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Chapter 8. Farewell to constructivism: technology and 

context-embedded action 

 

Jannis Kallinikos 

 

Introduction 

 

If you are asked whether technology influences human behaviour, do not hasten to answer in the 

affirmative. You may be accused of being determinist, and you could attract a swarm of other, 

rather derogatory, adjectives. If you express the belief that technology is a distinct realm of 

social life marked by its own specific rules, practices, and conventions, then you may be looked 

upon with suspicion and declared as an unforgivable essentialist (e.g. Grint and Woolgar 1997). 

Easy labelling of this sort is, of course, an old rhetorical strategy that serves purposes other than 

analytic. Yet the issues raised by these labels are deeply serious. The view that technology is but 

social, and technological artefacts interpretable and reshapable to the demands of situated agents, 

has tended to acquire the status of an unquestionable belief, at least as far as the disciplines of 

information systems and organization studies are concerned. While being originally a sound 

counter-reaction to a simplified conception of technology as descending from engineering, such 

a belief is misleading, unless qualified in elaborate ways.  

 

Brought to its extreme, the view of technology as locally negotiable ends up bypassing 

both the issues raised by the highly sophisticated strategies of objectification which 
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contemporary technologies embody, and the forms by which such objectified inventions have 

cumulated over time. Such an understanding of technology becomes inevitably user-centric and 

tends to reduce the impact of technology to that slim area upon which users, or humans in 

general, encounter technology.1 Technological systems, though, involve a large array of 

technical and organizational factors that may not be apparent at the level at which humans 

operate or come into contact with technology (Borgman 1984). For instance, the behaviour of 

passengers in airports can often be understood more adequately by reference to the overall 

structure of control procedures imposed for air safety and the mass handling of people, rather 

than by relating it to the dispositions of particular people with regard to these procedures (Misa 

2003). Similarly, apparently simple software applications like word processing are supported by 

a complex array of software and hardware components, the history of writing techniques, and 

other institutions, only a small portion of which is instantiated at the user interface (Kallinikos 

2002).  

 

Legitimate and highly desirable as it may be, the user-centric understanding of 

technology avoids confronting the distinctive standardization brought about by technology. It re-

echoes an old-fashioned humanism that re-enhances the widespread and ultimately rationalistic 

(despite assertions to the contrary) conception of humans perceived as being fully in command of 

their affairs (Heidegger 1977; Kallinikos 1996). After all, technology is a servant of human 

agents, and if it fails to stand up to this expectation it can be ignored, resisted, or reshaped to 

achieve the goals that are usually perceived as being tied to its implementation in particular 

settings. 
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 In this chapter, I would like to debate - and ultimately question - that belief. Technology 

is certainly socially constructed (what else could it really be?). However, the historic conditions 

under which particular technologies emerge and develop, and the forms by which they have 

become institutionally and socially embedded, often coalesce in ways that can make technology 

a recalcitrant ally. Human inventions solidify over time, as layers of technical, organizational, 

and social developments get superimposed one upon another to create complex systems that 

impose their ways of operating. This observation is crucial to the study of technology and an 

appreciation of the impact it may have on human affairs. For, as suggested above, the activities 

that take place at the human–technology interface cover but a limited area of a wider system of 

instrumental relations, sustained by a huge network of technical, organizational, and social 

arrangements that render the functionality and contextual enactment of a specific technology 

possible. Some salient examples include railroads, electricity, or gas networks and large 

information packages (Hughes 1987; Misa 2003). Systems of this sort choreograph, as Misa 

(2003) formulates it, the human effort in intricate routines that evade contextual adaptation or 

manipulation. 

 

The above observations foreshadow the argument to be put forth in this chapter. The 

study of technology and its social impact cannot be exhausted at the very interface upon which 

humans encounter technology. Essential strips of reality are not observable or even describable at 

the level of contextual encounters (Searle 1995). Situated accounts of technology must be 

supplemented by wider reflection that captures the complex web of dependencies, 

interoperabilities, and institutional relations that sustain the embeddedness of technology in local 

contexts. Such a complex web of relations surpass the horizon of the present, and involve the 
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mediation of history and culture in ways that cannot be reduced to the study of actor networks 

(e.g. Latour 1986; Bijker and Law 1992). History and culture reach down into mundane 

technological operations in a variety of ways, but a very forceful one is what Hanseth (Chapter 5 

this volume) calls backward compatibilities: the need to comply with the constraints (solutions, 

standards, organizational arrangements, etc.) that the march of technology has produced through 

time. 

 

 The chapter is structured as follows. I initially reconsider in broad terms the involvement 

of technology in human affairs. In so doing, I revisit the constructivist understanding of 

technology in order to place its contribution into a wider context of technology studies, while at 

the same time discussing some of the claims of constructivism that I find problematic. I then 

outline a view of technology as a complex interdependent system of technical, social, and 

organizational elements, along the lines briefly mentioned above. The major claim presented is 

that these elements enter into multiple relations of compatibility and mutual accommodation; 

these constrain the very inputs the system admits, and invite human participation along highly 

selective paths. Local involvement of technology comes with a huge package of constraints that 

enable human choice through precisely the exclusion of alternative paths of action. Some of 

these claims are then exemplified by considering the developmental trajectory of those 

configurable software packages known as Enterprise Resource Planning (ERP) systems. 

 

Constructivism revisited 
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The significance currently attributed to the processes through which human agents develop, 

encounter, and shape technology in local contexts is closely associated with the diffusion of 

social constructivism and the study of technology’s involvement in human affairs by recourse to 

constructivist methods (e.g. Bijker, Hughes, and Pinch 1987; Bijker and Law 1992). Social 

constructivist approaches to technology have somehow managed to become identified with the 

term ‘social studies of technology’, but they are by no means the only ones that stress the social 

character and involvement of technology. The social study of technology has a long history (e.g., 

Mumford 1934; Winner 1977). It would not be unfair, I believe, to claim that the major 

contribution of constructivist studies of technology is the primary importance it attributes to 

contextual dynamics, rather than the awareness which constructivism may have created of the 

social involvement of technology. Whether investigating the development of new technological 

innovations (Bijker, Hughes, and Pinch 1987; Suchman 1987, 1996) or the forms by which 

existing technologies are brought to bear on local contexts (Suchman 1996; Heath, Knoblauch, 

and Luff 2000; Orlikowski 2000), social constructivism gives a key role to the very processes by 

which technology is locally negotiated. 

 

 From the constructivist view, the development or use of technological systems involves a 

heterogeneous ensemble of social, technical, or scientific elements that agents draw upon in 

order to frame, instrument, and act upon the issues they confront. Such elements often support, 

implicate, deny, or undo one another, in a political or micro-political game that involves the 

pursuit of divergent and often incompatible objectives (Bijker 2002). Nevertheless, technological 

systems produced this way tend to become gradually closed and consolidated, exerting 

significant influence upon posterior choices (Hughes 1987). However, the unquestionable impact 
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of technology on society and organizations cannot be adequately understood, constructivism 

maintains, apart from the objectives, capabilities, and biases that criss-cross those contexts into 

which each particular technology finds itself embedded (e.g. Bijker, Hughes, and Pinch 1987; 

Suchman 1987; Grint and Woolgar 1997).  

 

 The complex socio-political character of the processes of technological change and 

innovation, and the inescapably context-embedded forms of its redeployment and remaking, 

constitute the basic tenet of constructivist research. Seen as a reaction to the oversimplified 

assumptions of a rigid and largely a-social world outlook of economists and technologists, social 

constructivism appears to have made a valuable contribution to the contemporary understanding 

of the process of technological development or use. Such a contribution underscores the 

haphazard, ambiguous, and local character of this process, and the social dynamics out of which 

technological systems and artefacts emerge and become embedded or used in particular settings.  

 

 Despite this, the contribution of constructivism remains somewhat suspended when it is 

placed within the wider field of the social studies of technology. Indeed, stripped of its details, 

social constructivism would seem to deliver a rather trivial message. As already indicated, the 

assumption concerning the social character of technology does not appear particularly 

innovative. The reciprocal and complex relationship of technology to society is one of the more 

persistent themes in the intellectual history of techniques. In Technics and Civilization, his 

monumental work written in the 1930s, Lewis Mumford (1934) devotes his introductory chapter 

of nearly sixty pages to what he called the ‘cultural preparation’ coinciding with the 

technological take-off of western modernism. With the rigour and imagination characteristic of 
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his style, Mumford describes how a diverse system made of values (e.g. progress, materialism, 

equality), institutions (e.g. money, market capitalism, science), interests (e.g. classes and social 

groups), and diverse techniques (e.g. central perspective in painting, cartography, printing, 

measurement, and calculation) was essential to the technological orientation and material 

development of modern times. All these forces combined to form what social constructivists 

would today call a heterogeneous ensemble of techniques and forces out of which the 

development and consolidation of various technologies emerged. Other important studies on 

technology have also pointed out and documented the complex organizational, social, and 

political processes underlying the invention, development, consolidation, and deployment of 

technological artefacts and systems (e.g. Ellul 1964; Winner 1977; Castoriadis 1984; Noble 

1984; Beniger 1986). 

 

 Studies of the sort exemplified by Mumford (1934, 1952) or Winner (1977, 1986) exhibit 

a macro-sociological or historical orientation that social constructivists claim is prone to 

overlook the specific circumstances under which any given technology is locally understood and 

managed. From the constructivist’s view, studies focusing on macro-sociological or historical 

patterns of technological evolution tend to leave obscure the diversity of the forms by which any 

given technology is locally developed or used. It is precisely this void, created by the bird’s-eye 

view intrinsic to the historical, macro-sociological studies of technology, that constructivism 

claims to be addressing. By focusing and documenting context-specific processes, constructivism 

claims to be better placed to disclose the irrevocable contextual dynamic by which technology is 

negotiated, interpreted, remade, or even misused in local contexts - and its possibilities 

reinvented, redeveloped, manipulated, or destroyed. Human intentionality as revealed in the 
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active complicity of social actors in constructing and interpreting technological objects become 

essential and indispensable components of the overall processes by which various technologies, 

as opposed to technology in the abstract, are developed and used (Suchman 1987, 1996; Leigh-

Star 1992).  

 

Beyond local contexts  

 

The constructivist claims outlined above take us at the heart of the issues that concern us in this 

chapter. The disclosure of the context-embedded processes through which technology develops 

or becomes involved in local affairs is indeed essential to the social study of technology. Yet, the 

same holds true for all those wider social constituents that reflect the developmental trajectories 

of particular technologies and the institutional/organizational forms by which they have become 

involved in social life. It is woefully regrettable that constructivism has turned its back, if not in 

principle at least in practice, to these wider processes (Misa, Brey, and Feenberg 2003). There 

are various limitations following from such a choice.  

 

First, technological characteristics that embody these wider historical and institutional 

processes and which partake in the constitution of local contexts are ignored.2 Social agents are 

not disembodied spirits; instead, they are complex ensembles of skills, proclivities, and roles, 

some of which are brought into being by technology itself (Hasselbladh and Kallinikos 2000). 

Technology is not just an exterior force that encroaches upon local, technologically ‘unspoiled’ 

contexts, though it may be used that way; most of the time, technology partakes in the 
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constitution of local contexts and agents. The issue of ‘who’ interprets and locally negotiates the 

meaning and functionality of technology therefore needs to be addressed.  

 

 Secondly, there is the issue of technological complexity due to backward compatibilities, 

functional interoperabilities, and standards - and all those technical and institutional constraints 

about which locally-embedded agents do not have much discretion (Hanseth 2000). When placed 

against the backdrop of this technical and institutional tangle, the constructivist notion of 

interpretive flexibility (Bijker, Hughes, and Pinch 1987) can be seen in its right proportions. 

Commenting on W. I. Thomas’ dictum stating ‘if men define situations as real, they are real in 

their consequences’, an acknowledged interactionist such as Erving Goffman (1974: 1) provides 

the following instructive remark: 

 

[T]he statement is true as it reads but false as it is taken. Defining situations as real certainly has 

consequences but these may contribute very marginally to the events in progress; in some cases 

only a slight embarrassment flits across the scene in mild concern for those who tried to define 

the situation wrongly. All the world is not a stage - certainly the theatre isn’t entirely.  

 

 Thirdly, there may be major technological characteristics whose adequate understanding 

demands to be studied in ways that transcend local contexts. For instance, the growing 

involvement of information systems in organizations could been seen as tending to cognitivize 

work and make it an extensive encounter with symbol tokens of various kinds (e.g. Zuboff 1988; 

Sotto 1990; Kallinikos 1999). While the study of computer-based information systems in context 

helps to illuminate effects of this sort, the adequate appreciation of these systems necessitates 

placing their study in a wider historical context that takes into account the evolution of writing 
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techniques, the development of paper-based information systems, and the role oral forms of 

interaction and communication have assumed in this process (e.g. Beniger 1986; Bolter 1991). 

Historicity becomes crucial for understanding how technology surpasses its embeddedness in the 

‘here and now’, and influences humans by framing and parsing reality in surreptitious ways that 

reflect a long process of evolution (Cassirer 1955). 

 

Fourthly, epistemological/methodological concerns informed by the aforementioned 

remarks suggest that the abstract characteristics of technology that transcend time and space are 

not observable in the way that usually applies to human behaviour in local contexts. 

Ethnographic accounts of the processes by which technology is assimilated in local contexts may 

thus be unable to document these abstract attributes of technology. Local actors may reflect on 

one or other aspect of technology, but they are unlikely to give accounts that touch upon wider 

social or historical processes. In principle, nothing prohibits the empirical investigation of local 

contexts from assembling the wider picture of the historical and institutional embeddedness of 

particular technologies. In practice, however, the study of local processes usually ends with a 

number of interviews, some observations, and - in the best case - with the study of documents 

that are associated with the local involvement of a particular technology (e.g. archives, decision 

minutes, protocols).  

 

There is often a sort of what I would call ‘ethnographic positivism’, where empirical data 

that are basically fabricated by the researcher’s orientations, perceptive biases, and methods are 

taken as the ultimate yardstick of assessing reality - at the same time as important, but not 

immediately observable, aspects of that reality are ignored. Although social constructivism 
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cannot be made responsible for this sort of revenge which empiricism takes on theoretical 

imagination, it is how constructivist studies of technology have virtually ended up (e.g. 

Orlikowski 1992, 2000; Heath, Knoblauch, and Luff 2000). The spirit of the situation is captured 

well by Richard Penniman’s poignant formulation which Winner (1993: 371) brings to bear on 

the present context in claiming that, in the end, social constructivists ‘got what they wanted but 

they lost what they had’. 

 

Implications of the growth of cross-contextual systems 

 

The discussion above acquires particular importance as contemporary forms of life are 

increasingly characterized by the rising diffusion of all sorts of artefacts and systems that cross 

the boundaries of local contexts, mixing remote traditions, techniques, and orientations (Beck 

1992, 2000; Giddens 1984, 1990). Indeed, what we call local contexts are very different today, 

not only from the relatively isolated world of medieval communities but also from the 

corresponding contexts of early modernity. They are pervaded by systems, artefacts, and life 

styles that originate from other, often radically different traditions and life patterns. The issues 

associated with the ways social and administrative traditions and forms that are locally 

embedded may implicate cross-contextual systems in their reproduction therefore emerge as 

crucial, at the crossroads of the current age. All sorts of technologies and systems now travel 

rapidly across the entire globe, reconfiguring important premises of local contexts and thereby 

contributing to the formation of new expectations - and not infrequently to disappointment or 

frustration.  
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 A few tricky questions are related to the increasing diffusion of technologies, methods, 

and artefacts of global reach. Local practices by definition reflect a long process of trial-and-

error learning. They are the outcome of experience (adaptation in the broad sense of the word) 

sedimented in culture and social structure. However, the speed and comprehensives of change 

taking place today defy the languid, time-consuming forms by which situated practices develop. 

We must join Luhmann (1993) and admit that there is no time for locally-induced adaptation 

today, or perhaps that time is becoming an increasingly intractable issue for situated forms of 

action. The problem is solved by importing time in the form of elsewhere-constructed systems 

and technologies. 

 

 The increasing presence of cross-contextual systems/technologies in organizations makes 

evident that they cannot any longer be treated as an exterior and largely disturbing form that 

violates the cannons of local contexts and situated action. Cross-contextual systems/technologies 

participate in various ways in the making of local life. Their relationship to local contexts cannot 

be gauged simply in terms of exteriority. The question is not simply of interpreting, 

reconstructing, appropriating, or even enacting them, as Orlikowski (2000) suggests. The time is 

ripe to chart how these systems participate in the making of local contexts and situated forms of 

actorhood (subjectivities), by defining the domains of relevance and providing the means and 

procedures for acting upon these domains, forms of communication and information exchange, 

and work monitoring. The widespread assumption that people define their situation in connection 

with their choice to act in particular ways (the interactionist legacy), and that they therefore 

approach technological objects and devices through a process of interpretation and sense-

making, must be attributed its right proportions.  
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 Technology and human action, cross-contextual systems, and context-embedded forms of 

life cannot adequately be understood on the assumption that the one is exogenous to the other. 

Interpretation is not a posterior act of resistance to technology or a sinister appropriation of it. 

These options cannot, of course, be ruled out. There are plenty of cases to indicate a collision of 

values and practices that make the model of ‘resistance’ an appropriate tool for studying the 

forms by which cross-contextual systems are brought to bear on context-embedded practices. 

However, interpretation is not limited to resistance. It constitutes an intrinsic part of the social-

life process, by means of which humans seek to enact actively the possibilities inherent in 

technologies, and cross-contextual systems in general, in order to construct particular forms of 

actorhood in local settings (Hassellbladh and Kallinikos 2000).  

 

On the other hand, while interpretation and sense-making are indispensable components 

of the process of embedding any given technology in a local context, they take place from a 

much narrower horizon of meanings than that constructivists tend to assume. Contemporary 

humans do not encounter a given technology with wide-open possibilities, nor does technology 

itself admit similar patterns of human participation. The human–technology interaction is subject 

to premises that are tight, yet elusive and easily overlooked. The use of apparently simple 

devices such as the car, TV set, or word processing program presuppose training, development of 

skills, and conformity to core procedures. Most importantly, the involvement of people with 

technologies in formal organizations is not predicated upon the people’s mobilization of their 

entire spectrum of interests, values, feelings, and orientations underlying their personality. 

Rather, in situations of this sort, contemporary humans invoke selected aspects of themselves 
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that usually have an instrumental orientation, while suspending the invocation of all other 

characteristics of their personality that do not bear upon the situation (Luhmann 1995; Gellner 

1996; Kallinikos 2003).These claims demand a detailed exposition. 

 

The system of technology  

 

Functional interdependencies and temporal patterns 

 

The standardized and recurrent forms by which technology invites human participation can be 

appreciated against the background of its systemic character. I use the term ‘system’ here in a 

rather loose way to indicate the dynamic interdependence of the items, procedural steps, and 

processes constituting particular technologies. A given technology could thus be seen as 

constituting a complex arrangement of items, steps, and operations that bear upon one another in 

ways that create a pattern of functional interdependencies and temporal sequences. The 

functional interdependence and temporal pattern of the component items/processes demarcate the 

system in relation to its environment, and represent a crucial means upon which the self-

referential functioning of the technology is predicated. 

 

 The patterns created by the functional and temporal interdependence of the various items, 

steps, or operations represent evidence of the systemic character of technology. Perhaps modern 

technology could be envisaged as a system by exploring the insights of a linguistic analogy 

(Kallinikos 1995, 1996). A given technological system could thus be analyzed in synchronic 

(metaphoric) terms that capture the population and the functional interdependence of its 
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elements, and on diachronic (metonymic) terms that define the temporal sequence of the 

elements and the formation of processes. It is of the utmost significance to realize that, to a large 

extent, the design/functionality of particular items and operations responds to the demands for 

functional complementarity, compatibility, and internal accommodation with the other items and 

component processes that constitute a given technological system (Borgman 1984).3 This is how 

technological systems are constituted and reproduced through processes that exhibit strong 

elements of self-referentiality (‘blackboxing’). 

 

 Drawing on similar observations, Luhmann (1993) suggested that the ‘geist’ of modern 

of technology is captured by the twin strategy of ‘functional simplification’ and ‘closure’. This 

suggests that technology is predicated upon the selection of a function or set of functions and the 

layout of sequences and causal patterns which guarantee their recurrent order through the very 

exclusion of known or unknown events that may have disruptive effects on its operations 

(Mumford 1934, 1952; Kallinikos 1996). The predictable forms by which technology regularly 

operates are due precisely to the construction of causal patterns and sequences, whose recurrent 

unfolding is ensured through the exclusion of unforeseen factors. Functional simplification, in 

this sense, coincides with the controlled reduction (insulation) of causal interactions. In so doing, 

however, technology compresses and intensifies these interactions and magnifies both their 

power and disruptive force. Nuclear power stands as the epitome of technology’s distinctive way 

of constructing/regulating reality, but most technologies make use of, albeit in varying degrees of 

intensity, the same strategy of control and regulation. 
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 The example of nuclear technology indicates that the strategy of functional simplification 

does not make technology a simple accomplishment. Quite the opposite, it implies the selection 

of a function, or set of functions, that has to be performed in a reliable fashion, often in a 

magnified scale involving various types of complications. Another example is that of the 

technology of automobile freeways. Functional simplification here is expressed in the speed by 

which long-distance traffic is organized, and it is instrumented through broad, multiple, 

direction-separate lanes that entail functional-closure as a means of excluding incidences that 

may disturb traffic flows. Functional simplification and closure imply that the freeway system 

admits only certain types of inputs and behaviours; walking, biking, and driving at low speed are 

instances of inputs and behaviours that violate the premises of the technology of freeways. 

 

The selective premises by which humans encounter any technological system, and the 

limited space of discretion they have in relation to that system, is due precisely to the twin 

strategy of functional simplification and closure - and the self-referential, recursive way by 

which they are called upon to join the system. Accidents and technological failures suggest that 

the strategies of functional simplification and closure are always incomplete, and that 

technological systems do differ in terms of how well these strategies are organized and 

implemented. It is regrettable that constructivists have paid so little attention to these cardinal 

differences, as they shape considerably the premises upon which humans encounter technology 

and define the discretion they have to modify the system locally. To a large extent, this holds 

true for configurable technologies, although differences do exist, as discussed in the last sections 

of this chapter. 
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The role of self-referentiality 

 

The description of technology as a self-referential system applies equally well to both relatively 

simple devices, such as those exemplified by industrial appliances, and complex industrial 

technologies, for instance those represented by the assembly line in mass production or the 

refinement process in continuous-process industries. Strange as it may seem, the self-referential 

character of technology is better exemplified by contemporary computer and information 

technologies. Simpler programs or complex software packages are nothing other than 

arrangements of cognitive items and functions, together with a set of rules or procedures by 

which they relate to one another. Connectionism as a programming methodology, in particular, 

provides clear evidence of the recursive forms by which technology acts upon its environment. A 

program is able to learn by drawing on the ‘experience’ produced by its encounters with its 

environment. The environment itself is perceived through the activation of ‘experiential 

knowledge’ embodied in the learning algorithms that manipulate the strength of the connections 

of the various units underlying the program (Kallinikos 1998). In other words, the program 

projects onto the world an image of itself (its items and connections) and subsequently acts on 

that image. 

 

 Despite its self-referential character, no technology could avoid having some sort of 

relationship to the world. After all, technologies are invented and deployed to accomplish things 

in the world. But even such an ‘allo-referential’ relation is the outcome of the highly selective 

way by which technology comes in contact with the referential reality. For instance, automobile 

technology understands the physical world as an extension to be crossed as rapidly as safety 
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would allow, and designs its processes/products with the ultimate purpose of responding to that 

goal. To see the earth as simply an area to be crossed involves a huge degree of abstraction, and 

a highly selective relation vis-à-vis the multidimensional, diverse, and ambiguous character of 

the physical world. Such a selective relation is precisely the fabrication of the automobile 

technology’s strategy of functional simplification, which is constitutive of that particular 

technology. This suggests that neither the automobile industry nor any other technology can 

come into being unless they demarcate, in these highly selective terms, an ‘object-sphere’ upon 

which they unfold their strategy of functional simplification (Heidegger 1971, 1977).  

 

 In contrast to this slim reference which technology as a whole bears to the world, the 

elements and component operations of the technological system are attuned to one another in 

ways that may lack total reference to it. The constitution and mutual accommodation of the 

elements of the system (i.e. a given technology) are justified only as means that guarantee the 

reproduction, incorruptibility, and functional coherence of the system as a whole (Kallinikos 

1995, 1996, 1998). The self-referential, inward looking character of technology, imposed by the 

demands of functional compatibility and temporal patterning, constitutes a major reason why 

separate items and component processes of technological systems cannot as a rule be torn apart 

from the overall framework of relations that the system imposes.  

 

The use and reshaping of items or component processes are often meaningless outside the 

context defined by the technology in its entirety. This is evident in the case of the spare parts of 

industrial objects or technologies, but applies equally well for the items and operations by which 

information systems are made. The functionality, and the meaning, of component processes are 
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always contingent on the functionality of neighbouring processes and the system as a whole. The 

functional compatibility of the system’s elements draws technology towards its interior, as it 

were. It thus tends to impose a procedural standardization (an instance of recursivity) in the 

forms by which technology is to be encountered, as a means of complying with the patterns by 

which the elements of the system are attuned to one another. 

 

The systemic and self-referential understanding of modern technology suggested here 

bears affinities to the description of large-scale technological systems attempted by Hughes 

(1987). However, our conception is both narrower and, at the same time, more abstract than his. 

Hughes describes large-scale technological systems in terms of functional, organizational, and 

institutional interdependence. Technologies like those exemplified by the automobile, chemical, 

or electronics industry form integrated systems. Their systemic character cannot, however, be 

attributed solely to the demands imposed by the functional compatibility of the processes 

underlying them. This character most crucially derives from the large number of heterogeneous 

institutions and organizations that are usually essential for the functioning of the system in its 

entirety. For instance, the character of the automobile industry as a system is manifested in the 

complex and interdependent network of roads, regulations, authorities, subcontractors, petrol 

stations, etc. necessary for its smooth operation. The same holds true for the electronics industry, 

the diversity of organizations and institutions involved in it, and the politics evolving around the 

crucial issue of standardization of hardware and software components. In principle, every 

technology implies a complex network of technical, social, and institutional elements that 

enhance and reproduce one another.  
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 Such a way of viewing technology undeniably involves a highly relevant, broader 

perspective than the one suggested in this chapter, as it incorporates the organizations and the 

institutional relations that are essential to the reproduction, sustenance, and expansion of a 

particular technology. However, nothing precludes the expansion of the conceptual framework 

suggested here to take account of these highly-relevant characteristics and processes. The two 

perspectives are not incompatible. They just address slightly different facets of the issues 

occasioned by the complex character of contemporary technology. At the same time, it is 

important to point out that any macro-technological, historically-informed framework, like that 

employed by Hughes, has some difficulties in dealing with the crucial issues relating to the 

recursive and self-referential constitution of modern technology, other than in terms of divergent 

interests and power relationships.  

 

Technology and formal organizations 

 

The systemic character of technology and its self-referential patterns of reproduction suggest that 

the degree to which any given technology is amenable to contextual interpretation and reshaping 

is heavily conditioned by the selective premises through which humans and technologies 

encounter one another. The cross-contextual system that any given technology constitutes invites 

participation along highly specific paths of action. Such selectivity is related to the strategies of 

functional simplification and closure, and the specific ways in which these strategies have been 

implemented. The forms by which one could respond to these selective invitations may be 

subject to variation. However, not every course of action is admissible and variation unfolds 

within recognizable limits. Skill development and training in the forms by which a technology is 
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to be deployed represent strong evidence of the selective terms on which technological systems 

admit human participation. 

 

How organizations are constituted as social entities 

 

The failure to appreciate the selective forms by which humans encounter technologies is closely 

associated with another prevalent confusion concerning the nature of formal organizations, 

perhaps the most significant arena where such encounters currently take place. It is a widespread, 

though often tacit, assumption that human–technology interaction within formal organizations 

entails the mobilization of the entire horizon of experiences underlying the lifeworld of humans. 

Employees or organizational members, in general, are assumed to enact their duties (and their 

relationship to technology) by drawing on a wide range of emotional, cognitive, and cultural 

resources - thoughts, feelings, values, modes of action, etc. - that define the entire spectrum of 

their personality. However, such a premise does not seem to withstand close scrutiny. Modern 

organizations are constituted as social entities on the basis of a non-inclusive relationship to their 

members. They dissociate the requirements of organizational role-taking and performance from 

the totality of experiences, moods, and predispositions that underlie what we commonly refer to 

as the personality, or the particular mode of being, of a person (Luhmann 1982, 1995, 1996; 

Gellner 1983, 1996). 

 

 The non-inclusive way of modulating the contributions of people in organizations implies 

that contemporary humans are not contained in organizations as existential totalities (Kallinikos 

2003). Organizations are composed of selective action and communication patterns built by the 
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relations of those abstract operational requirements we subsume under the label of the ‘role’. 

Roles are enacted by the capacity of contemporary humans to ‘bracket’ or ‘suspend’ all other 

personal or organizational aspects that do not bear upon the role, and to undertake action along 

delimited and well-specified paths (as a machine operator, accountant, salesman, secretary, etc.). 

The living energy and the intellectual and communicative capacity of human beings are essential 

resources for organizations, as it is for all social life. However, despite the impressive numbers 

of people who everyday traverse workplaces, this should not lead one to assume that formal 

organizations are made of human beings qua persons (Luhmann 1995, 1996). 

 

 Modern formal organizing introduces an abstract conception of work: as a system of 

actions or duties that can be dissociated from the totality of the lifeworld and from the distinctive 

mode of being of every person. A major objective and important consequence of the innovative 

character by which modern formal organization modulates the individual–organization 

relationship is that individuals join the organization not on the basis of psychological or social 

characteristics in general. Rather, individuals are brought to bear upon organizations on the basis 

of considerations relating to their ability or willingness to assume a role, such as on the basis of 

merits (or absence of merits sometimes) like education, working experience, and other indicators 

of adequate performance. By modulating the individual–organization relationship in non-

inclusive terms, formal organizations resign from determining other aspects of a person’s life 

that remain unrelated to organizational role performance. No matter how important, the personal 

characteristics that derive from education, professional specialization, and working experience 

cover only a part, albeit an important one, of the totality of an individual’s roles and projects. An 

individual’s interests and undertakings other than those concerned with occupation and 
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organizational duties are kept or expressed within the context of other organizations and 

institutions (e.g. family, community) that are clearly and unambiguously differentiated from 

work organizations.4 

 

 Selectivity, therefore, is a constitutive relation of formal organizations that is 

considerably aided, structured, and shaped by the various technologies any organization employs 

by necessity. The systemic character of technology and the behavioural foundations of formal 

organization, as outlined above, provide considerable evidence that the terms by which humans 

encounter technologies are subject to a severe patterning. This means that technologies are 

deployed to structure and carry out a variety of tasks, procedures, and operations in formal 

organizations. Goal-oriented, highly-selective behaviour in organizations is instrumented through 

the means–end sequences constructed on the strategies of functional simplification and closure, 

while the demands of organizations for predictable, recurrent, and selective modes of action 

represent an inexhaustible source for technological development (Kallinikos 1998).  

 

Again, these claims do not imply that the interaction of humans with technology can be 

accounted for in terms of a unidirectional, mechanical causality. In deterministic models, and not 

infrequently in constructivist accounts, the human–technology relationship is considered 

exogenous. By contrast, we strive to show throughout this chapter that this relationship cannot 

adequately be accounted for in such terms. However, our claims do imply that the malleability of 

technology in local contexts is considerably limited, most of the time. Local reshaping, and 

perhaps some drift away from the original goals to which a given technology was brought in to 
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achieve (Ciborra 2000), take place along highly selective paths, and with forms other than those 

commonly assumed. 

 

Dynamics of human-technology interaction 

 

The conception of technology as a cross-contextual system has important implications for the 

dynamics of human–technology interaction. However, an obvious question emerges: What really 

happens when humans fail to encounter a particular technology in those terms implicated by the 

technology itself and the structural/organizational relations within which such a technology has 

commonly been accommodated? Experience suggests that the more likely response to this 

problem is the readjustment of either the ‘human factor’ or the technological/organizational 

system, or both at the same time. Betrayed expectations are often coped with through rather 

small incremental adjustments in technology and organizational processes, and more 

comprehensive changes in manpower skills and behavioural patterns. The impressive current 

diffusion of all sorts of educational packages, organizational restructuring associated with the 

implementation of new technologies, and other similar initiatives bears witness to the fact that 

the reshaping or appropriate formation of behavioural patterns in organizations is the most likely 

target of analogous endeavours. 

 

These claims suggest that comprehensive organizational change does not originate as a 

rule in the tension created by the abstract principles any particular technology embodies with the 

molten specificity of local contexts. Such a tension usually brings only small, incremental 

improvements in technology, even though it may have considerable negative effects for the 
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organization. Radical, comprehensive change in any given technology usually acquires two other 

forms, which often combine with one another.  

 

First, technological change and development take place against the background of 

considerations that relate to the lessons taught by the accumulated experience of numerous cases 

that cut across economic, regional, national, or geographical boundaries. Only in rare cases of 

high significance can a single local context itself afford to propel comprehensive technological 

change. Technology has no ways of understanding specificity other than those allowed for by its 

abstract and cross-contextual constitution (Zuboff 1988). The remaking of the premises of 

technological systems reflected in the specific forms by which they embody the strategies of 

functional simplification and closure usually demands momentous change. Most of the time, the 

experience of single local contexts are transformed and transcribed onto the standardized 

categories and procedures underlying the technological system.  

 

 The second way through which technological change takes places reflects the dynamics 

of technology itself, and its very constitution as a self-referential system. Forces that drive 

technological development in one or another direction include: the deliberate or haphazard 

development of new inventions, procedures, and methods; improvement of the technology 

induced internally or externally; scientific discoveries; and comprehensive organizational and 

institutional changes. A notable change in component processes or larger enclaves of a given 

technology opens a new space of possibilities. It sets in motion a dynamics of readjustment 

towards a new equilibrium, which could accommodate the functional and temporal independence 

of the system and the institutional relations sustaining it. The specific premises underlying local 
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contexts reach the dynamics of technological development only as the sound of a remote and 

receding echo. Again, technological development can occasionally take place as an effort to 

respond to issues confronted by specific contexts or organizations. Yet, in similar circumstances, 

the local context is treated as an instance of a large group of contexts: as a representative or 

exemplary case to be followed and imitated by others.  

 

Human discretion in large-scale information systems 

 

Enterprise resource planning systems 

 

The claims I have advanced so far can be exemplified by reference to the development of large-

scale information packages known as enterprise resource planning (ERP) systems. Software 

packages of this sort have been widely deployed since the 1990s as a means of structuring and 

monitoring the activities of large and medium corporations (e.g. Ciborra 2000). Such information 

platforms have a modular architecture and are used as computer-based administrative 

frameworks for planning and conducting a large array of organizational operations in ways that 

accommodate their intrinsic interdependencies in real time (Bancroft, Seip, and Sprengel 1996; 

Ptak and Schragenheim 2000). Operations that were previously conducted with the help of 

isolated functionally-based information systems - for example covering production planning and 

scheduling, accounting and finance, sales and marketing, human resource management, and 

logistics - can be brought to bear upon one another through the development of ERP systems. 

Transactions that cut across the boundaries of functions can be monitored in real time, retraced, 

and inspected at any moment. 
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 The development of ERP technology responds to the needs of many organizations to 

obtain improved inspection and control over internal operations, external transactions, and 

information flows. Such inspection and visibility could previously be accomplished only 

afterwards, and most of the times at a considerable cost. However, the history of ERP technology 

shows that its development cannot be explained by reference to particular organizations and 

specific sets of administrative problems generated in local contexts. Rather, on the one hand, it 

has been the outcome of the developmental dynamics of computer and software technology, and 

on the other the progression over time of computer-based models for handling administrative 

problems in large organizations (Fleck 1994; Ptak and Schragenheim 2000). Notwithstanding the 

fact that ERP systems represent a significant technological innovation that has been heavily 

conditioned by relatively recent developments in computer hardware, the technology has clear 

antecedents in computer-based administrative history, such as the computer-based Material 

Resource Planning MRPI and MRPII systems for production planning/scheduling. 

 

 Examination of the conceptual architecture of ERP systems, and the procedures by which 

it is introduced and implemented in particular contexts, provide evidence in support for the 

claims made earlier in this chapter. The organizational architecture upon which ERP technology 

is based reveals an elemental functional conception of organizational structure and processes, 

abstracted from particular details. Organizational operations are organized in terms of functional 

modules and a huge number of processes, which develop either within the framework of 

functions or often cut across functions in ways that are supposed to recapture the intrinsic 

interdependencies of the various operations. Indeed, ERP systems are predicated on a rather 
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traditional understanding of organizations as functionally-segmented units. This traditional view 

is complemented with newer and fashionable models of management, the so-called ‘re-

engineering models’ that understand organizations as a series of operations or sequences whose 

ultimate and most crucial mission is the satisfaction of their customers. The organizational 

architecture of ERP systems can thus be directly traced back to the development of 

administrative models for segmenting, grouping, and managing organizational operations.  

 

A confluence of developments 

 

On the basis of the above briefly-related considerations, it could be claimed that the emergence 

and development of large-scale information packages exemplify the dynamics of technological 

development as described in this chapter. ERP technology represents a developmental step in a 

long and perhaps crooked trajectory of technological changes, made possible by the confluence 

of several significant technical, managerial, organizational, and institutional developments.  

 

ERP is clearly associated with the growth of functionally-based management information 

systems and other computer-based business applications. It is furthermore contingent on the 

expansion of the technology of processing large amounts of data through the development of 

relational databases. ERP technology has also been clearly enabled by the constantly-rising 

processing and storing capacity of computers and the development of client–server technology. 

These are just a few of those significant technical changes with which current software 

technology, of the type represented by ERP systems, is associated in an almost immediate 

fashion.  
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Taken together, these observations suggest ERP technology is the outcome of a complex 

interplay of hardware and software innovations and organizational and managerial developments 

which have taken place since the 1960s. A consideration of the complex self-referential 

dynamics of technological change that is the outcome of the repositioning of various elements or 

component processes vis-à-vis one another reveals that the possibilities for reshaping ERP 

technology in local contexts are considerably limited. Very little is understood about the effects 

ERP packages have on particular contexts or organizations if this larger picture is dropped, as it 

often is, in favour of the study of local details by which the technology is introduced in these 

contexts.  

 

Consideration of the entire history of ERP technology shows it to be one of those central 

technological pillars around which human agency in organizations is transformed into a sort of 

procedure enactment that reflects an implicit understanding of organizations as procedural 

machines (Lackoff 1995; Kallinikos forthcoming). Effects of this type cannot be properly studied 

as instances of ERP implementation in particular settings. They demand an appreciation of the 

developmental trajectory of ERP technology, the confluence of various techniques and the 

structural/organizational relations within which these technological developments have been 

accommodated. These issues remain inimical to the managerialist understanding of ERP 

implementation that is concerned mainly with how to embed these packages successfully into 

organizations (e.g. Markus, Tanis, and Van Fenema 2000). But they seem also indifferent to 

what I earlier called ethnographic positivism, which after all descended from the social concerns 

that constructivism once cultivated.  
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Systems implementation  

 

The procedure for introducing ERP packages in particular organizations further enhances the 

claims concerning the origins of ERP technology and the effects such packages seem to have on 

locally-embedded forms of action and communication. According to the official rhetoric, the 

adaptability of the package is nearly unlimited. Each organization can opt to employ those 

processes that better fit its operations. However, a careful consideration of the forms and 

processes by which adaptability is accomplished tells another story.  

 

The implementation of ERP packages imply, first of all, the transcription of the specific 

realities and circumstances of the organization into the abstract language of the system. Despite a 

widely-diffused rhetoric that declares the system as adaptable in principle to the specific needs of 

any organization, such a transcription by necessity implies the reformulation of context-

embedded processes to an abstract language, alien to the local context. System adaptation to 

local realities is indeed severely limited. What could eventually be adapted to specific 

organizational circumstances is the number of functional modules to be utilized, the number of 

processes to be monitored, and perhaps the length of the processes thus monitored.5  

 

The process of implementing ERP packages constitutes a huge and costly experiment, 

although it is very simple in its basic conception. The organization has to be first ‘re-engineered’. 

This means basically that its routines, standard operating procedures, and communication forms 

must be redesigned to fit the procedural logic of the system; the processes defined in this way are 
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then transcribed to fit the technical codification requirements of the software package. During 

this period, the organization becomes the object of massive re-education and retraining 

programmes. The aim of these efforts is to teach the organizational members those action 

patterns, initiatives, and behaviours they have to adopt in order to be able to comply with the 

requirements of the package and run the system successfully. The implementation process is 

completed by the acquisition or updating of the hardware infrastructure capable to support the 

system. 

 

 Large-scale information systems, like those represented by ERP systems, provide an 

appropriate environment in which humans and technology encounter one another in terms that 

exemplify the selective forms by which technology admits human participation. As briefly 

indicated above, comprehensive software packages of this sort define and shape the operations of 

local contexts in terms that reflect the logic upon which the packages are based. Such logic 

derives from the very organizational blueprint (functional modules and cross-functional 

processes) on which the package is based and the intrinsic demands that the tasks of automation 

and software codification impose. Unlike other software packages, however, ones like ERP, 

which incorporate a conception of organizations as procedural machines and the entirety of 

organizational operations as an extended sequence of steps, bring into being and impose a 

behavioural mechanics throughout the organization. An all-encompassing computer-based 

application such as ERP has the potential not only of rendering visible the overwhelming part of 

organizational activities in real time, but also of engraving the paths along which these activities 

should unfold. In this respect, they invite human participation along highly-structured action 

patterns.  
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 Placed in this overall context, the only local alternative that remains is to be able to 

manage the system as smoothly and successfully as possible. The package can certainly be 

resisted and undermined. But looked upon from a wider historical perspective, the battle seems 

already decided. Resistance is pushed to the margin. Interpretation and local reshaping of the 

package can take place only within those rather narrow limits allowed for by the constitution of 

technology as a self-referential, recursively-reproduced system. To navigate effectively in the 

engraved routes of large-scale information platforms entertains the hope (or illusion) of gradually 

acquiring control over them. 

 

Conclusions 

 

In this chapter, I have sought to describe technology as a system that has essential characteristics 

which remain beyond the reach of the negotiating and reshaping capacity of local contexts and 

situated agents. The geist (Luhmann 1993) of contemporary technology is reflected in the dual 

strategy of functional simplification and closure by which technological systems select/define a 

domain of the real, and instrument the standardized and recurrent cause-effect, means-end 

sequences underlying them. Abstract as it may be, such a conception of technology can be 

deployed to conduct empirical research that does pay attention to the differences by which 

functional simplification and closure is manifested across technologies, and to trace the effects of 

these differences to local contexts. In such a project, technology’s involvement in human affairs 

could be studied in ways that allow for the abstract and the general to be tied to the concrete and 

specific. 
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 Functional simplification and closure could also be used to study important differences 

brought about by recent technological developments. The malleability, extendibility, and 

configurability of software packages - together with the fact that contemporary technologies of 

information and communication (and perhaps genetic technology as well) break out of the 

secluded realms of instrumental action to the open encounters of everyday life - may be taken to 

imply that the strategy of functional simplification and closure that defined the technological 

paradigm of high modernity may currently be subject to change (e.g. Fleck 1994). These 

potential differences must be worked out theoretically and empirically, and with a clear 

awareness of the largest historical transformations involved. The deep standardization by which 

contemporary technologies of information and communication are made publicly available 

suggests, however, that the controlling strategies of functional simplification and closure are still 

highly viable. Indeed, the concept of ‘standardization’ provides an alternative lens for dealing 

with the issues that have concerned us here. Viewed through this lens, standardization is not just 

a quality of contemporary technology but one of its crucial and defining characteristics, a major 

convention by which functional simplification and closure are accomplished. 

 

 Finally, the understanding of technology as largely a self-referential system or a grid that 

brings into being a set of relations that shape the premises by which humans are brought to bear 

upon the world have important affinities to Heidegger’s (1971, 1977) description of modern 

technology as enframing (Ge-stell). I have, though, deliberately left Heidegger’s thinking out of 

consideration here, fearing that it could have complicated the much simpler argument I have 

been trying to deliver in this chapter. However, the meaning of enframing that constructivists 
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find so intractable is not in the end very different from the ideas of functional simplification and 

closure which I have claimed, following Luhmann, are able to capture the geist of technological 

systems. Any given technology encounters an image of the world that the technology itself sets 

out to produce or organize. Although Heidegger uses the concept of enframing as a defining 

attribute of modern technology (which he juxtaposes to pre-modern techniques), differences in 

the strategies of enframing could perhaps be worked out and deployed to conduct empirical 

studies in context. 
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appreciation to Chrisanthi Avgerou, Frank Land, and Carsten Sorensen for their comments on an 

early version of the chapter. The author retains, of course, full responsibility for the arguments 

put forth in the chapter. 

 
1. For a recent summary and critique of the user-centric approach, see Lamb and Kling (2003). 

2. One should perhaps distinguish between temporality and historicity. The terms are often used 

interchangeably, but they seem to refer to different processes. Temporality captures the dynamic 

character of technology and the fact that technological artefacts develop and change over time. 

On the other hand, historicity refers to how technological traditions reach down to the present, 

influencing the forms by which locally-embedded agents deploy the technology. 

3. An analogy could be made here with the linguistic notion of the ‘sign value’ (e.g. Barthes 

1967; Ricouer 1977). 
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4. See Kallinikos (2003) for a detailed exposition of the foundations of formal organizations in 

terms other than inclusive (i.e. essentialist), and the prospects, problems, and dilemmas 

associated with the organization forms thus constituted.  

5. For instance, in some organizations the monitoring of, say, sales may include fewer processes 

(a smaller number of transactions) and fewer steps (a smaller number of external or internal 

actors getting involved from the initiation until the termination of the process). 


