering, written communication, and drafting, but also for the shaping of formfor initiating design.


    Today’s typical student enters the study of architecture largely through a virtual world, not through a systematic examination of physical relationships. Nonetheless, issues of dimension, heft, tactility, and materiality remain essential to architecture as built environment, no matter how tantalizing the “pixelated” world is.


    In professional practice, coping with digitally enhanced technology in architecture has become a constant. As we absorb the impact of the computer into our discipline, let us not lose sight of the fact that since the dawn of the industrial age, each generation has had to harness the innovations of its time to the age-old task of shaping the built environment. The industrial age gave rise to a belief that craft and machine manufacture were locked in combat with each other, with seemingly no victor proclaimed. Now it just may be that the computer offers a means to end that battle. However ironic this may at first blush seem to be, such may just be the case. The computer has the potential to expand the professional’s control over the world of built form by linking designers with constructors more closely than since the dawn of machine production, and we are beginning to recognize this. Indeed, we may now be entering an age of the master-builder-craftsman that John Ruskin sought to revive but getting there in a way Ruskin could not have anticipated. The expanding technology of computer software and digital fabrication techniques promises to make it possible for architects to regain their proper and responsible role not only with regard to design but also in the generation of construction documents and fabrication of the finished product.


    The new digital paradigms promise an unprecedented level of collaboration among design professionals, fabricators, and others. But with that collaboration comes the possibility of great risk. Who ultimately controls the process of design and fabrication if so many can have direct access to the documents initiating and describing it? Who owns the ideas? The drawings? This book addresses these important questions and many more related to the emergence of new paradigms of design and performance. While we do not know where digitally supported professional collaboration will lead us in the future, we can but marvel at its potential as put forward here by a diverse group of professionals, artisans, and theorists, who in their daily work push the boundaries of the familiar, in addition to those who measure those leaps in light of the risks they involvethe construction managers, marketers, and lawyers.


    There are many questions to ponder as architecture moves forward in the digital age, but one that should concern us above all asks whether it is architecture itself that must change or the way it is practiced, and if either must change, is that change to be evolutionary or revolutionary? In other words, will the new technologies free us to design buildings that are deemed better because they differ radically in form from what went before or because they more closely than ever before meet long-valued criteria of performanceor a little bit of both? Only with the passage of time will we know for sure that the future is in safe hands.


    The promise of a new paradigm of integrated design and construction is reflected in the collaboration of this book’s two editors: Peggy Deamer, who is an architect and theorist, Phillip Bernstein, who is an architect and a computer technologist. I would like to extend my thanks to them for editing this collection of essays. I would also like to thank the publication team at Princeton Architectural Press, especially Senior Acquisitions Editor Nancy Eklund Later and Assistant Editor Carolyn Deuschle; Yale School of Architecture Publications Director Nina Rappaport; Assistant Managing Editor Zachary R. Heineman (’09); and Graphic Designer Jeff Ramsey.

  


  
    Introduction


    Peggy Deamer


    


    The subtle shift that occurred in architectural discourse around the year 2000, from formal concerns focusing on the blob to production concerns centering on digital fabrication, has proved to be more profound than anyone would have predicted. The emphasis on production and process over aesthetics and representation has changed the nature of our architectural horizons, both in theory and in practice. But for all the recent publications that promote the power of digital fabrication/parametric design and describe its potential for liberating our productive (and hence formal) horizons, none examine the effect of this on how wedesigners, architects, buildersconceive of our work. This book examines not just the process of parametric design but the labor in that process; not just the power of technology but also its effect on technologically engaged subjects.


    Although some philosophers, such as John Locke and Hannah Arendt, have made much of the distinction between labor and workwith labor addressing life’s biological needs and work referring to rhetorical and worldly strivingit is not, for the most part (e.g., Frampton), the operative dichotomy in this text. We want to operate between and within the connotations of both wordsthe work that we all know we do when we “go to work” or “work out a problem,” and also capitalism’s “system of labor” that we as makers operate in and in which we struggle to reap the “fruits of our labor.”


    Here, the traditional definitions of designer, architect, and builder come under attack as the relationship of each to the other shifts. Designer is no longer equated with architect; fabricators, engineers, and software programmers can lay equal claim to authorial designation. The architect has access to all the economic/organizational parameters originally known only to the builder; hence, control of the critical path is mingled with control of form. But it should be emphasized that the new modes of production do not cause this shift; they further destabilize an existing dysfunctional and antagonistic relationship between all players in the client-architect-contractor trichotomya dysfunctionality that, being highly overdetermined and, like capital itself, highly self-contradictory, demands systemic change. This is the reason that the words digital and parametric do not appear in the title of this work: while new technology is at the center of all the essays in this book, it is treated here only as a catalyst to the larger issue of how the profession and all the players in it want and need to reposition themselves for the future.


    This book began partly as an inquiry into why, just as production and not form became the new area of architectural concern, theory seemed to go into retreat. In academia, the theoretical position that accompanied the emergence of parametric design quickly became postcritical: an opportunity to stop critical thought and just start making things. Why get hung up on the issues of co-option and hegemonic culture when we can have so much fun participating in and adding to the goods? But it seemed, and still seems, in fact, that theory could and should be more interesting and more important than ever: more interesting because it finally had somethingproduction and its economic viabilityto chew on, and important because theory above all should not retreat just as labor, new technology, and money enter the picture. The intellectual inquiry moved from this observation to an examination of how architecture as a profession does indeed officially and unofficially organize its labor.


    The other impetus for this book was exasperation felt by those at the vanguard of the profession with the protocols, both contractual and self-imposed, limiting our ability to exchange information and share expertise across professional boundaries. Contracts memorializing business practices designed to limit liability, already having shown themselves to increase antagonism and constrain design’s social reach, had been clearly proved to be impediments to disciplinary empowerment. Likewise, the traditional organization of the architectural officelinear, hierarchical, and star drivenwhile still intact, was and is increasingly nonsensical. What was necessary from the professional point of view was not only the revision of standard contracts but a conceptual reclassification of the players.


    Thus, for the purposes of this inquiry, theory was irrelevant without practice, and practice, impoverished without theory.


    The book is divided into two sections, “Working and Making” and “Collaboration.” The first explores the relationship between the maker and the object and, within this, between design (involving form, representation, and space) and craft (involving materials and tools) and between human and technological production. The second section explores the relationships between the makersarchitects, builders, subcontractors, fabricatorsand, within this, between intention and execution, thinking and making, opportunity and liability, and innovation and responsibility. Both sections also keenly investigate how digital technology disrupts known patterns of behavior.


    The essays in “Working and Making” conclude that these patterns of behavior, as I have suggested, are intrinsically unstable albeit honored. The instability can be found in the inherent tension between open-endedness and control in architectural design, a tension that plays itself out in many and often contradictory ways: between design (exploratory) and build (practical, exacting); between design (expansive) and budget (constricting); between technique (infinitely deployable) and material (limiting parameters); between expressionism (breaking of formal rules) and precision (appreciation of technical rules); between craft (subjective variety) and design (logical premeditation); between vision (economically unconstrained) and marketability (economically constrained).


    In the first essay, Kenneth Frampton, in his argument that parametric and digital technology instrumentalize design, throws down the gauntlet regarding what he feels is at stake for craft, authenticity, and responsible authorship. In many ways this essay represents what other authors are up against as they make claims for a more positive and expanded notion of craft and design in architecture.


    In this regard, Scott Marble’s essay evaluates what craft means today and lays out many of the concerns picked up by authors in this section: the issue of control (or lack thereof) that arises with parametric design; the question of whether techniques/tools or material should be given primacy in fabrication; and the role of the imagination in a technologically sophisticated (read: deterministic) environment. In the digital age, Marble says, no longer can the word craft be identified solely with the hand that works physical material. It must also encompass the mind that can command the operations of technology, which can be understood as intellectual “material.” He identifies the risk inherently involved in craft but suggests that unlike in the past, where risk lay in the transition from designer to craftsman/builder, today it rests in the capabilities of the human imagination. Mark Goulthorpe and Jamie Carpenter offer more specific, yet contrasting, descriptions of what they privilege as good “craft,” with Goulthorpe emphasizing the value of material-neutral techniques provided by parametric design and Carpenter emphasizing the fast-disappearing concern for materiality. Goulthorpe examines the formal potential within a set of given surface-defining parameters, finding that traditional notions of space, time, and movement are radically reconfigured. Carpenter insists that it is just such computer-driven formal concerns that ignore material phenomena and yield zinc as the contemporary wallpaper.


    Kolarevic then returns us to the issue of risk, but where Marble equates parametricsand technology in generalwith control and imagination with risk, Kolarevic characterizes risk as an inherent attribute of parameterics, based as it is on relationships whose formal outcome cannot be predicted. Likewise, Kolarevic and Marble have comparable but diverging views of efficiency. Marble links efficiency not to the speed with which parametrics spin out variations but with the efficiency of the human imagination; he thus links risk (positively) to efficiency. Kolarevic finds efficiency in the ability of the iterative parametric process to provide alternatives but sees inefficiency in its nonlinear open-endedness; he thus links risk (positively) to inefficiency. The question of risk and efficiency lingers in the essays of Carpenter and Goulthorpe as well. Carpenter is clear that digital technology’s ability to preview technical difficulties reduces costly risk in production. Goulthorpe appreciates the transparencyif not exactly the efficiencyof digital processes that makes design, in the collapse between intention and execution, protoimmediate. Kevin Rotheroe, in his essay, then attaches the issue of craft to the idea of value. Acknowledging that craftbe it manual or machiniccosts money, he suggests that the proliferation of computer numerical control (CNC) precision promotes the positive reception of craft in general. In his concentration on notions of craft as human versus technical, his concerns are related to Marble’s, although for Marble, the “human” rests in the imagination, not the hand.


    In connecting the value, both social and economic, of craft to the cost/value of labor, Rotheroe’s essay corresponds with mine, which looks at the issue of design and craft labor through the lens of detail. I argue that the dichotomy between detail and craft and the historical shift concerning which term is privileged achieves a kind of resolution in current parametric and digital-fabrication practice. At the same time, the nineteenth-century architectural theorist’s obsession with the craft laborer reemerges and provides an opportunity to more positively address the status of contemporary makers and designers. Coren Sharples then provides a discussion of exactly what this implies for her firm, SHoP Architects. Sharples gives an account of the development of the complex brick panels used in a Houston Street, New York, apartment building, describing the manner in which building information modeling (BIM) allows the architect to function as a leader for the client and as a collaborator with the builder; a dispersion, in other words, of authorship. The impediment to a fully realized reidentification of the architect/author is the culture of the architectural office itself, where the inherent tension between partners (“management”) and staff (“workforce”) needs to be actively combated and the common stake in design research promoted. While craft does not come into Sharples’s picture, the design process is redefined here to encompass organizing design and construction procurement, and its object is less the building (or, in this case, the facade) than the logic of its delivery.


    Finally, Kent Larson describes a project, House-n, that takes this notion of design to its logical conclusion. The development of so-called design engines that allow a layperson to efficiently create and purchase his or her own home environment removes, Larson argues, any need for craft; instead, the user-designer sources products. But even the realization that sourcing is only as good as the yet-to-be-designed universal interface leaves craft at the mercy of its traditional enemy: standardization. Larson extends the technological imperatives of digital prototyping to factory assembly and asks if the computational solutionsnot unlike Goulthorpe’s algorithmic imperativescan act as design configurators, rapidly displaying and, it is hoped, procuring the desired consumer product.


    In “Collaboration,” the second section of this book, the contributors explore instabilities that are, again, embedded in long-standing architectural practice but aggravated by digital technology. These tensions pertain to the ambiguities and contradictions inherent in the roles of the players in the building process, particularly with regard to expectation, intention, and execution: the ambiguity between client (laying out intention), architect (laying out own intention versus executing client’s), and builder (executing client’s intention versus architect’s intention); the ambiguity between architect (laying out intention), general contractor (reinterpreting architect’s intention), and subcontractor (executing contractor’s intention); the ambiguity between primary stakeholders (trying to expedite a project) and expert consultants (indicating that the stakeholders do not fully know how to do that); and the ambiguity between stakeholders (trying to execute a project) and lawyers/contracts (trying to limit liability).


    Paolo Tombesi’s essay, which opens the section, suggests that architects are obligedthough for the most part have failedto design a process by which their aesthetic intent can be realized. A successful process would acknowledge the nonlinear movement from intent to execution. In the flexible specialization Tombesi promotes, every aspect of the design-to-build process can be considered an aspect of design production, with designers, fabricators, builders, and programmers all claiming an area of special expertise within the domain of design. Tombesi argues that as the means of modern production move from straight lines to networks, so, too, does the labor of building. John Taylor explores the organization of the network itself as it struggles to accommodate innovation. Diagramming the fact that innovations practiced in one part of the network not only may not produce innovations in others but may actually hinder its proliferation, Taylor implicitly argues for the need to change the traditional interdependencies embedded in the network. In this way, Taylor’s assessment of innovation mirrors Tombesi’s emphasis on the protocols of nonlinear movements between design and production specialties: it is labor’s inability/resistence to organize itself with flexibility and dexterity, not technology, that is an obstacle to a radically changed system of production.


    Attorney Howard Ashcraft, who is at the forefront of defining new contract models for innovative delivery models, suggests that the development of information sharing, BIM in particular, is as much a process as it is a technology, and that as a process, it leads to collaboration. Wider adoption of BIM will increase pressure to institutionalize collaboration and move toward integration. Ashcraft argues that although collaboration is traditionally not well supported by our design and construction business, new protocols remove roadblocks that have been our traditional pretext for slow adaptation. Structural engineer Rodd Merchant also argues that advanced technologyinteroperabilityis not the sine qua non for breaking down siloized, self-protective design to building procedures and that progress lies in resisting existing contractual relationships binding engineers and other consultants to architects. In the design-build modelhere demonstrated with an example from a steel construction companythe engineering is subcontracted by the fabricator, and coordination is internalized by the team. The centrality of contractual relationships also guides attorney Chris Noble’s examination of intellectual property standards in design. While copyrights are a minor issue when, as he says, little is at stake, “what is ‘at stake’ can be multiplied exponentially” with the production of digital information that can be leveraged over the life cycle of one and many projects. In this case, contracts and licensing become more important than ever, which highlights the virtually dysfunctional lack of coordination in the current system of contracts. Noble suggests that improved coordination needs to be modeled on extranet contracts, such as those that govern the downloading of software, thus determining control of intellectual property by control of its allocation.


    In Phillip Bernstein’s “Marketing and Positioning Design,” the issue of contracts recedes, but that of authorship, implicit in the question of copyrights, arises full force. Because marketing assumes a degree of standardizationone needs to be able to fix and brand a productthe marketable architectural product tends to leave, as Bernstein points out, individual identity behind. At the same time, positioning in the marketplace requires differentiation from one’s competition, and with this, perhaps not authorship but product uniqueness matters greatly. As his examination of four different producers of standardized housing shows, the repeatable unit that is at the center of marketing in this case is not the typical kind, which threatens consumer choice. Instead, what is undermined is architectural ego. And so we return to the issue raised in “Working and Making”: in the context of mass production, mass customization, and digital fabrication, where precisely does design authorship reside, and does it depend on evidence of individual expression? It destabilizes, in any case, what and where we think “design” actually is in the mass-produced/customized object.


    In the concluding essay to this section, Bernstein reflects on the central issue of this volume: what is the full potential of new digital protocols and parametric potential? The replacement of the traditional working drawingput in place to bridge the divide between thinker (architect, intention) and maker (constructor, execution)with “behaviorally accurate, 3-D digital prototypes of designs” changes not only the nature of design work but the relationship between designers, constructor, subcontractors, and clients. Echoing the essential theme of collaboration allowed and demanded by the integrated delivery approach espoused by Howard Ashcraft, Bernstein suggests that innovation will be driven not by the architect’s desire for design control and virtuosity but by the client’s desire for profitability and efficiency. He also posits that this desire need not come at the expense of the architect or builder but that it can be dispersed between them. In the sharing of risks and rewards, the controversy over project control gives way, as he says, to leadership as players take on authority when their expertise is required. In this, Bernstein echoes Tombesi, who insists that the concept of design be migratory and shared in just this way.


    What emerges from this volume is the fact that architecture is poised either to become increasingly irrelevant or to grab this moment of opportunity to reinvent both its protocols and its reach. We hope the profession is up to the task of building (in) the future.

  


  
    Intention, Craft, and Rationality


    Kenneth Frampton


    


    In The Human Condition (1958), Hannah Arendt wrote:


    Labor is the activity which corresponds to the biological process of the human body, whose spontaneous growth, metabolism, and eventual decay are bound to the vital necessities produced and fed into the life process by labor.


    Work is the activity which corresponds to the unnatural-ness of human existence, which is not embedded in, and whose mortality is not compensated by, the species’ ever-recurring life cycle. Work provides an “artificial” world of things, distinctly different from all natural surroundings. Within its borders each individual life is housed, while this world itself is meant to outlast and transcend them all. The human condition of work is worldliness.1


    The other keyword implicitly connected to the Arendtian distinction between labor and work is the term craft. The presence or absence of craftsmanship as a practice is evidently linked to the alienation experienced to a greater or lesser degree in the division of labor that attends all forms of production. The fulfillment through craftsmanship of the homo faber is that which fundamentally saves him from the fate of animal laborans. As Arendt put it:


    If the animal laborans needs the help of homo faber to ease his labour and remove his pain, and if mortals need his help to erect a home on earth, acting and speaking men need the help of homo faber in his highest capacity, that is, the help of the artist, of poets and historiographers, of monument-builders or writers, because without them the only product of their activity, the story they enact and tell, would not survive at all. In order to be what the world is always meant to be, a home for men during their life on earth, the human artifice must be a place fit for action and speech, for activities not entirely useless for the necessities of life but of an entirely different nature from the manifold activities of fabrication by which the world itself and all things in it are produced.2


    For Arendt, the homo faber was at once the builder of the human cosmos that stands in opposition to the chaos of nature and the inventor and maker of the instruments with which the world is built. If the first aspect addresses the “what” of representation and creation of a human world, the second concerns itself with the “how” of process, utility, and fabrication.


    Perhaps no architect has thought more synthetically about this symbiotic relationship between the what and the how than B. Scott Francisco. In his “Usable Space: Culture vs. Technology in Pursuit of Design,” he defined the complex relationship obtaining between intentionality, tradition, craft, and design in the following way:


    Unlike in design (where intentions are manifest in the gap between planning and making) in tradition they are located in the contact between “a way of making” and the origin of the activity that is rooted in communal identity…In tradition, intentionality is generally concealed by an appeal to “how something was, and therefore should be, done.” Design, on the other hand, celebrates itself as a rupture with context, making a virtue of individual choice in the face of any status quo…


    Design, in this sense, is a fundamentally modern concept, effectively relying on specification for realization, while at the same time, giving tremendous agency to subjectivity.3


    He continued:


    Enter parametric design in architecture [in which] digital design tools are used to establish particular relationships between predetermined elements so that a change in a variable will automatically result in a “chain reaction” between elements that have been programmed to react in a particular way…This technique can be applied to optimizing anything, traffic lights, flight paths, manufacturing floors and potentially even the design of whole new cities. Parametrics becomes a system for replacing the “repetitive tasks” of subjective thought (along with all of their imbedded intention and indeterminable vagaries) with the computer’s programmatic logic.4


    Hence, Francisco went on to note, computer programs recently developed by the Dutch firm MVRDV, with seductive titles like Citymaker, Regionmaker, Climatizer, and even Idealizer, are designed to yield optimized subsets of what we might call authorless results.


    The process and limitations of parametric digital design prompt us to pass from the rather abstract issue of intentionality to the problem of rationality as an end in itself, which leads us to question the a priori variables obtaining in any particular chain of rational thought; that is to say, to question which rationalization we have in mind, for which subject, and to what end.


    In his lecture entitled “Rationalism and Man,” Alvar Aalto pointed out that rationalism is a viable term in architecture only if it takes in psychological and not merely technological determinants:


    Thus we might say that one way to produce a more humane built environment is to extend our definition of rationalism… Even if a more precise analysis were to lead to the conclusion that some emotional concept is the sum of elements that are physically or otherwise measurable, we would still soon find ourselves outside the realm of physics. A whole series of questions that can be asked of virtually every object, but have hitherto been very seldom considered, surely relates to another science altogether, psychology. As soon as we include psychological requirements or, rather, as soon as we are able to include them, we will have extended the rationalist working method enough to make it easier to prevent inhuman results.5


    Aalto reminded us that our mode of reasoning is only apposite if we bear in mind, from the beginning, the relationship between means and ends and so avoid the aporia in which means determine ends. Architecture by definition aspires to a state of cultural synthesis and so cannot be made totally consistent in terms of criteria whose sole aim is to optimize production as an end in itself, since at its best, building culture incorporates values that transcend our current proclivity for maximizing the production/consumption cycle in every facet of life. At the same time, the material and operative transformations taking place in the building industry cannot be ignored by the profession, if for no other reason than that many of these innovations are coming from the profession itself. It is in this light that we are once more being subjected to the invidious comparison between our backward building industry and the sophisticated techniques of the technology currently employed in the Taylorized production of automobiles and aircraft.


    One notes that the market for cars and planes is structurally different from that in the field of built form, where the product is not a freestanding object reducible to the status of a commodity. At the same time, the dematerialization of building that has taken place in the last half century has totally transformed the distribution of costs involved in the realization of a structure. Although the cost of placing a structure in the ground has remained constant across a long period of time, the largest segment in any building budget today is devoted to the provision of electrical and mechanical services, with the result that the proportion spent on the enclosure has dropped from around 80 percent at the beginning of the twentieth century to approximately 20 percent today. This largely accounts for the dematerialization of built form that we witness in the universal application of the curtain wall throughout the developed world, irrespective of whether it is of glass, metal, or some other relatively lightweight material.


    One cannot avoid remarking on the techno-utopic language that has accompanied the emergence of digital design and construction, particularly with respect to its seemingly limitless potential to realize spaces and forms hitherto unimagined. While this productive potential is surely realizable and even, to a degree, unavoidable in a great deal of contemporary building production, it is as yet only in its infancy as far as its future application is concerned. In this regard, architects and educators need to reassess the limits of the profession within the worldwide panorama of contemporary production. With or without the advantages of parametric design, the hard fact remains that some 90 percent of the annual built production in the United States still takes place without the intervention of any architect whatsoevera statistic that should give us pause as we proclaim our newfound technological capacity. The rhetoric the profession employs borders on techno-idolatry, recalling the scientific discourse of Buckminster Fuller and Marshall McLuhan and coloring the present moment in architecture, in which demand for spectacular, mediatic images eclipses critical reflection.


    A computer numerical control (CNC) off-site fabricator is of necessity indifferent to the ultimate destiny of the parts he or she is producing: automobile body one day, building curtain wall the next. Despite CNC’s basis in the already well-established practice of partial off-site fabrication, there is surely a considerable measure of technological boosterism, riding on the rhetoric of a globalized “knowledge-based economy” in which the professional either sinks or swims according to his or her digital capacity.


    Surprising as it may seem, this technological euphoria is not shared by most structural and environmental engineers, who are both more discriminate and more secure with regard to their professional role within the building industry. In the “Versioning” issue of Architectural Design, this much is boldly commented on by Peter Westbury of Buro Happold when he reminds his colleagues of the long-standing, rather obvious interface between architecture and engineering, which might be represented as two interlocking, overlapping circles. This concept of collaborative practice is hardly new, since it was already elaborated on by Le Corbusier’s dialogical scheme of 1948, in which he depicted the interplay between l’homme spirituel and l’homme economique, the opposing identities of architect and engineer, as they make their respective contributions according to their respective métiers.


    This mediatory model of symbiotic practice is compromised totally by that not uncommon contemporary challenge confronting the engineer when he or she has to make a crumpled piece of paper or its equivalent stand up. Of this intrinsic irrationality West-bury is only too critical:


    How can you expect an engineering solution…to be anything other than dumb if we impose external influences on form that are completely abstracted from any technology? Let’s not forget where Modernism and the machine age came from, it came from technology…I don’t mind coming up with a dumb solution that goes between two skins of sculpture designed by a screwed-up piece of paper, but it is not really where I get my kicks.6


    This syndrome accompanies the irrational and often culturally negative conjunction between smart technology and gratuitousness of self-indulgent form, particularly when the latter is conceived as sculpture writ large, as one more freestanding aesthetic object that however sophisticated is totally indifferent to the topographic context in which it is situated.


    A corollary to this is the unavoidable contemporary emphasis on claddingpreferably synthetic and fabricated off-site and assembled dry. This formula is optimized to the exclusion of all other considerations, save for the authorless morphed blob designed to produce an arresting, spectacular imageseen as the touchstone of mediative success in a world saturated with imagery competing for attention. Thus we are confronted not only with a fetishistic emphasis on the membrane as an end in itself but also with the problematic displacement of the “what” by the “how.”


    Today, however, we cannot dispose of the “what” quite so lightly, particularly in view of the growing incapacity of the architectural profession to limit itself to the generation of an appropriate space-form capable of responding to the site, to the climate, to the available materials, and above all to the institutional parameters of the building programexactly those factors that are the embodied values of the situation, as much political as spiritual in their intentionality. The mediation of such values through architecture is a task that does not reside within the province of the engineer, nor is it exclusively within that of the architect. Instead it lies at the interface between them, with the architecta “specialist in non-specialization,” to quote Álvaro Siza’s ironic phrasebeing the one figure who has to arrive at an appropriate a priori point of departure for the team, the valid space-form/place-form. Today, given the fact that in the so-called developed world buildings consume some 40 percent of our total energy consumption, there is perhaps no more crucial specialist member of this team than the environmental engineer, who is increasingly becoming indispensable as a consultant in the ultimate refinement of architectural form. One should also note the crucial role to be played by the landscape architect, without whom no building may be adequately grounded today, notwithstanding all the other technical specialists who are essential to the makeup of a comprehensive design team for a building of any size.


    When it comes to the position of the architect as exemplifying the homo faber through his leadership of the team, perhaps no other architect has so pertinently defended the idea of craft as Renzo Piano, who is inclined to see craft as the common unifying principle in the elaboration of teamwork. It is surely significant that Piano elected to practice under the name of Renzo Piano Building Workshops:


    An architect must be a craftsman. Of course any tools will do. These days the tools might include a computer, an experimental model and mathematics. However, it is still craftsmanshipthe work of someone who does not separate the work of the mind from the work of the hand. It involves a circular process that draws you from an idea to a drawing, from a drawing to an experiment, and from a construction back to an idea again. For me this cycle is fundamental to creative work. Unfortunately many have come to accept each of these steps as independent…Teamwork is essential if creative projects are to come about. Teamwork requires an ability to listen and engage in a dialogue.7


    Piano’s practice also seeks to expand the notion of craftsmanship to embrace the idea of a continual creative exchange between manual and intellectual work: an exchange that would implicitly renounce the split between art and science through the untranslatable Greek term techne, which according to Martin Heidegger means a mode of knowing that is inseparable from creativity. Piano continued the image of the circle when writing about research:


    You test what you have found. If it does not work you start again. You formulate another hypothesis and go back over what you have done and so on. In the process, you narrow the circle, like a hawk closing in on its prey. Note that circularity in this sense, it is not just methodology, and still less a procedure. It is to use high-sounding words a theory of knowledge.8


    Through such a procedure, design flows into research and vice versa, while building art (the German term Baukunst) may take precedence over the monumental connotations of architecture qua architecture in a classical sense. Along with this goes a renunciation of any kind of self-conscious signature that is identifiable as a style or a brand. Replacing it is an unspoken acceptance that not every project is capable of being brought to the same level of resolution.


    These concerns, combined with a profound respect for craft, serve to separate the ethos of the Piano workshop from the parametrical formalist obsessions that currently prevail in elite architecture schools on both sides of the Atlantic. As is common knowledge, the studios of these schools indulge in aestheticized morphing exercises that, while they are brilliantly contrived and graphically seductive, are invariably unspecific as to the substance of the project, not only in terms of site, materials, structure, and environmental performance, but also with regard to the basic raison d’etre underlying the supposed function or programmatic address of the work in hand. With this phenomenon we are confronted with the paradox of Beaux Arts architecture in neo-avant-gardist dress. This syndrome could hardly be farther removed from the relative realism of high tech architecture.


    Globalized high tech architecture is no panacea, however, because despite the phenomenon of globalization, building cultures remain very different as one passes from one country to the next, one region to the next, or one climate to the next, and, most certainly, one fabricator to the next. What is possible to achieve in one locale at a particular price cannot necessarily be reproduced at the same level of precision in another situation for the same price or, for that matter, by another fabricator in the same locale. This explains high-end structures such as Norman Foster’s canonical Hong Kong and Shanghai Bank (1986), which was assembled from components prefabricated in many different countries and transported to the job by airfor example, tubular steel from the UK and prefabricated toilet facilities from Japan.


    The realization of this masterwork recalls the time-honored rivalry between architect and builder, not to mention all the attendant players who jockey for position within the everyday work of realizing a building: the engineers, fabricators, contractors, and construction managers, as well as the multitude of sundry technical consultants. There was a time, a century or more ago, when the newly formed architectural profession, backed by the commissioning power of the state, was able to exert its authority over the then rather limited know-how of the building industry. This has changed over the last forty years, in part because the profession of architecture has been deregulated, the aim being the transformation of the liberal professions into separate sectors of a comprehensive service industry driven by the market.


    One might note in passing, as others have done at different times, the power accruing to the architect when he or she is totally integrated with a building enterprise’s capacity to build. This was the case with Auguste Perret’s practice in the first half of the twentieth century, and something similar is obtained, at a vastly increased scale, in the large Japanese contracting firms such as Takenaka, Taisai, and Obayashi, which maintain large in-house teams of architects and engineers who not only design and detail the entire output of their respective companies but also in effect redraw or redesign any project coming to the firm from independent architects.


    But this ability to cross over the design versus build divide is the exception, as is the opportunity to celebrate the actual building. Joshua Prince-Ramus touches on this unreal split between the media cult of the individual star and the anonymity of divided labor that realizes the work:


    The split of Architects into Project Architects and Project Managers is a direct consequence of our profession’s cowardice… We hijacked authorship, diverting it from process (the synthesis of creation and execution) to creation alone. We banished Project Managers to the realm of expertise, then derided them for succumbing to power and wealth. If Architects can reprioritize authorship of processes over authorship of things, we can reassemble Project Architects and Project Managers back into Architects. We will regain liability, but re-harvest control. And we will be able to happily navigate from concept generation, through politics, value-engineering and procurement strategies, to punch lists and opening parties. We will harbor less self-pity, make more money and construct better architecture.9


    His accompanying challenge to both the concept of singular authorship and the avoidance of risk (as he puts it, losing control) brings us to an intractable issue: how should the architects of the future be educated or, more urgently, how should our present system of professional training be modified to benefit tomorrow’s architects?


    This question is, in and of itself, full of risk, and the academic establishment is showing few signs of confronting this issue head-on, despite the presence of a totally new breed of young architects-academics capable of working at both an intellectual and a manual-cum-technical level. And it would be hard to imagine anything more pedagogically counterproductive than perpetuating the largely unacknowledged fiction that it is possible to cultivate through education the romantic notion of a perennial avant-garde, along with the equally absurd idea of a school for geniuses. Instead we should be equipping the younger generation with a deeper and more sober idea of the limits of the modern project in both a political and technical sense. At the same time, we should be encouraging an examination of an equally pernicious contemporary, Candide-like myth regarding the unavoidable market benefits of globalization in combination with the fictitious worldwide triumph of liberal democracy.


    1 Hannah Arendt, The Human Condition (Chicago: University of Chicago Press, 1958), 7.
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    Imagining Risk


    Scott Marble


    


    If craft is defined as a skill developed over time and in direct relationship to making and to working with materials, architects have long been disconnected from this skill, relying instead on builders and fabricators to actually carry out their designs. Architects work with abstract processes of representation that lead to abstract processes of making. This is a challenging context within which to position craft, in any conventional definition of the term. For craft to function as a useful concept today, especially in the context of digital design and production, it might best be rethought as a process of mediating not only between tools and the objects that are produced but also between design as a process of imagination and production as a process of technique.


    In fact, craft has always been mediated through a relationship between humans and technology. From primitive hand tools to industrialized machines, the quality of craft in an object has been measured by the trace of human input. Today, with the wide range of digital technology being used to increase the efficiencies of human labor (or bypass it altogether), it is useful once again to take measure: to look critically at how digital mediation is restructuring design and production and, consequently, redefining craft.


    Digital processes in architecture have generally followed one of three directions that are only now beginning to come together into a coherent system of architectural production. The first was the replacement of geometry with a new formal logic based on mathematics, where scripts or codes generated topological relationships that resulted in complex form. The second direction was a drive toward organizational complexity, where vast amounts of information about a building could be input, linked, and managed. And the third was the development of digital fabrication, where craft is often considered to have gained a new life through the direct linking of architects to the tools that make their designs. Techniques of dimensional or geometric representation, formerly part of an abstract process of drawing, have evolved into an integrated system of design information embedded in production and assembly processes. As architect and theorist Stan Allen notes in his article “Artificial Ecologies,” the practice of architecture has always been in the paradoxical position of being invested in the production of real, concrete matter yet working with tools of abstract representation (drawings, models, computer simulations, and so forth). He goes on to suggest that today even construction has come to rely on tools of abstraction as computer technology is increasingly used during the production of buildings.1


    Although still mediated through forms of abstract representation, computer numerical control (CNC) systems put the process of design closer to the production of buildings, merging production and design into a common language of digital information. The significance of this should not be underestimated, as this seemingly benign shift in how we communicate carries the potential not only to reconnect to craft but also to completely restructure the organization and hierarchy of the design and building industry. This has been apparent at least since the first integrated design and fabrication software was tested in design offices in the early 1990s, with Frank Gehry’s Fish Pavilion for the 1992 Olympics in Barcelona standing as a benchmark.


    Craft in architecture is closely tied to detail, which is also being redefined with digital technology. Architectural detail, an architect’s means of introducing craft into buildings, is largely a product of the relationship of design to industry. If the modernist’s detail was based on negotiating tolerances between premanufactured components that were then assembled, today’s details are based on the management and organization of information, where tolerances and even assembly procedures can be numerically controlled and parametrically integrated during design. Although these new methods of production do not put architects in the field literally working with their hands, it does reconnect them with makingthrough information and through a more symbiotic relationship between human intelligence and machine intelligence. Craft does not disappear but rather expands to include not only actual making but design processes. The resistance of material, so much a part of traditional craft, can be part of a knowledge base developed through feedback, both real and simulated, that puts this information in the hands of designers who in turn work with it.


    The separation between design and production propagated by industrialized mass production was largely due to a lack of mediation, that is, a lack of any effective connection between designers and factory workers. And although this spurred on several attempts to appropriate industrialized processes for use in innovative design (for example, by the Deutscher Werkbund, the Bauhaus, and the Case Study House Program), these were atypical and short-lived exercises, because industry and manufacturing remained primarily driven by purely economic imperatives. In the meantime, architecture drifted toward design that defined itself as distinct from the goals of industry. It is this lack of mediation between design and production that is being reformulated with integrated digital design and fabrication processes: drawings and models are no longer used to represent design “intent”; rather, they are used to communicate precise information on how to fabricate and with which material.


    As the industrialized production of objects of all scales became ubiquitous in the middle of the twentieth century, David Pye positioned craft in direct opposition to this trend, in an effort to salvage what he saw as an invaluable variability associated with human input. He identified craft with the “workmanship of risk”where the result of working with a material is “not predetermined, but depends on the judgment, dexterity and care” of the maker. “(T)he quality of the result is continually at risk during the process of making,” but the payoff is a singular object that serves the broader cultural purpose of sustaining diversity and variation.2 By contrast, he associated the “workmanship of certainty” with industrialization, and in particular, with mass production and automation, where the refinement of the process assures a predetermined result. For Pye, clearly something was lost in the uniformity and repetition of mass production if carried too far, and something about the risk of craftsmanship was worth preserving.


    Although Pye was writing at a time when industrialized processes had already significantly changed the landscape of design, it seems prudent to reevaluate the continuing trend toward certainty today, which is driving the increased use of performance-based design software by architects. In the forty-plus years since the publication of Pye’s book, certainty has become nothing short of an economic and social mandate as techniques of simulation combined with exponentially growing bodies of knowledge allow us to anticipate or even predict outcomes. Whereas Pye was referring primarily to manufacturing, the pursuit of certainty and predictability has now come to have a significant impact on the process of design, since modeling, simulation, and optimization software can predict virtually any physical or environmental behavior of materials, systems, and buildings. The more ambitious forms of simulation even attempt to calculate the behavior of people, as in the determination of egress scenarios in crowd-control and life-safety crisis situations.


    Risk, on the other hand, is to be avoided at all costs. We want performance. We want to know what we are gettingstructurally, aesthetically, financially, even emotionally. Certainty in the form of mass production has, to a large extent, run its course, and the variation associated with risk, which Pye found significant as a kind of “authentic” variation produced by the human hand, has ironically become automated in the form of mass customizationa kind of “engineered” variation. No part is the same, each product is original; so everyone can, through product purchase, be an individual. In a strange twist, the variation and diversity Pye associated with cultural progress has become endless variation and, in the process, ceased to produce difference. Computation has exaggerated the broad social and cultural tendency toward knowledge leading to predetermined outcomes (certainty), and despite the association of ideas such as mass customization, variation, and difference with current digital processes, what we are experiencing is arguably a continuation and acceleration of a modernist obsession with control, optimization, and efficiency through machine processes. Have digital technologies taken certainty to an extreme, leading to a new, high-resolution technical determinism that has eliminated risk? If not, what are the limits of certainty, and where can these be located today in the context of digital technologies?


    The questions around the relationship between human input and technological determinism that arose with industrialization reemerge with digital technology. Most significantly, the industrialized machine that displaced the physical labor of the human body is now being developed as an intelligent machine that displaces the labor of the human mind. Risk is still associated with human input but shifts from the hand (with industrialization) to the mind (with computation). In an increasingly digital working environment driven by an interest in and reliance on performance, scripting, and other deterministic design and production processes, the crucial issue becomes when to utilize numeric processing and when to utilize human imagination.


    CNC processing systems have their origins, as one might expect, in the military’s effort to assure uniformity and control in the manufacturing of weapons. Their concerns revolved around eliminating any error or friction in the command chain, which consequently meant the elimination of human intervention. As the philosopher of modern science Manual DeLanda has noted, the dream of moving toward a totally computer-controlled factory was one way of assuring this control, even though it was by no means the most efficient one. “Rival technologies, coupling human skills with the power of the computer in different ways, existed but were displaced by NCthe alternative human-machine interfaces did not allow the degree of command and control needed in a logistic system.”3 This occurred, however, with certain longterm implications, as these production processes shifted to the civilian sector.


    Control was maintained but at the cost of efficiency and innovation. How can we learn from the marginalization of human input associated with industrialization and the subsequent attempt to completely eliminate human input through development of the early numerical control systemssystems that are the foundation of our digital technology today? It would seem that, as opposed to an either/or relationship, a back-and-forth play between humans and machines (risk and certainty) has become increasingly important.


    Among the most challenging aspects of the development of intelligent machines has been the transfer of knowledge from humans to computers. This pursuit has forced human intelligence to be defined to a degree of quantitative precision such that it can be written and therefore transferred through computer code. Artificial intelligence and cognitive science have evolved together as reciprocal models in this process, each aiding the development of the other while uncovering irreconcilable yet useful differences that are important to acknowledge. The transfer of factual knowledge resulting in highly specific expert systems is relatively straightforward and offers very little toward the understanding of human intelligence. On the other hand, heuristic knowledgeexperiential intelligence acquired over years of work; the art of good, informed guessingis not hard and fast and relies on various forms of inference systems in order to be written in code. This process begins to probe the more complex aspects of human intelligence, testing the limits of artificially mapping the mind.


    The most difficult, if not impossible, mental process to quantify and write in code is the contextualization of informationhow to simultaneously process an abundance of information and decipher what is relevant and what is not in a given situationsomething that is arguably fundamental to design. This is the mental and, by extension, physical agility that Pye was referring to when he distinguished between the variability and risk of human input and the repetition and certainty of the machine.


    But risk has a resiliency that is essential to cultural and technological progressit is where innovation occurs. Certainty, in the form of technical precision, is always short lived, always overcome by cultural interpretation. So while current digital technology delivers increasing amounts of certainty, it is the risk associated with interpreting and imagining alternative outcomes that needs to be maintained to give craft a new role in mediating between humans and technology.


    1 Stan Allen, “Artificial Ecologies,” in Reading MVRDV, ed. Véronique Patteeuw (Rotterdam: NAi, 2003), 8287.


    2 David Pye, The Nature and Art of Workmanship (London: Cambridge University Press, 1968), 2.


    3 Manuel DeLanda, War in the Age of Intelligent Machines (New York: Zone Books, 1991), 33.
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