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	Preface

	How do pervasive digital devices influence the way people use spaces? This book examines the concept of tuning as a way of understanding how people adjust their interactions with one other and with the places they occupy. I propose that mobile phones, smartphones, personal stereos, handhelds, wearables, other pervasive digital devices, and the networks that support them become the means of making incremental adjustments within spaces—of tuning place.

	The book develops an understanding of how pervasive media help to formulate a sense of place through their capacity to introduce small changes, in the same way that tuning a musical instrument invokes the subtle process of recalibration. Murray Schafer coined the term the tuning of the world. I adopt his emphasis on the importance of sound in the crea­tion of environments, the implied contrast between sound and vision, and the small-scale, incremental change. There is a strong social aspect to place making. Ubiquitous devices are obviously tools for social interaction. The tuning of place is also the tuning of social relations.

	Pervasive digital media integrate information processing and computation into the world of everyday objects and environments, as computer components become smaller, more powerful, better connected, and less costly. Cell phones, smartphones, portable audiovisual devices, and the convergences among them herald the development of new and inventive ways of secreting computational capability into household goods, equipment, clothing, vehicles, and new kinds of commodities barely conceived. Such devices depend on omnipresent networks, infrastructures, and methods of content distribution. There is also a pervasive aspect to the development of these systems, the democratization of innovation whereby it is claimed that any small developer, producer, publisher, artist, or user can establish a niche in content provision, programming, and customization, abetted in no small part by interfacing with and reporting via the participative media of the World Wide Web and its progeny.

	Rather than catalog achievements and predictions this book presents a framework for discussing how pervasive digital media can inform developers, designers, and users as they contemplate interventions into the environment. Processes of tuning can be expanded to a consideration of intervention, calibration, wedges, habits, rhythm, tags, taps, tactics, thresholds, aggregation, noise, and interference—themes highly relevant to pervasive computing and that structure the content of this book. I expect this orientation toward the art, design, and culture of digital media to be instructive to anyone interested in understanding the world of technology and how the smartphone generation tunes its relationships with place.

	This book builds on my critique of the digital economy and its narratives about the gift society, Cornucopia Limited,1 in which I examined Marxist, neo-Marxist and other critical positions in relation to global markets, capital, and cultures of digital consumption. A previous work, Technoromanticism,2 examined the romantic legacy in information technology design and proposed alternatives to celebratory cyberspace narratives. An even earlier book, Designing Information Technology in the Postmodern Age,3 critiqued the technorationalist imperative and promoted the theme of metaphor in place of a belief in blind, impersonal calculation and the imminence of artificial intelligence. This fourth book in the series emerged from my long-standing commitment not only to architecture, cultural theory, and computers, but also to issues of sound, behind which lurks the master metaphor of architecture as “frozen music.”4 I am fortunate to have been able to work closely with several experts in music and sound, from whom I have learned a great deal about priorities outside of the visual confines of architecture. In particular I would like to acknowledge the contributions of Pedro Rebelo, Peter Nelson, and Martin Parker.

	This book is also the culmination of work carried out with the generous support of the UK Engineering and Physical Sciences Research Council (EPSRC) and the Arts and Humanities Research Council (AHRC). The first of three funded projects was supported by the AHRC’s Designing for the 21st Century initiative and was titled Orienting the Future: Design Strategies for Non-place (EP/C513878/1), with a follow-on project, Branded Meeting Places: Ubiquitous Technologies and the Design of Places for Meaningful Human Encounter (AH/E507654/1). Along the way I was supported by the AHRC on a speculative study, Inflecting Space: Correlating the Attributes of Voice with the Character of Urban Spaces (AHRC 112333). Collaborators in these projects included Peter Nelson, Martin Parker, Stephen Cairns, Robin Williams, Jane Jacobs, Ewan Klein, Elizabeth Davenport, Susan Turner, Jennifer Willies, and Ray Lucas. Alan Dix, Peter Excell, Ann Light, William Mackaness, Vlad Tanasescu, and Chris Speed provided further insights. Mobile Acuity Ltd, directed by Anthony Ashbrook, stimulated several of the practical insights explored in this book. It is also the product of extended discussions with the project research team of Henrik Ekeus, Mark Wright, James Stewart, Penny Travlou, and John Lee. In particular I would like to acknowledge the enormously imaginative experimentation and development of Henrik Ekeus and Mark Wright. The book is also the fruit of much experimental design work by students too numerous to mention in our Master of Science in Design and Digital Media and Master of Science in Sound Design programs at the University of Edinburgh, and key PhD projects by Aghlab Al-Attili, David Fortin, Anastasia Karandinou, Leonidas Koutsoumpos, and Dermott McMeel.

	
	Introduction

	In Technics and Civilization, published in 1934, Lewis Mumford observed that the routines of medieval monasteries and the subsequent technologies of timetables and clocks promoted the diurnal rhythms that “helped to give human enterprise the regular collective beat and rhythm of the machine; for the clock is not merely a means of keeping track of the hours, but of synchronizing the actions of men.”1 Clocks and timetables help people coordinate their activities. Presumably pervasive digital media and communications devices continue this trajectory of coordinating and synchronizing people’s activities to one another, a phenomenon described in the context of mobile phone usage by Castells et al. as “micro- coordination.”2 Thinking of digital devices in this way, as mechanisms people use to synchronize their relationships and interactions, provides a way to discuss how digital devices impact on people’s lives and on the places they inhabit.

	Pervasive devices also foreground synchronization as a technical operation that ensures that the state of the diary on your handheld device corresponds to the state of the diary on your computer. Pervasive, interconnected media require that you are dealing with the same information whether on cell phone, personal digital assistant (PDA), laptop, web browser, or other device. You may think of networks and connections both as enabling file transfer and as facilitating the synchronization of data, for which there are certain evolving practices—such as connecting your PDA to your laptop via a docking device at the end of the day and sometimes waiting a few seconds or minutes for changes to be registered on both devices. Wireless connectivity between devices, to servers, and to data “clouds”3 inevitably involves awareness of a process that needs to be monitored and managed. Synchronization can therefore present itself as a weakness in the flow. The users of ubiquitous devices feel their data is vulnerable when the synchronization process gets interrupted, or does not function, and data loses integrity.

	Synchronization also involves alignment against a standard, the regular subdivisions and inexorable ticks of clock time—the “actions of men” coordinated by reference to an external, machinic, predictable, and unconditional progression of time. Focusing on synchronization draws theorists of culture and technology to the role of clocks, schedules, and other mechanisms as mediators of social interaction. Such processes are interesting, for the way people invent, interact with, and resist synchronization is instructive of social conditions. But for my purposes synchronization already presumes too much, as if information provides the key to understanding the relationship between place and pervasive media.4 Hence my focus is on processes of tuning. The concept of tuning helps theorists, developers, and users to think integratively of synchronization as a practice, or a series of practices, rather than only a technical operation outside the control or concern of human agency.

	Tuning has direct relevance to the human organism’s relationship to its surroundings. Biologists (chronobiologists) Russell Foster and Leon Kreitzman resort to the tuning metaphor in examining the way organisms adjust themselves to the cycles of the days and seasons. They link this fine-tuning to an animal’s ability to anticipate, or to “create future.”5 The philosopher Martin Heidegger invites similar attention to attunement as a basic human condition. The German word understood as attunement is Stimmung, which Heidegger’s translators relate to the tuning of a musical instrument, but also connecting to a mood or atmosphere.6 Behind the concept of a “state-of-mind,” popular among psychologists, lies the primordial condition of “being-attuned.” For Heidegger, attunement is a condition that may pervade a whole group. It is invisible in any social situation and often goes unremarked. Paraphrasing Heidegger, attunement is primarily social rather than a characteristic of the individual, and without it individuals cannot really lay claim to personal moods or feelings. To what are people attuned? In Heidegger’s philosophy the phenomenon under discussion is generally a condition that precedes anything that might be explained through causes. Therefore people are not attuned to some external standard, and certainly not to clock time. It is fair to say social beings simply are attuned, a state occasionally manifested as a public mood: mourning, outrage, joy, restlessness, expectancy, excitement, or resistance. In the terminology of this book it is helpful to think of the agency of attunement as widely distributed, engaging sociability, conversation, the mass media, digital communications, and other means of cultural creation, preservation, and transmission. For Heidegger, attunement also comes before any sense of time or space.

	The philosopher and sociologist Alfred Schutz develops the tuning theme further, drawing attention to the “mutual tuning-in relationship” that becomes manifested as a sense of sociability or a “We.”7 This tuning-in relates less to the matter of synchronizing according to regularized clock time and more to the duration,8 or the “inner time,” of lived experience. Schutz uses music to explain this attunement. Ensembles of musicians are engaged in a complex play of anticipation. Any musician reading a score “has not only to interpret his own part which as such remains necessarily fragmentary, but he has also to anticipate the other player’s interpretation of his—the Other’s—part and, even more, the Other’s anticipations of his own execution.”9 Tuning-in is an interpretive and relational process concerned with contingent human interactions and participation in human solidarity. My use of tuning in this book is intended to embrace tuning-in and attunement, opening up an examination of the micropractices by which designers and users engage with the materiality of pervasive digital media and devices, including the inexorable accumulation of small changes, divisions, and ticks of such devices.

	So tuning provides a richer metaphor for the interconnected digital age than Mumford’s trope of synchronization. Musicians tune musical instruments, mechanics tune internal combustion engines, and managers “fine-tune” their budgets, but people also use instruments, machines, and spreadsheets to tune their interactions with one another. By this reading, musicians might think of musical instruments as devices for tuning the interactions among ensemble players and with an audience. The social grouping and its spatial presence are the first consideration, with the instruments serving as vehicles for facilitating human interactions.

	If tuning addresses the coordination of time increments, then what does it say about spatial increments? It is common to contrast the mathematical and mechanical orderings of space against the more engaged, experiential, contingent notion of place.10 According to Edward Relph, “places are territories of meanings, meanings that arise from the experiences of living, working or visiting somewhere, appreciating its architecture, being familiar with its routines, knowing its people and having responsibilities towards it.”11 In other words, places are inhabited spaces, particularly as populated by people, their concerns, memories, stories, conversations, encounters, and artifacts.12 The tuning of place is a set of practices by which people use devices, willfully or unwittingly, to influence their interactions with one another in places. It is sound theorist Murray Schafer who brought the relationship between tuning and place into sharp relief. In The Tuning of the World Schafer suggested that we should think of the occupants of space as composers and performers, responsible for giving form and beauty to their environment through sound.13 Whether or not people aspire to compose or perform, they may at least assume the role of instrument tuners, as if performing, or preparing to perform, in ensembles of players located in places.

	If place is about the way people inhabit, interact, socialize, and remember, then tuning connects to the lived experience of temporal and spatial adjustment. By this reading time and space are the derivative, abstracted, and disengaged manifestations of what inhabitants ordinarily experience unreflectively simply as being in a place, positioning themselves, adjusting, and tuning. This accords with geographer Doreen Massey’s constructional characterization of space: “because space . . . is a product of relations-between, relations which are necessarily embedded in material practices which have to be carried out, it is always in the process of being made.”14 While synchronization suggests a mechanical process arbitrated by the standard of time as a regular pulse, tuning suggests human contingency that pertains exclusively neither to time nor to space. Whereas synchronization pertains to time, tuning applies both to time and space.

	Commentators who focus on synchronicity tend to look to a condition in which everything happens at once, a language of instants: instant travel, immediate access to information.15 Tuning brings to the fore the processes by which people seek or arrive at the aligned condition, recovering when things drift, retuning and detuning.

	In this book I wish to access the phenomenon of tuning by attending to the mechanistic as well as the social, which I think fold into one another, not least as meditation on the materiality of the mechanical provokes renewed thought of the everyday.16 I will problematize the human’s relationship with technologies and place by amplifying otherwise underdeployed metaphors derived from sound and the materiality of digital devices.

	The tuning metaphor has not escaped those who theorize pervasive media.17 Tuning pervades the human animal’s relationship with its environment. I adjust, tweak, and tune my environment. I flick the light switch, turn down the electric radiator, and turn up the stereo. With such microadjustments I shape spaces to suit my immediate requirements and those of fellow occupants, and through operations far less costly and requiring less foresight and planning than relocating a window, moving the fireplace, or raising the roof. It is helpful to think of tuning as a form of constrained microdesign, oriented to immediate circumstances. The concept of tuning draws attention to what some have termed subarchitecture.18 This is the condition by which “one takes one’s place” in a public place to optimize one’s position to hear, be heard, or enjoy quiet. It is a stratum of design activity that does not require the costly and expert positioning of structural elements. Anyone can tune, or attempt to tune, their place without recourse to expert knowledge.

	The materiality of space and that of sound often converge through meteorological metaphors. The Situationists of the 1960s attempted to turn architecture into the pursuit of “atmospherics,” in the meteorological as well as the phenomenal sense.19 The boundaries of atmospheric zones rarely follow the boundaries of buildings, and require subtle means of control and adjustment.

	Atmospheric adjustment inevitably is social. In polite circumstances a person will consult other occupants of a room before opening a window or turning on the radio. Comfort and discomfort are shared phenomena. There is a richly social aspect to this spatial tuning. As suggested by Schafer’s democratization of environmental modification, occupants’ interventions are more in the manner of a collaborative and spontaneous performance than a concerted plan instituted by a single designer or a class of experts. Tuning reflects back on design. As sociologist Bruno Latour asserts, “all designs are ‘collaborative’ designs,”20 and in this sense design is tuning on a grand scale, or a collection of many tuning operations. Thinking of design as a collaborative micropractice also helps design theorists and developers understand further how ubiquitous digital media are complicit in the tuning of place.

	Many ubiquitous media and devices, such as cell phones, smartphones, digital cameras, and streamed media players are conspicuously social media, dedicated to communication. Mobile phone functions are arguably more social than clocks. Urban dwellers saturated in pervasive media use ubiquitous devices to tune their interactions with one another: to organize meetings, coordinate travel, tell each other what they are doing and where they will be. Not all pervasive devices facilitate the transmission of messages, but even clocks, global positioning systems (GPS), personal organizers, game consoles, and other ubiquitous devices bring synchronization and communication into the arena as basic social functions,21 not least as the consumers of such services identify meeting places, share online diaries, and play multiuser computer games. In his book titled Mobilities, John Urry highlights some of the subtle practices introduced by mobile connectivity. The office worker can phone ahead if she is running late, change venues, and be more selective in offering invitations to meetings: “clock-time is increasingly supplemented by a negotiated ‘network’ or fluid time of mobile communications.”22 A judicious text message or phone call can act as a reminder, or a hint, and can nudge someone to do something or move into a different mode of practice: for example, to start preparing paperwork for signing, to fulfill family obligations, to reciprocate a dinner invitation. But the tuning of place suggests that the influences people exert on one another go beyond those between two agents seeking to affect each other’s behavior.

	Pervasive digital devices have obvious spatial aspects: phones connect across distances, GPS locates people in space, computer games and streamed media synthesize spatial environments, personal stereos apparently confine the listener to a sensory container—all of these devices are distributed across space. Short text messages, or tweets, are propagated through the Internet and phone networks to signal the change in position of a friend (“I am in the park”) or the state of arbitrary objects, as when the transport enthusiast receives an automated text message that London’s Tower Bridge is raised. As instruments of social tuning, ubiquitous devices also abet the formation of place, as the context in which people interact, in synchronic face-to-face encounters or indirectly through artifacts, devices, and the stories people tell, implicating concepts of identity, memory, history, and meaning.

	What activities are tuned through pervasive digital media? If pervasive devices abet the tuning of place, then researchers and designers need to expand their understanding of the role of such technologies from synchronization or coordinating schedules to aligning human practices. Humans are social creatures, mimicking, copying, and learning from one another.23 As well as conveying messages, the communicative functions with which pervasive media are concerned facilitate sharing practices. According to a tradition of social theorizing, from Thorstein Veblen and Erving Goffman to Michel Foucault, human society sets in train certain institutions, practices, and artifacts by which it regulates itself.24 To the extent that people order their lives by timetables, agree to military drills, keep their elbows off the dinner table, and practice musical scales, they instill and perpetuate social norms and promote habits and customs that help identify with one group or another, decide who is in and who is out, and transmit power relations.25 It seems that such cultural transmission is essential for getting things done. The proliferation of pervasive digital media as one of the means by which humans refine social relationships—the tuning of place—is consistent with this understanding of the crucial role of human practices, and their preservation and transmission.

	How can cultural critics, commentators, designers of human-computer interactions, urbanists, and architects respond to a call for the tuning of place? Certain factors conspire against a clear articulation of the nature of place in light of pervasive digital devices. My own studies into digital media26 corroborate findings in psychological studies that not everyone is equally adept at conceptualizing, representing, and reasoning about space or place.27 Many users of spaces and of pervasive devices are less articulate in reflecting on and giving expression to their spatial experience than they are at disclosing insights into interpersonal relationships.28 For one thing, the communication of spatial experience often requires aptitude in drawing, sketching, mapping, measurement, descriptive prose, and other specialized forms of representation. Digital devices are pervasive, but spatial understanding and the means to express it are not.29 Nor is the base of evidence on which the researcher might draw incontrovertible or entirely trans­parent. My topic, the tuning of place, calls for a speculative resourcefulness, an orientation that draws on metaphor and imagination.

	Concepts of virtual reality (VR) provide a further complication to the pursuit of place and pervasive digital media. In their article on pervasive media in 1997, Ishii and Ullmer took it for granted that people potentially “live between two realms: our physical environment and cyberspace.”30 The apparent challenge of tangible digital media—that is, pervasive media with a particularly tactile quality—is to connect the two spaces. The concepts of cyberspace and virtual reality continue to thrive, bolstered by the power of dynamic 3D modeling and the automation of rapid perspective rendering, and their combination with networked communications. The ethereal otherness of putative virtual spatial experience occasionally dominates people’s reflections on digital media and spatiality, accented by immersive, multiuser, user-created 3D environments such as Second Life, and other massively multiplayer online role-playing games (MMORPGs) and environments.31 

	The discourse of cyberspace is potent and alluring. But there is growing resistance to the concepts of virtuality and cyberspace. Many critics think the theme of virtual reality distracts from a consideration of everyday spatiality.32 Many of those who now study pervasive media from a social perspective oppose the imaginative but nonverifiable assertions of cyberspace enthusiasts, a protest that is gaining ground among researchers into pervasive computing.33 Concepts of space are, after all, subservient to concepts of society; space as place is socially as well as materially constructed,34 not the product of three-dimensional representations presented to the eye. Tuning relates more strongly to concepts of augmentation, interaction, and sociability than the alignment of parallel worlds.

	A further factor that renders the consideration of place and pervasive media so challenging is that many of the technologies under discussion are nascent, or at least they are not available in sufficient volume in the marketplace for their effects to be observed and studied. Whereas the consequences of pervasive mobile phones, smartphones, and personal media players are available for study, other ubiquitous devices and networks are by their nature inconspicuous or invisible. They are also undergoing transformation. As web critic Geert Lovink says of related Web 2.0 developments: “How can you do research when your object is in a state of hyper-growth and permanent transformation?”35

	I have alluded so far only to the obvious and current mass commodities of phones, handheld devices, games, cameras, and personal stereos, but the range of ubiquity is vast, including the inconspicuous deployment of radio frequency identification (RFID) tags, smart badges, networked “specks,” smart sensors, actuators and environmental controls in buildings, dynamic signage, surveillance devices, microprocessors in cars, refrigerators, toasters, and washing machines, office equipment, wearable computing, life-support, prosthetics, and assistive technology, still under development, not all tested on the market, and with spatial applications and consequences that are still coming to light. Researchers and developers characterize these under various headings: ubiquitous computing, pervasive digital media, augmented reality, tangible interfaces, wearable computers, cooperative buildings, and context-aware computing.36 

	In fact, to even list devices and technologies suggests that the sum of components captures the whole of this complex milieu. Some might regard such tallies as short changing the phenomenon of pervasive computing, which builds notions of interconnection, invisibility, and context awareness, an all-pervasive shared field of sensing, processing, communicating, and actuating, the individual components of which only reveal themselves when needed.37 Such configurations also attest to the availability of an “Internet of things.”38 For some, the concept of pervasive digital media extends well beyond the Internet as currently understood. According to computer scientists Rolf Pfeifer and Josh Bongard, although it is likely that the world will see increased integration of ubiquitous devices with the Internet, “ubiquitous computing networks are conceptually and practically much more than another kind of Internet.” They are “embodied.”39 Researchers of ubiquity often suggest that their subject area covers all computing, or at least the imminent computing of the future. Computation is well on the way to permeating the human being’s entire experiential field.

	In characterizing this ubiquity I have already indicated a preference for the metaphor of the computer as medium as opposed to machine or device.40 A medium can be understood as a carrier; such as air or water that transmit sound waves. In classical information theory the medium is incidental to the message being carried, other than as a source of noise or disturbance to the message signal.41 Under ideal conditions the medium is transparent and invisible. Harold Innes and Marshall McLuhan as leaders in the field of media theory promoted a major revision to how cultural theorists and computer hardware and software designers think of media.42 The medium not only influences the message, but also “the medium is the message.”43 David Bolter and Diane Gromala articulate clearly the formative character of computer media in their book on the myth of media transparency.44 Media are not incidental to the messages they transmit, nor are they interchangeable. Cinema did not replace live theater. Though they are complicit in the transformation of the mass media, websites do not necessarily replace newspapers. Note the emergence of free, easy-read newspapers for consumption on pubic transport, and the symbiotic relationship between web content and mainstream news. Media do not immediately replace one another, or become obsolete, as if the world is on the way to a convergent, invisible, all-encompassing cyberspace matrix or pervasive media blur. Media such as books, paintings, televisions, films, computers, portable DVD players and cell phones interact and influence one another through a process Bolter describes as “re-mediation.”45 As further evidence of the crucial role of media, consider how consumers reveal their concern about the physicality of media devices, as recognized in the market value attached to products independently of any apparent notion of function or utility. Think of designer watches, stylish handhelds, and branded laptops. People care about the medium through which this functionality is delivered, and the design of the medium is as potent as its putative content.

	Ubiquity relates to processes of innovation and dissemination within mass markets. Studying commercial processes provides a further way of analyzing ubiquitous technologies46 abetted by evidence gathered from surveys and interviews. The methods of social science prefer to analyze phenomena that are already present, but identifying and describing the mediated and ambient character of contemporary ubiquitous computing also requires insights gained from disconnected experiments along with imaginative conjecture. Were pervasive computing imminent or at hand then it might be difficult to scrutinize anyway. An understanding of ubiquitous technologies requires invention and speculation, which takes me to the matter of design.

	My own discipline, architecture, has obvious concerns with place. Interaction designers sometimes draw on some of the lessons of architecture, particularly on the themes of place and space, thanks to the work of several architectural practitioners, educators, and theorists, who have pioneered aspects of computing since the 1960s,47 and the work of contemporary commentators such as William Mitchell and Malcolm McCullough who have made explicit the connections between pervasive computing and architecture,48 a theme about which more needs to be said.

	My investigation in this book of necessity sits at the intersection of several disciplines. The sociology of technology advances understanding of how devices are being used in practice, and how they are complicit in formal and informal social organization. Interaction design develops and explores innovative technologies and applications, and positions ubiquitous technologies in contexts of embodied, situated agency and spatiality. Studies in the cultures of the senses draw attention to the problematic of human perception. Contemporary urbanism and architecture work through issues of place, space, and non-place. These disparate disciplines do not necessarily rest on common ground. Nor does the sum of their contributions lead inevitably to a consistent or inclusive picture. Their differences can reveal as much as their similarities and sympathies.

	How can the researcher and social commentator structure a study of ubiquitous technologies of place? Interaction design might consider affordance, augmentation, seamlessness, usability, and integration.49 By invoking a more provocative terminology, contemporary architectural urbanism might conscript the typology of gaps, seams, the uncanny, the sublime, dark space, warped space, and non-place in its typology.50 In this book I structure the themes of ubiquity and the senses along the vectors set by the conspicuous character of digital media devices: their need for adjustments, the repetitive nature of their operations, their role in storing and indexing data, their locational functions, and the problematic issue of noise. As for the experiences and practices of those who use these devices, I translate these themes in terms of intervention, calibration, wedges, habits, rhythm, tags, taps, tactics, thresholds, aggregation, noise, and interference. I group these phenomena under section headings pertaining to temperament, the everyday, and the commonplace. Alternatively, they deal in tuning, time, and space. Temperament introduces the tuning metaphor in detail; the everyday pertains to the experience of temporal cycles, and the commonplace to location and issues of environment. I argue that a consideration of these prosaic and practical aspects of pervasive devices reveals socially and spatially interesting characteristics of pervasive digital media and devices, particularly pertaining to their design and to the environments they occupy and create.

	In chapter 1 (“Intervention”) I present the design process as an inter­vention into the everyday. Design is ubiquitous, conflictual, agonistic, potentially provocative, and at its core a tactical and incremental operation that works with small differences.

	Chapter 2 (“Calibration”) makes the case for encouraging designers and users to take into account the adjustment of digital devices in assessing their operations. Calibration practices are those instrumental processes by which models are brought into alignment, notably in the calibration of a scientific instrument against a standard, the adjustment of a building form to its ideal archetype, and of course the tuning of musical instruments. Precise manufacture and automated procedures sometimes conceal the processes of calibration, but calibration persists in the subtle and mutual adjustments required in the tuning of machines. The chapter canvases issues of recalibration, the role of registration and control points in graphic representations, the interference between representations, how the idealist tradition deals in discrepancy, and the operations of scales and musical temperament. Calibration presents as a covert operation that permeates the world as experienced, as well as the world as studied, analyzed, and engineered.

	In chapter 3 (“Wedge”) I start with the simple idea of the archetypal device that accomplishes the hedge or fudge to bring constructional elements, environments, and digital components into alignment. I build on this metaphor of the wedge to develop the idea of calibration as a human-oriented, contingent, and contextual process of tuning: the physical and metaphorical role of the wedge as a tool of adjustment, tunings between social actors, the tuning of metaphors, and design as tuning. I examine digital media devices as generators of, and solutions for, deviation and calibration, an insight that applies to early machines (Vitruvius’s war engines), architectural artifacts, scales in music, iPods, smartphones, and other pervasive digital media.

	In chapter 4 (“Habit”) I examine how pervasive digital devices constitute everyday objects, which in turn implicate cycles and patterns that are also crucial in the devices’ operation and reception. Habit implies routine and ritual integrated into everyday life. In this respect pervasive digital media are designed to blend into the everyday world of mundane objects. Habitat is the place where habits are born and cultivated. Pervasive digital devices are complicit in the creation and maintenance of the everyday habitat, of the schedules of broadcast media, and the everyday and ritualized practices surrounding the use of phones, media players, and digital cameras. I counterpoint the homely idea of habitat with the more aggressive, assertive operations by which people create territory.

	Chapter 5 (“Rhythm”) draws attention to repetition. Repetition helps define space through the regular ordering of colonnades, grids, and other architectural devices, including beacons, church bells, and alarms. Sounds offer a more covert means of ordering and claiming space than physical structures, especially when repeated, as in the case of bird calls, the criers in the marketplace, voices on the sports field, and half conversations conducted on cell phones. Digital technologies repeat and promote repetition. They also contribute to the human obsession with a world picture, through endless visual scans in ever-greater detail. It is against the sameness of repetition that differences stand in relief. A small difference can nudge an organization or set of practices into a different mode of repetition.

	Among those small apparently inconsequential differences resides the world of the tag, the subject of chapter 6 (“Tags”). Tags are small indices pointing to something greater and more complex. Tags proliferate through RFID and other pervasive indexing technologies. Tags make sense in the company of other tags and contexts. As such they form languages of small changes brought into relief by ideas of collective tagging, or folksonomies, promoted through social network sites. Tags mark moments in time, as transient indicators of a change in state. The tag is emblematic of participative moves to adjust the environment by means of small-scale local interventions: putting your own label on a thing.

	Chapter 7 (“Taps”) looses the tag from its dependence on the host and further demonstrates the importance of the incremental move in understanding pervasive digital media and devices. Tags are closely related to touch, the way a tap on the door or a tap on the shoulder signifies an important moment. Tags as taps are prone to the possibilities of misunderstanding, mislabeling, persuasion, and transience. The chapter therefore promotes the sensual potential of the tag.

	In chapter 8 (“Tactics”) I address technologies that locate travelers and mobile workers in space. Pervasive devices increasingly deploy technologies that position people and devices. Here I demonstrate how the way locational technologies operate, and the ways people interact with them, can further an understanding of the incremental move in the design and use of pervasive digital devices. The chapter compares GPS with the tactics of simply walking about, and the extent to which each mirrors the other in its attention to detail and the small change. The chapter amplifies the extent to which the tuning of places and nonplaces are tactical throughout.

	Chapter 9 (“Threshold”) examines how pervasive digital devices render familiar places and activities strange. Spatial navigation involves negotiating so many thresholds and small transitions. One way people tune their relationship to place and each other is to adjust their position across, on the edge of, and in response to thresholds, processes now abetted in no small part by pervasive digital devices.

	Chapter 10 (“Aggregation”) outlines the trajectory of pervasive media design development. To reinforce the idea that design works as a provocation to further as yet undefined interventions, I present and analyze a working project involving smartphones. The chapter amplifies the character of design as a collaborative, participative, opportunistic, incremental, and experimental process. Design also functions as a mode of research, which is to say a way of revealing new understandings of pervasive digital media and the societies and spaces in which they operate.

	Communication is impeded by noise, a type of signal distortion that is the subject of chapter 11 (“Noise”). I show how noise has two interesting characteristics that can inform an understanding of pervasive digital media.First, noise can render communication incoherent, but it does so by purveying ambiguity. A noisy channel might confuse because it conveys too many messages. Second, noise enters from the outside, from another channel, from beyond the frame. From these two characteristics, ambiguity and externality, flow an understanding of pervasive media in terms of silences and a kind of sociability that assumes someone else is listening in, an absent other. The chapter explores various means by which digital devices invoke the absent other, leading to a consideration of the role of the human voice in pervasive media.

	Chapter 12 (“Interference”) develops further the theme of the putative externality of noise. In any case, cultural theories of sound invoke contrasting ideas of both continuity and the cut. The externality of noise is also suggestive of impurity, anomaly, and incongruity—acceptable grist for any designer’s mill. The chapter concludes with a consideration of detuning to complete this acknowledgment and verification of the role of pervasive digital media in the tuning of place.

	
By way of summary, my investigation is driven by five key propositions. First, design offers a preeminent mode of understanding, for which metaphors provide a potent resource.51 Designers value associations and profusion, even an excess, of connections. In keeping with the practices relating to much cultural theory, creative designers like to draw on a wide range of varied sources.52 The metaphor of tuning invites associations among fields such as music, sound, design, architecture, urbanism, psychology, engineering, technics, and ethnography, a cornucopia supported in no small part by the associative matrix of the World Wide Web, and the ready availability of online journals, sound files, and images, particularly through institutional subscription accessible from the work desk and while on the move. Therefore my focus on design provides license to traverse a field of rich associations.

	Second, this work attends to the idea of small increments, nudges, and cues ahead of grand plans and systems. Influences among workers, politicians, and citizens are purveyed most effectively as nudges and subtle shifts in practices that are carried over into technologies, such as pervasive and mobile digital devices. In this book I seek to push to its limits the energy of the small change. I take it for granted that human relations and practices are complex and ready to be tipped into a new state, mode, or key by the judicious application of the appropriate small change, a subtle tuning to context and environment.

	Third, I advance the cause for the judicious application of the small change as tactic. Deliberate interventions, responsibility, and agency are better described in terms of tactics than plans. The ways people adapt to and adopt various technologies are highly tactical, and so is design.

	Fourth, the small increment, the minor shift can serve as an irritant, a foreign body, a catalyst, a transforming agent that renders what consumers of public and private space normally identify as somehow alien or strange. This is a function of much design and art in any case, to challenge accepted norms, to transform environments by offering a different take on the world. But the design process and all acts of creation are subject to such processes. In this sense any innovation has the potential to present as an opportunity for discovery. Ethnographically attuned observation releases cultural commentary from the necessity to criticize everything technological as buying into capitalist hegemony. So in response to media theorist Geert Lovink’s identification of the net user as “data dandy,” “wrapped in the finest facts and the most senseless gadgets,”53 I would add that even superfluous items of consumption have the capacity to inform users, designers, and theorists about the human condition. In order to innovate, designers, creative writers, artists, and entrepreneurs keep seeing new possibilities in the ordinary by rendering the familiar strange. What could be stranger than the ways that digital media and devices now pervade every aspect of the environment, and tune the places people inhabit?

	My fifth point of course relates to sound. What follows will be per­meated by a plethora of unavoidable ocular metaphors, but moderated by an acute sense of the acoustical, which provides a further means of defamiliarizing sociable spaces increasingly permeated by digital media and devices.

	
	Temperament

	1Intervention

	Whereas a sociologist or ethnographer might examine how people use ubiquitous technologies and how they relate to one another as they do so, a designer actively invents, creates, deploys, and otherwise intervenes with a technology not only to create something useful but also to advance understanding. The outcome hopefully will be better design, technique, or even better products, but also improved understanding, irrespective of the quality, functionality, or marketability of the design product. There is a place for standing back and observing ubiquitous technologies, as if from a distance, but there is also scope for engaging with the technologies under study: making, building, and tuning in order to learn. Design deploys tactics for both making and understanding the environment.

	There is an argument to be made that space is “created” by such interventions in any case. From an architectural perspective it is common to think of the character of a space as determined by the elements that contain it (walls, ceilings, floor surfaces) and the elements it contains (columns, pipes, furniture). According to the philosopher Gottfried Leibniz (1646–1716), space would not exist were it not for the relationships between things.1 Space is relational in this tradition. Space is revealed by the placement of objects, events, and people; such interventions constitute space. So a design, whether or not it contributes to comfort, safety, communication, or sociability is an intervention that not only has spatial consequences but also contributes to the making of a space. This space-making function can occur by way of setting up contrasts as well as by making the occupants comfortable. To place a forklift truck in a coffee shop would reveal something about the size, sociability, and robustness of the space. It could disclose the space to the occupants in a new way. In subtler ways, the introduction of cell phones into coffee shops and railroad compartments contributes to the definition of those spaces, and for the theoretically reflective may reveal something about the public-private characteristics of leisure and transportation spaces in general. By this reading, devices are disclosive, which can lead to particular understandings, which in turn suggest further interventions.2

	Technologies do not conform politely to predetermined or intended functions. Philosopher of technology Don Ihde notes how a hammer may be designed to drive nails into floorboards, or remove them, but this functionality does not prevent a hammer being used as an art object, a murder weapon, or a paperweight.3 Designers and product developers cannot anticipate easily such incidental uses, especially when dealing with innovations in dynamic contexts of use. Strategies of rapid prototyping, in concert with “agile” and “extreme” computer programming or product development, recognize that it is only when a product is placed into a context of use that many of its functions come to light.

	So a carefully designed product, improvised design or combination of resources and streams from various digital sources (a mashup) is not the end of the development process, assessable only in terms of success or failure. A design can be part of an extended process that leads further. Hence my conviction that designed devices already contribute to place, space, spatiality, and spatial understanding, irrespective of their suitability for purpose. This is not to advocate populating the world with clumsy, inappropriate, and unusable products, but to recognize that devices are already constitutive of space. To enter a room is to encounter a field of complex and varying relationships that distort and inflect people’s experiences in ways that many observers describe as spatial. To introduce a new intervention further tweaks, ruptures, or tunes the spatial field.

	In this book I draw on intervention as a means of understanding. I endorse not only well-designed products, but also those myriad experiments, both naïve and profound, the descriptions of which populate conferences, teaching programs, blogs, and reports, both in and out of company time. They are the ordered or improvised, successful and failed products and by-products of institutional, corporate, amateur, and everyday technical practices, the configurations of hardware, software, web pages, media mixes, user innovations, and experiments in ad hoc practices that celebrate the insights that emerge simply from trying things out.4 The concept of hacking captures aspects of this milieu as a variant of tuning practices.5 Hardware hacking,6 modding, and circuit bending are practices that adapt or recycle ubiquitous electronic and mechanical components and scrap, in and out of warranty, to some experimental end, an activity that captures the opportunism of much design. As hacker, the digital bricoleur uses a game joystick as a musical instrument interface, deploys pressure pads from a disco mat as a movement sensor, overclocks (speeds up the central processing unit of) a computer, and turns a computer case into an aquarium. To hack is to use what is to hand when the purpose-made component is unavailable or unaffordable. As I will explore in the next chapter, tuning suggests bringing things into alignment, as if closer to an ideal state, but can also be characterized as a hack, the fine adjustment of parameters, a compensation for a condition where an ideal can never be met.

	Accountable Design

	Some design follows the trajectory of the improvised hack, but is there not also well-ordered design that methodically and systematically ascertains what needs to be done, counts the cost, charts and plans, integrates with other team members, delivers on time according to a program, and is accountable? After all, most hardware and software configurations alluded to in this book constitute extremely sophisticated, well-planned and well-marketed designs. My argument, pushed to its extreme, is that all design has the character of a hack, or a provisional microdesign. In so far as it can be said to exist at all, the whole, the big picture, resides with the complexities of human practices in contexts. Human practices are not planned, organized, controlled, or designed, but emerge in intricate and ad hoc ways, as so many interactive alignments and realignments. Architects and the users of spaces commonly suppose that plans, blueprints, drawings, and texts constitute expressions of some idea, and in turn represent instructions for others to follow. But another way to look at such objects is as interventions into a series of processes that are already in play, and that have to be in place before those plans have any effect.

	Design as intervention can be illustrated with the idea of a master plan for a big city, such as Georges-Eugène Haussmann’s plan for the boulevards of Paris, designed in 1852.7 This was certainly a grand plan, but it was also a set of drawings, conversations with Napoleon III and the city fathers, specifications, contracts, letters, and other documents. These documents had to be interpreted, and were drawn up to be interpreted in certain ways. Haussmann was already working in a context of mutual understanding and shared practices, not least in the practices of road builders, gardeners, masons, financiers, and the imperial court.8 Without this body of practice, many of the legacies of which are shared by twenty-first century cities, the plans would be incomplete.

	Cities seem to grow incrementally and opportunistically, and plans are often overridden by changes in political circumstances.9 But where plans exist, they also undergo similar processes. I argue here against “ideas,”10 those supposedly transcendent visions that constitute the essence of a project, and exceed their mere implementation. I maintain that designs are objects, artifacts of incremental processes, featuring in ad hoc human practices, open to multiple interpretations, and often contested, modified, paid lip service to, and used to political ends. Designs are drawings, conversations, texts, specifications, contracts, and instructions. As such designs intervene in myriad human practices. This is not to diminish their importance, but to acknowledge the character of designs in the cultural currency of materially situated documents and practices. Similarly, the design of sophisticated digital devices and services involves sketches, drawings, CAD (computer-aided design) models, specifications, and contracts subject to the vicissitudes of human practices, supply, manufacturing, production, distribution, regulation, codes, and markets.

	A design philosophy of the increment does not exclude and in fact affirms the possibility of designing for a “total user experience,” encouraging designers to think creatively and expansively about how products, services, brands, websites, user support, regulations, and the whole “user experience” fit, or don’t fit, together. As indicated in the UK Designing for the Twenty-first Century initiative,11 many fields benefit from an expansion of the design orientation—for example, in thinking of health care as a design issue, and formulating strategies to promote “wellness,” preparing and presenting food in ways that enhance the conviviality of the meal; ideas related to hospitality, tourism, and travel as gratifying experiences.

	The design of a pay-as-you-go curbside car-sharing service illustrates the operations of such an expansive orientation to design. Investors and developers might be encouraged to think of the design of the vehicles, the profile of the fleet, the website, payment processes, forms, branding, interface with local authorities, road markings, customer support, backup, user feedback, user experience, and interfacing with other services, as well as management, business, and investment planning, all processes permeated by design and subject to contingencies. To advocate design as an incremental process is to introduce into the mix a consideration of the processes by which such a scheme might be rolled out and how designers, developers, and managers learn from mistakes before overinvesting in decisions from which it is difficult to withdraw. Advocates of the “total design” view would probably, rightly point to the need to conduct the necessary background research before embarking on serious investment. I would simply add the necessity to design in the capacity to change and adapt the design and development process, as well as the design of the products and services, taking into account their complex interrelationships.

	Of course incremental development features in the discourses of biology. Charles Darwin maintained that the maxim “the law is not concerned with trifles” does not apply to science.12 The trifles under consideration include not only the momentous consequences of the actions of the lowly earthworm in activating the earth’s nutrients, but also the small and subtle incremental shifts in environments and behavior patterns that bring some species into being and extinguishes others. Small increments can have large effects. A small shift can move a big object beyond its tipping point and over a cliff. 

	Historian Jonathan Sterne provides a telling history of audio devices that illustrates the contingencies of product design and the nature of incremental and opportunistic development, starting with Alexander Graham Bell and Clarence Blake’s “ear phonautograph” and the litany of weird, failed, and partially successful devices for the transmission of sounds to the masses.13 It seems that, as for the urban environment, incremental and contingent processes are at work in the design of sensory apparatus.

	It is a simple matter to identify the role of the increment in the long-term evolution of products. One of the justifications for the development of rigorous design methods in the 1960s was that there is now insufficient time to let designs evolve incrementally over successive generations.14 Tools and technologies may improve the efficiency of design, but there is no escaping the increment.

	Design Increments

	Ubiquitous devices operate as machines for tuning the environment. Drawings, specifications, computer models, spreadsheets, lists of milestones, PowerPoint presentations, and emails likewise are tuning devices, as are the documents that purport to bring them all together. In architecture, operations with such devices constitute microdesign practices that intervene into existing practices of manufacturing and building. So too in the case of software design, or the design of computer interfaces (interaction design)—charts, tables, timelines, and specifications do not so much dictate how the project will progress but intervene into the existing practices of the programmer, designer, and project manager. Seen in this light, even supposed grand designs or policies are interventions into the environment at the microscale.

	To stress the role of the incremental I therefore emphasize equipment and devices rather than systems. In their day-to-day dealings people interact with devices not systems. On a day-to-day basis people look at the subway map to find their way around, not the subway system. When travelers do refer to the system it is often to draw attention to some hegemonic condition, that of a thinly specified sense of unease, a symptom of some socially shared “attunement” to a condition of dissatisfaction with “the system.” In avoiding talk of systems I prefer to think of diagrams, plans, tables, networks, and other structures deployed to give an account in some professional context or other—very often an account of failure when no particular device can be identified. In any case, sociologists of technology have expanded the concept of technical systems as socially situated, asserting that in so far as they conceive of systems at all then all technical systems are sociotechnical.15 The representation of what constitutes the system in any particular case is already an artifact contingently embedded in human practices.

	These themes approving the value of the incremental have found their way into the popular business literature,16 according to which there is always something going on socially and culturally that can be tipped into another condition by the passing of a law, the presentation of a blueprint, a key meeting between individuals, a clip on YouTube, a well-timed or judicious wink. This tipping point is elusive, and may involve a lot of events working in tandem. A plan is a document, sequence of spoken words, or a diagram that is produced to tip one mode of practice into another, or to suppress one practice (smoking in bars) and elevate another (socializing on the street). The plan or policy assumes authority by virtue of the practices that already exist, and brings certain of those practices into sharp relief. It also tunes practices, sometimes unpredictably. The tuning of place suggests that the hard graft occurs within extant complex, pervasive, and tacit human practices. Like the rudder on a ship, a slight movement exploits the momentum of other motions to steer the vessel in a new direction.

	The Agony of the Senses

	Architectural and product design are commonly associated with the workshop and the studio as the loci of invention. Designers and makers of physical artifacts commonly associate workshops and studios with materials undergoing transformation: wood being cut, paint splashed about, casts molded, kilns fired up, glass blown, drum kits tested, dance moves exercised, and scenery arranged. They are richly material and therefore sensual environments, hands-on, tactile, embodied, and risky. In addition, as confirmed by the experiments of the Surrealists and the Situationists, the workshop spills into the street, the home and the office, the everyday realms of sensation.17 Attention to such design environments promotes the role of the senses.

	Ubiquitous technologies have obvious contact with the senses that are not so apparent in the world of desktop and fixed communication systems. “Handheld,” “wearable,” “touch sensitive,” “personal,” “context aware,” “ambient,” and “sonic” are the adjectives of contemporary interaction design, and ubiquitous devices are out there in the world of the senses. Many devices have built-in sensors, picking up vibrations of various kinds, electromagnetic signals, sounds, movement, light, heat, touch, and scent. Ubiquitous technologies and the creative environments in which they are conceived, developed, and tested constitute sensory studios, wired workshops, and living labs.18

	So places and the devices in them implicate the senses, with the sense of hearing as a major instrument. Think of the early Sony Walkman, the cell phone, and the MP3 player or iPod, as underlined by the research of sociologist Michael Bull.19 Ubiquitous portable electronic media found their foothold through a capacity to deliver sounds. Sound theorist Murray Schafer’s identification of the occupants of space as composers and performers suggests that sound provides a potent means of understanding pervasive digital media and place. Sound implicates atmosphere, ambience,20 and ambient computing. Concepts of tuning obviously draw from a consideration of the auditory sense.

	Attention to sound, sense, body, place, and increment might imply a return to a more sympathetic and organic order of being, where creatures adapt to their environments and each other, there is harmony between part and whole, and integration between human and machine, apparently important in a world otherwise dominated by impersonal machines, ceaseless communications, and digital surveillance. To follow this line of inquiry would be to tread the well-worn path of romantic organicism.21 Along with several theorists of the senses I conjecture an opposite trajectory, and affirm the agony of the senses.22 After all, according to Aristotle sound is produced by one object striking another.23 Cultural theorist Steven Connor makes the case well: “This notion of adversity—the agon of the blow or smiting—has predominated in definitions of sound.”24 The workshop is a place of noise, dust, fumes, and blisters as much as immersion in the sensuality of materials. Streets as studios harbor dirt, uneasy transitions and profane interactions. So my investigation into pervasive devices inevitably draws attention to how all the senses and the conflicts between them can enliven spatial design in architecture, digital interaction, and ubiquitous computing, as an alternative to smooth neo-organicism. Contrary to cyborg naturalism, humans need not expect to be one with their machines,25 nor can they. For Matthew Chalmers and other proponents of a “seamful” computing, interaction designers need to be reminded of “the finite and physical nature” of digital media.26

	In what ways are the senses agonistic? According to theorists of the senses, for much of the time the human animal is simply immersed in a sensory field.27 Certain events momentarily bring a single sense into awareness: the unpleasant sound of a power saw working its way through stone paving, the shift in visual awareness as someone turns on the light, the aroma as one lifts the lid on a jar of coffee. The identification of any particular sense is contingent and of the moment. The individual’s senses are also brought into relief in the event of conflicts or breakdowns28 within perceptual experience. Even the identification and numbering of the senses is shown to be the site of conflict.29 The art of agon, adopted by Roger Caillois as a category of game play, simply means competition, but as an interplay that is not always hostile or destructive.30

	In terms of the history of media and culture, the main protagonists in this play are the senses of sight and hearing. Architectural historians remind us that design for space, as developed within the classical tradition, privileges the visual,31 and the first theorist of space known to architecture was Marcus Vitruvius Pollio (ca. 80 BC–ca. 15 BC) who coupled design closely with vision.32 Design suggests control, overseeing, and fixing things in place, reaching a high point with the application of perspective geometry to painting in the sixteenth century.33

	Where sound and the other senses are mentioned in the classical architectural treatise it is frequently related to music, which translates to a concern with harmony and proportion,34 and the potent conjunction suggested by architecture as “frozen music.”35 The classical tradition, which still pervades much thinking about technologies, promotes this harmony and unity, and decries the fragmentation perpetrated by the apparent primacy accorded to instrumental scientific knowledge, factory production, and raw calculation. The classical legacy elevates order, the harmony of the spheres, and unity, and draws architecture and music within the same orbit. But there is ample evidence of scarcely hidden conflicts between the cultures of vision and sound, between the visual arts and music, the priority given to seeing as opposed to hearing. The ancient myth of Echo and Narcissus indicates such a tension: a story of a nymph constrained to repeat only what is heard and unable to demonstrate her affections to a youth who wastes away under the thrall of his own visual reflection. Media and literary theorists Marshall McLuhan, E. A. Havelock, and Walter Ong in different ways give contemporary expression to the conflicts between the cultures of sound and vision: the former pertaining to aural culture, the latter to the visual authority of the written word.36 The conflict implicates rival authorities, technologies, and cultures.

	Vision and sound are in conflict, but sound can be construed as agonistic in any case. Sound is often emblematic of conflict. In their experience of the everyday, people often think of sound as a source of noise and annoyance. They seek visual confirmation of sounds as if to settle the matter of their source, as though sound is never enough, or complete in itself, and sounds suggest disconnection.37 Sounds emanate from bodies that otherwise appear intact, and yet the bodies’ sounds are separate from them, as are other emanations, such as vapors and scents. The agonistics of sound are obvious in the case of electronic transmission. As further evidence of the tensions within sonic experience, Murray Schafer coined the term schizophonia, suggestive of a pathology to describe the “split between an original sound and its electro acoustical transmission or reproduction.”38

	The agonistics of sounds are brought into relief in contemporary society when, for example, passengers encounter the disruptive effects of someone in a neighboring seat on the bus talking on a cell phone. For some this intrusion points to the need to calm things down, to put sound in its place. On the one hand sound can be invoked to placate restive spirits, for example, by chants, waves drumming the shore, humming, soft music. But sound also provides the most potent means of protesting against quietude. If you want to disrupt then you instinctively make a noise if you can.

	As confirmed by the everyday experience of sound, music or ambient interventions can have opposite effects to those presumed, depending on circumstance, highlighting the problems with a formulaic approach to sound’s placatory potential. In certain circumstances, sad songs can invoke happy memories; romantic ballads can switch off the desire for intimacy; and jaunty melodies can be deployed by composers and producers to heighten terror, drawing from the classical canon of gentle musical taste to invoke menace (as in A Clockwork Orange or Reservoir Dogs). Of all the arts, music lays the strongest claim to favorably influencing the emotions,39 but neighbors will as readily voice complaint over Sibelius as Spineshank, and soothing ballads rapidly turn into grating sentiment in certain circumstances. Sound, noise, and even music are imbued with an unsettling, restive character that denies the traditional prominence accorded to concepts of harmonious unity.

	Sound Gaps

	Certain contemporary spatial theorists seek to break with traditions of tranquility and politeness, readily equated with vision, and characterize places as more restive. In so doing they adopt a vocabulary of gaps, fragments, and dislocated “junk spaces.” Such terms are also enlisted within contemporary architecture and urbanisms as describing symptoms of spatial fragmentation.40 As well as bringing people together, cell phones are complicit in a desire to be disconnected. Phone users may seek out social contact, but also disconnection from sociability.41 Just as the telephone can put people in touch with one another, it is also a means to break away from the sociability of one’s present company.

	Sound provides an obvious foil to the dominance of the visual, and arguably encourages a more active vocabulary. The mobile phone ringtone lures its owner and its insistence repels bystanders. Sound pervades the ambient field, but it also requires attention, it modulates and distorts space as an inflection in a sentence alters meaning. Sound can assume the role of an irritant or a point source of pain. As if to abrogate any claim to completeness and unity, Schafer suggests that sound “samples details.”42 Sonic repetition and inflection provide further metaphors for the agony of the senses, and accentuate the small change, the increment, the catalytic moment, tuning and detuning. The staccato intervention of a rogue sound bite (e.g., the slamming of a car door in the middle of the night, a plate smashed in the kitchen, a glitch in the sound track) provides a metaphor for aspects of spatiality that are local, transient, contingent, and transforming, concepts that resonate with the disruptive characteristics of pervasive media.

	Sounds and even smells can tip the sensually aware into a new mode of action. In their book Nudge, Thaller and Sunstein note that the smell of cleaning fluids in a cafeteria nudges (some) people to keep the place tidy, and warm drinks increase the incidence of a sense of bonhomie.43 Rather than think of human behavior as conditioned by sense experiences (stimulus–response), it seems designers might think of smells, tastes, and sounds as offering the potential to amplify the tendency to exercise complex predispositions. Sudden sense impressions can tip people into a new mode of practice, a new state of awareness.

	Insofar as they implicate the senses, ubiquitous digital devices may provide a local effect, but their influence extends to the scale of the domestic, the urban, and the contemporary places of transportation interchanges and transitional zones.44 The personal stereo, digital camera, and smartphone of the urban nomad aggravate the flow, and configure space in the process, with subtlety, and incrementally.

	Organisms that Think

	This agonistic approach to devices and senses intersects with certain theories about thought. Theories of “situated cognition” advance instrumental explanations of how space is involved in thought processes.45 The theories draw on concepts of timing and subtle inflection. A fish flicks against rocks and exploits the eddies in the water, some generated by its own movements, to swim faster than it could by brute strength. By this reading thought has a similar character, as opportunistic, making the most of the environment in which it takes place. Such theories deprecate the agency of the brain as master controller and instead develop notions of embodied, situated, and distributed agency in which neurons act as “tunable and modulable filters.”46 Spatiality embeds the capacity for quick cognitive responses. Such models have greater resonances with ideas about disruption, breaks, glitches, and opportunistic hacks than do well-ordered plans, the pursuit of a seamless melding of tools and bodies, or the assertion that differences between organism and machine are somehow dissolved by digital technologies.

	My emphasis on tuning and the incremental hack is a variation on the theme of cooperation prevalent in studies into complexity,47 where large numbers of independent agents each responding to their immediate environment are presumed to constitute a meta-organism that demonstrates complex and even intelligent behavior. The obvious example is a colony of termites where each creature responds to local stimuli and the colony is thereby able to build complex structures, an emergent outcome for which there is no apparent representation, plan, or program.48 This grassroots, unmanaged self-organization suggests a unity and harmony in small responses leading to something greater than the sum of the parts, an insight that spills into concepts of “smart mobs,” interconnected mobile phone users who end up meeting in a certain place through apparently spontaneous and effortlessly negotiated agreement, and without any individual taking charge.49 The idea of such cooperating agents also informs the ambitions for the next generation of web development, the so-called semantic web, where it is thought that computers will communicate with each other and cooperate to provide the information people need.50 

	Irrespective of the utility of complexity theory to computational and machine operations, the realms of human culture and society seem also to give prominence to concepts of the aberrant shift, the gap in the matrix, and the rogue agent. In so far as there is complex interaction within human agency I prefer to think of complicity as much as cooperation, as a series of opportunistic confederations that seeks to break its own and other webs of connection.51 Gaps, boundaries, ruses, resistances, and inflections provide metaphors for understanding the cues, hedges, and instantaneous gambits by which people construct, move, and think their way through their social interactions and social places, using whatever media they have at their disposal. Sociologist Bruno Latour elaborates this understanding through the theatrical metaphors of actor-network theory (ANT), in which: “the very word actor directs our attention to a complete dislocation of the action, warning us that it is not a coherent, controlled, well-rounded, and clean-edged affair. By definition, action is dislocated.”52

	Agon ex Machina

	Machine operations that draw on the vicissitudes of the small change and agonistics suggest indeterminacy and play. But my strategy resists tendencies toward organicism and a trend within interaction design research toward a rhetoric of fun and friendliness, as exemplified by Donald Norman’s influential book titled Emotional Design.53

	Computing has long been a hostile medium for some, and digital devices have been difficult to use. Little thought was given to the human context of their use. Convivial design rightly presents a trend in the opposite direction, toward emotion, play, creativity, and sociability.54 But pleasure is a complex construct, and is not always usefully equated with having fun. Pleasure can rely on exertion, pain, challenge, competition, a break in tedium, reward after tedious repetitive practice, and being left alone. My strategy is to look past the supposed potential for comfort, pleasure, friendliness, and fun in interaction design. As with cheerful music, pleasure for some can be a misery for others—mobility-impaired individuals can trip over familiar things, pretty objects can invoke sad memories, and many adults are averse to cute playthings. So-called kawaii—or cute culture—of Japan, Korea, and China55 apparently gives pleasure, but stylized doe-eyed depictions of smiling animals, children, and vegetables are repugnant to many. The psychologist Freud indicated the seriousness of the “pleasure principle.”56 Furthermore, serious research into fun is subject to the agonistics of commercial competition and academic tenure. Exhortations to have fun pall in political contexts of potential or actual inequality. Not least, invisible ubiquitous devices that purport to automate user pleasure, by anticipating mood, are in the company of animated dolls, puppets, ventriloquial mannequins, and pleasure devices (the “orgasmatron” in Barbarella). It is only too easy to see such gadgets running out of control, and as invocations of the uncanny and of darkness.57

	Art and architecture generally resist the language of fun, which transports the Taj Mahal and the Palace of Versailles to Las Vegas, making the sublime appear ridiculous, a process that cultural theorists treat seriously.58 Architecture abandoned the swing toward fun and emotion purveyed in some quarters in the 1960s by the provocative and ironical proposals of the Archigram movement,59 and the dark pleasures of the erotic city of Sogo in Barbarella. The influential apologist of modernism Sigfried Giedion decried an architecture that is “treated as playboys treated life, jumping from one sensation to another and quickly bored with everything.”60 Where architecture and the arts generally purvey enjoyment it is in the realm of meta-pleasure, as in irony, the wry smile that comes from seeing ourselves taken in by overstatement and subterfuge. Irony cuts through the grand plan, the master design, and totalizing ideologies, and it acknowledges its own contradictions in doing so.61 A problem with interaction design driven by conviviality is that it eschews politics, or at least politics is not easily integrated into its discourse. Ironic design leaves space for the questions “friendly for whom?” and “comfortable for whom?” My investigation into pervasive media attempts therefore to work through the spaces between populist and commercial aesthetic categories.

	As I have explored elsewhere, irony is closely associated with the function of the cynic, the character who apparently eschews the grand plan and unsettles pretensions. This is also a function of the trickster, the uncomfortable entity that may be funny, but is mostly an irritant.62 The tuning of place is an invitation to occupy the interstitial condition of the ironist, the detuner, the occupier and worrier of the gap.

	
In this brief survey of the role of design in understanding pervasive media, I explored designed devices as interventions that both create spaces and reveal something about the places they occupy. Design is less about abstract ideas and plans than adjustments and tunings to the environment, social relations, blueprints, models, and schedules. Effective design is also a richly sensual activity involving vision and sound, which are in many respects in conflict with one another. The senses are agonistic. Design is well understood through concepts of the hack, the opportunistic adjustment, the negotiation of rifts and gaps—themes explored in chapter 2 on calibration.

	
	2Calibration

	Nothing brings a device into conspicuous awareness so much as its complete breakdown1—except perhaps the need to calibrate it, to fiddle with its functioning as preparation for its adoption into regular and habitual use. In their account of experiments in creating an electronic meeting space (which they called an “iRoom”) that integrates large displays, wireless devices, and “seamless” mobile appliances, Brad Johanson and colleagues reported: “One of the big headaches in building the second version of iRoom was dealing with projector alignment and color calibration.”2 Calibration interrupts the otherwise seamless operations of digitally augmented spaces and pervasive digital media.3

	In this chapter I will examine calibration as a major entry point for understanding the design of pervasive devices and media, a consideration that, in a bold move, I expand to the calibration and recalibration of social interactions. Pervasive digital media and ubiquitous devices are involved in the regularization and deregularization of human interactions. Tuning is a kind of calibration, the investigation of which opens the study of pervasive digital media to the possibility of a theory of discrepant phenomena.

	The need to calibrate and recalibrate mechanical and electronic devices draws attention to the seams rather than to the supposed smooth integration of technologies into everyday life. Instead of glossing over such tunings as aberrant and undesirable, there is much to be gained in acknowledging and working with them. Designers, consumers, and theorists of digital media benefit from exposing calibration to scrutiny, as a feature of devices and practices of use and design. Ubiquitous digital devices need to be calibrated in order to function, but calibration also provides interesting metaphors for ubiquity and mobility. Users take possession of devices and adapt (calibrate) them to their own circumstances, needs, uses, and local context. To focus on calibration is also to recognize the need for sensitivity to place.

	In keeping with the various practices by which consumers and users of digital devices orient themselves to new situations, calibration appears in rituals of inauguration: the device is procured, transported, removed from its packaging, and batteries inserted if needed; it is switched on, variously adjusted, and memory is formatted and data transferred if necessary; the device as product is inventoried, trialed, shown off, used, and shared. The process of inauguration may be repeated completely or in part at a later date. Smart design and retailing recognize the ceremony and occasion associated with the inauguration of a product, its adoption from the shelf to the personalized environment of the individual consumer.4 The launch of Apple’s iPhone augured several videos on YouTube of new owners enjoying the ritual of unpacking and inspecting this new fetish object. The ritual process continues, of course, through the product’s documentation, use, repair, return, exchange, storage, decommissioning, and disposal, as well as through the services of which these elements might form a part. Calibration is the technical necessity to ensure that the device initially is fit for context. It is at the core of the inauguration ritual, relates to the functioning of the device, and constitutes a major component in designing for usability and for the user experience.

	Standards

	Before addressing calibration as a way of dealing with discrepant phenomena, I need to draw attention to the converse of discrepancy—that is, conforming to a standard. Calibration correlates a device to a standard. Considerations of conformity and compliance to a standard may further frustrate inconspicuous operation. But standardization is one of the hallmarks of the contemporary, interoperable communications on which pervasive digital media depend. Much as enthusiasts applaud the free-form, democratic, grassroots, open-source, incremental interventions and smart mobility of digital communications and ubiquitous media, this capability is built on complex configurations of devices that communicate with one another through standard programming languages, data formats, and protocols. The communications language of web pages and mobile devices, HTML (hypertext markup language) and XML (extensible markup language), are such standards. Further advances were made in the uses of the Internet as a medium for international communications and file exchange when web browsers adopted and implemented the Unicode character-encoding standard. Unicode standard radically expands the old ASCII character set (which is limited to 256 characters) to include the symbols, diacritical marks, punctuation, and other graphemes of hundreds of different languages. The Unicode standard essentially assigns a unique number to every character found in most written languages. Similarly, the MIME (multipurpose Internet mail extensions) standard regularizes email formats and enables visual data, sounds, and movies to be transported through interconnected media, including mobile devices and smartphones. Other standards are emerging. Though they also restrict practices and procedures, standards are complicit in extending interoperability and the dissemination of development and use (so-called Web 2.0 developments), and support anticipations of the “semantic web” deploying an RDF (resource description framework) language to supplement XML by enabling web developers to code information about relationships between objects.5

	Lack of standardization is often identified as a major impediment to the growth of ubiquitous devices and networks.6 For example, standards for the representation of three-dimensional building data have so far proved elusive.7 There have been standards such as STEP (STandard for the Exchange of Product model data), aecXML (architecture, engineering, and construction XML), and other COLs (common object libraries) intended for CAD (computer-aided design), CNC (computer numerically controlled) manufacturing machines and other devices and programs that might interoperate with them. For good reasons such standards are not yet widely adopted. This lack of a suitable standard arguably impedes innovations, such as those that might derive from the direct transmission of building information to construction sites via mobile phone, and the operations of ubiquitous sensing and control devices in buildings. Of course, the difficulty in establishing CAD and CNC standards is not just that people have trouble reaching agreement, but also indicates something of the complexity of buildings and their management, and the construction process overall. Buildings are produced by teams, in which architects, engineers, surveyors, regulators, contractors, and building managers each have different requirements in how they represent buildings and building components. Different users have varying “frames of reference.”8 Standards do not necessarily meet the needs of all.

	Adventurous thinkers often associate standardization with restriction and unnecessarily arcane bureaucratization, as symptomatic of the “iron cage of bureaucracy,”9 but standardization clearly is a major enabler of the design and development of shared and distributed devices and networks. Standardization allows interoperability among devices, products, and data of different manufacturers, publishers, and suppliers. Standards can certainly restrict innovation, but they emerge as provisional components within complex sociotechnical practices. Standards sometimes are in competition with one another, developed in political and economic contexts, and agreed on, contested, and revised. Standards often only come after substantial development effort, rather than before it, and when the task of reaching agreement is seen to be worth the effort in coordination. In instrumental, economic terms, the effort of developing and upholding standards is a matter of balance and risk management.

	Standards are adopted across the whole technical milieu, including in the use of procedures, codes of practice, and delivery of products, commodities, services, weights, measures, and communications. The idea of deviation could be said to start with the recognition of a standard. Habitual rule breakers often have an overly acute sense of what is allowed and what is not. Standards are interesting objects of study, especially if designers and theorists think of them in terms of human practices.10

	Deviation often is defined as variation from a standard, but it is worth noting that those standards are dependent on discrepancy in the first place. Many standards emerge as a consequence of an event or disaster that major stakeholders do not want to see repeated: a bridge collapse, breach in network security, loss of data, inability of devices to communicate with one another. Standardization fits within strategies for the management of risk. In this light, a standard is already the product of a breakdown, glitch, or discrepancy. Programmers, interaction designers, and digital analysts do not need to presume a concept of standardization or normality in order to understand the importance of breakdown. In terms outlined in chapter 1, human beings are already attuned to each other and their environment. They participate in a mood, an attunement, out of which objects and events emerge and awake in the human animal some new realization, a breaking away from the norm, or a breakdown.11

	Standardization involves deciding what the standards are and what they apply to, using them to inform and evaluate a design, policy, or procedure, sometimes within legislative frameworks. The application of a standard is rarely a mechanical process, and is subject to processes of human interpretation. Standards seldom cover every eventuality, and interesting design often emerges where standards conflict, or in the breach of standards.

	To belabor the conventional role of standards: when designing a database application program, a programmer might need to attend to standards of data representation, as when designing a program for processing and presenting a catalog of library books, and to how that catalog of information is intended to interoperate with other catalog programs. The DCMES (simple Dublin Core Metadata Element Set) library data standard is easy to grasp in this respect, and is concerned with a much simpler domain than standards for building construction. DCMES provides an agreed series of headings for holding metadata about items kept in libraries and online. The DCMES consists of so-called metadata elements for storing textual information about an item or work (book, article, map, photograph), such as Title, Creator, Subject, and Publisher. Therefore if a programmer is designing a new database that is to be compatible with other programs, then she may be required to use these categories. If data is already stored in a different format, using different headings, and needs to be recognized by another program that only recognizes the DCMES standard, then the information has to be translated, by a human operator, or through a translation (computer) program. Translation programs provide mappings between different representations, and between rival or alternative standards.

	Rather than further explain and advance the cause of standards in this chapter, I wish to focus on what their study has to say about discrepant phenomena in the tuning of place. The concept of translating from one representation to another introduces the idea of a mapping. Standardization involves mappings between formats, and is achieved by computer programs, procedures, formulas, tables, and indexes, but also by dials, lines, symbols, and lights on paper, glass, metal, and plastic.

	Calibration

	Portable, mobile, and ubiquitous devices need calibrating. Simple technologies pertaining to weights and measures and their portability highlight what is at stake in the adoption of standards. An engineer takes a strip of metal, lines it up against a standard-scale ruler, and creates new markings on the metal strip that correspond to the standard. The new ruler is thereby calibrated against a standard. As for standardization, calibration involves a mapping between two models. One model has general applicability and some group or other has agreed to adopt that model as the standard. There is a secondary model of marks or measurements for application in particular contexts, for example, the ruler a carpenter uses to measure the length of a cupboard. To calibrate is to implement a mapping between the two models (the standard and the blank metal strip). In the case of the scale ruler this involves a simple procedure of alignment and copying marks. Within an acceptable margin of error or variation, scale rulers are mass produced to conform to the standard. Scale rulers of course are portable items, mobile and pervasive, low-tech forms of ubiquitous media.

	The translation between the discrete values in the Unicode character set involves a set of indexical relations as discrete values. The calibration of an index usually means setting up a table of mappings or pointers. But calibration is particularly applicable to standardization across continuous variables. So the length of a scale ruler or the position of marks on it can be adjusted along a continuum. Calibration involves the adjustment of increments along a variable scale.

	The term standard has military connotations and so connects with issues of mobility. The Oxford English Dictionary definition of standard suggests a relationship with the headquarters of an army. The task of calibration implies a home base, a fixed standard, from which are dispatched so many peripatetic, mobile clones (metal scale rulers). Standardization therefore has spatial connotations, implicating concepts of stability and mobility. Calibration is also important in design in so far as design involves measurement. Design also deals with small changes, shifts, and adjustments that have important consequences. Calibration also draws attention to discrepancies between models, the gap, threshold, and sites where design often has a great deal to contribute. Furthermore, concepts of calibration are endemic to the idea of what an instrument is, and to its design, particularly in so far as instruments are concerned with measurement and precision. In these respects I regard the design of pervasive media and the places populated by them as best developed by attending to issues of calibration rather than standards. Calibration is conspicuously a dynamic and provisional practice.

	Recalibration

	Calibration implies a one-off procedure, but mobility demands adaptability to different contexts, and therefore the capacity for recalibration. Scale rulers are mass produced to conform to the standard with a certain tolerance, but other instruments, such as scales for weighing ingredients in the kitchen, allow for recalibration. Sometimes the cook wants to put the items to be measured in different containers, which entails placing the empty container on the scales and setting the scales to zero so that only the contents are weighed. For example, there is a control knob to set the initial reading to zero before weighing the flour. This is a limited adjustment, but in more sophisticated weighing instruments it is possible to adjust the scale to ensure that 100 grams on the scale corresponds to the standard 100-gram measure. One can procure standard weights for this purpose, which are further calibrated against a succession of derived standards that have led traditionally to the standard kilogram, a block of platinum-iridium kept in the vaults of the International Bureau of Weights and Measures (Bureau international des poids et mesures) near Paris.12

	Instruments are also manufactured to operate in a certain range and within a known degree of accuracy. Some instruments have to be recalibrated to ensure their accuracy in that particular context of operation. They may also need recalibrating after a disturbance to their operation, or when components drift out of alignment due to wear and tear.

	As for pervasive devices, calibration and recalibration are crucial in the deployment of scientific instruments.13 The word calibration derives from the noun caliber, which refers to the diameter or bore of a cylinder, and calibration is a basic operation in the manufacture and deployment of artillery and various cylindrically shaped measuring instruments. The basic thermometer is one such tubular device that brings the issue of calibration into focus. As a prototypical measuring instrument, the thermometer consists of a thin glass cylinder joined to a hollow bulb at one end containing mercury.14 The warmer the mercury gets the more it expands, and the higher it moves up the tube. Marks or graduations on or adjacent to the tube indicate how warm it is in the room or other medium. As everyone knows, the scale is called a “temperature scale,” and the thermometer indicates the temperature.

	The scale on this prototypic thermometer is decided by a simple procedure. The bulb end of the thermometer is placed in ice water for a few seconds. The level of the mercury in the tube is marked at zero degrees centigrade. The bulb is then placed in the vapor issuing from a kettle of boiling water. The mercury rises. The level at which it stops is marked off as 100 degrees centigrade. The length of the tube running between zero and 100 is marked off evenly into 100 units, yielding the basic temperature scale. Of course, the precise freezing and vapor (boiling) points of water vary with water purity, air pressure, and hence elevation above sea level. Therefore the process has to be conducted within standard conditions. Thermometers can be mass produced from the prototype created by this process, within certain degrees of accuracy and with appropriate markings, though the manufacture of glass tubes is subject to variation. Where very accurate temperature measurements are required, the markings on the thermometer tube may have to be recalibrated to account for variations in manufacture and different conditions of use.

	Like clocks and mobile phones, thermometers are moved from place to place. Their context of use changes. It is tempting to think of the calibration of the thermometer as a mapping between a representation device (the glass thermometer) and some actual (“real”) world condition. The instrument is perhaps a representational device for reproducing some aspect of reality. Philosophers of science often discuss the role of instruments in science in terms of this problematic. What is the reality that the reading on the thermometer represents? In fact, the use of ice water and boiling water already is a technological mediation, and the history of such scientific instruments is replete with other reference datums, such as the temperature of the human body, the temperature of a deep cellar, and even the melting point of butter.15 So it is perhaps convenient to sidestep the issue of empirical realism, of what constitutes the reality,16 and see calibration simply as the mapping between two technological models. This view accords somewhat with the philosopher Mary Hesse’s notions about models and analogies in science.17 It is, after all, models that are being compared against one another rather than theories being compared against pure observations. The invention, definition, and deployment of such models constitute complex sociotechnical practices.18

	The thermometer amplifies four basic components of the problem of calibration. The first component is a standard, primary, or reference model that involves ice, water, kettle, and vapor. The second component is a model involving a bulb, tube, and mercury (the secondary model). The third component is a translation or mapping language. This is a variable means of establishing a correspondence between the two models, such as a convention of marking the side of the tube, and a procedure, such as inscribing marks at regular intervals between the freezing and boiling points. A fourth component is a context of use. The operation has to fit within an environment where it matters that the primary and secondary models are aligned in some way. The context of use of the thermometer models is wide ranging, including knowing whether or not to put on a coat before stepping outside, estimating someone’s state of health, or testing the results of a chemical reaction in the laboratory.19 Thus ice-cold and boiling water are components within a standard model, involving various technologies and procedures, against which the glass and mercury model is calibrated.

	The communication of meteorological data via pervasive devices involves further levels of calibration. My smartphone and laptop provide the approximate temperature at my current location, but this information is derived from a table stored on a central server. The software on the phone pays no heed to local atmospheric conditions, but updates periodically with data pertaining to my current location and that of several other locations indicated in a menu. The information is dependent on a series of interrelated calibrations across several modalities, not least involving tuning into radio frequencies and via communication protocols. The smartphone’s display with figures and icons depicting temperature at my current location draws only obliquely and circuitously on models of steaming kettles.

	Calibration has applicability beyond a consideration of externally regulated and legislated standards, and any two technical models might need to be calibrated. Lest the contemporary mobile device user thinks such adjustment is a new phenomenon, the diaries of mathematician and astronomer Galileo Galilei (1564–1642) reveal an application of the importance of calibration as a local operation. Galileo mapped the movement of dark patches across the surface of the sun (sunspots) as evidence that the earth rotates and orbits around a rotating sun. He recorded these observations by hand, drawing over the image formed by the light from a telescope projected onto a sheet of paper. In order to record these observations he had to position the telescope relative to the sun but also to the sheet of paper by aligning the circumference of the sun to a circle drawn on the paper.

	In order to picture them accurately, I first described on the paper a circle of the size that best suits me, and then by moving the paper towards or away from the tube I find the exact place where the image of the sun is enlarged to the measure of the circle I have drawn. This also serves as a norm and rule for getting the plane of the paper right, so that it will not be tilted to the luminous cone of sunlight that emerges from the telescope. For if the paper is oblique, the section will be oval and not circular, and therefore will not perfectly fit the circumference drawn on the paper. By tilting the paper the proper position is easily found, and then with a pen one may mark out spots in their right sizes, shapes and positions. But one must work dexterously, following the movement of the sun and frequently moving the telescope, which must be kept directly on the sun.20

	One model involved lenses and sunlight, the other involved paper and pen. The two models were calibrated to one another by the adjustment of distance and angle of a sheet of paper. The mapping language entailed geometrical alignment, and the context of use was a concern with planetary and solar motion.

	Digital Calibration

	Through processes far more sophisticated, augmented reality equipment has to deal similarly with calibration issues, particularly those that mediate the view of the environment via superimposition of a digital image in real time. The user wears a head-mounted display apparatus that projects a three-dimensional image of a streetscape, with annotations, onto a screen, through which the viewer can also see the street. Sophisticated movement tracking detects the precise location of the viewer’s head so that it can generate a corresponding view in the digital model. Calibration is required to ensure that the initial conditions are set accurately, and instant calibration and recalibration is required to keep the images aligned. It is tempting to think of the necessity to calibrate the digital image with reality, but again there are two models in play: a projective model based on the way light falls onto a flat plane of glass and the computer model that has to be aligned to it.

	As a simpler example, in the case of the calibration of a touch screen on a handheld device (a process now largely obsolete), the two models in play include the visual display model and the sensing model. The display is made up of a grid of pixels that are addressed and activated by the computer’s central processing unit. The detection of touch on the screen is determined by variations across an electrical field that are activated when an implement (perhaps a plastic pointer or finger) touches the screen. Due to variations in manufacturing, the visual display and the sensor field are not always aligned to one another, and the screen is a composite of layers of materials the distance between which is not necessarily known with great precision. Variations in the touch pen and the way it is held also introduce discrepancies. On instruction, the user recalibrates the two layers by tapping on visible reference points on the touch screen. This sets the parameters of a function applicable across the screen surface. Technically, the calibration sets the parameters of a transformation function, as if stretching a piece of rubber with a pattern on it so that it corresponds to the pattern on a plane underneath. The transformation function is applied automatically to every subsequent touch of the screen, whichever part of the screen is contacted. The calibration is meaningful in the context of the entire instrument (display screen, touch sensors, pen) and the instrument would not be fit for purpose as a means of interaction on a handheld device without such alignment and its calibration.21

	The central role of calibration is obvious to an audience observing a group of sound artists preparing for a performance. One performance I observed involved our sound design students improvising around everyday objects. Various sensing devices and actuators (electrical contact switches, microphones, speakers) were attached to the components of a tea party (cups, pots, plates). These in turn were connected to laptop computers and sound mixers. Such ad hoc configurations of hardware inevitably require adjustment so that signals can be received and processed to deliver the required sounds. The ensemble was to be played as a collection of instruments. Calibrating and recalibrating played a significant role in the performance, and contributed as much to the audience’s appreciation as the final per­formance, which was unpredictable anyway, especially when audience participation was invited. Such works provide a potent reminder of the role of calibration when subjecting everyday objects to some specific purpose.

	Needless to say, the processes of calibration are often occluded in the rhetoric of seamless environments and interactions, or the melding of organism and machine. For example, cybernetician Kevin Warwick has conducted a series of experiments in which he attempts computer control of the movement of his own hand: an automated clenching of the hand outside of his own will. In the experiments, electrical signals are trans­mitted into Warwick’s arm from a computer via a series of electrodes. Such experiments are presented as if at the vanguard of machine-body hybridity.22 Yet such operations involve elaborate and prolonged tuning, tweaking, calibrating, and recalibrating. The human nervous system apparently adapts to the external signal and the context of the signal in complex ways.23 Digital interventions into the human frame require calibration on the part of both the machinery and the body. Philosopher of the mind Andy Clark describes how mobility-impaired individuals with digital implants lodged into the motor cortex can be trained to move a cursor on a computer screen “by thought.” The patient first tries to will the movement of certain body parts: “When such efforts yield a signal, which the computer hears, a buzzer sounds so the patient knows to concentrate on that particular kind of thought,” thereby controlling a screen cursor.24 Of course the rhetoric of human-machine hybridity aims to render such calibration processes automatic.25 But designers, commentators, and consumers might benefit from exposing the issue of calibration to scrutiny, as endemic to the device, in order to better inform their implementation and use of such technologies.

	Calibration processes not only are required for pervasive digital media to operate, but also present interesting metaphors for ubiquity and mobility. The mobile device emerges from a housebound, regulated environment, and the user takes possession and adapts—calibrates—it to her own circumstances, needs, and uses. Pervasive digital media require this sensitivity to local context.

	Registration and Control Points

	Morphing between two images involves a similar process to that employed in the calibration of a touch screen. The familiar digital effect by which one human face appears to transform into another involves morphing: Dr Jekyll becomes Mr Hyde. In morphing, a digital artist usually indicates which points on each image are to map to the other: the tip of the nose, the corners of the eyes, the mouth, and so on. These control points form the basis of an invisible network of lines and points across images, and a mapping procedure. Viewers see the features distort as one image transforms into the other under the control of a computer program. Halfway through the morph observers see a composite image where Dr Jekyll and Mr Hyde are fused into one, or at least they see some kind of average combining the two characters.

	In some cases the identification of calibration points can be automated, as in the case of stitching together two images that have an area of overlap. In this case the two images are scanned for clusters of pixels that have similar characteristics. These constitute the control points. A computer program rotates and aligns the images so that these points overlap one another as nearly as possible. The overlapping areas between the two images will already be very similar, but they are morphed to the halfway or average point to produce an apparently seamless composite image. The technique becomes very powerful when there are large numbers of miscellaneous images, only some of which overlap. There exist automated procedures for taking collections of images and organizing them in terms of overlaps to produce any number of composites, some of which may form panoramic views, as in Google StreetView, with continuous images covering very wide angles of view.26

	Such techniques of automated image calibration, adjustment, and combination have found new application as a way of processing vast quantities of visual data from ubiquitous digital devices. The rituals of amateur photography involve capturing images of people and places, managing archives and collections, and sharing images with others. The display of photographs has expanded to the use of websites, sometimes attached to temporal and locational map information, and organized according to social groups and networks. Vast numbers of images are available from Flickr and related social networks (Facebook, MySpace, Orkut) for all to see and process.27 Enterprising developers have created techniques for searching and stitching images from these sources, notably Microsoft’s Photosynth and Seadragon for generating large composite images and panoramas from stored pictures, and even extracting three-dimensional information about a place.28

	Mobile devices require calibration, but they also generate extensive quantities of data requiring microcoordination and calibration. In the examples here the data usually is visual and coordinated by a third party on managed and centralized servers. Increasingly, such processes occur dynamically, in real time, to some instrumental end and between devices, hinting at advanced interoperability between pervasive digital media devices.

	Optical Interference

	Devices may interoperate, but they may also interfere with one another’s operations in some way, as when the radio waves of a mobile phone are thought to interfere with an aircraft’s internal communications. There are many ways that two signals can interfere, often unpredictably, and sometimes productively, as in the case of the interference between two digital images.

	Two digital images can be overlaid without the sophisticated calibration suggested by stitching panoramas. If the top image is treated as transparent then there are many ways that the two images can be combined. Commonly used image-processing software can average the color values of pixels that are aligned, or only display the maximum in one color dimension of the overlapping pixel values.29 In the manner of a bricolage, image overlays can reveal interesting relationships between images, and generate new and startling relationships, as evident in early analog photography: for example, Man Ray’s 1923 image of a feather superimposed over a pestle and a sheet of glass. Image overlays can also reveal subtle interferences between images.

	Interference is most interesting where two slightly discrepant representations or models come into contact with one other. There is the well-known moiré effect in vision, where a wire mesh is superimposed on top of another wire mesh, and there is displacement in terms of their alignment relative to the eye.30 Some cells in the top grid will be occupied by a view of the wire in the mesh behind, and some will be empty where the wires line up precisely, with a range of conditions in between. The result is an interference effect appearing as a series of light and dark curved bandings or fringes. The effect is evident in the case of various regular patterns, including those involving curved lines. Such patterns are very common, even where grids are identical, and the moiré effect was first regarded as a quality in fabrics, such as silk. As the distance and orientation of two surfaces changes, so too the interference patterns may change, like ripples appearing on a water surface. The observation of fringe banding has been related to hallucinogenic states, and op (optical) artists such as Victor Vasarely and Bridget Riley have exploited moiré effects in their work.

	Optical geometry dictates that the visual alignment of two flat planes varies across the visual field. Such interference patterns are also evident when the grids are on the same plane, as when a coarse-grained photograph from a newspaper is scanned and displayed on a computer screen. The dot array of the image sometimes interferes with the grid array of the computer screen to produce banding of colors and brightness values. Rescaling an image can have a similar effect.

	The moiré effect amplifies small changes. It is sometimes used in the detection of subtle deformations in materials. A grid of lines is printed onto the material to be deformed, and it is viewed through the same grid, which serves as a reference. Subtle movements in the deformed grid relative to the reference grid register as moiré fringe bands.31 As the moiré effect exaggerates small differences, the banding provides a cue to the registration of two models and their calibration with each other. One grid is stretched or adjusted by degrees until the banding disappears.

	Sonic Interference

	The superimposition of sound patterns can also produce regular and detectable intensities, notably in the case of rhythm. Composers such as Xenakis and La Monte Young explored overlays of sonic textures and rhythms. Interference is also detectable in situations involving subtle differences in regular periodicities at the level of the vibrations that make up sound waves, noticeable in the case of musical tuning.

	Early Pythagorean scholars theorized about the relationships between musical notes.32 Take a harp string of a fixed length, tie one end to a nail positioned on a table, and tie a weight to the other end. Hang the weight over the end of the table so that the string is clear of the table surface, taut and of known length between its supports. Next to it place an identical string with the same tension and of the same length. When plucked, the two strings will sound in unison. They vibrate at the same frequency. If one string is shortened slightly, by adjusting one of its fixings at an end, then it will have a slightly higher pitch than the string next to it. When plucked together, they will vibrate at slightly different frequencies. 

	The two strings produce an aural interference effect. Momentarily, in a fraction of a second of being plucked, the two notes reinforce one another, as if in unison, and then a fraction of a second later their slightly variant oscillations produce a slight cancellation effect. This rapid succession of reinforcement and cancellation due to the slight discrepancy in their vibration can be heard as a series of beats that is at a lower frequency than either of the main frequencies. These beats are analogous to the bands of the moiré effect. If one string is vibrating at 100 Hz, and the second at 110 Hz, then the beats will occur at 10 Hz, manifested as a kind of buzzing sound. Other factors such as the resonance of the environment, the materials of the string and fixing, and whether other notes are being played at the same time influence the prominence of the effect, and how listeners might respond aesthetically to the sound. Adjusting musical instruments to control these discordant beats becomes a major tool in their calibration. A piano tuner will adjust a string by successive tightening and slackening, and listening to the varying periodicity of the discordant beats as she does so.33 In fact, each note on the piano has several strings, tuned slightly differently to induce such beats and thereby enrich the sound, or timbre.

	Tuning extends to other vibrating mechanisms. Shock absorbers in cars are tuned to provide the right degree of comfort for passengers and to maintain the vehicle’s stability in handling the road. Buildings and other structures may integrate tuned vibration absorbers (TVA), “tuned so as to cancel the vibration at a particular forcing frequency,” according to a technical paper on the subject.34 Machines that have components oscillating at different rates may require tuning. Jet engines on an aircraft with slightly different rotation speeds produce a secondary vibration that may register as a throbbing sound to passengers, or as an undesirable vibration.35 Where the two vibrating mechanisms are connected further interference ensues. Two discrepant machines, physically connected, each tugging at the other to conform to its own rhythms, can produce a set of shockwaves. The knocking or pinging of a car engine is such an effect, where the timing of the spark tends toward a different cycle from that of the fuel entering the combustion chamber. Tuning an internal combustion engine on a car or motorcycle involves adjusting valves that control the air and petrol mix to the combustion chambers for optimal performance, a process described as a refined craft in Pirsig’s book Zen and the Art of Motorcycle Maintenance.36 Skilled mechanics will listen to the sound of the engine, which involves the complex interrelations between oscillating components.

	The tuning of a radio receiver is also a form of calibration. The listener turns a dial to adjust the sensitivity of the radio to the frequencies of transmission stations. In contemporary digital devices the process is sometimes automated, but has to be repeated when the device is moved to a new location with different reception properties. Technically, electronic tuning is known as demodulation, which hardware hacker Nicolas Collins describes as “multiple stages of amplification, filtering, and frequency shifting.”37

	Tuning in involves tuning out—filtering out unwanted frequencies, and signals that would interfere with the device’s operations, distort the final output (the sounds), or produce other “interference effects.” To the extent that pervasive devices rely on electromagnetic and audible signals they require selective tuning, a recalibration that involves filtering out unwanted frequencies. But interference also serves as a metaphor for the interaction between devices. In the same way that two notes not quite in unison produce a third beat, or two overlaid images produce moiré patterns, interoperating pervasive devices produce effects other than the sum of their parts. Interference banding serves as a metaphor for the rich potential, and shortcomings, within interoperating models. It also points to the potential for the generation of unintended social effects and hybrid artifacts. Images and sounds can be combined to produce not just averages, but also new entities.

	Discrepancy

	Fringe banding is an example of minor discrepancy in alignment, a kind of error that produces a larger effect not always undesirable. It seems that there is no escaping the productive influence of discrepancy. In his review of the legacy of second-order cybernetics, the science of control, and the human-machine relationship,38 Ranulph Glanville underlines the observation that “error is, in itself, neither bad nor good, but endemic—it cannot be eliminated. . . . it is error that drives the system!”39 It seems that discrepancy not only is a matter of scarcely noticed error in small things, but also is inscribed in the generative capability of the universe writ large. It is also evident in language. For Saussure, it is the tiny differences in sound patterns, “the phonetic contrasts which allow us to distinguish that word from any other,” which in turn “carries the meaning.”40 Discrepancy, error, difference, and small increments are closely inscribed in the way things work as well as fail.

	In this section I want to pursue the proposition that human beings inhabit a universe of small increments, in further support of an argument I have developed elsewhere against the tendency toward idealism in the study of digital media41 and that has ample support from various traditions in philosophy, notably Pragmatism, as discussed in the context of inter­action design by McCarthy and Wright.42 Why does this matter? In his seminal work on tangible computing, Paul Dourish proposes “smoother and more natural forms of interaction and expression” that “unify computational experience and physical experience,” and that “unify the physical and electronic worlds to create a blend which is more closely matched to our daily experience and abilities.”43 In so far as the design of ubiquitous technologies appeals to concepts of all-encompassing unities, schemas and typologies, and seamless interaction, they are heirs to a kind of idealism. The tendency toward an all-encompassing norm or standard is implied in McCullough’s account of tuning, which has the character of bringing a network of equipment into a state “based on a qualitative, top level interpretation of the performance, and in best cases, the ‘feel’ of the aggregate.”44 McCullough’s identification of architectural types (places for shelter, work, trade, learning, gathering) as a means to understanding the role of ubiquitous technologies is a variant on the classical and idealist traditions, where the alternative to the recognition of types is thought to lead to “chaos.”45 After all, if the universe cries out for unity, then it is the goal of technological design to abet this progression. Unity is incontrovertibly a virtue, and pervasive devices that blend and adapt are superior to devices that fragment or aggravate human experience. But the experience and observation of the heavens has always revealed discrepant phenomena. Such attention supports the imperative to attend to the gaps and the instruments that work them.

	The primacy of the small increment, of subtle change, is evident in all the senses, but is arguably brought into sharpest relief through the sense of hearing. In his book Microsounds, Curtis Roads discusses the ubiquity of transient events that reveal an instantaneous sonic presence: “We experience the interactions of microsounds in the sound of a spray of water droplets on a rocky shore, the gurgling of a brook, . . . the crunching of gravel being walked upon, the snapping of burning embers, the humming of a swarm of bees, the hissing of rice grains poured into a bowl, and the crackling of ice melting.”46 It seems that musicians, acousticians, sound engineers, and sound designers must attend in their trade to the small temporal interval. Specialists in sonic media seem to exhibit control over increments with greater facility than a visual media artist might attend to flashes of light, momentary glances, pixels or moiré fringe banding. In working with both sound designers and visual designers, in the case of the former I frequently see computer screens showing timelines overlaid with wave forms, divided into temporal units of fractions of a second. Focusing on a single dimension, time, the analysis of sound leads inevitably to the key actions of dividing and subdividing, a compositional strategy examined by composer Iannis Xenakis: “Natural events such as the collision of hail or rain with hard surfaces, or the song of cicadas in a summer field. These sonic events are made out of thousands of isolated sounds.”47

	Small intervals, increments, and discrepancies are closely related. The detection of discrepancies between transmissions provides obvious technical utility. The time gap between the transmission and return of a signal, as in the case of sonar, provides information about distance and location. Similar processes are at work in charting the position of satellites, and depend on temporal discrepancies. Satellites feature prominently in global communications networks and enable the interoperability of much pervasive digital media. The time standard is currently set as ATI (international atomic time), the average of the time kept by several atomic clocks in laboratories across the globe, relative to a reference time and date (January 1, 1977). Atomic clocks usually are set to the radiation frequency of the chemical element cesium, which is a relatively easy chemical to monitor, and has highly stable radiation emissions.48 It ticks at a decidedly regular rate. The positions of orbiting satellites need to be known at any instant so that a GPS receiver on earth can calculate its position relative to the satellites. Satellite positions are calculated by the miniscule time differences in the transmission and reception of radio signals relative to synchronized atomic clocks on the satellites. Time discrepancies are used to calculate the positions of satellites and enable interoperability between precise scientific, engineering, and navigational instruments.

	Tools for timing are important in the context of pervasive media. Clocks and watches were among the first pervasive and portable mechanical devices to be created. Mobile devices invariably rely on timing components. Recall Lewis Mumford’s observations about social synchronization through clocks. There are of course less precise technosocial models that involve the positions of celestial bodies and their discrepant cyclical rhythms. Think of the movements of the sun and the moon. It is a commonplace to note that the sun and the moon are on slightly different courses across the sky, have different periodicities, and have different effects on light, shadow, tides, and weather. From the point of view of this discussion of calibration, it is helpful to think of the solar and lunar models as two technosocial models, isolated for particular ends, that involve looking at the sky, light, shade, sticks, shadows, sundials, tides. By various means the cycles of the sun and moon constitute parts of technosocial models that have been isolated, observed and integrated into human practices over many generations. With contemporary scientific sensibility it is easy to assert in shorthand that the movements of the moon are on a different cycle to the movement of the earth relative to the sun. A single orbit of the earth around the sun is not a whole number multiple of the cycles of the moon.

	The context in which it seems important to consider these models together is in marking out the passage of the days, the seasons, months and years, basic functions brought into consciousness in the case of personal diaries and calendars, digital or otherwise. Various calendars reflect the irregularities between these celestial models and incorporate adjustments that have been agreed by different communities: hence the dis­crepant Gregorian, Islamic, and Hebrew calendars.49 Months are roughly formulated around lunar cycles (28 days), seasons and days fit the solar cycles. Of course, there are at least two models based on the sun. The orbit of the earth around the sun (on average 365.2425 days) does not match precisely a whole number of daily earth rotations.50 An extra day is inserted into every fourth year to avoid a kind of calendar drift.51 Calendars based on the cycles of the moon, such as the Hijri or Islamic calendar drift by 11 days relative to the seasons, and the Gregorian calendar, causing interesting difficulties for people who fast in daylight hours during the feast of Ramadan. The days are longer when the festival period falls in the summer and in regions nearest the poles. The earth, solar, and lunar models are calibrated through various practices, including the maintenance of calendars. As Mumford noted, the development of reliable clocks and standardized calendars was clearly important in obviating local variation, in overriding these discrepancies and introducing new ones.

	There are interesting discrepancies between what sky watchers observe above them and the behavior of living organisms. Biologists Foster and Kreitzman note that without the daily alternations of light and dark, the social regulation of daily routine, and living by the clock, the human animal will tend to drift into a daily cycle that is on average eleven minutes longer than the twenty-four-hour cycle.52 Workophiles and partygoers more happily stay up late and sleep in than retire early and get up early.53 There are dozens of internal cycles that catch up at different rates in the event of major upheavals to the daily routine. The cycles of days and seasons, of the human organism and the animals and plants on which we depend are in a state of dynamic equilibrium, which is to say there are cycles that supplement, resist, interfere with, and push against one another.

	Certain scholars advance a critique of pervasive communications media in terms of such cyclical dynamism.54 Insofar as society depends on digital devices, it further inures itself against those intricate variations of place. In so far as place depends on local differences, the instant transportation evident among mobile phone users further emphasizes removal from place, or a situation in which people regard every place as the same, or treat places instrumentally. Local differences are reduced to time-zone differences that further instrumentalize labor to a twenty-four-hour cycle. While keeping to their own daily cycles, workers on the other side of the planet effectively perform tasks overnight and return completed outcomes the next morning.

	Classical cosmologies seemed to conspire toward the suppression of discrepancies in favor of regular, circular geometries. Vitruvius described the laying out of a temple according to sixteen wind directions, easily derived from the movement of the sun.55 The clock is divided into twelve units, the year approximates an ideal cycle of 360 days, divided into twelve signs of the zodiac. Circularity and centrality become emblematic of order and harmony, and become the means of understanding and ordering the cosmos. Plotinus, the ancient philosopher, spoke of a universe made of concentric spheres, with the earth at the center, inflecting premodern cosmologies with a “rotary motion.”56

	As if in resistance to idealized models, leap days are obvious manifestations of the discrepancy within temporal models. Contrary to idealized rotary motions, there is evidence that discrepant periodicities of celestial movements have been the focus and driver of both ritual and scientific practice. Were the configurations of the stars and the heavens as regular and obvious as the rotation of a wheel then they might have drawn less attention.

	Music features prominently in thinking about order, discrepancy, technology, and cultural transmission.57 Musical instruments precede clocks, and personal stereos were among the first mobile electronic devices. So music already pervades the way designers and consumers think about ubiquitous media. More profoundly, music was thought to provide evidence for the harmonious union of all things. But the so-called “music of the spheres,” the ancient belief that the movement of the planets accords to harmonic ratios,58 brings discrepancies further into relief. The seventeenth-century astronomer Johannes Kepler (1571–1630) is attributed with explaining the orbits of the planets around the sun as elliptical, and devising the mathematical means for calculating their paths. At the end of his extensive research and writing, and in a manner that accords less with contemporary science, he expounded on the complex relationships between planetary motions and musical harmonies.59 He decided to calculate the ratios between the planets based on the average distance in degrees across the sky that each planet would traverse if seen from the surface of the sun over a given time period. He asserted: “The ratios of the apparent movements of the single planets approach very close to harmonies.”60 So Saturn and Jupiter, at the outer extreme of the known solar system, are an octave apart, and the interval between Jupiter and Mars is a minor third, almost. Kepler’s model exhibits inevitable dis­crepancies when compared with other modes of observation, but also internally in terms of the model itself, which he details in terms of different scale units. For Kepler these discrepancies point to a “higher wisdom” that eludes him.

	It is asked whether the Highest Creative Wisdom has been occupied in making these tenuous little reckonings. I answer that it is possible that many reasons are hidden from me, but if the nature of harmony has not allowed weightier reasons—since we are dealing with ratios which descend below the magnitude of all concords—it is not absurd that God has followed even those reasons, wherever they appear tenuous, since He has ordained nothing without cause. . . . God chose nothing without a geometrical cause of some sort, as is apparent in the edges of leaves, in the scales of fishes, in the skins of beasts and their spots and the order of the spots, and similar things.”61

	Kepler sought to preserve the ideal rotary motion of things by appealing to the symmetry and logic of harmonic ratios. By a slightly different reading, it is precisely the discrepant that motivates his metaphysical explanation, both in attributing the discrepancies to higher mysteries and the relentless quest to arrive at certain truth. Later astronomers of course abandoned explanations in terms of harmonic ratios, in part as the discrepancies between increasingly sophisticated models of observations and the musical model became so vast as to be uninteresting and unproductive. Of course, Kepler’s abiding legacy lies elsewhere than in the harmony of the spheres, but in the more persistent mathematics of orbital movements, which in turn generated its own discrepancies, and later theories about gravity and the detection of new planets.

	Philosophers of science such as Mary Hesse discuss such discrepancies between models in terms of analogy and disanalogy.62 Kepler worked with an analogy between a model of musical harmonies and a geometrical model of the solar system. Hesse refers to other cases of the attempted alignment between the behavior of sound waves and light waves, which provided an obvious case of disanalogy. Sound and light are alike in many respects, and many of the calculations that are applied to sound waves can also be applied to light. The major disanalogy between these two models is in the issue of media. Sound waves are propagated through air particles, but an equivalent medium in terms of electromagnetic (light) waves is notoriously elusive, its absence requiring further sophistication in the development of the model of how light behaves. Two models are brought into line by new technique or are seen to deviate to such a degree that no amount of fine-tuning brings them into line. So the alignment between the models tends to be abandoned, as in the case of harmonic ratios and planetary motion. Philosopher of Science Thomas Kuhn describes this degree of irredeemable discrepancy in terms of incommensurability.63 Two models eventually are seen to be on different scales and to use different variables, and do not compare or measure up. Over successive refinements, observations, and theoretical developments the models drift apart to such a degree that comparisons are no longer useful.

	The identification and resolution of discrepancy is as much a motivator for developments in science as may be claimed of correspondences and similarities, the language of categories and standardization. More precisely, I would say that the developments of sociotechnical devices, which include pervasive media, are driven by discrepancy.

	On the one hand the social historian may wonder at how such symmetrical contrivances as ideal harmonic ratios and orbital geometries gained purchase in the light of obvious discrepancies. On the other hand it may be precisely because of the discrepancies that the concept of ideal circular geometries has held sway. For the classical architect Leone Battista Alberti (1404–1472), “Beauty is that reasoned harmony of all the parts within a body, so that nothing may be added, taken away, or altered, but for the worse.”64 What is the assertion of this criterion but a presumption of the existence of discrepancy? Architectural historians Hart and Tucker relate Alberti’s tendency to emulate Aristotle’s quest for the mean, or mediocrity, away from extremes, to the rationale for decorous and polite architecture.65

	Ideal geometries are the perfection that is only falteringly perceived and observed in an imperfect world. According to this view, it is the discrepant gap that holds together concepts of order. The discrepant fuels the conviction of a transcendent all-encompassing unity, Kepler’s higher mystery. That the solar year deviates from the manageable geometry of 360 days provides further evidence that the world does not yet enjoy the perfection to be found in the realm of ideals. For cultural historian Adrian Snodgrass, awareness of this discrepancy motivated aspects of Indian temple architecture and symbolism. Discrepancy kept things moving: “As there is a remainder there is no end, the cycle recommences, and time continues on. The residue is thus the seed of the next cycle. . . . No further motion is possible without the discrepancy between one cycle and the next.”66 Hence, the Vâstu mandala building form is both a residence and a residue. The Vâstu is the place where the gods reside. It is also the residue of a sacrifice.67

	The identification of the remainder is further support for the imperative to attend to the gaps, the place-filled thresholds in environments, and the ubiquitous technologies that open, bridge, occlude, and moderate gaps. It also suggests that designers should attend to operations around the gap, the stretching, the oscillations, the tightening and relaxation, the attention and listening through which tuning is accomplished.

	The circle is a potent geometry for giving an account of space and time, but it is also a special case of a series, assuming regular periodicity. Circular geometries bring sequences back to the start and occlude certain variations. Periodic variations between models inevitably lead to drift, where events don’t quite line up.

	Temperament

	The ways that people deal with sound provide interesting models for understanding pervasive digital media. As I shall show, sound is conspicuously discrepant. Considerations of sound provide a means of further unsettling the idealism at the heart of much thinking about the smooth melding of technology and environment. Music provides further evidence for the occlusion of temporal gaps and the battle between circularity and periodic variation. In keeping with my theme of digital devices as a means of tuning place, I need to attend further to the question of musical tuning.

	The harmonies to which Kepler referred have a mathematical derivation that was well known from as long ago as the time of Pythagoras. I return to the string stretched across a table as described earlier. A second string with the same properties and end conditions but half the length will vibrate at twice the frequency. The difference between the two notes so produced is the octave. If successive strings are produced, each half the length of its neighbor, then this produces a series of octaves; in other words, each delivers a frequency twice its neighbor’s in an increasing succession of octaves. Slight variations in this series produce the beats previously referred to, and introduce a kind of distortion, noticeable as a mismatch, or discord. Tuning involves making fine adjustments to be sure the intervals are accurate, or at least deliver the appropriate doubling of frequencies.

	It is worth looking at musical intervals in a little more detail. There are of course other intervals than the octave in play in musical instruments. In fact, in Western music the octave is so called because it is divided into eight notes, or more precisely twelve notes (semitones) that are combined into eight divisions of one and two semitone intervals. How are these twelve semitone intervals derived? As is evident from inspecting the neck of a guitar or other fretted instrument, the intervals are not marked out as regularly as a linear thermometer scale. There are several methods of deriving the musical scale, one of which involves whole-number ratios to derive an exponential musical scale, the so-called Just scale.68 Another, more mathematically consistent method attributed to Pythagoras is to work on the half octave. In order to produce a note that is half an octave higher you reduce the string to two-thirds its length, easily achieved by positioning a finger appropriately on a stringed instrument such as a violin. This produces an interval that fits well with the octave sequence. A single note that falls at the two-thirds point in the octave range vibrates sympathetically with the octave. This half octave note can be used to generate a further series of half octaves, each vibrating at one and a half times the frequency of its neighbor to produce simple two-note harmonic chords. The twelfth note in the half-octave series matches the eighth note in the octave sequence. The twelve-note scale is produced by bringing each note in the half-octave sequence within the range of the same octave, by successive doubling and changing their order from lowest to highest. This produces a series of divisions something like the fret positions on a guitar. The twelve-note scale is regarded as flexible and harmonious, and seems to allow for note combinations that exploit the natural harmonics of vibrating strings and columns of air of the kind deployed in musical instruments. The twelve-note scale is exponential and not linear. The half octave actually falls on the seventh semitone in the twelve-note scale, and is actually called the perfect fifth. The fifth note above C is G, followed by D, A, E, B, F#, C#, G#, D#, A#, F, and back to C. Musical scales and harmonies make use of this so-called cycle of fifths, which encapsulates important relationships. The cycle is a useful way of modulating between scales, that is, it demonstrates relationships between musical keys.

	However, as is well known to classically trained musicians and musicologists, there is a discrepancy in the model. The seventh note in the sequence of octaves and the twelfth note in the sequence of half octaves only approximately match, and by an amount that can be easily calculated and detected as the beats that occur when two notes that are not exactly in tune are played together. Musical instruments that operate with a musical scale derived from the cycle of fifths may sound out of tune. Intervals that sound harmonious in one part of the scale may sound discordant in other parts of the scale. Melodies and harmonies that leap across octaves and that modulate between different scales will sound particularly discordant.

	The discrepancy between the octave and half-octave sequences can be calculated, and has been named the comma (the Pythagorean or diatonic comma), a slight pause, or gap. This discrepancy or remainder is about a quarter of a semitone accumulated across seven octaves.69 Contemporary tunings involve subtle “correctives” to ensure that musicians can move freely across scales and octaves and preserve standardized control over harmonies. Such tuning spreads the discrepant comma evenly across the scale so as to be scarcely noticeable. The musical scale has been tempered, the effects of the comma discrepancy rendered less extreme, and the widespread adoption of the well-tempered or even-tempered scale around the time of J. S. Bach (1685–1750) is one of the hallmarks of classical music.

	Such even temperament is of benefit where standardized instruments are deployed.70 Singers who can keep a tune without instrumental accompaniment can apparently perform without recourse to even temperament. They and their listeners can harmoniously migrate across complex melodies and harmonies, and modulate between keys, even ending the piece several semitones above or below the equivalent notes at the start of the composition. According to one musical theorist, if Mozart’s opera Don Giovanni were sung unaccompanied, then the final pitch of the last phrases of the opera would drift five or six semitones flatter than at the beginning.71 At no stage would the singers or audience be disturbed by this shift, as long as an orchestra with its evenly tempered, standardized instruments did not attempt to conclude the work by striking up the last chord of the score.

	It is complex instrumentation and the ability to form ensembles of instruments that encourage standardization to the even-tempered scale. To this extent even temperament could be said to mechanize or even dehumanize musical production.

	The defense of a musical scale that is not so well tempered has become a celebrated cause by certain practitioners of electroacoustic music who want to challenge the primacy of the octave and explore dissonance,72 as well as by social theorists such as Max Weber. He saw the quest for even temperament of the musical scales as symptomatic of the unfortunate imposition of industrialization and standardization into the arts.73 Consumers benefit in the age of industrialization from the transportability of music across national boundaries, but according to this argument, in the process music has lost regional nuance and color. In fact, even temperament represents a form of colonial domination and Eurocentrism. Music making outside of the Western classical tradition can exhibit other tuning practices, as in the case of the Indian sitar, that not only deploys a different scale system, but also different tunings according to the time of day.74 Calibration and conformity come to the fore in the modern era. They pertain to measurement, mathematics, factory production, predictability, uniformity, control, and the paraphernalia of science and advanced technologies. The charge holds if I extend the criticism to pervasive digital media, which again promote and require standardization, glossing over local differences. Is the world being tuned and therefore being subjugated to the same scales, or does tuning provide an opportunity to adapt to a local condition?

	It is interesting that the discipline that is so emblematic of order and harmony, namely music, is conspicuously infused with challenges to that order from within. Accordingly, the mathematics deployed to validate that order indicates discrepancy.75 The necessity of the comma is further evidence of the compensations necessary to push order toward the geometry of the circle. It could be said that architecture and music have long focused on proportion and harmony, but in doing so have manifested the remainder, the excluded, the superfluous, and the deviant. The tuning of place could be seen as a restoration of the discrepant, of the local, a reversion to the unevenly tempered Just scale, or local, diurnal scales of other traditions.

	The tuning of place need not insist on regularization. To the extent that they form part of the perceptual and social apparatus of place, contem­porary ubiquitous media can enable subtle tunings without regularization, further evidence for which comes from an appreciation of the legacies of inconspicuous adjustment.

	The naming of the comma, the discrepant, the remainder is perhaps one of the earliest recognitions of the central role of difference. Considering how important it is to calibrate, adjust, and tune equipment, then, the social historian might expect discrepancy to be a major factor embedded in other human practices, including architecture and art. The identification of early concepts of calibration and tuning, the subject of the next chapter, can inform contemporary design, urbanism, and the tuning of place.
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