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“Unless you go down to the atomic level, there seem to be no spaces between things” 
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1. Ab initio 
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Introducing the study  
Drawing from an ethnographic account, this study engages with the implementation 
process of a robotic welding system in a small mining community in the northernmost 
part of Sweden. More specifically this thesis intends to disclose how the division of labor 
and spatial diffusions of bodies are altered as a consequence of the arrival of a piece of 
technological equipment. In doing so, it argues against the distinction between human 
and machine. The intention is instead to visualize their interlaced association, which is 
why interrogation of the spatial settings is actualized. Not only does the robotic welding 
system forge additional tasks for the existing workforce; the subsequent division of labor 
rearranges bodies and modes of spatial inhabitation. “Every time a new implement or 
machine is invented or a new technique is devised, a new appraisal must be made of 
every scrap of territory and the possibility of a new orientation of human activities to be 
predicated” (Kimble quoted in Hägerstrand, 1967, p. 1). Hence, as material conditions are 
altered, they revitalize the bodies at play and call for novel ways of occupying space.  
 
In order to engage the reader in the trajectory that led up to the above inquiries, it is 
necessary to pause and contemplate the steps that journeyed this thesis to its current state. 
During the year of 2008 until the early spring of 2009, I observed the daily activities at an 
industrial site, which I henceforth will refer to as Tuollavaara Transportation. The initial 
intention was to explore the concurrent processes of integration and dismissal of the 
robotic welding system, and how these processes equally implied gendered arrangements. 
Approximately twenty welders were employed at Tuollavaara Transportation during my 
fieldwork, four of which were women. The male domination was explicit in segregating 
practices of women, but equally subjected to change as the robotic welding system 
arrived and was deployed. Interestingly, the male employees of Tuollavaara 
Transportation clearly dissociated themselves from the robotic welding system. Instead 
the female welders most often operated the robotic welding system. This in turn 
contributed to further the men’s repudiation toward the robotic welding system. Put 
differently, the male aversion toward the robotic welding system and the feminization of 
the profession of robot operation were intimately linked to, and worked in tandem with 
each other.  
 
Due to the technological change, a redistribution of professional undertakings occurred. 
Manual welding activities turned into preparations for and reparations after the activities 
of the robotic welding system. Dismissal of the robotic welding system run in tandem 
with the approval of manual welding activities; as the latter were assumed to encompass 
skill, competence and technical know-how, while the executions of the robot operators 
represented the very antonyms to the manual practices. Hence, the dawn of new 
professions fostered re-appraisals of traditional undertakings; in order to make intelligible 
the altered division of labor, the novel assignments had to be gendered accordingly. The 
male domination in Tuollavaara Transportation did not only contribute to a 
masculinization of the profession as a welder, but equally set the agenda for the design of 
the contemporary wage system. Gendered division of labor consequently cut through the 
profession of a welder, which effectively distinguished between male and female 
undertakings. 
 
Automatization and robotization – the Luddite movement and machine men 
The automatization and mechanization of manual labor in industrial sites are not novel 
occurrences; some of its consequences deserve a brief historical outline. In the beginning 
of the 19th century, British textile artisans revolted against the rise of mechanized looms in 
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factories, which was the foundation of the Luddite movement. Machines were seen as 
symbols of exploitation; the fear of being replaced and deemed superfluous urged the 
weavers to attack and destroy the factory equipment (Church & Chapman, 1975; 
Thompson, 1975). Through acts of industrial sabotage and machine wrecking, the 
Luddites sought to safeguard their profession as a handicraft, at the same time as they 
demanded wage increases. The Luddite movement resulted in revolutionary organizations 
in British regions such as Nottinghamshire, Yorkshire and Lancashire. Even though the 
Luddites lacked a coalescing national leadership, they managed to summon up to 12000 
troops in the early 19th century. Hence, the association was strongest and most coherent 
when engaged in limited industrial actions rather than executed on a national level 
(Thompson, 1975, p. 12).  
 
The ensuing section expands on the historical outline of the rise of industrial sites. 
Specifically it attends to factories and industrial halls in terms of gendered domains; the 
circumstances under which women and children initially were enrolled as employees 
worked hand-in-hand with technological use. Saying this, the professional allocation of 
men and women contributed to affecting deployment of new technologies, something that 
equally reveals the intimate link between gender and technology. For now, I contend that 
repugnance toward automatization and more specifically computerization and 
robotization still are visible in industrial sites, although demonstrated somewhat 
differently compared to the Luddite movement. Introduced in American factories during 
the 1960’s, the first robotic system later developed into European installations, for 
instance the robotic system initiated by former ASEA (Westerlund, 2000, p. 48). This 
particular equipment deviated from earlier versions of robotic systems in that it was 
equipped with an arm with functions similar to humans, which in turn enabled smooth 
assemblages of small parts. The technological shift, propelled by the introduction of 
robotic systems and computerized systems, served to diminish manual interference in the 
production lines in industrial settings. Robotic systems and computers partly replaced 
human workforces as they undertook monotonous and repetitive assignments.  
 
However facilitative, the technological shift served to challenge manual labor, which is 
why it would be deceptive to assume that the arrival of new technology is likely to be 
exclusively embraced. On the contrary, deployed and developed in tandem with processes 
of industrialization, robotic installations are still distinguished from what is assumed as 
human, which leaves the binary human-machine at play in contemporary society. One 
example of this comes from the Swedish ethnographic study Maskinmänniskan [The 
machine man] (1987). From the end of the 1970 until the early 1980’s Gösta Arvastson 
investigated and documented the working life conditions within three industrial settings 
in Gothenburg, Sweden: the ball bearing factory SKF, the Volvo factory and some of the 
local shipbuilding industries. Through interviews, observations as well as visual 
documentation, Arvastson offers a comparative approach between the different work 
places; in addition he outlines a genealogical record of the development of the Swedish 
industry since the turn of the century. Particular interest is directed to the generational 
differences and conflicts as well as the subsequent division of labor in times of 
technological change. During the end of the 1970’s for example, the Volvo factory in 
which Arvastson conducted his fieldwork invested in 24 robotic welding systems. 
Practices of spot welding emitted large quantities of toxic gases, which clearly constituted 
a dangerous working environment for the manual welders. As the robotic welding 
systems undertook some of the work elements deemed hazardous, they simultaneously 
altered the working conditions and caused vehement debates among the personnel. The 
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workforce inquired whether this enterprise was a way to dispose of employees or simply 
the result of the managerial intention to secure a safe working environment (Arvastson, 
1987, p. 138f). Observing their reactions, Arvastson’s analysis sidesteps further 
interrogation with the subsequent re-configurations of labor, which must have included 
humans as well as machines. Rather, the suspicion and aversion toward robotization and 
automatization is left unproblematized. 
 
Interestingly, the title of Arvastson’s study The machine man1, originally taken from the 
book L’homme machine (1748), published by Julien Offroy de La Mettrie, is utilized as a 
form of irony: there are no machine men (Arvastson, 1987, p. 7). Saying this, Arvastson 
takes issue with what he refers to as the reign of machines and the de-humanization of 
work prevalent in industrialization processes (Arvastson, 1987, p. 7). The intention is to 
elucidate industrial working conditions from a sociological perspective, and as such 
Arvastson’s study counteracts capitalist tendencies to degrade and render invisible the 
factory workers. Arvastson’s proposition is in many ways praiseworthy; far from 
constituting a mere cog in a giant machinery, the individual industrial worker, operator or 
inspector is in many cases overqualified in that he holds competences and knowledges 
that vastly exceed what the current assignments allow him to do (Arvastson, 1987, p. 7). 
However, the compassionate account implicitly sketches a picture of the disrupted pre-
capitalist, patriarchal orders, in which professional skills were passed on from father to 
son (Arvastson, 1987, p. 69fff). Arvastson does pay attention to the position of the few 
female factory workers – the demarcated section ‘Women’ precedes the section 
‘Immigrants’ – but does not provide an extensive analysis of the conditions under which 
women were affirmed or denied access to industrial settings. Further, acknowledging the 
industrial worker in terms of an active agent, Arvastson inadvertently draws on the 
recurrent division (and opposition) between human and machine; the life of the former is 
demonstrated through acts of resistance toward the technocratic principals of orders 
(Arvastson, 1987, p. 149). Throughout the study, Arvastson amplifies the dialectic 
relation between human and machine. The life of the industrial worker stands in stark 
contrast to the moving assembly lines in factories of which robotization constitutes a 
salient part. As such, the two are conveyed as antipodes and simply weighed against each 
other.  
 
The rather straightforward distinction between human and machine is, I think, far from 
satisfactory. Processes of de-humanization are not counteracted by simply embracing the 
polemics human and machine, nor is it adequate to contend that technological shifts 
facilitate uniform activities. Gendered distribution of labor and the structural constraints in 
times of change subsequently require a more rigorous analysis. As will be shown below, 
the arrival of the robotic welding system propelled unexpected associations, which in turn 
revivified bodies as well as spatial vicinities. Hence, the dismissal of the robotic welding 
system was not only gendered, but equally contingent on its particularity of location. 
 
Industrial halls as contested areas 
Contemplating the industrial hall of Tuollavaara Transportation, the current intention is to 
anchor its spatial particularity to a historical outline of industries as gendered domains. 
Ulla Wikander’s study Kvinnoarbete i Europa 1789-1950. Genus, makt och arbetsdelning 
[Women’s work in Europe 1789-1950. Gender, power and division of labor] (2006), 
                                                 
1 The original Swedish title, Maskinmänniskan, emphasizes ‘human’ (människa) rather than ‘man’ (man). 
Yet, de La Mettrie’s use of the term ‘homme’ translates into ‘man’ rather than ‘human’, which is why I 
have chosen to translate the Swedish title Maskinmänniskan with The machine man. 
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reveals some of the working conditions for women in Europe. Covering a period of more 
than 150 years, Wikander subsequently sketches a genealogical account in which she also 
devotes time to industrial developments, from the end of the 19th century until the mid 20th 
century. Although female employees were part of the workforce (similar to children, their 
subordinated status turned them into the preferred employees as they provided cheap 
labor), their presence in the industrial hall was highly problematic. Shared areas 
counteracted the ideals of the upper classes. Equally, men’s and women’s collective use of 
goods and machineries spurred provocations, which in turn aggravated a gendered 
distribution of labor. Whereas men were assumed to possess the necessary qualities to 
manage complicated and advanced technologies their female counterparts were dismissed 
as technologically incompetent (Wikander, 2006, p. 100ff). However discouraging, 
Wikander’s study brings forth a complex web of associations in which the gendering 
processes of spaces, assignments and machines is subjected to continuous negotiations. 
The historical examples of industrial environments show that the gendering of a particular 
activity never remained stable, but was likely to change, for instance in times of 
technological shifts (Wikander, 2006, p. 105).  
 
The study by Ruth Oldenziel, Making technology masculine. Men, women and modern 
machines in America 1870 – 1945 (1999), engages with a comparable historical outline 
of the industrial development. Here, focus is directed toward America. The study 
specifically attends to the assumed link between men, technology and engineering 
practices, and the ways in which industrialization processes contributed to 
contextualizing this association. Similar to Wikander, Oldenziel acknowledges the 
gendered circumstances under which women and children initially were enrolled as 
employees within the industrial sector (Oldenziel, 1999, p. 20f). Nonetheless, whereas 
Wikander ultimately motivates the female presence with their subordinated status as 
women, Oldenziel provides a longitudinal account of how the paradigmatic shift toward a 
machine-bound interpretation of innovations served to relocate the notion of machines as 
genderless to male marked objects (Oldenziel, 1999, p. 31). Surprisingly, within a century 
technology had turned into a product, engineers into producers and women workers into 
consumers (Oldenziel, 1999, p. 49f).  
 
Simultaneous readings of the two studies reveal discrepancies as well as similarities. Both 
Wikander and Oldenziel take seriously the co-constitution of gender and technology; the 
meaning of technology, Oldenziel claims, has been contested and gendered throughout 
history (Oldenziel, 1999, p. 14). Examining the unremitting processes of gendering (and 
re-gendering) of assignments, machineries and industrial domains, Wikander and 
Oldenziel show how these factors not only served to divide men and women, but also 
contributed to a biased treatment of women. Female industrial workers were seen as 
temporary assistants or simply dismissed as competent employees at the same time as 
many of them were overqualified for their work (Oldenziel, 1999, p. 164fff). Hence, the 
accounts of Wikander and Oldenziel interrogate the spatial implications of industrial 
environments as part of discriminatory practices. Similar to Wikander, Oldenziel 
acknowledges the industrial workplace as an important arena in which engineering 
identity, authority and control were shaped (Oldenziel, 1999, p. 87). Drawing on the 
works of Wikander and Oldenziel, I tentatively suggest the industrial hall of Tuollavaara 
Transportation to comprise a continuously contested area; at the same time as gendered 
orders suffuse the domain, the spatial limitations and technological assets of the 
organization provide material resistance. 
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Human machine configurations 
As stated above, the collection of empirical material took place during the year of 2008 
until the early spring of 2009. Tuollavaara Transportation produced trolleys for collection 
and transportation of iron-ore; sides and gables were welded together with sets of trap 
doors and later on assembled on chasses. My initial contact with the organization was 
made in January 2008. A short notice in the local newspaper announced the new producer 
of iron-ore trolleys to be a robotic welding system, which evoked my interest. I called the 
managing director, expressing general curiosity in the novel piece of technology and was 
invited to visit the company. During my first visit I was surprised to find out that women 
most often operated the robotic welding system. Not only were they educated in welding 
practices, through courses held by the deliverers of the robotic welding system they had 
also gained competence to run the technological installation of the robotic welding 
system. Simultaneously, the male welders, although some of them attended the courses 
and also initially tended to the installation, expressed strong aversions toward the robotic 
welding system. Recalling Arvastson’s account in which humans and machines are 
marshalled as simple contrasts, the repugnance I spotted propelled further dissection. 
Equally, the reluctant male reception of the robotic welding system at Tuollavaara 
Transportation jostled with the intimacy between men and machines as proclaimed by 
some social scientists (Hacker, 1989; Springer, 1996; Faulkner, 2000; Mellström, 1999, 
2003). Although “men are in the vast majority at technological high schools and at all 
other levels of technological education” (Sundin, 1998, p. 33) it does not equate to an 
obvious affection between men and machines, nor does it exclude women as 
technologically engrossed. 
  
Bearing the above annotation in mind, the implications of the assumed bond between 
men and technology deserve a brief outline. Sally Hacker’s book Pleasure, power & 
technology (1989) for instance, provides a rich examination of men’s pleasure in, and 
eroticization of technology. Hacker claims that technology has been masculinized, mainly 
through military institutions and their technical offspring, i.e. engineering faculties 
(Hacker, 1989, p. xvi). Pleasure and eroticism in technology actively exclude, dominate 
and subordinate women. The passionate relations between men and machines materialize 
in, for example, the phallic imaginary of missile systems (Hacker, 1989, p. 46), which 
connotes male virility and sexuality. This peculiar masculinization of technology is 
subsequently shaped by hierarchy, prestige and control over other people. In turn, 
dominance is eroticized (Hacker, 1989, p. 47). 
 
The collection of material in Hacker’s study covers a vast range of areas. She conducts 
interviews with engineers and managers for research action projects, partakes in 
engineering classes and courses in statistics, observes community college courses in 
crops, soils, petrochemicals, fertilizers, and marketing, and takes up residence in the 
Basque country of Northern Spain where she interviews workers in plants and printing 
firms. The material is interpreted from different feminist perspectives: liberalist 
feminism, Marxist and socialist feminism and radical feminism, which allows for a 
variety of conclusions to be drawn. Interestingly, in the technological settings, all 
dominated by men, trivializing and stereotypic notions of women seem to prosper. 
Although courses in engineering in America during the 1980’s witnessed a surge in 
female applicants, the very definition of masculinity continued to lie in the superiority to 
women (Hacker, 1989, p. 72), a situation that appears to have changed little in the present 
day at least in relation to computer science (Lagesen, 2007). Hence, in as much as 
women’s entrance into the traditional masculine is important it is only one aspect of 
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degendering technology and eroticism (Hacker, 1989, p. 49); an increased percentage of 
female participants in engineering courses does not single-handedly provide the key to 
more gender-equal education. Hacker subsequently claims that technology and eroticism 
are defined predominantly by men, and equally stratified by gender (Hacker, 1989, p. 55), 
which is why a liberal feminist approach provides a deficient analysis of the collaboration 
between pleasure, power and technology. Summarizing Hacker’s arguments, it is clear 
that as technological domains are coded male, experiences of pleasure and power must be 
acknowledged in gendered terms, something that liberal feminist approaches 
inadvertently tend to sidestep.  
 
The close connection between eroticism and technology is further analyzed by Claudia 
Springer (1996). Unlike Hacker, Springer’s main focus is directed to the ways in which 
pleasure and engagement in technology efface the borders between humans and 
machines. Investigating techno-erotic imaginary in films, fiction, comic books, television 
programs as well as computer software, Springer provides an intriguing account of 
(hu)man obsession with technology. Similar to Hacker, she elucidates the association 
between phallic power and machines (Springer, 1996, p. 154); sexual metaphors, she 
argues, are used in order to depict industrial technologies such as locomotives, 
automobiles, pistols and turbines, but also electronic technology such as computers 
(Springer, 1996, p. 155). The marriage of technology and sexuality further makes explicit 
the gendered particularity of certain objects. Whereas the forceful energy of mechanical 
objects implies masculine traits, ships and boats are gendered female (Springer, 1996, p. 
9). Hence, representations of technology are often gendered in ways that favour the 
patriarchal system (Springer, 1996, p. 16ff). In any case, Springer’s account provides a 
somewhat different account, compared to the vehement protests of the Luddite movement 
in the beginning of the 19th century Britain and to the account of Arvastson. Springer 
meticulously pinpoints the human fascination with, and fetishization of the speed and 
power of industrial technologies, such as machines, robots and cars, which makes 
apparent the deep engagement between (hu)man and machine. As stated, “[t]hrusting and 
pumping industrial machines have long evoked sexual imaginary for human 
observers/…/” (Springer, 1996, p. 51). 
 
In the wake of Hacker’s study, the co-constitutionality of gender and technology in male 
dominated environments, and in particular, the male precedence (and pleasure) in the 
field of engineering has received much attention. Wendy Faulkner (2000, 2005), for 
example, investigates engineering courses and engineering works in which she outlines 
the very practices associated with engineers as clearly gendered. Similarly, Ulf Mellström 
offers ethnographic studies of courses within engineering education as well as car 
mechanics in Sweden and Malaysia. In line with Faulkner, Mellström argues that the 
intimate link between masculinity and technology, however prevalent, has not met equal 
scrutiny from the field of critical men’s studies (Mellström, 2003, p. 18).  
 
Both Faulkner’s and Mellström’s research examine the relation between men and 
technology, showing how this intimate relation excludes women. The (absence of the) 
latter are central in the processes of constructing masculinities (Mellström, 2003, p. 86). 
As Faulkner states, “one has to understand relations between men as well as between 
women and men to make sense of the positioning of women” (Faulkner, 2000, p. 88). 
Faulkner subsequently addresses the intimate link between men and machines by 
referring to it in terms of a love affair and an almost obsessed tinkering (Faulkner, 2000, 
p. 105). Engineers’ shared pleasures in technology, she stresses, defines what it means to 
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be an engineer. Similar to Springer, Faulkner reveals gender and technology as co-
constitutive; sexual images of technology as well as verbal expressions and metaphors 
contribute to rendering natural the link between men, masculinity and machines. 
Mellström equally states that, “there is a materially and symbolically powerful 
relationship between men and technology that runs deep” (Mellström, 2003, p. 18). The 
association is however apt to change depending on location. For instance, the particular 
masculinity enacted in the city of Penang, Malaysia (where Mellström intermittently 
conducted his fieldwork between 1997 and 2002) is clearly connected to mastering the 
machinery (Mellström, 2003, p. 20).  
 
Faulkner and Mellström adhere to Hacker in that they argue for the embodied, sensual 
and erotic pleasure in acts of tinkering to simultaneously serve purposes and domination 
and control over other workers as well as the outside world. Mellström delineates 
machines as extensions, or incorporating parts of the man (Mellström, 2003, p. 148), an 
argument that also fortifies the intimate bond between masculinity and technology. 
Reading these accounts, men, masculinity and machines appear to be closely linked to 
and also mutually feeding off from, each other.  
 
In as much as I find Faulkner’s argument for the existence of a “pervasive and durable 
equation between masculinity and technology” (Faulkner, 2000, p. 3) relevant, I 
discovered the association in Tuollavaara Transportation to be neither linear, nor 
smoothly enacted, but utterly erratic, resulting in difficulties in incorporating the new 
piece of equipment into daily routines. The male aversion toward the robotic welding 
system did not substantiate the earlier research that claims the close link between men 
and technology, nor did it follow the clear-cut distinction between human and machine 
that is proposed by Arvastson. Discovering this ambiguous reception of the robotic 
welding system spurred me to further examine the implementation process. Although the 
research questions were far from obvious after my first visit, I proposed a continuation to 
the managing director with the purpose of investigating how the arrival of the robotic 
welding system affected the gendered distribution of labor in the organization. 
 
Previous research 
Previous feminist research that has engaged with gendering processes in professions 
subsequent to technological change (Cockburn, 1983, 1985; Sommestad, 1992; 
Pettersson, 1996; Sundin, 1998; Abrahamsson, 2000) provides ample points of departure 
for the study at hand. The above examples critically scrutinize male dominated working 
sites and professions, and have served to further an understanding of gender as co-
productive of organizational norms and behaviours. Cynthia Cockburn’s (1983, 1985) 
works constitute pioneering accounts within the field of gender and technology studies; 
her book Brothers. Male dominance and technological change (1983) for example, offers 
an in-depth understanding of how the crucial relationship between men, masculinity and 
technical skill is challenged, but also reinforced, in times of technological change. 
Between the years of 1979 and 1981, Cockburn conducted interviews with fifty 
compositors in four newspaper companies in London, all were men. In addition, she 
interviewed a number of female members of the unions within the British printing 
industry. The story of compositors in printing, she argues, unfolds in the relations 
between classes as well as between men and women (Cockburn, 1983, p. 191); these are 
mutually constituted in that it is difficult to separate them. Cockburn’s study observes the 
collapse between the patriarchal system and the capitalist system. Bearing in mind 
Arvastson’s condemnation of the capitalist dehumanization of the industrial worker, 
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Brothers. Male dominance and technological change sketches a profound picture of the 
intermingling of capitalist systems and patriarchal orders and reveals their mutual 
constitution. Historical changes within the structure of male domination are closely 
linked to the specificity of the material and ideological subordination of women; pre-
capitalist systems fostered sets of patriarchal regimes that clearly diverge from 
contemporary configurations.    
 
Around the 1970’s, the so-called cold composition technology that subsequently replaced 
the manual hot-metal technology entered the US printing industry (Cockburn, 1983, p. 
62). Simultaneously the British printing industry experienced major cutbacks; print labor 
was relatively costly and between 1973 and 1980, employment in the national newspaper 
industry fell by about seven per cent (Cockburn, 1983, p. 85). In order to resolve the 
problems and lower the unit costs, the Printing Industries Research Association proposed 
investment in new technology. As a consequence, by the 1980’s most of the printing 
firms in Britain had passed on to computerized photocomposition. Due to the arrival of 
computerized photocomposition, the occupation as a compositor was subjected to change. 
From being an exclusively male profession, the assignments carried out using the novel 
technological equipment were coded feminine. This in turn led to a surge in female 
employees as well as a coincidental de-skilling of the profession of a compositor, 
something that Cockburn’s male informants vehemently opposed. In parallel, the 
increased number of female personnel served to deskill the assignments.  
 
Brothers. Male dominance and technological change reveals how class relations and 
gender relations mutually affected each other in relation to technological change. The 
skill that the male compositors possessed was made redundant by the technological 
change brought forth (Cockburn 1983, p. 114). Cockburn sketches a detailed picture of 
female factory workers in British industries from the dawn of the 20th century, displaying 
the “three-sided struggle between employers, women and men/…/” (Cockburn, 1983, p. 
151). Women, working in industrial labor, Cockburn argues, are often clustered into 
certain occupations rather than spread evenly among them. These occupations are often 
of lower ranks, deskilled, or semi-skilled (Cockburn, 1983, p. 160f), which clearly 
conflates gender and class relations. Skill is not impervious to gendered division of labor; 
“the skill attributed to a job has much more to do with the sex of the person who does it 
than the real demands of the work” (Cockburn, 1983, p. 116f).  
 
Cockburn claims that the subordination of women involves material as well as 
ideological aspects. The traditional ‘hot-metal’ technique of preparing type for letterpress 
printing was replaced by computerized systems, which subsequently turned the old 
linotype machine into a male tool. No longer was the profession of a compositor 
classified as heavy or dirty; in the wake of the technological shift, the computerized photo 
compositor and the subsequent shift to paper work were gendered female. In addition, the 
computerized photocomposition equipment was endowed with a QWERTY keyboard, 
which differed greatly from the layout of the old linotype keyboard (Cockburn, 1983, p. 
96). Just as Cockburn’s informants lamented the noisy, dirty undertakings that were part 
of the linotype machines, they were equally discontented with the new keyboards; as a 
compositor’s job suddenly bore resemblances to the undertakings of (female) secretaries, 
which in turn suggested a de-skilling in the profession of a compositor. The male 
compositors thus experienced “a fumbling incompetence in a job that thousands of 
teenage girls could do better” (Cockburn, 1983, p. 99).  
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Similar to Cockburn, Lena Pettersson (1996) demonstrates the ways in which gender 
relations are re-negotiated in times of technological changes within industrial work 
(Pettersson, 1996, p. 2f). Her study presents a longitudinal collection of data, which 
encompasses two periods of time: in 1991 and between 1992 and 1993. Pettersson 
pursues interviews and observations at two industrial work sites: an electrics company 
and a hydraulics department at an engineering firm. The personnel turnover, notices of 
dismissal but also technological change and material investment, she concludes, 
contribute to the revision of the gendered orders at the same time as gender remains a 
strong structuring power for subsequent possibilities and limitations. 
 
Lena Abrahamsson’s study Att återställa ordningen. Könsmönster och förändring i 
arbetsorganisationer [To restore the order – Gender patterns and change in work 
organisations] (2000), examines the consequences of the introduction of a flat integrated 
work organization. Gender, Abrahamsson argues, plays an important role on how 
organizations function (Abrahamsson, 2000, p. 351); as organizational changes are 
initiated traditional gender patterns become a strong restoring power. Scrutiny of 
women’s work and workplaces does not only reveal processes of gender marking, gender 
segregation and gender hierarchies, but equally discloses constructions of masculinity and 
the hierarchical relations between men. Empirically, Abrahamsson draws on studies of 
eight companies and their respective organizational changes. In doing so, she reveals how 
the attempts to introduce a flatter work organization equally are met by restoration 
responses, responses that most often have gendered implications (Abrahamsson, 2000, p. 
355).    
 
The investigations of Pettersson and Abrahamsson are central toward understanding 
technological shifts and organizational changes within industrial environments, at least 
within a Swedish context. As they bring forth gendered implications of technological 
development and organizational rearrangements additionally they correspond to a wider 
academic nomenclature. Hence, the questions raised by Cockburn reverberate and spur 
further tenets to this day.   
 
The implications of space 
Disclosing the gendered utility and labelling of tools in times of technological change, 
Cockburn pays limited attention to the spatial settings of the newspaper companies. As 
her main data comes from interviews (some of which were carried out in the homes of 
her informants, which indicates that the concept of space is somewhat sidestepped) the 
study does not encompass extensive scrutiny of spatiality. Observations of daily 
undertakings in industrial settings might therefore contribute to a wider understanding of 
how technological change is managed and negotiated in situ. Combining observations 
with interviews may also reveal discrepancies between discursive claims and situated 
actions. As social structures cannot be divorced from spatial and temporal structures 
(Thrift, 1996, p. 71) everyday activities through which people render activities 
meaningful contribute to enhancing the notion of technological change.  
 
Proposing a materialist account of industrial settings, Leela Fernandes (1997) addresses 
the ways in which social location is contingent on spatial practices (Fernandes, 1997, p. 
7). Her study Producing workers: the politics of gender, class and culture in the Calcutta 
jute mills presents a materialist account of how social categories such as class, caste and 
gender propel spaces for contestation. Fernandes’ investigation intriguingly demonstrates 
the politics of space at this particular work site and brings to the fore “the shop –floor 
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politics in the jute mill in terms of contests over space, time, and movement” (Fernandes, 
1997, p. 59). In order to adequately address the link between discursive contingencies and 
structural constraints, Fernandes asserts, the spatial representation of categories has to be 
acknowledged (Fernandes, 1997, p. 162).  
 
Similar to Fernandes, Elisabeth Sundin (1998) amalgamates spatial settings and gendered 
structures at play within working life. In addition, she suggests that introduction and 
deployment of new technology alter spatial division of labor as well as the gendered 
configurations. Sundin’s study bears resemblances to Cockburn’s work in that focus is 
directed to the implications of technological change. Nonetheless, the case study of 
Sundin, conducted in the Swedish city of Gävle between 1991 and 1992, draws on a 
spatial account that I fail to find in Brothers. Male dominance and technological change. 
Focusing on how the CAD (Computer Aided Design) equipment at the Department for 
Topographical Maps at the Swedish National Survey was introduced among the female 
draughtpersons rather than the male engineers, Sundin subsequently offers spatial 
analyses of how the arrival of new technology suggests a re-gendering of professions. 
Although the National Land Survey can be categorized as a male organization, the CAD 
technology introduced in the department located in the city of Gävle was not embraced 
by men (Sundin, 1998, p. 38), which calls into question previous accounts of technology 
as an almost exclusively male domain. In short, femininity and masculinity are not only 
constructed by technology, but also by place (Sundin, 1998, p. 31). The most important 
characteristic of the gender regime at the Department for Topographical Maps at the 
Swedish National Survey was place, not technology (Sundin, 1998, p. 38). Sundin 
subsequently shows that although introduction of new technique and additional 
assignments are highly gendered processes, technology can be one mode of challenge to 
existing gender regimes, simply due to its spatial location (Sundin, 1998, p. 40). 
 
Historically, male engineers at this particular organization worked outdoors; they 
controlled and produced the bases for the maps, and would hand them in to the female 
draughtpersons who refined the collected material and turned it into a printable condition. 
Outdoor activities were strongly connected to masculinity whereas indoor duties were 
referred to as feminine. The introduction of the CAD machines in the beginning of the 
1990, however, required a reconfiguration of the spatial division of labor as well as the 
subsequent hierarchical and gendered orders. As Sundin concludes, “[t]he placement of 
the CAD machine in the middle of the women’s working ‘landscape’ immediately gave it 
a female gender label” (Sundin, 1998, p. 38). Moreover, the physical location of the CAD 
equipment influenced the organization of the indoor work; it increased productivity and 
rendered the old division of labor obsolete. The male engineers could not deliver material 
fast enough to keep the employees indoor busy (Sundin, 1998, p. 37). In order to handle 
the sudden imbalance of personal resources, the management decided to educate the 
female employees in outdoor assignments, which (spatially as well as occupationally) 
expanded their work tasks. Ultimately, just as the CAD equipment was gendered female, 
the women equally pursued the work previously assigned to men. Saying this, the 
organizational rearrangements were far from approved of among the personnel. On the 
contrary, men as well as women supported the old gender regime with its strict division 
of labor (Sundin, 1998, p. 39), which led to a female reluctance regarding the new 
assignments. Since outdoor settings were gendered male, such female occupation 
challenged the gendered division between outdoor and indoor activities. Sundin 
consequently argues that place, in this particular case, had “a stronger gender label than 
technology/…/” (Sundin, 1998, p. 31).  
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The male rejection of the CAD machines sheds new light upon the declared intimacy 
between masculinity and technology; combined with spatial analyses, the study at the 
Department for Topographical Maps at the Swedish National Survey demonstrates that 
acceptance or dismissal of new equipment is not only gendered, but also contingent on 
the particularity of location. The commonality between Sundin’s and Fernandes’ studies 
is that they both argue for the implications of spatial proximity and distance. But whereas 
Fernandes engages in the ways in which boundaries of categories are manufactured 
through political processes (Fernandes, 1997, p. 166) Sundin more specifically takes 
posture from the temporality of the gendered division of labor as she argues for the 
spatial edifices as co-constitutive to the reception of new technology. The accounts of 
Fernandes and Sundin belong to a wider field of research in which geographers have 
outlined the inextricability between geographical location and gendered division of labor. 
Linda McDowell and Doreen Massey (1984), for example, pay attention to the ways in 
which industrial work and technological know-how contributed to certain enactments of 
masculinity and femininity during 19th century Britain. Linking this configuration to the 
spread of capitalism, McDowell and Massey propose regional differences and 
consequently offer a comparative study. Four British areas and some of their respective 
industries are scrutinized: coal-mining communities and cotton towns in the northern 
parts of England, the sweated labor (in particular the clothing trade) of London and the 
agricultural work of the Fens (McDowell & Massey, 1984, p. 129). What is argued is that 
capitalism, due to its geographically differentiated growth forges new spatial divisions of 
labor, which in turn intersect with local as well as with national gender orders. As 
McDowell and Massey put it, “the spread of capitalist relations of 
production/…/disrupted the existing relations between women and men” (McDowell & 
Massey, 1984, p. 128). Simply, the 19th century nascent capitalism called traditional 
patriarchal systems into question. Saying this, the reader might recall Arvastson’s 
account; as he wages war against industrialization, capitalism and its subsequent de-
humanising of labor, the lament of the traditional patriarchal orders is implicitly there, yet 
left unspoken. The studies of Wikander and Oldenziel add to the study of Arvastson, 
historical accounts of industrialization processes in Europe and America. For instance, 
the dawn of the industrial capitalism in America encouraged working class women to 
leave their homes and become wage earners. Their assumed inherent idleness specifically 
turned them into suitable employees within textile industries (Oldenziel, 1999, p. 21). 
Besides, the employment of women in industrial work prevented men from being 
diverted from the agricultural sector (Oldenziel, 1999, p. 21). Saying this, the 
development of industrial capitalism provides a double-edged sword in that previous 
gendered arrangements were concurrently thwarted and restored. In as much as nascent 
capitalist relations enabled women to become wage earners, the boundaries between 
men’s and women’s social space had to be continuously asserted and reproduced 
(Wikander, 2006, p. 100). Hence, I am not suggesting that capitalism provides the 
ultimate solution for female emancipation. Rather, the dawn of capitalism forges a 
reformulation of existing gendered orders and male dominance (McDowell & Massey, 
1984, p. 128), which might (but does not have to) favour feminist purposes. 
 
As part of the field of human geography, McDowell and Massey propose a revitalized 
understanding of the relation between gender, industrialization and technological change. 
The geographical impact and the continuous spread of capitalism affected the four 
investigated areas differently, which in turn demonstrates regional differences 
(McDowell & Massey, 1984, p. 137). Lena Sommestad (1992) makes a similar point in 
her book Från mejerska till mejerist. En studie av mejeriyrkets maskuliniseringsprocess 
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[From dairymaids to dairymen. A study of the masculinization process in skilled dairy 
work] (1992). The study constitutes a detailed survey of the gendered alterations within 
dairy work from the late 19th century to the early 20th century in Sweden. Interestingly, 
the masculinization and mechanization of dairying activities coincided, resulting in a 
rapid transformation within the profession; in just a couple of decades, from the end of 
the 19th century until the beginning of the 20th century dairymen outnumbered the 
dairymaids. Saying this, regional differences contributed to a quite disparate process 
(Sommestad, 1992, p. 355). The dairying activities and the subsequent distribution of 
labor in the southern parts of Sweden were in many aspects distinct from the practices in 
the northern parts. In the region of Västerbotten (located north east of Sweden) men 
entered the dairying activities relatively late, compared to other areas (Sommestad, 1992, 
p. 26). Hence, the masculinization process within dairying must be understood as a 
diverse and many times contrasting process (Sommestad, 1992, p. 75) in which regional 
differences interconnected with rural and urban divergences. Commencing in the south-
western parts of Sweden, the masculinization and mechanization of dairying further 
coincided with the inter-war period (Sommestad, 1992, p. 355) as well as with 
industrialization. However disparate, this process must therefore be understood as a 
political and cultural course in which multiple factors collaborate. The gendered label of 
a particular work is thus intimately linked to the social, the economical, the technical, the 
political as well as the cultural development of a particular time and place (Sommestad, 
1992, p. 13).  
 
In order to probe the masculinization process of dairying activities, Sommestad presents 
literary accounts, archive material and statistics of dairy industries. In addition she 
conducts interviews with people previously involved in the production of dairy products. 
The masculinization process is subsequently elucidated from three perspectives: as part of 
national industrialization, as a cultural conception and as deployed through political 
actors (Sommestad, 1992, p. 25). There is always a coding of work tasks and artifacts in 
relation to femininity and masculinity, and this is by necessity expressed in hierarchical 
terms and is also historically contingent (Sommestad, 1992, p. 13). The investigation 
covers a period of one hundred years, from 1850 to 1950. Particular focus lies on the 
period between 1920 and 1939. As such Sommestad’s study constitutes a unique 
genealogical account of the production forms and working conditions in Swedish dairies 
and has become the object of ensuing academic interest, at least in Sweden. The intimate 
coupling between men and technology is only partly relevant, something that also is 
pinpointed by Sommestad:  
 

“[t]he work conducted by the dairymaids in the early 20th century dairies included 
most of what we today would associate with men’s work in the industrial settings: 
lifting of heavy things, individual responsibility for machines, requirements of 
qualified professional education and elements of operational supervision” 
(Sommestad, 1992, p. 15, my translation).  

 
Conversely, the mechanization of dairying activities made the profession less physically 
demanding. Sommestad meticulously investigates and compares the pre-industrial 
procedures with the more commercialized and industrialized methods and also reveals 
these as gendered. The strong symbolic and normative connection between milk and 
femininity, prevalent in the mid 19th century was jettisoned in the latter half of the 
century as development of new methods allowed for the theoretical scrutiny of the milk’s 
chemical characteristics (Sommestad, 1992, p. 44).   
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Sommestad’s study bears resemblances to Sundin’s account in that they both 
acknowledge processes of gender labelling of work assignments, and how these suffuse 
all aspects of organizational life. Interestingly, however, they reach seemingly 
contradictory conclusions. Whereas Sommestad displays a clear connection between the 
mechanization and the masculinization of the dairy activities, Sundin describes how the 
CAD machines are labelled female and consequently repel male engineers. In any case, 
these divergent accounts reveal the intrinsic complexity that contributes to moulding 
relations between gender and technology, and also the inherent uncertainty of 
technological change. “New technology is a force acting from without on established 
social relations” (Cockburn, 1983, p. 216); in as much as traditional relations between 
men and women might be challenged, gendered arrangements are simultaneously 
modified and launched. However, technological changes do not provide unambiguous 
division of labor according to gender (Sommestad, 1992, p. 21), but are, as the above 
examples have demonstrated, co-constituted in light of geographical location, political 
situation and spatial placement of the technology itself. “The fact that technology has a 
male image does not mean that new technology is always introduced in a way detrimental 
to women” (Sundin, 1998, p. 34).  
 
As I will show, the arrival of the robotic welding system at Tuollavaara Transportation 
had unpredictable consequences, which callously dashed the initial forecasts and also 
clearly changed the character of the work conducted. Equally, the male repugnance 
turned out to be a somewhat complex ensemble of power, hierarchies and affection that 
was inextricably part of spatial negotiation and instrumental utility. The profession of a 
welder was not masculinized or feminized impervious to the regional implications of the 
municipality of Kiruna2, the town in which Tuollavaara Transportation was located, nor 
was the robotic welding system simply embraced and smoothly incorporated into daily 
practices. Acknowledging the studies outlined above, it is impossible to understand the 
particularity of the bodies brought forth by my informants without at the same time 
acknowledging the spatial settings of the industrial hall. 
 
Key questions 
Although a more extensive theoretical discussion will be provided below, I take this 
opportunity to briefly delineate some of the main concepts and how I intend to deploy 
them in relation to the empirical material. The subsequent key questions are founded on 
this theoretical bedrock.  
 
Unlike earlier accounts (Cockburn, 1983, 1985; Forsberg, 1989; Sommestad, 1992; 
Sundin, 1998) this study addresses gender not as the decisive point of departure, but as an 
inferred conclusion. In as much as it would be naïve to address embodiment without 
considering the particularity of bodies – as Elizabeth Grosz argues, the “body is always 
already sexually coded/…/” (Grosz, 1993, p. 202, emphasis in original) – what is of 
primary interest here is to disclose gender as the result of, rather than the condition for 
embodied activities. Bodies, I stress, do not always behave according to their assigned 
                                                 
2 With its 18 000 inhabitants, Kiruna is the main city in the municipality of Kiruna. The municipality is 
sparsely populated; a total of 23 000 people live here, and it covers vast areas of the northernmost part of 
Sweden. Kiruna is well known for its mining industry, but also for space research and tourism. During 2007 
more than 600 000 guest nights were registered. Nonetheless, Kiruna constitutes a rural area in Sweden; 
since the middle of the 70’s the population is continually decreasing, which requires different strategies, 
initially to attract people to move to Kiruna and secondly to reverse the negative trend (Planeringsunderlag. 
Kiruna kommun 2008). 
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gender; in times of the implementation of new technologies in industrial settings, for 
example, customary behaviour is explicitly exposed to alternative orders. Gender 
consequently appears as bodies take on some paths instead of others, or reaching for 
some objects while rejecting others. In as much as all these changes are spatially located, 
they also have spatial consequences.  
 
As I will show, the arrival of the robotic welding system altered the spatial settings of 
Tuollavaara Transportation, which in turn compelled different routes to be taken, new 
surfaces to be trodden. The implementation process of the robotic welding system was far 
from a mere organizational concern, but was contested, negotiated and fortified in 
situated and spatially located activities, which also clearly affected the bodies at play. The 
daily activities in the industrial hall fostered certain material arrangements at the same 
time as the use of the robotic welding system changed the structure of activity. The 
altered routines provided a spatial distortedness through which bodies, artifacts and 
activities were accumulated as well as diluted. Equally, the spatial demarcation of the 
robotic welding system suggested revivified use of paths and space at the same time as 
emerging activities clearly obstructed previous arrangements. My first key questions 
consequently are: 
 

How is spatial differentiation set and negotiated when the robotic welding system 
arrives and is deployed. What are the roles of embodiment and artifacts in these 
processes?  

 
Although disclosed more extensively below, the term spatiality requires an instantaneous 
outline, which in turn facilitates the entrance of the second key question. Spatiality is 
considered as a human production rather than a container in which activities occur. 
Rather than given once and for all, spatial settings are products of social practice (Turner 
& Davenport, 2005, p. 1): they are usurped, lost, traversed and omitted. At the same time, 
they actively contribute to a continuous negotiation of human bodies and instrumental 
utility. Just as they might reinforce acts of repression, they serve to unify practices. In any 
case, the relationship between spatiality and human activities is most intriguing; each 
action is lived in time and space, which makes it impossible to abstract human 
subjectivity from these conditions (Thrift, 1996, p. 39). 
 
The spatial settings of Tuollavaara Transportation are not restricted to the physical 
environments provided by the industrial hall, the offices, the lunch room and the meeting 
venues. Everyday undertakings, especially in conjunction with the robotic welding 
system, concern mobile phones, digital platforms such as the control device that 
accompanies the installation (Fig. 1) as well as the computerized system, in which 
technical information about the trolleys are stored. In order to acquire an understanding 
of the ways in which the bodies of the welders traverse the different spaces, I suggest a 
nascent perception of spatiality, not as simply restricted by physical laws, but as fickle 
yet intermingling tiers of realities that exceed material boundaries. The body is thus a 
“key element in terms of how it mediates the comprehension of spaces and the layered 
meanings that transform them into spaces” (Turner & Davenport, 2005, p. 3). My second 
key question then is:   
 

How can the body be envisaged as a juncture through which different tiers of 
reality map onto each other? 
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The body forms a decisive part in spatial orientation. Its inherent ambiguity allows for “a 
series of uncoordinated potentialities” (Grosz, 1992, p. 243), which at once orders, as 
well as is ordered by social norms and expectations. The technologically endowed body 
further contributes to altering the human perception of space as instruments and artifacts 
cannot simply be detached from bodies, but constitute identification marks through which 
the profession as a welder is enacted and negotiated. In addition, the spatial properties of 
things – that is, their very tendency to occupy space – affect human behaviours (Sack, 
1980, p. 12). The suggested overlap of bodies, artifacts and spatiality will be 
contextualized and further examined on page 34 and onwards. For now, the intention is to 
present the methodological approach of this study. 
 
The structure of the thesis 
This thesis is divided in three parts: Ab initio, Ad rem and Ultima ratio. Each of these 
parts encloses a number of chapters and subheadings. Seeking to outline previous 
research, the first part, Ab initio has set the foundation for my key questions as well as 
the methodological approach. The reader should now be familiarized with my intentions 
as well as some of the preceding voices within gender and technology studies. The 
following chapters: Central themes and Theoretical charts, draws from the presentation 
of the Venn diagram, the model through which I will interpret the empirical material. 
Embodiment, spatiality and artifacts, it is argued, overlap each other in that it is 
impossible to unravel one without the other. Their mutual constitution is unremitting, at 
the same time as the arrangement provides only temporal interlockings. The details of the 
Venn diagram are thus subjected to continuous modifications. I then outline the terms and 
expressions central to this study. Scrutinizing embodiment, spatiality and artifacts 
requires an extensive presentation of their respective trajectories, which is why this study 
interrogates ‘gendered bodies’, ‘the technological human’, ‘spatiality’ and ‘socio-
materiality’. This chapter also describes my theoretical toolkit of activity theory and 
distributed cognition. Their differences as well as affinities provide a sufficient, yet 
disparate understanding of the implementation process of the robotic welding system. 
Acknowledging the activities in the industrial hall of Tuollavaara Transportation as part 
of particular systems or networks forges an understanding of routines, disruptions, 
distribution of knowledge and disconcerted interaction. I argue that feminist theories 
allow for further understanding of the contingent edifice of the systems or networks and 
their ubiquitous tendencies to slant. Hence, feminist theories revivify traditional tenets 
and interrogate the uneven allocation of bodies and materiality. 
 
Turning to the second part: Ad rem, an extensive chart of the empirical framework is 
provided. The reader is introduced to the members of the workforce as well as the 
management of Tuollavaara Transportation. Likewise, the robotic welding system and the 
surrounding stakeholders are presented. The intention is to dissect the gendered 
conditions of Tuollavaara Transportation. Investigating the feminization process of the 
profession of a robot operator and how resistance emerged as a direct consequence of its 
gendered label allows for scrutiny of spatial, instrumental and embodied relocations. Not 
only were acts of resistance verbally expressed, but conveyed through bodies, spatial 
configurations and instrumental utility. In sum, the ensuing part and its six chapters 
elaborate on the Venn diagram, although elucidating different aspects of the 
intermingling spheres.  
 
Exploring the implications of spatiality, the industrial hall of Tuollavaara Transportation 
is subjected to continuous negotiations in that it was furnished and re-furnished, raised 
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and dismantled through situated practices. Processes of furnishing equally invoked the 
ephemeral positions of the iron-ore baskets, which in turn affected the location of bodies. 
The workforce gathered around certain objects and in particular areas whilst neglecting 
others; spatial orientation was thus embodied and also stratified in tandem with 
instrumental utility. Interestingly, the arrival of the robotic welding system modified the 
spatial arrangement. In as much as space is a scarce resource, I will show that it equally 
constitutes a shared resource, and that this association is a crucial part of technological 
changes. The robotic welding system was spatially located at the same time as it had 
spatial consequences. As argued above, assignments, in particular the ones conducted in 
conjunction with the robotic welding system, concerned digital settings as well as 
auditive3 communications. In order to traverse these settings, mapping was crucial. For 
example, the robot operators had to interpret and make intelligible the digital algorithms 
arranged on the display of the control device in light of the physical movements of the 
robotic welding system and the subsequent result i.e. the welded beads. Likewise, the 
successful transportation of the iron-ore baskets required correspondences between the 
actual directions of the overhead cranes and the symbols of the attached control devices. 
These practices were by necessity asymmetrical in that they appealed to, and were 
constituted by sets of disparate movements that at first sight may have little or nothing to 
do with each other. In order to render the activities intelligible the physical, digital and 
auditive settings were thus tuned in accordance with each other. Saying this, I will go on 
to argue that acts of meaning-making are socially distributed in that they lay outside the 
single subject to mould. The collaborative efforts of the workforce rather than individual 
enterprises affected the subsequent navigation through space.  
 
Turning toward artifacts, the intention is to elucidate the intimacy between embodiment 
and the professional instruments used by my informants. The occupation as a welder 
required standardized sets of equipment and garments, which in turn motivated hybrid 
assemblages and technologically enhanced bodies. Nonetheless, as the robotic welding 
system arrived and was deployed, these arrangements were subjected to change. The use 
of different instruments propelled a distinction between manual and robotic welding 
practices. Manually operated welds, however salient in activities of manual welding, 
were incompatible with the pursuits of the robotic welding system. In order to run the 
latter, novel sets of instruments such as the control device were required, which in turn 
affected the assignments as such. Conversely, as the character of the welding practices 
transformed, the roles of the particular instruments were apt to change.  
 
Distinguishing between manual and robotic welding practices, the welders enacted and 
fortified a particular gender regime. Hence, the feminization process of the profession of 
the robot operators worked in tandem with instrumental utility. Concurrently, the 
assumed intimacy between the male co-workers and the manual welds was assumed to be 
the very key to professional expertise. By this means the ability of the female welders i.e. 
the robot operators was dismissed and trivialized. Crudely, wielding of certain artifacts, 
such as the control device was not acknowledged as signs of competence, neither by the 
women themselves nor by their male colleagues. The daily use, but also the physical 
location of professional equipment was subsequently part of the allocation of male and 

                                                 
3 The term auditive is employed in order to depict settings enacted and moulded in telephone, as well as in 
cell phone communication. Hence, problem-solving activities observed in the industrial hall often required 
extensive collaborations between physical, digital, as well as auditive settings, which is why I suggest 
mapping between these environments to be pivotal in order for my informants to sufficiently manage and 
find solutions for various dilemmas. 
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female domains; deployment of the robotic welding system called forth a particular 
spatial configuration, which both challenged and underpinned the lines of gender 
segregation at Tuollavaara Transportation. Due to the variety of possibilities for use and 
direction of the instruments these arrangements were continuously transforming.  
 
Having discussed the mutual impact of spatiality and artifacts this study attends to 
embodiment. The main focus is thus directed toward human bodies and gestures. I will 
argue that embodied modifications are the effects of spatial alterations; due to the arrival 
of the robotic welding system, the bodies of the workforce adopted alternative directions, 
which in turn allowed for spatial re-orientation. Chiming in to the work of Robert Sack 
(1980), what partly distinguish symbols of masculinity and femininity are their spatial 
properties (Sack, 1980, p. 106). The reciprocity between embodiment and spatiality did 
not only characterize the assignments of the robot operators, but pervaded the entire 
edifice of Tuollavaara Transportation; bodies tended to appear in, and be confined to 
gendered variations in terms of men and women. In any case, gender is regarded as 
paramount to shaping and reproducing spatial orientations. As the premises of 
Tuollavaara Transportation were occupied, not only by bodies, but by gendered bodies, 
the particularities i.e. the epithets men and women contributed to affecting the enterprises 
of my informants. Gender, it is consequently argued, appears as bodies take on some 
paths instead of others, or as they reach for some objects whilst rejecting others. Put 
differently, bodies become gendered by turning toward certain objects and not others. 
 
Interestingly, bodies do not always behave according to their assigned gender. As the 
robotic welding system arrived and was deployed, reconfiguration of bodies and 
environments presented avenues for further inquiries. In line with spatial demarcation of 
the robotic welding system, the embodied acts of the robot operators diverged from the 
surrounding activities in the industrial hall. Simultaneously, the individual movements of 
the robot operators were collectively negotiated in that they resembled each other; 
bringing the robotic welding system into service forged embodied similarities. These 
technologically enhanced bodies were interpreted with multiple dimensions of meaning, 
which in turn affected the ways in which people inhabited space. Equally, the robotic 
welding system was apt to relocate traditional spatial inhabitation; it was deployed 
alongside embodied modifications and gained meaning in the wake of the spatial 
occupations of men and women.  
 
Bodies are crucial in acts of mapping and translation in that they constitute junctures 
through which different tiers of reality map onto each other. Investigation of the 
embodied assignments of the welders enables scrutiny of how realities converge, collide 
and overlap. The scarcity of space compelled continuous negotiations in which gendered 
bodies are concurrently gathered and dispersed. Acts of sharing the spatial settings, be 
they physical, digital or auditive, further implied asymmetrical configurations, which in 
turn affect the embodied performances of Tuollavaara Transportation; the physical 
absence of some bodies was partly remedied through use of mobile phones and e-mail. 
Especially the joint assignments conducted in conjunction with the robotic welding 
system encompassed digital as well as auditive settings. Hence, in as much as the bodies 
of my informants were physically situated they effectively conflated the mutileveledness 
of spatiality.  
 
The final section: Ultima ratio, comprises at once a conclusion and a proposal for 
revivified ways of approaching technological changes. The implementation process of the 
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robotic welding system is a spatially contingent act at the same time as it motivates 
rearrangements in the industrial hall of Tuollavaara Transportation. As such it also 
propels a variety of embodied activities. In whatever way, the arrival and deployment of 
the robotic welding system constitute a complex series of occurrences; it challenges the 
contemporary patterns of gender segregation, but is equally interpreted in line with these 
regimes. I will illustrate this intricacy by pinpointing a three-folded overlap of spatiality, 
artifacts and embodiment. This configuration serves as a backdrop as I investigate how 
the daily practices of the welders are made intelligible and negotiated in situated 
activities. Saying this, it is time to embroider the methodologies used. 
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Methodologies 
Fourteen visits were conducted to Tuollavaara Transportation, between February 2008 
and January 2009. Every other, or every third week, I commuted from my current 
residence to Kiruna, a journey that took approximately four hours by train. My working 
weeks mostly ranged from Monday to Friday, from seven am until two pm and during this 
time I observed and accompanied the employed welders in their different undertakings. I 
was also allowed to attend meetings and workshops that were held between the 
management and the employees. Although the main interest of this study concerns the 
robot’s immediate physical vicinities and the observable activities enacted and negotiated 
in the industrial hall, I have, in addition to the ensemble of approximately twenty welders, 
interviewed the four representatives from the management including the managing 
director. Opportunities were also given to talk to external consultants, project managers 
and travelling engineers as well as with representatives from the suppliers, and the 
regional stakeholders, i.e. from the municipality of Kiruna. This facilitated a nuanced 
understanding, not only of the implementation process, but also of the specific vicinities 
of the company, and their mutual impact on each other.  
 
I spent most of my time in the industrial hall where the robotic welding system was 
located (Fig. 2), with the employees of Tuollavaara Transportation, but more specifically 
the robot operators, who constitute the main informants for this study. The interviews can 
be understood as informal conversations (Ehn, 1974, p. 163; Pettersson, 1996, p. 51), 
which enabled me to explore the activities of welding and robot programming as well as 
managerial decisions and organizational structures. Many of these conversations took 
place in the industrial hall, during lunches, breaks and pauses, and were often conducted 
ad hoc. Due to the frequently high noise level, the tape recorder turned out to be a 
deficient medium; instead notes were taken during the interviews and I have also 
collected the sketches and drawings that my informants used in order to make their 
thoughts legible. These drawings served to explain technological terms and expressions at 
the same time as they partly remedied the frequent lack of coherent sentences. In addition 
to impulsive illustrations – graphs sketched with pieces of chalk, scribbled on Post-It 
notes and drawn up as rapid landscapes on the gables of the iron-ore trolleys (Fig. 3) – 
the welders also made frequent use of their bodies. Not only were dialogues encompassed 
through verbal expressions; transformations of words routinely turned into embodied 
actions and instrumental utility (Becvar et al., 2005, p. 101ff).  
 
The video camera 
In addition to observations and interviews I employed a video camera. This medium 
allowed for scrutiny of embodied activities and enabled me to return to specific 
occasions, which I found of particular interest. Initially, the enterprise to visually capture 
the everyday activities created a certain uneasiness among my informants; they often fell 
silent or simply left whenever I commenced filming. Alternatively, and more likely to 
happen after some familiarity had been reached, some of the welders showed off in front 
of the camera. Neither of these occasions was characteristic of the daily assignments I 
sought to depict, yet they possibly suggested a continued discomfort among my 
informants. In order to solve this dilemma I constantly carried the camera with me, and 
attempted  to  incorporate  th  use of  it  into   my   habitual   behaviour. The video camera 
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 Fig. 3 
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facilitated a multileveled understanding of the activities of my informants. By this means, 
video analysis enables a very detailed data-driven scrutiny (Engeström, 1999, p. 377). 
The camera carries the unique ability to capture nuances and rhythms of actions and 
streams of bodies that would otherwise be hard to portray (Evaldsson, 2003, p. 483). 
Through utility of a video camera, attention is thus directed toward “the ‘in situ’ 
accomplishment of particular events and activities/…/” (Heath, 1997, p. 185). The 
camera also makes apparent how talk and movements intersect (Heath, 1997, p. 197). As 
I seek to depict diffusions of bodies and artifacts as spatially conditioned acts, visual 
images in terms of pictures and maps will be interspersed throughout the text. However, 
the camera depicts neither pure visualizations nor does it offer plain reflections of reality. 
The displayed pictures and maps are to be read as similar to the physical objects and 
spatial premises they are said to represent: as interpretations and limited snapshots, which 
are open to continuous negotiations. Moreover, as the diverse activities in the industrial 
hall run in parallel the attempts to visually depict the multiple variables that occur 
simultaneously are bound in some ways to fail, which further complicates the wish to 
extend the occurrences to also include the dimension of time (Salomonsson, 1971, p. 77). 
In order to provide a sequential chain of events I have therefore arranged some of the 
pictures in terms of slide shows. Notwithstanding the apparent deficiency, the displayed 
pictures and maps confidently facilitate an increased understanding of the spatial 
vicinities of the industrial hall and the subsequent distribution of bodies, vessels and 
tools.  
 
Protective means 
Due to safety regulations I was obliged to wear earplugs as well as a protector for the 
eyes and face whenever I attended welding, cutting, or grinding practices. In fact, without 
these pieces of equipment I would not have been allowed in the industrial hall. For 
example, the sections marked in red (Fig. 4) represented areas in which protectors for the 
face and eyes were required. Repeatedly reminded to use the earplugs as well as the 
protectors I did, in due course, inhabit the instruments as part of my own physical 
appearance. The habitual instrumental use circumscribed as well as enabled certain 
perspectives; at the same time as the loud noise level was diminished the earplugs also 
filtered dialogues, conversations and replies. Similarly, the hoods were indispensable aids 
as they protected the welders from ultraviolet light and consequently from developing arc 
eyes. This painful ocular condition typically emerges as a result of wearing deficient or 
no eye protection when welding. Although spontaneously resolved after a couple of 
hours, the stinging ache is most uncomfortable.  
 
Not only were the protectors for the face and eyes vital parts of safety regulations, they 
provided a rather restricted view of the immediate surrounding. The reddish glass 
measuring 4x7 cm. allowed focus on whatever was present at hand whilst ambient 
activities disappeared. Observing activities of welding, I was subsequently left with a 
highly restricted viewpoint, as also shown below (Fig. 5). Although the protectors for the 
face and eyes allowed the individual welder as well as potential bystanders to detect the 
arc in terms of the green spots, it was impossible to clearly discern the surroundings. 
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The ambiguous position as a researcher 
Equipped with the protective means and dressed in a boiler suit and a pair of durable 
garage shoes with steel toes I was occasionally mistaken for a co-worker by visitors and 
external representatives. Notwithstanding the initial confusion, I was clearly set apart 
from the workers in that I constantly carried a notebook and a video camera. Both of 
these artifacts were subject to inquires and curiosity among the welders; they often 
commented on my venture to film and take pictures, and made jokes about stealing my 
notebook. When I arrived at Tuollavaara Transportation after the summer break, carrying 
a notebook with black folders, one of the welders exclaimed, “oh, the black book!” 
jesting with mock fear. In some discussions between the co-workers the notebook was 
even laughingly referred to as ‘the holy script’; I was mockingly teased over how I 
watched over it, conscientiously closing it whenever the welders approached me. I 
welcomed comments like these as they gave me opportunities to respond and explain my 
presence in more detailed terms. At the same time, the reactions of my informants must 
be seen as one way of relating to, and rendering intelligible the reason for my presence. 
Terms such as ‘the black book’ and ‘the holy script’ suggest certain expectations of my 
research interest; adequately, the welders assumed it would exceed mere scrutiny of the 
robotic welding system and also concluded that their own activities were pivotal to my 
study. In addition, I contend the acts of teasing to be part of the local gender regime at 
Tuollavaara Transportation. As women most often attended to the robotic welding system 
my interest in the new piece of technology conformed (too easily) with the expectations 
of male and female concerns. Verbal remarks and mocking comments thus contributed to 
designating me accordingly; my position as a female researcher, thus an obvious outsider, 
was enhanced and established through the material assets, for instance the camera and the 
note book, but also the current interest of mine: the robotic welding system and its 
implications. As a woman I further enjoyed an unproblematized position at the lunch 
table of the female robot operators, something that hampered any approach toward the 
venues of the male welders. The study’s primary attention toward the implementation 
process of the robotic welding system engendered extensive discussions between myself 
and the female robot operators whilst at the same time resulting in difficulties to access 
some of the manual welding activities without at the same time impeding the same. 
  
During the time for my fieldwork I was invited to try manual welding as well as 
programming the robot, but I also engaged in menial tasks such as sweeping the floor, 
grinding smaller details to be attached to the baskets, painting bolts with assembly paste 
and removing redundant remainders from the joints. Although I partook in these duties it 
was important for me not to disrupt the activities. Rather, the endeavour was to establish 
a presence, which is why I sought to attend and observe different activities, not only 
restricted to the robotic welding system and its immediate surroundings. At the same 
time, I did occupy space, enterprises that inevitably called for some sort of attention. 
However subtle, my informants did adjust their activities in my presence, if nothing else, 
by the mere fact that they could not easily inhabit the same spot in which I currently 
stood. Saying this, researchers are not restricted to the role of external observers; the 
ubiquitous bodily presence makes them inextricably part of the field (Jacucci & Wagner, 
2005, p. 212). The venture to establish a presence is preferably seen as a constant 
oscillation that regards not only the researcher as a professional being but also in terms of 
a gendered, physical and emotional self. For my part, this became evident in the teasing 
comments of the welders, some of my informants flaunting in front of the camera, my 
own position in the lunch room and the tendencies to attend to some activities rather than 
others.   
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Oriented toward – oriented around 
Taking into account the implications of space I seek to briefly develop the ways in which 
my research interests obtained a spatial dimension. Herewith, I hope to make explicit my 
own embodiment. In her study Queer phenomenology. Orientations, objects, others 
(2007) Sara Ahmed outlines the implications of orientation and the ways in which 
orientation toward and around reveal the reciprocal contingency between body and 
space. As bodies orient in space we are not only involved in actively shaping space, but 
we are mutually affected by it (Ahmed, 2007, p. 3). Saying this, acts of orientation add a 
spatial dimension to the methodological preferences of this study. Focused toward the 
robotic welding system and the adjacent activities, I inevitably turned away from objects 
that were disruptive to the current purposes. The technological shift at Tuollavaara 
Transportation clearly affected the activities in the industrial hall, however as focus was 
directed to the daily deployment and use of the robotic welding system, reparations of for 
instance underground carriages adopted a somewhat peripheral position. Drawing on the 
work of Ahmed, my research interest had spatial consequences in that the examination of 
the robotic welding system required a particular inhabitation of space. “To be oriented”, 
Ahmed asserts, “is also to be turned toward certain objects” (Ahmed, 2007, p. 1). 
 
Saying this, Ahmed further expands her analysis as she suggests that “[i]t is the fact that 
what I am oriented toward is ‘not me’ that allows me to do this or to do that” (Ahmed, 
2007, p. 115). Put differently, as the object of attention always already is separated from 
the voyeur it brings forth certain activities and directions, something that is equally 
relevant to one of Ahmed’s predecessors, Maurice Merleau-Ponty. In his study The 
phenomenology of perception (2002) Merleau-Ponty claims that “[i]n order that we may 
be able to move our body toward an object, the object must first exist for it, our body 
must not belong to the realm of the ‘in-itself’” (Merleau-Ponty, 2002, p. 139). The 
accounts of Ahmed and Merleau-Ponty are both intriguing in that my choice of whether 
or not to engage in the implementation process of the robotic welding system must be 
seen to exceed discursive preferences. In as much as my orientedness toward the robotic 
welding system encouraged particular measures and directions whilst excluding others it 
established the object of interest as other than me; attending to the robotic welding 
system I concurrently rotated in a circular direction around a particular axis or point of 
departure. Saying this, Ahmed argues that the backgrounds from which we revolve are 
not dimly perceived surroundings, but produced by acts of regulation. “[S]ome things”, 
she subsequently states, “are relegated to the background in order to sustain a certain 
direction/…/” (Ahmed, 2007, p. 31). 
   
To recapitulate, the means of observing implied a spatial orientedness, which equally 
permeated the methodological deployment. Paraphrasing Ahmed, being oriented toward 
the robotic welding system I inhabited certain rooms and not others, and was likely to do 
some things rather than others (Ahmed, 2007, p. 30). In turn, the politics of space 
affected the knowledge production, something that will be further elaborated below.  
 
Thwarting the God’s eye trick 
Occupation of space and embodied locatedness clearly counteract what Donna Haraway 
(1991) refers to as the God’s Eye Trick; “a conquering gaze from nowhere” (Haraway, 
1991, p. 188). In order to deconstruct these “unmarked positions of Man and White” 
(Haraway, 1991, p. 188) Haraway introduces the term situated knowledges (Haraway, 
1991, p. 188; Bryld & Lykke, 2000, p. 4), stressing that all knowledge productions derive 
from somewhere. As all observations demonstrate a view from somewhere (Kaptelinin & 
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Nardi, 2006, p. 18) situated knowledges offer a possible allegory for feminist versions of 
objectivity (Haraway, 1991, p. 190). Knowledges, it is argued, are situated and strongly 
related to the body and embodied practices (Haraway, 1991, p. 188). This ethnographic 
study is no exception. It encloses several levels of possible interpretations (Probyn, 1993, 
p. 68) and this makes it impossible to control and frame. Ethnographic fieldwork is thus 
built up around incompleteness (Geertz, 1973, p. 29) in that every research will succeed 
on certain levels only to fail on others (Clifford, 1997, p. 86).  
 
Furthermore, to be able to establish a presence, the researcher unquestionably depends on 
the informants; s/he is chosen (hence the object of choice) in as much as s/he chooses 
(being a subject with a choice). The process of selecting is not a one-way procedure (Aull 
Davis, 1999, p. 78). In this project, I have sought to adopt a field sensitive approach, in 
that the following text reveals disharmony and splinterings, not only between the 
informants, but also between the informants and myself. Saying this, I ask the reader to 
bear in mind that the conclusions drawn are my own, not necessarily supported by the 
personnel and the management. My endeavour has thus been to write in such ways as to 
make the contradictions apparent. Polemic opinions constitute breeding ground for a 
nuanced research; despite the ultimate name of the single author on the front cover, 
ethnographic writing is a highly collaborative activity. Rather than coiling conclusions 
into neat arrangements, and carefully folding analyses in straight lines, I have left many 
of the disagreements crumpled, wrinkled or awkwardly inconvenient. Fieldwork is by no 
means a matter of obtaining compatibility and consensus; in as much as “I am stuck with 
the obligation of linearity/…/” (Braidotti, 2002, p. 173) it is not my intention to provide 
neat conclusions. Depicting encounters and discussions, disparate opinions among the 
informants as well as between the informants and myself are therefore prevalent, their 
innate messiness as part of the organizing, simply to be lived with.  
 
Spatiality, artifacts and embodiment 
The ensuing chapter presents an outline of the central terms and the theories through 
which I interpret the empirical material. However, taking precedence over the theoretical 
account the section below engages with the model that saturates this study. As suggested 
above, the relationship between spatiality and an object or between different spatial 
settings is often communicated through the body. At the same time as social practices 
presuppose the use of the body (Lefebvre, 1991, p. 40) spatiality constrains as well as 
enables to contributing to the shaping of human activities (Ciolfi & Bannon, 2005, p. 
219f). Simultaneously bodies re-arrange and modify space according to prevalent 
purposes (Ciolfi & Bannon, 2005, p. 219), which is why I seek to disclose how spatial 
diffusion of bodies effect how these bodies wield tools at the same time as embodied 
enterprises clearly challenge spatial configurations as well as instrumental utility.  
 
Although traditional discussions of bodies have been accompanied by thorough studies 
concerning the embodied alliance with technologies such as cars and computers, but also 
notebooks, pens, Post It notes and Velcro (see for comparison Perkins, 1993; Dant, 1999; 
Michael, 2006) they have not adequately depicted embodied collaborations with 
spatiality; the body is implicitly assumed to operate rather detachedly from spatial 
surroundings, at best collaborating with artifacts. On the other hand, studies that do 
acknowledge spatiality as coexisting with embodiment (see for comparison Lefebvre, 
1991; Grosz, 1992; Weisman, 1992; Duncan [ed.], 1996; Thrift, 1996; Davies, 2000), 
indeed meritoriously conducted research, fall short when incorporating instrumental use. 
Seeking to remedy this scarcity I argue for social interaction to constitute, not a dyadic 
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but rather a triadic relation of which material is a crucial component. As Henri Lefebvre 
(1991) has it, “[r]elations with two elements boil down to oppositions, contrasts and 
antagonisms” (Lefebvre, 1991, p. 39). In order to refine my claim, the intention is to 
demonstrate how the above-mentioned triad: spatiality, artifacts and embodiment, merge 
in various patterns. Embodied interaction is something that happens directly in the world 
(Dourish, 2004, p. 153); humans encounter, interpret and sustain meaning through 
embodied interactions with the world and with each other (Dourish, 2004, p. 127). 
Similarly, spaces must be thought of, not as empty mediums or as containers distinct 
from their contents (Lefebvre, 1991, p. 93f; Ciolfi & Bannon, 2005, p. 220), but part and 
parcel of “[g]reat movements, vast rhythms, immense waves/…/” (Lefebvre, 1991, p. 87). 
Human activities correspondingly articulate the very notion of spaces (Goffman, 1977, p. 
115). Moreover, as this study discerns spatiality as subject to continuous negotiations, 
rebellious practices are constantly enacted and co-constructed alongside the embodied 
notion of space. Human bodies in turn are constructed of unstable material (Kozel, 2007, 
p. 29); they are constantly being made and re-made (Sundén, 2008, p. 160).  
 
Introducing the Venn diagram 
Spatiality, artifacts and embodiment are deeply conditional upon each other in that it is 
impossible to think one part away. The reciprocity is more complex than occasional use 
of artifacts; it vastly exceeds the subsequent, yet random locatedness of any spatial 
setting. As also shown in the Venn diagram (Fig. 6), it is not a choice whether or not to 
engage in the triad, but rather a question of contemplating spatiality, artifacts and 
embodiment as profoundly interwoven. In order to approach the technological change at 
Tuollavaara Transportation, it is therefore of importance to direct focus toward the typical 
spheres of movement of men and women, and how their respective activities construct 
and recreate particular kinds of bodies to perform particular kinds of tasks (Gatens, 1999, 
p. 228f). 
 
To further outline the association, I ask the reader to imagine a hot day in which the sun 
turns the asphalt malleable. On the way home I walk barefoot, attempting to tread only 
the parts most likely to be spared from the sunrays. As I seek shadows I notice how the 
path appears far from straightforward; the spots and strokes that are currently in the shade 
suddenly dictate my course. Naturally, in order for the shadow to emerge material 
conditions in terms of artifacts, trees and buildings are necessary. At the same time, my 
embodied relation with the material surrounding is highly temporal; as the sun moves, the 
spots currently in the shade will be exposed to sunlight. These premises set the conditions 
for my walk; as the movements appear viscous – they are contingent on the material 
resistances, in this case the trees, the houses and the low brick walls – my body will come 
to realize heat even when I step on spots that currently are spared from direct sunlight. 
Similarly, as the sun draws closer, the parts that up until now were in the shade are 
heated, but for a short while, the exposure to direct sunlight are preceded by my 
embodied ability to actually step on the elucidated ground. The sun, my bare feet and the 
material surroundings are ultimately and inextricably part of each other. As artifacts 
mediate the path, the sun continues to shine, which in turn affects the shades. These 
shades are correspondingly bound to move, and in doing so the material viscousness – 
currently to be seen in the discrepancy between the heated asphalt, the sections in shade 
and my choice of certain spots but not others – is evident. The overlapping mismatch is 
the very condition for this mutual association to emerge.   
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Fig. 6 
 
Summary of the arguments 
Claiming spatiality, artifacts and embodiment as mutually constituted requires a summary 
of their previous employment. The following section will therefore provide the reader 
with brief retrospective annotations as well as my subsequent use of the terms. After that, 
I will attend to the theoretical disciplines: activity theory and distributed cognition. Their 
respective contribution to this study is intriguing, yet the interlacement is far from 
continuously attuned. Nonetheless, bringing forth disciplinary differences as well as 
similarities, I aim to sift the empirical material of this study through some of the clashes 
and affinities between activity theory and distributed cognition. In doing so, I equally 
problematize their shared dearth of exploring gender. Their individual omission 
concurrently constitutes an astute point of departure as I argue for systems and networks 
to be inevitably skewed.  
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Central themes 
In as much as the Venn diagram encompasses an evolving current in this study, it 
emerges from, and tends toward terms that are fraught with ambiguity. Their assumed 
explicatory purposes are, as will be shown below, not always clear-cut, but charged with 
disparate meaning-making practices. Hence, the aim of the ensuing chapter is to 
embroider the themes paramount to this study: embodiment, spatiality and artifacts. In 
doing so, what is at stake is to facilitate the entrance of the theoretical approaches.  
 
Gender, bodies and material implications 
The reader is asked to contemplate ‘gender’ as a wide ranging yet defying term, in 
continuous dialogue and tension with ‘sex’. There are indeed different reasons for 
conforming to (n)either of the terms, and this study has no intention to provide an 
extensive analysis of the current debates, nor will it engage with a genealogical account 
of previous discussions. What can be said is that the preferences for using the one term or 
the other (or rejecting them altogether) have varied historically, and will certainly 
continue to change. R.W Connell (1987) for instance, coins the term ‘sexual character’, 
claiming ‘sexual’ to be “more apt than ‘gender’ since in most usages the idea is 
specifically linked with sex” (Connell, 1987, p. 167). In a similar vein, Cockburn draws 
clear-cut lines between sex and gender, asserting that gender “is not a natural 
phenomenon like the sex features we are born with” (Cockburn, 1983, p. 6). Saying this, 
Cockburn assumes sex to be radically distinct from gender. Sandra Harding (1986) 
provides yet another interpretation and, in addition, outlines her preferences for gender. 
As opposed to ‘sex’, she claims ‘gender’ to state more overtly the assumed differences 
between men and women to be socially constituted (Harding, 1986, p. 15, 154).  
 
Saying this, I find Judith Butler’s (1990) proposition to be the most intriguing and also 
facilitative to the purposes of this study. Butler effaces the distinction between sex and 
gender altogether, claiming the dualism in itself to be part of what she refers to as the 
compulsory heterosexuality. Hence, Butler proposes gender to precede sex, in that it is 
impossible to understand the latter without the contextualized understanding of the 
former. Gender, she goes on to argue claims, “designate the very apparatus of production 
whereby the sexes themselves are established” (Butler, 1990, p. 10). By this means, 
gender is a verb rather than a noun; it is a narrative effect in that it emerges as the result 
of human actions. Taking into account the performative aspect of Butler’s proposal, this 
study employs the term gender in order to convey how social relations of domination are 
materialized. Apart from direct quotations, the term sex is subsequently not used. 
 
Masculinity and femininity  
In light of the above discussion, it would be omissive not to mention the terms 
‘masculinity’ and ‘femininity’. These expressions are continuously objects of dissection 
within feminist theories and queer theories, and further coordinated with discussions 
about gender. Although male bodies conventionally have been said to conduct so called 
masculine performances (Connell, 1996, p. 69), female bodies can very well convey 
masculine traits (see for comparison Halberstam, 1998). In fact, “what we understand as 
heroic masculinity has been produced by and across male and female bodies” 
(Halberstam, 1998, p. 2). However, as the epithet ‘masculine’ tends to stick easier to men 
than to women, women who do perform masculinity are often referred to as manly. 
Voluntarily sidestepping further investigations, the ensuing section skims over some of 
the previous research. In doing so, the reader is encouraged to ponder the difference, yet 
crucial intermingling between terms such as men, women, male, female and masculine 
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and feminine. Just as there exists an inevitable mismatch between masculinity and male 
bodies, femininity is not exclusively the domain of biological women (Muñoz, 1999, p. 
108).  
 
Stemming from the motley field of masculinity studies, Connell argues that the intimacy 
between masculinity and male bodies, which is discerned in that the physical experience 
of masculinity is central to the decipherment of gender (Connell, 1996, p. 78). The body 
is thus unavoidable in the constructions of masculinity (Connell, 1996, p. 83). Similarly, 
Iris Marion Young (2005) discerns the relation between female bodies and performances 
of femininity (Young, 2005, p. 31): whereas the former refers to the materialities of 
bodies the latter encompasses gendered social conventions (Young, 2005, p. 6). Taking 
into account the lived experiences of gender and embodiment, Young adopts a 
phenomenological view within social constructivism and more specifically within 
feminist theories. The feminine is conceived as “a set of normatively disciplined 
expectations imposed on female bodies by male-dominated society” (Young, 2005, p. 5). 
Young’s theoretical domicile allows for scrutiny of situational enactments of gendered 
bodies. Body experiences, she subsequently claims, are gendered or sexually 
differentiated (Young, 2005, p. 4).  
 
Thus far, this study acknowledges terms such as man and woman to be inextricably part 
of, albeit slightly at odds with masculinity and femininity. Fortified as dualisms they 
subsequently gain meaning and are understood in relation to each other (Connell, 1996, p. 
66): to pass as a man is to prove (certain sets of) masculine traits. Hence, espousal of the 
sex-gender distinction, in itself valuable to probe subordinating practices, fails to question 
the normative heterosexual binary (Young, 2005, p. 18). Previous voices within gender 
studies including masculinity studies have further revealed the ways in which traditional 
assumptions of gender are expressed in dichotomous and hierarchical terms (see for 
comparison Young, 2005, p. 25; Connell, 2007, p. 42), in which women are peaceful, 
cooperative and close to nature whereas men are aggressive, competitive and hostile (see 
for comparison Harding, 1986; Connell, 2007). Connell equally claims this to be 
connected to, and affirmative of Western knowledge production (Connell, 2007, p. 184). 
Seeking to remedy this deception, this study interprets gender as a defying shadow, an 
indefinite consequence of embodied movements and gestures. The enterprise might at 
first appear as an unwise, and rather deterministic, approach; always accompanying the 
body, it is impossible to understand the self without acknowledging this self as gendered 
(Probyn, 1993, p. 2). Being sexed (Probyn, 1993, p. 23), the reader might subsequently 
argue, is certainly one of the first discursive injuries (see for comparison Lundgren, 2000, 
p. 111), only to continue that the physical, as well as the social order is exclusively 
arranged according to androcentric values (see for comparison Bourdieu, 1999, p. 37). 
Contemplating discourses of life to be “entangled in gendered, racialized, and sexualized 
truth regimes/…/” (Smelik & Lykke, 2008, p. ix) the study nonetheless directs its primary 
focus toward embodied relations with spatiality and artifacts, which is why I first and 
foremost read and interpret the material imprints of bodies and how these imprints in turn 
propel embodied gestures and behaviours. Rather than contemplating the concept of 
gender as a self-evident point of departure, what is at stake is the understanding of what 
Young refers to as ‘the lived body’ (Young, 2005, p. 9, 25) as constitutive for theorizing 
embodied experiences. Intimately coupled with certain artifacts, and embedded in the 
particular spatial settings provided by organizations the concept of the lived body offers 
“a way of articulating how persons live out their positioning in social structures along 
with the opportunities and constraints they produce” (Young, 2005, p. 25). In agreement 
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with Butler’s claim that “[t]he forming of the subject requires an identification with the 
normative phantasm of ‘sex’” (Butler, 1993, p. 3) the current intention is to steer away 
from the pitfall of reproducing gender in dualistic terms of men and women. Hence, 
rather than explicitly pinpointing gendered aspects this study sets out to depict embodied 
flows and collaborations with material and spatial settings. Similar to Fernandes, I argue 
that the very intelligibility of gender is partly dependent on the specifics of materializing 
structural relations. Movements are disjointed, gender adopts the velocity of 
technological processes and melts into a conclusion rather than a point of departure. 
Hence, I turn toward bodies, but at the same time as I acknowledge their gendered 
distinctiveness I am keen to move beyond gender as the familiar point of departure. What 
is at stake is, as outlined in the key questions, to disclose spatial distribution of bodies in 
times of technological change. In as much as movements most often are deciphered in 
terms of male or female, masculine or feminine, the current intention is to investigate 
gender as the very consequence of movements and distribution of bodies. Gender 
differences are thus discerned as differences in embodied orientation (Young, 2005, p. 
32). Saying this, I go on to suggest that bodies become gendered by turning toward 
certain objects and not others. In turn, every course of action (verbal, gendered and 
embodied) depends upon material and social circumstances (Suchman, 1987, p. 50) as 
well as collaborative work of other participants (Goodwin & Duranti, 1992, p. 22). In as 
much as gender cannot be “entirely purged from the body” (Bigwood, 1991, p. 65) my 
intention is to demonstrate the ways in which gender differences emerge as the habitual 
consequences of embodied inhabitations of space.  
 
Saying this, gender is not an embodied trait simply attributed to bodies in terms of man 
and woman, nor is it restricted to terms such as masculine and feminine – although I 
refute a gender-blind perspective I encourage the reader to perceive human bodies as if 
their existence do not take particular forms over others – this study understands gender to 
be a salient factor when shaping and reproducing spatial orientations. “Individuals do not 
happen to be men or women by biological fact; they are constituted as gendered by 
identifiable social processes” (Harding, 1986, p. 109). By this means, “gender/…/is 
stabilized to the extent that the groups constituted in the network have interests in the 
conditions for cyclical rather than divergent practice” (Connell, 1987, p. 141). At the 
same time, the material body is not simply to be read (Kirby, 1997, p. 126); it is not 
merely subjected to discursive interpretations nor does it constitute a passive slate onto 
which cultural values are carved. Rather, the body is actively part of its own becoming in 
that “we might think the body as myriad interfacings, infinite partitionings – as a field of 
transformational, regenerative splittings, and differings that are never not pensive” 
(Kirby, 1997, p. 148).  
 
Language and human bodies  
Taking precedence over the introduction of feminist theories on page 58 and onwards, the 
reader might find it helpful to briefly contemplate the body in relation to the objectives of 
this study. The section below draws on voices from what is referred to as a post-
materialist, neo-materialist or alternatively a post-humanist stance. More explicitly, in the 
following I introduce the material implications of meaning in relation to Vicky Kirby 
(1997) and Karen Barad (2007) only to amalgamate the two in light of Katherine Hayles’ 
(1999) understanding of the posthuman body as data made flesh (Hayles, 1999, p. 5). 
Seeking to veer away from the post-structuralist single-tracked path in which bodies 
exclusively are subjected to discursive structures and gender is nothing more than “an 
ongoing discursive practice” (Jagose, 1996, p. 84) I subsequently espouse to the 
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materialist turns of Kirby and Barad. Although their respective points of departure differ 
distinctively – whereas Barad asserts that “[l]anguage has been granted too much power 
(Barad, 2007, p. 132) Kirby claims that “there is nothing outside of the text” (Kirby, 
1997, p. 53) – Kirby and Barad reach similar conclusions. Both of them refute the 
assumption that matter (or materiality) is a blank slate waiting to be discovered and 
interpreted (Barad, 2007, p. 137; Kirby, 1997, p. 104, 114). But whereas Barad promotes 
the notion of agential realism as the posthumanist account of material bodies (Barad, 
2007, p. 139) Kirby, inspired by the works of Derrida, acknowledges the “body as the 
scene of writing” (Kirby, 1997, p. 95, emphasis in original). Within postmodern and 
poststructural criticism, she asserts, the matter of the body is often referred to as “text” 
(Kirby, 1997, p. 83), its actuality subjected to interpretation and discursive demarcations. 
Saying this, Kirby’s dictum ‘there is no outside of text’, seems to inevitably fall at odds 
with her subsequent arguments. However, claiming the very tissue of substance to be 
mutable intertext, a writing that exceeds the conventional divisions of nature and culture 
(Kirby, 1997, p. 61) Kirby seeks to wrest textuality from the regular interpretations, and 
subsequently reads language and matter in terms of texts. Biology, she contends, is 
rewriting itself (Kirby, 1997, p. 78). Ironically, the poststructural flippancy toward 
essentialism results in cementation of the very divisions it seeks to eschew; “the 
unspoken foundation for this anti-essentialist assertion of groundlessness is a notion 
whose immutability is never in question” (Kirby, 1997, p. 61).  
 
Ten years after the publication of Kirby’s Telling flesh. The substance of the corporeal 
(1997) Barad takes on the issue albeit from a somewhat different position: through the 
works of the Danish physicist Niels Bohr. The introductory sentence – “[m]atter and 
meaning are not separate elements” – brings to the fore the entanglement of material-
discursive practices (Barad, 2007, p. 141). But whereas Kirby proposes Derrida’s term 
différance to emphasize differences through involvement, Barad employs the concept of 
intra-activity. As opposed to interactivity, Barad suggests intra-activity to signify the 
mutual constitution of objects and agencies of observation within phenomena rather than 
assuming prior existence of distinct entities (Barad, 2007, p. 197). What is needed, Barad 
asserts, is a posthumanist understanding of discursive practices (Barad, 2007, p. 148); 
“[t]he relationship between the material and the discursive is one of mutual 
entailment/…/Neither can be explained in terms of the other” (Barad, 2007, p. 152). 
Saying this, Barad goes on to suggest that the body is not so much situated in, as part of 
the world, and subsequently co-constituted along that world (Barad, 2007, p. 160). 
 
In sum, both Kirby and Barad disprove of the division between discourse and matter, but 
absorb diverse strands of influence. Barad takes action from Heisenberg’s uncertainty 
principle – “there is a necessary limit to what we can simultaneously know about certain 
pairs of physical quantities such as the position and momentum of a particle” (Barad, 
1997, p. 7) – as she argues that uncertainty does not equate to an absolute ignorance of 
other people’s motives. Rather, she suggests intra-actions to be constraining in that 
possibilities concurrently emerge and are excluded (Barad, 2007, p. 234). As matter is an 
agentive factor in its iterative materialization, thus engrossed in its own becoming, the 
future does not depend on the clash of cultural demands (Barad, 2007, p. 235). 
Contemplating the ways in which limitations of representationalist thinking are subjected 
to material imprints Barad troubles the ubiquity of cultural inscriptions. In comparison, 
Kirby – who argues that unwittingness still is part of knowledge (Kirby, 1997, p. 85) – 
dismisses altogether the notion of a convergence between matter and discourse. Just as 
there is no outside of text, the limitations of knowledge appear as always already part of 



41 
 

knowledge itself. As biology rewrites itself materiality is neither outside the realms of 
language nor a passive slate waiting for cultural inscription. It is actively involved in its 
own becoming. 
 
Embodiment and technological change 
Drawing on the accounts of Kirby and Barad, the above summary highlights some of the 
pitfalls of the poststructuralist distinction between discourse and matter. Equally it brings 
to the fore, the concurrent dismissal, extolment and resurrection of language. However 
disparate, the analyses of Kirby and Barad serve facilitative toward the purposes of this 
study. As stated on page 24, the body is envisaged as a juncture through which different 
tiers of reality map onto each other. The exploration of bodies, it is consequently argued, 
allows for scrutiny of the ways in which realities converge, collide and are stacked onto 
each other. As bodies act in space they are concurrently engaged in meaning-making 
practices: the spatial conflation comprises a layered pile that is rendered intelligible 
through material imprints. Saying this, the current intention is not to solve the innate 
entanglement between realities, but to understand the socio-material processes in which 
realities merge and collide.  
 
Thus far, the respective accounts of Kirby and Barad backcloths Hayles’ endeavour to 
cross the materiality of informatics with the immateriality of information (Hayles, 1999, 
p. 193). Similar to Kirby and Barad, Hayles refutes postmodern accounts in which the 
body “is primarily, if not entirely, a linguistic and discursive construction” (Hayles, 1999, 
p. 192). “[M]any theorists of postmodernity”, Hayles summarizes, “accept that the 
postmodern condition implies an incredulity toward metanarrative” (Hayles, 1999, p. 22). 
Hence, as the body materializes discourse (Hayles, 1999, p. 194) literary texts are not 
mere passive conduits (Hayles, 1999, p. 21). Hayles’ assertion bears resemblance to 
Kirby whom argues that language does more than provide a passive and neutral medium 
through which matter passes. Rather, language is a process of matter (Kirby, 1997, p. 29). 
But whereas Kirby’s attends to matter, or rather substance, Hayles draws attention to the 
ways in which new technologies affect “how people use their bodies and experience 
space and time” (Hayles, 1999, p. 205). More specifically, the study How we became 
posthuman. Virtual bodies in cybernetics, literature, and informatics (1999) provides a 
post humanist account of informatics and embodiment. Hayles takes seriously the link 
between informatics and embodiment, persisting on the inextricability between textual 
structures and the posthuman body. As identity merges with typography (Hayles, 1999, p. 
45), the former is apt to change in the nascent technologies of virtual realities and 
hypertexts: “ i n the feedback loop between technological innovations and discursive 
practices, incorporation is a crucial link” (Hayles, 1999, p. 205). Hence, bodies acting in 
space are simultaneously engaged in incorporating practices, actions that are encoded into 
bodily memory through repetition (Hayles, 1999, p. 199). Incorporating certain practices, 
humans are continuously engaged in meaning-making activities that exceed discursive 
requirements. Ironically, acts of repetition are fraught with slight displacements, 
something that is evident in times of technological change. Technological innovations or 
other cultural shifts, Hayles ultimately asserts, serve to re-articulate the use of bodies, 
which in turn affects the metaphoric networks at play (Hayles, 1999, p. 206f). 
 
Drawing on the work of Hayles, this study engages with the inextricability between 
distribution of knowledge and information and the spatial inhabitation of bodies. The 
assertion that there is nothing but information (Hayles, 1999, p. 254) is congruent to 
Kirby’s recurring dictum: “there is nothing outside of the text”. Due to technological 
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shifts information takes on alternative routes, bodies mutate and unfold in novel forms of 
linguistic associations. Leaning toward the Lacanian term floating signifiers, Hayles 
coins the expression flickering signifiers to show how bodies as flexible chains of 
markers are bound together (Hayles, 1999, p. 30f) and equally affected as new 
technologies arrive and are deployed. Recalling Kirby – “word and flesh are utterly 
implicated” (Kirby, 1997, p. 126) – Hayles’ discussion of the intricate relationship serves 
to trouble, not only the habitual distinction between human and machine, but also 
between matter and discourse. Signification, Hayles suggest, is corporeally experienced 
(Hayles, 1999, p. 35). As words and flesh emerge within what Kirby refers to as a force 
field of differentiations the very attempts to distinguish the one from the other (the 
discursive representation from its material referent, the signifier from the signified) only 
serve to amplify their inextricability.   
 
Absorbing the different strands of thoughts, the reader should now be familiarized with 
some of the ways in which previous accounts have dealt with materiality and discourse. 
In the following, I take posture from Hayles’ proposal in that I interpret the human body 
in terms of a juncture through which different tiers of reality map onto, and become 
intelligible in light of each other. Technological shifts bring forth alternative enterprises; 
as bodies are spatially dispersed they leave informational traces, which in turn contribute 
to re-fashioning the material surroundings. As every space is in constant motion (Thrift, 
2006, p. 141) the spatial diffusion of bodies and information is unremitting yet highly 
erratic.  
 
The technological human 
Saying this, the above proposal hails into an extended discussion in which the human 
machine configuration is brought to the fore. The permeable boundaries between humans 
and their technological environment (Smelik & Lykke, 2008, p. x) dissolves bodies into 
fragmented streams of movements, or if one wishes; ‘bits of life’ (Smelik & Lykke [eds.], 
2008). Confidently, entering the domain of technology “sexuality and gender are freed 
from biological constraints/…/” (Springer, 1996, p. 12). Earlier studies have engaged in 
enactment and empowerment of the female body (see for comparison Castelnuovo & 
Guthrie, 1998; Young, 2000, 2005). As focus has been directed exclusively to the 
embodied enhancements and performances, these studies have however sidestepped the 
physical collaborations between bodies and artifacts. Bodies, I suggest, are intimately 
linked to, and also constituted in their use of instrument; engaging in daily undertakings 
they constantly prove hybrid-like features. The reader will indeed find gender in terms of 
men and women as well as in terms masculinity and femininity to be interspersed in the 
text. However, initially considering gender to follow in the wake of embodied manifests I 
conclude by disclosing ways in which it is possible to “technologize gendered selves and 
put them to work within a theoretical and critical agenda” (Probyn, 1993, p. 109). The 
intent is to embroider the understanding of the embodied relation with artifacts and 
spatiality. In as much as the body, and particularly the female body, has been a frequently 
discussed phenomenon throughout history (see for comparison Butler, 1993; Grosz, 
1993; Merleau-Ponty, 2002) I turn my attention toward the technological human 
(Balsamo, 1996, p. 5), and particularly the technologized body, however with no initial 
intention to primarily separate them in gendered categories. Launched in the interactions 
between bodies and technologies, the technological human is both a determining cultural 
condition and a social consequence of technological deployment (Balsamo, 1999, p. 288), 
which is why this study ultimately seeks to disclose what happens to gender identity 
when bodies become technologized. Not only are femininity and masculinity enacted 
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alongside production of bodies, they are also technologically constructed. As Kirby has it, 
“[t]he constitution of the very stuff of the body has become strangely uncertain even as 
the code, or program, of humanness is cracked, reinvented, and marketed” (Kirby, 1997, 
p. 129). 
 
As hinted above, the technological human is engaged in a variety of instrumental, 
machinic and computational associations, all of which serve to amplify the embodied 
capabilities. Not only is s/he found in popular media such as in movies, comic magazines 
and books, but equally pervades cosmic surgery (see for comparison Balsamo, 1996), 
motor sports (see for comparison Balkmar & Joelsson, 2010) and industrial life (see for 
comparison Kruse, 2006). Hence, the technological human summons a range of 
technological collaborations; s/he tends to appear in terms of robots, humanoids, cyborgs 
and hybrids. The section below engages with what I refer to as machine-mediated 
activities. In doing so, it pays particular attention to the ways in which machines chime in 
with human embodiment. As machines to a large extent are anthropomorphized (Stone, 
1992, p. 81) they constitute an obvious aspect of human embodiment. These creatures are 
hybrids between machine and organism in that they straddle imagination and material 
reality (Haraway, 1991, p. 149f). Thriving in the wake of new technologies, they 
simultaneously dodge every attempt to constitute a linear process of thought, a grand 
narrative or, if one wish, a coherent subject. Rather, the cyborgs call for a political myth 
of irony. Hatched in the nest of Western knowledge production, they still remain most 
unfaithful to their origin (Haraway, 1991, p. 151). Just as new technology changes the 
character of an organization’s activity (Blackler, 2009, p. 31), it brings forth novel ways 
of enacting embodiment. Technological change sifts through organizational activities and 
contributes to reconfiguring bodily appearances. The utilized tools “embody and enforce 
new social relations” (Haraway, 1991, p. 164) at the same time as they amplify normative 
behaviour.  
 
Machine-mediated activities 
In order to further pinpoint the technological human, and in the enhancement the 
elaborative association of embodiment and artifacts, this study takes seriously the 
situatedness in which socio-material assemblages occur. In the ensuing chapter I will 
offer a detailed chart of the theoretical strands that comprise a backdrop for the current 
arguments. For now, I note an unremitting interlacement in that the use of for instance a 
particular tool changes the structure of the activity and is likely to result in new goals to 
be satisfied (Kaptelinin, 1996, p. 54). The object in turn gains value in that it largely 
determines the subsequent pursuits.  
 
In her pioneering study Plans and situated actions. The problem of human-machine 
communication (1987) as well as in the revised edition Human-machine reconfigurations. 
Plans and situated actions, 2nd edition (2007) Lucy Suchman engages with the ways in 
which human-machine encounters comprise part of situated activities, which in turn serve 
to infuse and inform their subsequent course. Her proposal: “boundaries between humans 
and machines are not naturally given but constructed in particular historical ways and 
with particular social and material consequences” (Suchman, 2007, p. 285) hails into a 
detailed account of human-machine configurations and reconfigurations in which 
Suchman investigates reparations of copying machines, robot exhibitions and 
conversations with digital heads. In doing so she questions the, at least in Euro-American 
societies, almost habitual distinction between human and machine. Nonetheless, posing 
the question: “what if our starting place comprises configurations of always already 
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interrelated, reiterated sociomaterial practices?” (Suchman, 2007, p. 257) Suchman 
inadvertently embraces the very dualism she seeks to thwart. Assuming human-machine 
communication as the point of departure, the intention to “rethink the intricate, and 
increasingly intimate, configurations of the human and the machine” (Suchman, 2007, p. 
1) is thus deprived of some of its edginess.  
 
Pursuing Suchman’s arguments, this study shares with her the concern for conventional 
notions of the human-machine dualism. At the same time, it takes on a different approach 
in that it turns to activities and more specifically machine-mediated activities4. 
Notwithstanding meticulous recognitions of the communicative bounds between human 
and machine, the unfortunate expression ‘between’ tends to reproduce rather than 
question the human-machine ensemble in terms of separate entities, at best engaged in 
collaborative measures. Pinpointing the unremitting interlacement of human and 
machine, I am equally indebted to Suchman’s eloquent declaration: the assumed dualism 
human-machine does not provide airtight categories. Rather, boundaries are articulated 
and cemented in situ. In fact, the very contingency is explicit as machines at once mediate 
and are subjected to continuous activities in which the participants engage in meaning-
making practices. The technological shift at Tuollavaara Transportation overtly mediates 
the daily activities, but is equally rendered intelligible through the situated adaptation of 
my informants.  
 
Embodiment is further envisaged as part of machine-mediated activities. As humans 
frequently engage with things, the reciprocity and the mutual shaping are continuous 
(Dant, 1999, p. 84); daily activities materialize as, and contribute to moulding physical 
devices at the same time as the instruments employed affect the very activities as such. 
As mediators of human activity, sets of tools and artifacts are therefore salient as they 
alter and reform the structure of activity (Kaptelinin & Nardi, 2006, p. 42). The 
instrumentality of mediating artifacts influences behaviours (Blackler, 2009, p. 31); 
human abilities might be enhanced as well as perturbed in hybrid-like configurations, but 
are by all means bound to change. Although unremitting, the relation is however far from 
straightforward. In Barad’s terms, the relation between the subject and object unfolds in 
terms of a line. This line, Barad argues, is not fixed, but once a cut is made through 
particular practices, the arbitrary identification turns materially specified and determinate 
for a given practice (Barad, 2007, p. 155). Hence, situated activities are always fraught 
with material implications; the line between subject and object is not once and for all 
given, but established and fashioned in situ, which in turns transforms the arbitrary line 
into a material specification. As humans orient themselves toward some objects and not 
others, they concurrently affix an ephemeral association between themselves and the 
particular objects. Saying this, the activities rather than the assumed entities are brought 
to the fore.   
 
Contemplating machine-mediated activities further encourages an understanding of 
organizations as technologically mediated workplaces (Garbis, 2002, p. 81). The material 
circumstances of any activities clearly affect the assignments conducted, at the same time 
as they are open for a variety of interpretations. Moreover, technological equipment 
constitutes most diverse sets of tools, of which some are more frequently used than 
                                                 
4 Previous suggestions to, rather than discussing human-computer interaction, attend to computer-mediated 
activities (Kaptelinin, 1996, p. 54) facilitate the current proposal to engage in machine-mediated activities. 
Hence, what is at stake is to question the assumed dualism human and machine, and equally pinpoint all 
activities to exist only as mediated (Lektorsky, 2009, p. 83). 
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others. Mediating artifacts are subsequently arranged and employed in hierarchical 
orders, something that will be attended to below. 
 
Spatiality 
Acknowledging the intimacy between enactment of gender and spatial vicinities, this 
study contemplates spatiality as an all-encompassing term when employing terms such 
as space and place. Distinctions between these two words have been subject to previous 
analyses (see for comparison Harrison & Dourish, 1996; McDowell, 1996; Thrift, 1996; 
de Souza e Silva, 2004; Dourish, 2004; Curry, 2002); some of which are briefly 
considered here. Poles apart, but the boundaries between space and place are far from 
definite; being located in place, humans can still be said to act in space (Harrison & 
Dourish, 1996, p. 69). Their double position subsequently dodges every attempt to 
present clear-cut boundaries. Whereas place is acknowledged as a particular location, 
space is relational (McDowell, 1996, p. 32; Curry, 2002, p. 506f, 511), a frame for 
varying practices of space, time and speed (Thrift, 1996, p. 290) or as one of my 
colleagues puts it, “place is space in which the coordinates have been fixed” (Luleå 
2008-11-13). The latter division match the understanding of place as reflecting the 
emergence of practice (Dourish, 2004, p. 90). Place thus appears to allow for attending 
the actual activities that do take place rather than focusing on the structure of space 
(Dourish, 2004, p. 90). Simultaneously, space must be acknowledged as contingent on 
place in that it cannot be understood apart from the rhythms of time; it is always 
historically and socially situated (Lefebvre, 1991, p. 166). Place and space 
correspondingly emerge and collaborate in capricious patterns; human activities serve to 
locate (and define) space by spatial organizations of habitual experiences, but are also 
contingent on “a new logic of space structured on networks and flows” (de Souza e 
Silva, 2004, p. 37). Space presents flexible cartographies of possibilities, it contributes to 
alter the very inhabitation of place, and by this means transformations do occur. All 
space, one could inferably argue, is place (Thrift, 1996, p. 47). Drawing on the work of 
Lefebvre, space is enjoyable as well as possible to modify; it is shaped and invested in 
social activities (Lefebvre, 1991, p. 35, 73) at the same time as the perception of space is 
culturally conditioned (McDougal, 2005, p. 74).  
 
Adhering to the above definitions, the study does not seek to establish coherence, nor 
does it intend to amplify assumed differences. Rather, it adopts spatiality to coalesce 
space and place. At the same time as it works excluding as well as encompassing toward 
different activities (Lefebvre, 1991, p. 99), space is produced (Lefebvre, 1991, p. 15; 
Thrift, 2006, p. 144), performed and also constantly enacted. Whereas places constitute 
the actual form, spaces encompass continuous processes and flows (de Souza e Silva, 
2004, p. 37), which is why space also provides an essential framework for thinking about 
the world and the people in it (Weisman, 1992, p. 9). In its most callous sense, 
constructions of buildings can be interpreted as violations of space, at the same time as 
architectural enterprises also encourage potential spatial structures. These activities adapt 
to, at the same time as they contribute to reworking social orders. Spatial settings are by 
no means empty containers, simply infringing free-floating minds; as place is established, 
constructions of space follows in its wake. Therefore, spatiality is preferably considered 
in terms of fluidity (Michael, 2006, p. 114) in that it concerns space as well as place. As 
such, space embraces a multitude of intersections (Lefebvre, 1991, p. 33). 
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The spatial code 
In as much as space is subjected to continuous rearrangements, I equally propose it to be 
politicized in that it corresponds to and is distinguished by certain expressions about its 
distinctiveness. Spatial restrictions serve secluding toward unauthorized others: kids, 
elderly people, women or men, but equally open up for what is deciphered as legitimate 
inhabitation. Public restrooms for example, are strictly demarcated areas to which 
categories such as men and women are allotted or denied access. Seeking to pinpoint the 
processes through which space is negotiated between humans and their interpretations of 
it, this study employs Lefebvre’s term the spatial code. The spatial code, Lefebvre 
claims, comprises the legitimate ways in which humans are allowed to dwell in particular 
sites; as such it is inextricably linked to practical relationship between humans and their 
immediate vicinities (Lefebvre, 1991, p. 16ff). At the same time, activities are made 
intelligible and deciphered only as far as they attain concrete existence within a certain 
space (Lefebvre, 1991, p. 115). Lefebvre’s proposal is intriguing as it takes into account 
the unremitting co-constitution of activities and space. Activities, it is argued, are 
rendered adequate or fail to make sense only in relation to a particular spatial setting. 
Saying this, the spatial code is not simply referred to as a means for reading or 
interpreting space; rather it is a means of living in that space, of understanding it and of 
producing it (Lefebvre, 1991, p. 47f), something that will be further outlined below. 
 
In sum, social relationships are intertwined with spatial perceptions (Hayden, 1997, p. 
16); public toilets, dressing rooms, stairs and apartments are all designed and featured 
according to the needs of some people whilst excluding others. Contemplating the 
situated implications of spatial codes, the unremitting interplay between space and human 
activities unfolds. As will be shown, the interplay between the social and the spatial is 
constant (Hayden, 1997, p. 23) in that the unauthorized inhabitation of space has to be 
reprimanded, disciplined and confined. The spatial code, in itself the ephemeral result of 
continuous negotiations between discursive criterions and material constraints, is 
therefore fraught with lopsidedness; it is at once the outcome of and the pre-condition for 
unbalanced acts of dwelling. Saying this, the above discussion is part of a continued 
theoretical elaboration, which will be further pursued below. For now, I contend that 
inhabitation of space is suffused with asymmetrical relations of domination and 
subordination. As disparate intentions and aims collide, coincide and fall at odds with 
each other, the spatial code of Tuollavaara Transportation is subjected to continuous 
rearrangements.  
 
Augmented reality 
Acknowledging spaces as a multitude of intersections (Lefebvre, 1991, p. 33) equally 
opens up for envisaging the body as a juncture through which the different tiers of reality 
map onto each other. Leaning toward the work of Paul Dourish (2004), augmented reality 
is a world imbued with computation although the computer itself is not salient (Dourish, 
2004, p. 38). Humans thus carry physical traces of computational experiences as they 
engage in current practices (Kozel, 2007, p. 140). Rather than being essentially different, 
multiple spaces – digital, auditive, as well as physical – co-exist and interact (Dix et al., 
2005, p. 151-172), which makes it rather difficult, and not particularly sufficient, to 
establish computation as a mere representational mean. Hence, this study argues against 
previous accounts within human-computer interaction (HCI) that stress digital platforms 
as obvious, yet flawed representations of physical places (see for comparison Dourish, 
2004; Beynon et al., 2006). As “[t]he technological redesign and reconfiguration of 
bodies and environments becomes more and more part of everyday life” (Smelik & 
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Lykke, 2008, p. x) acts of mutual constitution occur on a daily basis. This in turn serves 
to elucidate the persisting reciprocity and mutually contingent realities.  
 
Saying this, it would be a mistake to assume that augmented realities are freed from 
normative assumptions regarding bodies and gender. Rather these settings are inhabited, 
not only by bodies, but by gendered, ableist5, sexualized and racialized bodies, which are 
allotted or denied access much due their embodied distinctiveness. In a similar vein, the 
distribution and allocation of material assets admittedly change as worlds increasingly are 
imbued with and enhanced by computational means, but that does not mean that 
discriminatory practices cease. Computers, robotic systems or CAD assemblages for 
instance, are by necessity spatially contingent, which in turn requires relocation and 
refurnishing to suit the current purposes. At the same time, the diminishing of other 
possibilities is an inevitable fact. “ I nformation technologies”, Barad argues, “do not 
produce a flat spacetime manifold, a level playing field; on the contrary, in some cases 
they exacerbate the unevenness of the distribution of material goods” (Barad, 2007, p. 
246). However, as computational means become integral parts of everyday life the 
reconfiguration of bodies presents avenues for further research, something that is equally 
relevant to this study. The technological shift at Tuollavaara Transportation brings forth 
altered spatial frameworks, which in turn affect the inhabitation of the industrial hall. 
 
Mapping 
Thus far, the relation between realities could indeed be expressed otherwise, for instance 
in terms of an object and its representation or, alternatively, in the alliance between the 
signifier (the object) and the things it signifies (the reference). Unfortunately these two 
couplings are too often visualized in a linear arrangement, assumed in terms of cause and 
outcome. Habitual notions of representations simply stress them as reflecting the ’real’ 
world, as singularized images standing for something else (Thrift, 1996, p. x). 
Investigating the expression ‘augmented reality’, this study visualizes the inextricability 
between spaces by adopting a well-known term within technical design (see for 
comparison Norman, 1988), henceforth referred to as mapping practices. Mapping is 
expressed as the relationship between two things and the subsequent results in the world 
(Norman, 1988, p. 23). Saying this, I suggest the term mapping as sufficient in order to 
understand the somewhat mismatching intermingling. Mapping is, as Donald Norman 
(1988) has it, “a technical term meaning the relationship between two things” (Norman, 
1988, p. 23), such as the physical movement of robots and its numerical representations 
on the display of the control device.  
 
I argue that acts of mapping are arbitrary in that the operation of pushing down a certain 
key does not per se translate into the endeavoured movement on the screen, nor does the 
physical act of adjusting car seats equate to pushing a particular set of keys. Although 
codes, mouse commands, programming scripts or physical movements become 
intelligible and adaptable to the computer-mediated environments through mapping the 
correspondence is neither straightforward nor smoothly enacted. On the contrary, every 
act of mapping carries within itself the very violence toward its own translation, which 
makes it applicable to speak of the translation between movements in terms of 

                                                 
5 The reader is asked to contemplate space, not only as gendered, but also ableist (assuming all people to be 
able-bodied [see for comparison Chouinard & Grant, 1996, p. 171]), racialized (see for comparison Winner, 
1986) and sexualized (see for comparison Valentine, 1996). However, as this study directs its main focus 
toward gendered implications of embodiment, it voluntarily sidesteps further discussions about sexuality, 
disability and race. 
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asymmetry. It is true that mapping conveys a sense of reciprocity and transparency, but 
that does not equate different environments, in this case digital, and physical, as 
symmetrical. Rather, every act of mapping is fraught with disparateness; it is by 
necessity asymmetrical in that certain movements, gestures and settings replace others. 
Recalling the short section on page 26 in which I suggested space to be fraught with 
asymmetry in terms of domination and subordination, the spatial code of Tuollavaara 
Transportation equally contributes to fashioning mapping practices. Replacement is at 
once a displacement, which in turn assumes an asymmetrical relation between spaces.  
 
Employing the term mapping, the intention is consequently to problematize the 
conventional classification of reality and its deficient representations. Digital and auditive 
settings affect how physical settings are seen, which makes it rather difficult, and not 
particularly sufficient, to establish digital and auditive devices as mere representational 
means. Rather, augmented reality summons collaborative settings in which activities are 
enacted and negotiated. For instance, the arrival of digital spaces allows interaction to 
migrate and adopt new patterns in that it is no longer bound to a physical place (de Souza 
e Silva, 2004, p. 38), something that equally propels a renewed understanding of distance 
as well as proximity. Saying this, Nigel Thrift (2006) argues for the technological shift to 
bring forth a spatial change in that nearness is replaced by distribution (Thrift, 2006, p. 
145). In as much as I find Thrift’s proposal intriguing, I question the somewhat 
deterministic arrangement in which the spatial diffusion of bodies engaged in computer 
games, telephone conversations, or programming activities inevitably replaces the spatial 
proximity previously experienced. Rather, the spatial fluctuation allows for both intimacy 
and distance. Pettersson for example, demonstrates her female informants’ inability to 
leave the surface mounting machine at the electronics company, something that 
contradicts previous anticipations that this task would allow for spatial mobility 
(Pettersson, 1996, p. 72f). Pinpointing the immobility, thus the spatial proximity required 
in order to operate the surface mounting machine, one of Pettersson’s informants actually 
uses the term ‘imprisoned’.  
 
Hence, I will show that the unremitting yet ephemeral association between humans as 
well as between human and technology is clearly subjected to change as new routines are 
established, but not exclusively in terms of distribution. Rather, the subsequent text 
demonstrates how the spatial arrangements and distribution of bodies oscillate between 
accumulation and dilution, simply due to current tasks and material conditions. In as 
much as technological shifts enable geographically distant encounters, the spatial 
proximity between humans and technology sometimes fosters experiences of immobility.  
 
Socio-materiality 
This study draws on a multileveled analysis in which individual acts and organizational 
objectives conflate as well as collide. Hence, in as much as it directs primary interest 
toward the implementation process of the robotic welding system, it also constitutes a 
socio-material (see for comparison Sack, 1980; Østerberg, 1977, 1998) investigation. 
This allows for scrutiny of the intimacy between social and material phenomena, and 
equally conforms to Lefebvre’s term ‘the spatial code’. A social structure, as Dag 
Østerberg (1977) has it, is almost always a socio-material structure (Østerberg, 1977, p. 
73) in that the social and the material are deeply conditional upon, and also continuously 
contribute to modifying each other. The term social is not to be contended as a 
homogenous arrangement, simply to be “diluted everywhere and yet nowhere in 
particular” (Latour, 2005, p. 2). The social should not be confused with a stable entity, 
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rather it appears as a principle of connections (Latour, 2005, p. 13) or alternatively, as a 
trail of associations between heterogeneous elements (Latour, 2005, p. 5). Neither 
contended as an underlying code nor as an inscribed surface, society is “more or less 
spatially and temporally extensive networks of practices” (Thrift, 1996, p. x). The social 
and the material are not indisputable foundations, but constitute a contentious 
amalgamation in that the boundaries between them are most erratic. 
 
Following everyday activities within industrial settings, human activities give meaning to 
instruments at the same time as spatial settings in terms of industrial halls, passages, 
lunch rooms and offices provide physical constraints for the undertakings. Meaning is 
thus embedded, not in language or in linguistics themselves, but rather in the practice and 
in the use of language (Dourish, 2004, p. 121) as well as in spatial configurations. 
However, creation and redesign of artifacts does not suggest that these relations are 
irreversible; rather the instruments employed control human behaviour in explicit ways 
(Garbis, 2002, p. 70). In as much as spatial settings propel the very use of artifacts, 
human activities are object oriented, which is why collaborations between tools and 
embodiment transform environmental surroundings. The psychology of materials 
(Norman, 1988, p. 9) and the immediate activities it fosters (gestures, nods, verbal 
expressions) might very well affect the social division of labor. Objects are not simply 
used and deployed, but manufactured and manipulated (Gibson, 1979, p. 133), which is 
why they must be interpreted as part of a socio-material network of activities.  
 
As hinted above, bodies are not evenly distributed within any spatial setting, but 
concurrently diffused, scattered and gathered. They converge in their share of a common 
focus at the same time as reached agreements declare upcoming divergences. 
Understanding embodied accumulations in terms of densities allows for discerning subtle 
changes that might be omitted in probing structural performances. Just as processes of 
exclusion and subjugation occur on a structural level they are equally present in the 
elements present at hand, in the absences, the subtle gestures and situated actions, as well 
as in the moments where dialogues cease. For example, whereas the encompassing 
objective of Tuollavaara Transportation remains, the observable behaviours of the 
network of actors suggest a re-division of labor, which in turn alters allocation of 
knowledge production. As cognition might be contemplated as a function of collective 
adaptive search, individual acts are the consequence of (but also the very condition for) 
an ongoing re-negotiation between the system and its components6. At the same time as 
thoughts about the system-like behaviour within the spatial settings of Tuollavaara 
Transportation might appear to enter into polemic with the heralded conscious individual 
that is advocated by for example activity theory, their amalgamation does open up for 
further understandings of the relation between the contentious relation between the 
system and its components 
 
Densities 
Investigating how spatiality is continuously enacted and negotiated at Tuollavaara 
Transportation, I draw extensively on Østerberg’s term density7 (Østerberg, 1998, p. 30). 

                                                 
6 It is worth pinpointing sociologist Niklas Luhmann’s (1995) notion of autopoietic systems. Rather than 
turning toward the traditional notion of the relation between whole and part, Luhmann envisages system 
and environment. Hence, what has previously been considered as the difference between whole and part is 
reformulated alongside with the development of the theory of system differentiation (Luhmann, 1995, p. 
6f).  
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Sketching a socio-material account of the city of Oslo, Østerberg argues against the 
traditional distinction between urban and rural. In doing so, he espouses to a canon of 
sociologists which orients from the work of Lefebvre. Similar to for example Anthony 
Giddens and Manuel Castells Østerberg acknowledges spatiality as more than just a mere 
container in which social activities take place. Rather, he claims spatiality to be part of as 
well as a mediator of social relations and courses of events (Østerberg, 1998, p. 28). 
Saying this, Østerberg envisages densities as socio-material patterns of material and 
embodied accumulations. Densities emerge in times of spatial scarcity (a crowded 
subway train, a well-attended concert, a traffic jam) and equally bring forth a physical 
proximity. This in turn calls attention to the individual’s body. Put differently, the 
awareness of our physical occupation of space is most overt in times of embodied 
accumulations (Østerberg, 1998, p. 67).  
 
In as much as I adhere to Østerberg’s proposition I suggest a co-constitution between the 
density and its individual members. Not only do embodied densities make us utterly 
aware of our own body and the particularity of space it occupies; enactments of 
individual appearance mutually affect the construction and negotiation of the very 
assemblages as such. The awareness of one’s own body as part of an accumulation of 
other bodies might hamper augmented movements, but just as well serve enhancing 
toward the individual intentions. Saying this, I differ from Østerberg’s account of 
material and embodied densities as exclusively limiting toward the individual body. 
Feelings of being pushed or pampered by embodied densities easily adopt parts of each 
other. As John Turner et al. (1987) puts it, de-individualization calls for both anonymity 
and immersion (Turner et al., 1987, p. 186). Returning to the spatial arrangement of 
Tuollavaara Transportation, the joint pursuits of transferring the iron-ore baskets engage 
a shifting number of welders; since every member of the workforce has undergone a 
course in how to manage the over-head crane, the temporary accumulations are not (at 
least not discursively) contingent on certain individuals. Rather, the temporary 
accumulations of bodies address first and foremost a collective concern, which in turn 
affects the very composition of the ad hoc formation. Engaged with the transportation of 
iron-ore baskets, the workers are at once flexible and replaceable.  
 
Briefly returning to the study of Østerberg, it demonstrates how the spatial accumulation 
of buildings in the city of Oslo engenders concentration of human activities, but equally 
dilutes other areas, which in turn gives rise to alternative activities. Similarly, the spatial 
settings of Tuollavaara Transportation are part of meaning-making practices in that the 
temporary arrangement of the iron-ore baskets contributes to moulding the embodied 
executions. Whereas the narrow passages between the iron-ore baskets force individual 
undertakings, open spaces allow for assemblages of bodies and artifacts. The body, I 
suggest, is thus confined and reinforced by spatiality and materiality as well as by 
discursive orders, but also part of the re-distribution of densities. Hence, the dynamic link 
between welding activities and space makes it rather impossible (and not especially 
fruitful) to demarcate the body of the welders from the vicinities of Tuollavaara 
Transportation. Leaning toward the work of Mark B. Hansen (2006), embodiment 
constitutes as well as is constituted by spatiality (Hansen, 2006, p. 133ff). The mutual 
formation is present in every act of transference as well as in moments of inactivity. 
Embodied accumulations further serve to intensify the inextricability between body and 
space; as the welders gather together in joint activities, I interpret how the following 
                                                                                                                                                  
7 I have chosen to translate the Swedish term förtätning with density.  
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densities reveal an almost prosthetic extension of the individual body’s contact with the 
spatial surroundings. Technological artifacts such as welds, instruments, tool kits and 
control devices for the overhead cranes further serve as extensions of some bodies at the 
same time as they seriously hamper others. The limited amount of, for instance, 
stationary welds disallow unrestricted use. Similarly, transference of iron-ore baskets 
requires employment of the over-head cranes, but equally dismisses simultaneous 
engagement in cleaning practices.  
 
Summary 
This chapter has sought to elaborate on, and slightly bend the terms introduced in the 
Venn diagram on page 36: embodiment, spatiality and artifacts. In as much as their 
mutual interlacement constitutes the current point of departure, they are equally subjected 
to contrasting meaning-making practices. Saying this, the intention has been to delineate 
some of the previous opinions that have engaged in the different implications of gender 
and embodiment as well as spatial accumulations and instrumental utility. Confidently, 
this will provide an onset for the theoretical explorations offered below.  
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Theoretical charts 
This chapter outlines the theoretical charts, paramount to the study at hand. In doing so it 
draws on, and elaborates some of the central themes mentioned above. Bringing forth 
some of the disciplinary differences as well as similarities, the aim is to examine the 
empirical material through some of the clashes and affinities between activity theory and 
distributed cognition. In a similar vein, the divergences between activity theory and actor-
network theory (ANT) comprise an astute point of departure as I argue for systems and 
networks to be inevitably skewed. Although less elaborated, the comparative approach 
between activity theory and ANT singles out the terms symmetry and asymmetry. By this 
means I argue that the situated activity system of Tuollavaara Transportation is fraught 
with distortedness in that it provides decentring as well as recentring of knowledge 
production. 
 
Activity theory and distributed cognition 
Primarily employing the theoretical framework of activity theory, the current intention is 
to amalgamate this theoretical stance with distributed cognition. Of common interest for 
both of these theories is the belief that individuals are not to be defined by the boundaries 
of their skin (Kaptelinin & Nardi, 2006, p. 196). Rather, the borders between, for 
instance, humans and tools are most permeable; within the cycle of a day they tend to 
augment and diminish, oscillate in the most erratic patterns. The interactional use of 
artifacts (Rogers & Ellis, 1994, p. 122) is consequently of pivotal interest for activity 
theory as well as for distributed cognition. Just as activity theory assumes activities to be 
salient for further analysis (Kuutti, 1999, p. 372) distributed cognition pays attention to 
the goal of a particular system or network. Contemplating activities as network-like 
formations, enacted and situated in socio-material contexts further allows for the 
researcher to discern individual assignments as embedded within, and affected by a 
collective framework at the same time as the social distribution of knowledge transform 
interactive patterns. As such knowledge production contains structures of domination, 
signification and legitimation (Thrift, 1996, p. 97). Moreover, scrutiny of complex 
networks troubles the much extolled distinction between humans and machines; this, 
seemingly obvious, distinction is subordinated by other concerns (Law, 1991, p. 10), and 
as a consequence single heroic subjects are decentralized (Law, 1991, p. 12).      
 
Interestingly, human intentionality and consciousness is not extensively acknowledged by 
distributed cognition; this theoretical perspective rather speaks of system goals. Hence, 
the main question posed by distributed cognition perspectives regards the overall 
observable behaviour of the system and its goal (Garbis, 2002, p. 49). As such it slightly 
diverges from activity theory; whereas the latter pays attention to the conscious 
individual, distributed cognition acknowledges system goals as pivotal.  
 
Saying this, the bonds between distributed cognition and cognitive science should briefly 
be considered. This crucial relation provides an intriguing fluctuation between individual 
accomplishments and social collaborations, which also facilitates a straddling of micro 
and macro perspectives. Acknowledging how the cognitive properties of a person in 
interaction with a tool differ from the cognitive properties of that person alone (Hutchins, 
1995, p. xvi), what is at stake is also (as mentioned above) an intention to disclose how 
momentarily interactional elements are meaningful parts of the cultural construction of 
the immediate vicinities. In as much as distributed cognition stems from, it equally 
dissociates from some of the claims put forth many of its predecessors. Cognition, it is 
subsequently asserted exceeds a mere psychological phenomenon; it is distributed across 
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a social network (Hutchins, 1995, p. 128) and is part and parcel of the material resources 
available to the participants. As such, material assets, be they control devices, computers, 
note pads or cars, are actively involved in cognition, not merely in instrumental terms but 
also as ‘vehicles of thought’ (Perkins, 1993, p. 90). Saying this, voices from distributed 
cognition take seriously the particular context within which interaction occurs. Edwin 
Hutchins (1995) for instance, claims spatial relations implied by the locations of symbols, 
thus occurring on different levels simultaneously, to simply be too rich for verbal 
communication (Hutchins, 1995, p. 285). 
 
Resuming the theoretical outline, the focus is once again directed toward activity theory. 
One of the benefits with this theoretical approach, which is crucial to the current study, is 
its call for activities as cyclic, growing and constantly changing (Kaptelinin & Nardi, 
2006, p. 11). As activity theory contemplates macro as well as micro level events (Garbis, 
2002, p. 41) developmental processes are of pivotal interest (Kaptelinin & Nardi, 2006, p. 
71). Far from being linear, the implementation process is however promoted as highly 
erratic. It turns into a splinter of activities and feedback-loops. In times of organizational, 
spatial, as well as material re-arrangements, the social distribution of novel work 
activities are coordinated and transmitted between the co-workers as they employ a 
diversity of technological artifacts. Introducing a machine and making it successful 
cannot be done by one person only. If a network is to grow and survive, its links must 
multiply, expand and solidify. This fosters routinization (MacKenzie, 1998, p. 156). I 
agree with Donald MacKenzie (1998) as he claims that in order to make (computer) 
systems safer, there is a need to address not merely their technical aspects but also the 
cognitive and organizational aspects of their “real-world” operation (MacKenzie, 1998, p. 
211). It would be a mistake to call for technological changes as either mere technical or 
as exclusively social phenomena (MacKenzie, 1998, p. 13f); instead, these aspects are 
inextricably part of each other. Networks are always socio-technological in that they are 
heterogeneous and multiple, an assumption that also is acknowledged and fortified by 
activity theory.  
 
The crucial merge of activity theory and distributed cognition further rejects the 
assumption of knowledge as universal, non-specific and easily deployed irreversible of 
context. On the contrary, scientific production of knowledge is always local, situated, 
person-specific, (gendered,) and unevenly distributed. Scientific practice thus consists of 
“particular courses of action with materials to hand” (MacKenzie, 1998, p. 215). 
Assuming activities to diffuse in network-like formations allows the researcher to 
disclose the situatedness of seemingly naturalized activities, and also the crucial interplay 
between different actors. 
 
The foundations of activity theory 
The theoretical strand of activity theory develops into a multidisciplinary research 
approach that materializes in a range of different disciplines (Gregory, 2000, p. 444). 
Ranging from the domain of Soviet psychology that developed during the 1920’s, the 
theory is arranged in accordance to five basic principles: object-orientedness, 
internalization/externalization, tool mediation, hierarchical structure of activity and 
continuous development (Kaptelinin & Nardi, 2006, p. 98; Sanda, 2006, p. 43). Shortly, 
humans, orienting in a reality of objects, continuously employ mediating tools (external 
as well as internal) in order to engage in different activities. These activities appear as 
hierarchically ordered and many times also contradictory (Engeström, 1987, p. 133). 
Thus far, it is worth returning to the discussion on page 43ff in which I suggested 
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machine-mediated activities to be an apt expression for scrutiny of the situatedness in 
which socio-material assemblages occur. Although activity theory acknowledges terms 
such as subject and object (Dant, 1999, p. 10; Kaptelinin & Nardi, 2006, p. 31) the 
interest in activities takes precedence of any attempt to draw distinctive marks between 
for instance human and machine. Rather than contemplating them as dichotomous, 
attention is thus directed to the particular context in which activities occur. Within 
activity theory an activity is referred to as a contextual, culturally mediated phenomenon 
(Engeström, 1987, p. 39), contextually “systemic and self-organizing” (Engeström et al., 
1990, p. 140) in that it discloses the boundary between subject and object as permeable. 
Tools correspondingly mediate relationships between subject and object; the social 
interactive construction of physical objects is always indirect in that it takes place through 
symbols (Engeström, 1987, p. 50) be they written language or a set of pliers. Since 
object-oriented activities are always mediated by tools, creation and development of new 
instruments radically alters the structure of the activities themselves (Engeström, 1987, p. 
144; Kaptelinin & Nardi, 2006, p. 42).  
 
Tool mediation is naturally significant in the daily undertakings of Tuollavaara 
Transportation. Karl Marx and Friedrich Engels (2003) for instance, state “[a]n 
instrument of labor [to be] a thing, or a complex of things, which the laborer interposes 
between himself and the subject of his labor, and which serves as the conductor of his 
activity” (Marx & Engels, 2003, p. 67). Primarily determined by their objects 
(Engeström, 1987, p. 325), activities are subsequently salient in activity theory as they 
constitute and are constituted by social individuals acting within the life worlds of 
communities of practice (Gregory, 2000, p. 438). The theory explicates activity, not as 
the psychology of the individual, but rather as created and conveyed in a particular and in 
a historical interaction between an individual, systems of artifacts and other people 
(Sanda, 2006, p. 46). Activity, the basic unit of analysis (Kaptelinin & Nardi, 2006, p. 
32), is shaped by an object held by the subject in that it is possible to distinguish activities 
from each other by scrutinizing the objects employed (Nardi, 1996, p. 79). In other 
words, the object defines the horizon of possible goals and actions (Gregory, 2000, p. 
439); artifacts or tools always mediate the very understanding of an object.  
 
Mediating tools might adopt the shape of external means such as hammers, maps and 
pencils, but also of internal physiological tools: language, numeric systems and 
mathematical equations (Kaptelinin & Nardi, 2006, p. 43). However, this suggested 
division does not present clear-cut boundaries. On the contrary, stressing borders as 
permeable, activity theorists thus speak of processes of internalization and 
externalization. Finding one’s way to a friend’s house with help from previous 
experiences of walking a certain path rather than utilizing a physical, and indeed external, 
map over the neighbourhood area is one example of an internalization process. Writing 
down a shopping list for groceries is another, yet converted example of externalization. 
Bluntly, these processes work to, in rather pervasive ways, mould human activities in that 
they redistribute and rearrange internal as well as external components (Kaptelinin & 
Nardi, 2006, p. 43). Due to ongoing dialogues between internalization and externalization 
processes individuals are also able to transform the surrounding settings through situated 
activities (Kaptelinin & Nardi, 2006, p. 11), which calls for reciprocity between 
individuals and “the sociocultural matrix within which individuals develop” (Kaptelinin 
& Nardi, 2006, p. 11). 
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Contextual meaning-making 
One of the most important claims of activity theory is that the nature of any artifact can 
be understood only within the context of human activities (Hutchins, 1995, p. xii; 
Kaptelinin, 1996, p. 46). Similarly, the properties of the subject and the object exist 
merely in activities (Kaptelinin & Nardi, 2006, p. 31), in dissolving movements and in 
ongoing operations. Activity theory is thus useful when studying developmental 
processes (Kaptelinin & Nardi, 2006, p. 11) as it acknowledges contexts, not as vessels 
for activities to take place in, but as dynamic systems that are mediated by artifacts. As 
such, contexts are, at the same time as they enclose human activities, shaped and 
negotiated by that very (embodied) interaction (Goodwin & Duranti, 1992, p. 5; Davies, 
2000, p. 23). Humans are correspondingly presented as active subjects that mould their 
vicinities (Goodwin & Duranti, 1992, p. 8) by adopting talk, artifacts and spatiality as 
well as embodied expressions (Goodwin & Duranti, 1992, p. 26). These manifests can by 
no means be seen as detached from the context within which they occur; rather human 
activities are intelligible, only in a situated context (Goodwin & Duranti, 1992; Hutchins, 
1995; Nardi, 1996). Equally, “language and context [are] interdependent phenomena that 
must be analyzed in concert with each other” (Goodwin & Duranti, 1992, p. 19).  
 
The above claim that activities both determine and are determined by the context can be 
illustrated in enactments of hunting (Engeström, 1987, p. 65f). This example also 
distinguishes between action – only actions are individual (Engeström, 1987, p. 66) – and 
activity. The latter is understood as constituted of a variety of actions. The border is 
however most erratic; an activity is realized by goal-directed actions (Engeström, 1987, p. 
66) and can be reduced to an action just as a variety of actions soldered together and 
made intelligible in a context, can create an activity. One example of this is the different 
actions employed when hunting birds. This particular activity consists of several actions 
conducted by several different subjects that, in order to be fully intelligible, need to be 
understood in light of each other (Engeström, 1987, p. 66). Seen separately, the 
crouching, the waiting, the attempts to surprise the birds, and finally the shooting makes 
no sense; these are only comprehensible within a particular context of activity. What 
distinguishes one activity from another is the object (Engeström, 1987, p. 66), in this case 
the bird. Hence, the object appears primarily in its independent existence and secondly as 
the psychic reflection of the object’s properties, properties that in turn only can be 
realized as a result of the subject’s activity (Tikhomirov, 1999, p. 349). 
 
However, rather than reducing the specificity of a context to a number of human beings, a 
(more or less) shared object of attention and the mediating artifacts, the context 
materializes as a ongoing transformative relationship between people and artifacts (Nardi, 
1996, p. 76). Saying this, activity theory takes into account developmental processes, not 
as smooth advancements, but in contradictory formations (Kuutti, 1999, p. 373); 
creativity and innovations that are by no means linear processes. Rather these activities 
are situated and enacted in tentative dialogues. John Law (1998) deploys similar 
thoughts, claiming objects, at the same time as they interpellate human actors, to also be 
constituted and known in particular ways (Law, 1998, p. 23).  
 
Situated activities 
In view of the above discussion, a continued theoretical delineation of the implementation 
process of the robotic welding system requires an adequate vocabulary, which is why I 
will contemplate the daily assignments in the industrial hall in terms of situated activities. 
Introduced by Erving Goffman (1961) the expression has been embraced and developed, 
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by, for instance Suchman whose contribution I will return to below. For now, I turn 
toward Goffman’s understanding of social encounters and the subsequent conception of 
situated activity systems.  
 
In his book Encounters. Two studies of the sociology of interaction (1961) Goffman coins 
the term ‘situated activity system’ in order to describe the “natural unit of social 
organization in which focused interaction occurs” (Goffman, 1961, p. 8). A situated 
activity system, Goffman suggests, comprises the interactivity required in order to 
perform a single activity. Saying this Goffman goes on to exemplify with the act of 
cutting hair. At the same time as it is a closed, self-compensating circuit of 
interdependent actions (Goffman, 1961, p. 96) it requires continuous interaction between 
the participants. The point of situated activity systems is that the complexities of concrete 
conduct can be examined instead of by-passed (Goffman, 1961, p. 99), which makes 
groups apt for studies on situated activity systems. Drawing on the claims brought forth 
by Goffman, the employees of Tuollavaara Transportation are clearly affected by the 
arrival and deployment of the robotic welding system in that the technological shift 
contributes to re-negotiating the joint activities of Tuollavaara Transportation. 
 
Observing enterprises of surgeons, merry-go-round-riders, gamers and organizational 
affiliates, Goffman engages extensively with face-to-face activities. These comprise of 
situated encounters in which interaction is pursued, and as such they are clearly confined 
by their contextual framework. In fact, in order to even render intelligible the roles of the 
different members the concrete system of activity is used as a contextual point of 
reference (Goffman, 1961, p. 94f). Goffman’s proposal bears resemblances to the 
example brought forth on the above page in which the number of actions turns 
meaningful only within a particular context of activity. Overall, his study converges with 
many of the theoretical formulations within activity theory. The contentious relation 
between a system of activity and its members, or if one wishes, a particular context and 
the roles that the participants assume, reject or are allotted is by necessity part of ongoing 
collaborations. At the same time as the system of activity renders meaningful the 
individual positions, the single role is the basic unit of socialization (Goffman, 1961, p. 
87) in that it constitutes the typical response of individuals in a particular position 
(Goffman, 1961, p. 93).  
 
First published in 1961, the examples brought forth by Goffman might admittedly seem 
somewhat outdated; obviously his study does not take into consideration practices of 
online gaming and digitally-mediated encounters, nor does it acknowledge remote 
communication in terms of mobile phone conversations or chat rooms. As Goffman 
engages in face-to-face encounters the analysis is subsequently confined to a physical 
proximity, which is not always the case, at least not in the current society. Still, the 
analytical framework developed by Goffman is embraced by contemporary researchers. 
Trevor Pinch (2010) for instance, engages with Goffman as a “sociologist of technology” 
(Pinch, 2010). Pinch develops his analysis in unison with the theories developed by 
Goffman, and especially in conjunction to the latter’s examination of role distance and 
Merry-Go-Round riders. In sum, Goffman’s work comprises an astute point of departure 
for understanding machine-mediated activities as enacted and negotiated in situ, 
something that also is eloquently pursued by Suchman. Earlier I introduced Suchman’s 
study Plans and situated actions. The problem of human-machine communication (1987) 
and the revised edition Human-machine reconfigurations. Plans and situated actions, 2nd 
edition (2007). In doing so, I argued against the clear-cut distinction between human and 
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machine. Although my engagement with machine-mediated activities veers away from 
Suchman’s use of human-machine communication I am equally supportive of her 
proposal: “matter of joining and separation of human and nonhuman are everyday 
affairs” (Suchman, 2007, p. 284). Thus far, Suchman does not only explore human-
machine communication; taking into consideration the situatedness of these activities she 
successfully combines the Goffmanian notion of social encounters with conversational 
analysis and streams from previous research within HCI. Similar to Goffman, Suchman 
claims that actions are always situated in that they take place in the context of particular, 
concrete circumstances (Suchman, 1987, p. viii). At the same time Suchman slightly 
bends the arguments to concern the mutual contingency of tools and the activities that 
they are intended to facilitate (Suchman, 1987, p. 3). Claiming the organization of action 
to be situated in particular social and material circumstances (Suchman, 2007, p. 176) 
Suchman thus sets out to scrutinize the situatedness of human-machine communication: 
humans are “inseparable from our specifically situated social and material circumstances” 
(Suchman, 2007, p. 245).  
 
I have outlined above Goffman’s notion of situated activity systems. In doing so, I 
suggested his arguments to bear resemblances with, and contribute to contextualizing 
many of the claims brought forth by activity theory. In a similar vein, Suchman’s 
theoretical competence straddles a range of theories and spurs the reader to associative 
enterprises. I especially find her proposal to be congruent with activity theory in that it 
seeks to investigate both the situatedness and the material implications of activity 
systems. Considering technological breakdowns, Suchman further explores the positions 
of users, designers and expert systems. In doing so she shows how an expert system, 
rather than constituting an a-contextualized set of regulations and plans that simply is 
adaptable to whatever activity at hand, is deeply embedded in the world (Suchman, 1987, 
p. 10). As such, it is precisely the particular system of activity that distinguishes the 
expert from the novice (Suchman, 1987, p. 91) or an adequate measure from a less 
successful one. The situated expertise is equally of interest to activity theory. Yrjö 
Engeström (1987) for example, claims that a true expert makes decisions on an intuitive 
basis, deriving from a deep situational understanding (Engeström, 1987, p. 215). Saying 
this, the process from novice to expert is far from a linear arrangement, but fraught with 
contradictions as different voices and perspectives meet, collide and merge (Engeström, 
1999, p. 382). Practitioners learn mainly from the outcome of their own actions 
(Engeström, 1987, p. 216ff) at the same time as the creative reconstruction often involves 
questioning, confrontation, and debates (Engeström, 1999, p. 401f).  
 
Suchman’s and Engeström’s proposals are equally relevant as I set out to investigate the 
erratic implementation process of the robotic welding system. The number of 
stakeholders, i.e. the employees and the management of Tuollavaara Transportation as 
well as the suppliers and the potential customers, did admittedly share similar interests, 
but their respective positions forged a variety of responses, which repetitively fell at odds 
with each other. Initial plans were dashed due to a variety of factors: participants and 
project leaders left the project, representatives from the suppliers failed to attend the 
organizational meetings, surrounding stakeholders received contradictory information 
and additional deliveries of particular items were delayed or turned out to be broken. At 
the same time, the robot operators had to manage the impending demands of production. 
Progresses and pitfalls were thus dealt with in situ; as acts of trial and error proceeded 
competence and expertise unfolded accordingly. 
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Distributed cognition 
Turning toward distributed cognition, I adhere to Hutchins claiming that cognition is 
socially distributed (Hutchins, 1995, p. xii, 128) and enacted in systems. These systems 
constitute “individuals and the artifacts they use”, and might very well be equated to what 
activity theorists would refer to as activities (Nardi, 1996, p. 77). As cognitive activities 
are distributed across social networks they appear to be fundamentally cultural processes 
(Hutchins, 1995, p. 374). Far from being an internal phenomenon, cognition occurs in the 
immediate present, in a particular space (Kozel, 2007, p. 13), and also, importantly, 
between actors. Hence, distributed cognition diverges from cognitive science in that it 
pays extensive attention to environmental factors and artifacts (Garbis, 2002, p. 13) rather 
than considering human activities as mere products of the brain (Säljö, 2002, p. 394), 
cognition is correspondingly viewed as being constituted in the interaction between the 
actor and the environment (Middleton & Edwards, 1990, p. 23; Garbis, 2002, p. 39). 
Hence, the theoretical discipline directs its focus toward coordination among individuals 
and artifacts in order to probe how individuals negotiate meaning-making within 
distributed processes (Nardi, 1996, p. 78). Similar to activity theory, distributed cognition 
advocates activities to occur in systems, or according to me, in socio-material networks. 
It would be a mistake to assume cognitive artifacts as separated from the situations in 
which they are utilized (Garbis, 2002, p. 11). Tools and instruments are thus salient when 
understanding how certain behaviours are manifested, co-ordinated and negotiated. As 
the nature of the practice changes, the role of the particular instrument changes 
accordingly (Hutchins, 1995, p. 113), which is why cognition, rather than being found 
solely in individual minds, preferably is considered as ontologically distributed across 
individuals and artifacts (Garbis, 2002, p. 42). Both activity theory and distributed 
cognition acknowledge representations as external as well as internal (Garbis, 2002, p. 
50f); these representations constantly oscillate between structures (Hutchins, 1995, p. 
134). In addition, just as human activity makes artifacts intelligible, artifacts also mediate 
human activity (Hutchins, 1995, p. 263, 284). But whereas activity theory contemplates 
larger patterns of activities, distributed cognition, to a greater extent, pays attention to the 
micro-level of situations (Garbis, 2002, p. 53). Also, as opposed to distributed cognition, 
activity theory contemplates artifacts as compulsory mediators in that every activity is 
mediated by tools, be they signs, language or physical devices (Garbis, 2002, p. 70). 
 
Feminist theories 
This section comprises a continued discussion of the outline on page 39 and onwards in 
which I argued for what can be referred to as a post-materialist, neo-materialist or 
alternatively a post-humanist stance. As such he ensuing text adds to the introduction of 
Kirby, Barad and Hayles an enhanced understanding of embodiment and materiality. In 
addition, I engage more extensively with the particularity of feminist theories that serve 
facilitative toward the purposes of this study. Bearing the previous discussion in mind, 
Hayles for instance offers an important hindsight in that she outlines the ways in which 
numerical information such as codes, scripts and mathematical equations are translated to 
an embodied act (Hayles, 1999). The technological human is therefore not only 
constituted in the utility of instrument, but equally prevalent in acts of mapping. Hence, 
calling into question materiality as something rock-solid (Kirby, 1997, p. 60f) the 
following text provides a continued elaboration on the body.  
 
Just as feminist perspectives criticize phenomenology for failing to specify the kinds of 
bodies and sexualities behind the lived experience in question (see for comparison 
Reuter, 2000, p. 4f; Kozel, 2007, p. 13) activity theory and distributed cognition might be 
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reprimanded for similar omissions. Importantly, just as the body is not universal, it is 
neither neutral nor asexual (Kozel, 2007, p. 62). Neglecting the particularity of bodies 
and expressions easily leads to serious gaps regarding the understanding of their gendered 
representations at play. The female body functions as a sign of a gendered body 
(Balsamo, 1996, p. 30); it is disciplined according to certain socio-material constraints 
that might differ from what is anticipated of the male counterpart. Hence, bodies are 
enacted and disciplined in light of socio-material structures; they are made rather than 
born (Haraway, 1991, p. 208), which also imposes the question regarding the particularity 
of bodies. Seeking to remedy gender blindness within activity theory and distributed 
cognition “[f]eminist conceptions of the body are/…/always sexually specific” (Grosz, 
1993, p. 196). Grosz goes on to argue that as opposed to previous studies within for 
instance Marxism, psychoanalysis, history and literary theory, feminist perspectives 
involve a more thorough questioning of theoretical postures and implicit ideas that 
govern knowledge production (Grosz, 1993, p. 206). Indeed, thoughts deriving from 
feminist perspectives challenge the very frameworks of their respective disciplines, be 
they anthropology, history or literary criticism (Harding, 1986, p. 19).  
 
Thus far, feminism should not be regarded as “a monolithic set of beliefs and practices”. 
On the contrary, “there are significant differences among feminists about what analyses 
and practices are desirable” (Harding, 1986, p. 109). This does not mean, however, that 
any affinities between the different approaches are absent; adhering to for instance Susan 
Leigh Star (1991), the strength of feminist theories is “to move from the experience of 
being/…/an outcast or a castaway” to the analysis of the fact of technological artifacts 
themselves (Star, 1991, p. 38). These artifacts are marked objects (Star, 1991, p. 36) in 
that they alter human activities. Star’s plea is equally relevant to the empirical charts of 
this study. The robotic welding system was both encouraging and constraining in that it 
gave rise to alternative ways of enacting gendered and embodied expressions at the same 
time as the female robot operators were dismissed as competent welders. Seeking to map 
excluding practices, feminist theories are most appealing, as they call for attention toward 
subject positions within, rather than apart from, the surrounding social network (Stanley, 
1992, p. 250). As feminist analyses investigate and deconstruct dualist thinking of gender 
(Massey, 1996, p. 109) this enables the researcher to scrutinize bodies as, far from 
always, performing according to their assumed gender. Hence, this study takes seriously 
the inevitable tears within spatial diffusion. In times of technological change embodied 
performances are subjected to change, which in turn facilitates a re-allocation of space. 
Adhering to Probyn, “[a]s ‘man’ fades away, the face of the discursive and affective 
landscape changes radically” (Probyn, 1993, p. 136). Consequently, the workers of 
Tuollavaara Transportation were naturally gendered beings – ‘men’ as well as ‘women’ 
are the effect of signifying practices – although the male employees (omnipresent yet 
surprisingly disguised) appear to eschew gendered labelling. Their naturalized positions 
as welders incorporated welding activities according to two lines of assumption: as 
manually conducted and as inherently pursued by men. These beliefs worked in tandem 
with, and mutually reinforce each other; in order to be regarded as a ‘real’ welder one had 
to pursue manual welding activities and be a man. It is therefore interesting to discern 
how the female robot operators contradicted, not only welding as conducted by men, but 
also welding as inherently manual. In conjunction with the implementation process of the 
robotic welding system, bodily capabilities were modified and enhanced. As women’s 
bodies were technologized the very instability of gender and bodies was evident; novel 
pursuits in the industrial hall allowed for alternative ways of performing embodied 
expressions. 
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Thus far, the particular wing of feminist theories that I draw on pinpoints alternative ways 
of enacting gendered bodies; “thinking through the body” (Kirby, 1997, p. 77) or “think 
through the body” (Braidotti, 2002, p. 5), conjures up physical appearances as multiple 
and disparate. Rather than advocating thoughts and practices to take place outside the 
body, feminist theorists further employ the body and promote thinking through the body, 
in its full complexity and political significance (Paasonen, 2002, p. 202). Feminist 
theories can further help us to “thinking spaces that have been opened up by changes in 
social relations and in ways of thinking about them” (Harding, 1998, p. 17). As such they 
also “insist on a better account of the world/…/” (Haraway, 1991, p. 187).  
 
Critically examining the gendered division of labor in times of change, feminist theories 
bring forth the particularity of bodies that are enacted, fortified and denied access. The 
required embodiment of certain ideals (such as masculinity and femininity) is almost 
always related to the idealization of a heterosexual bond (Butler, 1993, p. 231f). The 
gendered division of labor at Tuollavaara Transportation (however altered due to the 
arrival of the robotic welding system) was therefore part and parcel of the local gender 
regimes and the subsequent division of labor in which the female welders and their male 
counterparts were allotted different assignments. Put differently, mediated relations 
between human and machine explicated as well as reinforced the gendered structures 
currently at play. Trying to conflate organizational verdicts and subtle re-arrangements of 
bodies, I delineated habitual working rituals, the slowness of the process of 
mechanization, only to contemplate the feminization process of the profession as a robot 
operator. Bodies converged and accumulated only to depart or alternatively be left on 
their own. Oscillating between realities: digital, physical and auditive, feminist theories 
allow for scrutiny of the power of collective multiplicity (Star, 1991, p. 50). 
 
Symmetry - asymmetry 
Employing a feminist stance I ultimately engage with one of the theoretical disputes that 
cuts through as well as suffuses many of the accounts mentioned above, namely the 
discussion of whether to acknowledge activities as symmetrical or asymmetrical. The 
intention is to pave way for the ensuing section and the current application of these 
expressions. As this study draws heavily on activity theory it proposes asymmetry to 
pervade the situated activity systems of Tuollavaara Transportation. For instance, sharing 
of knowledge and information, occupation of space and allocation of tools are not evenly 
distributed in the industrial hall, but contested enterprises in which some groups, 
instruments and assignments are given preferential treatment at the expenses of others. I 
will return to this discussion later, what is currently at stake is to outline various 
propositions put forth by previous accounts.  
  
In order to pursue the examination of the expressions symmetrical and asymmetrical I 
once more tend toward the work of Suchman. Elaborating so-called expert systems, she 
stresses distribution of knowledge between the expert and the novice to hinge on 
coordinating practices, which in turn “accommodates their asymmetrical relationship to 
the interaction’s institutionalized purposes” (Suchman, 2007, p. 104). Put differently, the 
novice and the expert are both parts of a communicative framework in which they are 
allotted certain positions in relation to each other as well as in accordance with the 
current setting. Saying this, not only communication between humans is fraught with 
asymmetry; Suchman goes on to argue that human-machine interaction is asymmetrical 
in that the scope of this particular kind of interaction is limited (Suchman, 2007, p. 179). 
As stated, “there is a profound and persisting asymmetry in interaction between people 
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and machines, due to a disparity in their relative access to the moment-by-moment 
contingencies that constitute the conditions of situated interaction” (Suchman, 1987, p. 
185).  
 
Suchman’s work encompasses as well as contributes to straddling a range of theoretical 
disciplines. I have already mentioned her book Plans and situated actions. The problem 
of human-machine communication (1987) and the revised edition Human-machine 
reconfigurations. Plans and situated actions, 2nd edition (2007), both of which embrace 
vast research fields such as conversation analysis and HCI. Suchman’s contribution to the 
edited volume Cognition and Communication at Work (1998) equally substantiates her 
acquaintance with activity theory. Reading these publications, a number of arguments 
also bear resemblances to the claims of distributed cognition in that they take seriously 
the ways in which persons and artifacts constitute each other. Hence, Suchman fluently 
berths at the intersection of activity theory and distributed cognition as well as ANT, 
something that constitutes an ample point of departure for further discussions. 
Specifically, she summons the divergences between activity theory and ANT through an 
elaborative outline of how to interpret symmetry and asymmetry in relation to human-
machine communication. In as much as the arguments held by the two theoretical 
disciplines fall at odds with each other, the subsequent debate facilitates the purposes of 
this study.  
 
Taking into account, the theoretical disparateness, the ensuing text intends to enlarge on 
the above discussion. As stated, Suchman is far from the only one engaged in the debate; 
previous research within, for example activity theory and distributed cognition proclaims 
an asymmetrical relation between people and things or people and machines (see for 
comparison Garbis, 2002, p. 71; Kaptelinin & Nardi, 2006, p. 10). As such, they argue 
against many of the accounts held by ANT, which assert a symmetrical relation between 
people and machines8. Bruno Latour (1988) for instance, refers to the two-way relation 
between humans and machines in terms of “a complete symmetry between the terms used 
to describe human and nonhuman actors” (Latour, 1988, p. 262; Ihde, 2002, p. 137f). The 
symmetrical relation is also pinpointed by MacKenzie and the co-author Judy Wajcman 
(MacKenzie & Wajcman, 1999, p. 22, 24), whose introductory essay in the edited volume 
The social shaping of technology (1999) pursues the arguments of ANT. Inclined to 
activity theory and distributed cognition I nonetheless beg to differ from previous voices 
within ANT in their attempts to render the social world as flat as possible (Latour, 2005, 
p. 16). The proclaimed symmetry, however visionary, does not take into account, the 
network of actors as always already skewed and marshalled in hierarchal orders. Calling 
for symmetry between humans and things or humans and machines, ANT subsequently 
sidesteps the uneven distribution of bodies and artifacts as well as the processes in which 
adequate knowledge of how to wield instruments and machines is rendered meaningful. 
In other words, a simple symmetry leaves out the power of human agency and human 
creativity (Kaptelinin & Nardi, 2006, p. 251f). Rather than defining networks as 
comprised of symmetrical nodes, research within activity theory designates humans as 
innovative creatures, not always following pre-established structures (Kaptelinin & 
Nardi, 2006, p. 201, 207).  
 
Recalling the discussion on page 26, in which I suggested space to be suffused with 
asymmetrical relations in terms of domination and subordination, as well as the outline 
                                                 
8 It should be mentioned that the term symmetry is much contested, not only between activity theory and 
ANT, but also within ANT. 



62 
 

on page 47f where I argued for mapping practices to assume an asymmetrical relation 
between spaces, I conclude this section by skimming through space as fraught with 
asymmetry. The ensuing part will offer a more in-depth analysis of the spatial 
implications of mapping; for now I contend that successful mapping does not equate to 
symmetric mapping, but rather to the ability to render the re-representations intelligible. 
Put differently, in as much as mapping conveys a sense of reciprocity and transparency – 
the transformed activities should be intelligible – different realties are not symmetric. 
Following Latour, he admittedly pinpoints that “a calculation on paper can apply to the 
outside world only if this outside world is itself another piece of paper of the same world” 
(Latour, 1987, p. 251), but his subsequent claim that the skills required to go from for 
instance the pestle to the wind mill would be symmetrical (Latour, 1987, p. 129) does not 
consider the different movements required, nor does it take into account the implications 
of the labor itself.   
 
In relation to the current study, asymmetry pervaded not only the machine-mediated 
activities of Tuollavaara Transportation, but the industrial hall, the offices and the 
immediate surroundings of the industrial site, which equally affected the subsequent 
inhabitation of space. As persons and artifacts do not constitute each other in the same 
way (Suchman, 2007, p. 269) asymmetrical relations subsequently attained a spatial level. 
The networkingness of my informants’ daily pursuits subsequently forged the situated 
activity system of Tuollavaara Transportation to tilt. Saying this, the ensuing section 
proposes technological shifts to be fraught with distortedness in that innovations are far 
from instantaneously accepted by an entire population. Rather, technological 
advancements are gradually adopted by individuals, something that equally reveals the 
unevenness of the spatial distribution of an invention (Hägerstrand, 1967, p. 149).   
 
The ball bearing maze game  
Thus far, the theoretical backdrop of this study should be clear. Feminist studies bring 
forth additional perspectives that traditionally have been sidestepped by activity theory as 
well as by distributed cognition, which in turn relocate terms such activity, symmetrical 
and asymmetrical, human and nonhuman as well as collective and individual. As stated 
above, the relation between human and machine is envisaged as asymmetrical (Nardi, 
1996, p. 13; Suchman, 2005, p. 390), but that does not exclude unequal relations between 
human bodies. Bodily asymmetry is further contrived in tandem with spatiality; as spatial 
differentiation continuously has to be set and negotiated, bodies are subsumed in 
ephemeral configurations that include other bodies as well as artifacts. In parallel, 
embodied accumulations propel certain activities as well as the spatial settings within 
which they take place. The machine-mediated activities at Tuollavaara Transportation as 
well as the organizational objective pinpoint artifacts as crucial for all activities. Hence, 
activities cannot be made intelligible without understanding the role of artifacts in 
everyday existence (Nardi, 1996, p. 14) nor is it possible to divorce the activities from 
their objects. Saying this, the configuration is utterly erratic, the system of activities is 
always disrupted and also part and parcel of contemporary gender regimes. In turn, the 
co-constitution of gender and technology (however volatile) work in tandem with 
organizational objectives and managerial decrees. Rather than exclusively determining 
activities, objects themselves can be transformed and altered in the course of an activity 
(Nardi, 1996, p. 74).  
 
Taking posture from the theoretical alliance above, I seek to prove the heterogeneous 
network of activities at Tuollavaara Transportation as always already skewed. Certain 
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activities promise distortedness in that they explicitly provide decentring as well as 
recentring of knowledge production. In parallel, the activities at play in the slanted 
network are diluted as well as accumulated, much due to the arrival and deployment of 
the robotic welding system. The networks I am envisaging are thus powered by/through 
everyday talk, subtle gestures and absences, as well as the organizational objectives and 
gendered orders. Amid the movements of rhythm and disorder lie erratic flows of 
machine-mediated activities. Since each action is lived in time and space, the time-space 
concept contains fundamental asymmetries of power (Thrift, 1996, p. 46).  
 
In as much as networks promise new forms of social orders it would be deceptive to talk 
exclusively about assemblages as this crudely neglects any hierarchal order. The 
organizational pattern of assignments, of embodied activities and material distribution is 
thus not a mere accumulation of elements, it comprises subjugation and domination, and 
these are by necessity embodied. In order to explain this tilted network, the reader is 
asked to envisage a ball bearing maze game, a labyrinth in which the player moves a 
marble from one point of the turf to another by twisting two steering wheels attached to 
the sides of the game. At the same time as the game board is tiltable in different 
directions, there are also drilled holes in the paths, which the player, by slanting the game 
board, must avoid, or the marble will simply fall through the maze and the player has to 
start all over again. This persistent temporality might seem impervious to analyses, one 
that is simply to be observed, but is actually impossible to encompass within any 
theoretical frameworks. Nonetheless, without the very tiltedness, or if one wishes, the 
unremittingly lurking asymmetry, the marble would not be able to move at all. 
Distortedness is thus at once the nuisance as well as the very condition for analyses. The 
sensitivity of the two steering wheels forges a precarious foundation, which also 
corresponds with the eloquent formulation of Gaston Bachelard (1994): “[a]t the slightest 
touch, asymmetry appears” (Bachelard, 1994, p. 215). Hence, in as much as the tiltable 
turf obstructs smooth movements, it constitutes the very condition for them to emerge at 
all. Once again echoing Bachelard, it is better to live in a state of impermanence than in 
one of finality (Bachelard, 1994, p. 61). 
   
Traditional accounts of systems and networks, I claim, have inadvertently sidestepped the 
third dimension of networks and systems, which in turn would allow for the assemblages 
to also be tiltable, hence utterly skewed. Contemplating the ball bearing maze game, it 
gives a spatial understanding of the asymmetrical relations currently at play. As social 
status and power are closely linked to spatial dominance (Weisman, 1992, p. 24), the ball 
bearing maze game further reveals the uneven distribution, but also the temporality of, 
bodies, artifacts and ensuing undertakings. As will be shown in the subsequent scenes, 
disapproval of certain bodies and activities, distribution of knowledge, acts of omission, 
problem-solving activities and embodied accumulations are conditioned by spatiality at 
the same time as they have spatial consequences. In order to outline the heterogeneous 
network, it is preferably viewed as a locomotive concept. Every spatial area harbours 
excluding practices, requires adequate sets of tools in order to enter, or gives preferential 
treatment to some bodies while dismissing others. Studies of activities in terms of a two-
dimensional system or network, as traditionally has been the case in for instance the 
discipline of ANT, certainly facilitate further interrogation, but neglect their ultimate lop-
sidedness. Some nodes do appear sturdier than others. Feminist studies facilitate further 
understanding of the activity systems’ ubiquitous tendencies to slant. Herewith, it also 
becomes evident how factors such as space and place contribute to the uneven allocation 
of bodies.  
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Seeking to interpret how spatial diffusion is set and negotiated in times of technological 
change, feminist theories provide critical scrutiny of the roles of embodiment and 
artifacts in these processes. The novel flows and accumulation of bodies quite clearly 
disrupts established configurations at the same time as they encourage optional ways of 
using the body. Recalling Hayles: “when people begin using their bodies in significantly 
different ways, either because of technological innovations or other cultural shift 
changing experiences of embodiment bubble up into language, affecting the metaphoric 
networks at play within the culture” (Hayles, 1999, p. 206f). Similar thoughts are 
expressed by Lefebvre, claiming “the moment the body is envisioned as a practico-
sensory totality, a decentring and recentring of knowledge occurs” (Lefebvre, 1991, p. 
62). Embodiment is thus salient when disclosing how alternative practices can be 
detected in and through movements, not as separate containers that inherit particular sets 
of traits – no body alone harbours re-arrangements of knowledge – but as part in 
meaning-making activities. As activities exist in both collective and individual forms, 
they are preferably sketched in network-like formations that oscillate between humans, 
artifacts and spatiality as well as between individuals and collective formations.  
 
Hence, the machine-mediated activities at Tuollavaara Transportation emerged in close 
intermingling between embodiment, artifacts and spatiality, which is why I call for 
scrutiny, not only of human relation with tools, but also of how everyday space is sensed 
and mapped in relation to technology (Michael, 2006, p. 112). “Bodies, in engaging with 
the stuff of spaces, do so in a range of ways/…/” (Michael, 2006, p. 115). The arrival of 
the robotic welding system propelled new sets of socio-material systems and new ways to 
produce knowledge; machine-mediated activities were negotiated and distributed in 
embodied resistance, use of tools and inhabitation of space. As a collective phenomenon 
cognition is thus contingent on tentative distribution of embodied activities. Saying this, I 
am not suggesting that the daily activities of Tuollavaara Transportation was part of a 
pre-deterministic network, already set and enacted by the individual actors that 
repetitively constitutes it. On the contrary, I adopt a holistic perspective in which the 
wholes and parts are deeply conditional upon each other. Just as distributed cognition 
envisions emergent patterns of activities, it is also evident how bodies are encouraged (or 
compelled?) to commence agreed-upon undertakings; the turf is partly determining for 
individual assignments at the same time as its tendencies to tilt is contingent on the path 
of the marble. Rather than the possession of the individual, cognition is, as suggested 
above, a function of collective adaptive search (Kennedy et al., 2001, p. 96), and takes 
embodied proportions in that the bodies of my informants are disciplined according to 
normative behaviours. Contemplating production of knowledge as highly embodied, 
cognition occurs in the oscillating intermingling between individual and collaborative 
undertakings. These are also made possible through the close intermingling between 
embodiment, artifacts and spatiality.  
 
Summary of the arguments 
Thus far, my intention has been to set the stage for the upcoming empirical outline; I have 
engaged with the theoretical chart of this study and equally sought to deploy the themes 
previously introduced. Exploring some of the earlier accounts within activity theory and 
distributed cognition, the subsequent endeavour to merge activity theory and distributed 
cognition provides additional understandings of previous feminist accounts. Equally, 
feminist theories serve to revivify customarily notions of systems and networks, which in 
turn allow for the assemblages to also be tiltable, hence utterly skewed. Bearing their 
simultaneous disparateness and congregation in mind, it is now time to introduce the 
empirical outline.  



65 
 

   
2. Ad rem  
 



66 
 

Tuollavaara Transportation  
This chapter introduces the location and the spatial design of Tuollavaara Transportation. 
In addition, it gives an opening account of the work procedures and presents the 
management as well as the members of the workforce. Attention is also directed to the 
organizational structure and the inter-organizational relations. Covering a wide spectrum 
of aspects, the reader is familiarized with the production of iron-ore baskets, the different 
methods of welding as well as the geographical conditions and the impact of Luossavaara 
Kiirunavaara AB9 (LKAB), the local mining company. Shortly after these introductions, 
a spatial exploration of the industrial hall is provided, followed by a presentation of the 
robotic welding system. Upon arrival and deployment, the robotic welding system is 
subjected to immense attention, internally as well as externally, and this affects both the 
managerial routines and the daily activities in the industrial hall. Simultaneously, the 
robotic welding system embodies a particular form of material limitations as it bids the 
human intentions and activities more or less resistance. Its actuality, the enclosed location 
as well as the accompanying equipment that is required to pursue adequate measures 
propels a variety of adjustments: technical, spatial as well as managerial, as is 
demonstrated on the chart of the industrial hall on page 69. In as much as the formulated 
intentions of the management and the actual consequences of the robotic welding system 
are interlaced, they fall at odds with each other, and these erratic procedures affect and 
are affected by the inter-organizational relations. Saying this, what is ultimately at stake 
in this chapter is to provide a spatial analysis of the inter-organizational relations in times 
of the technological change. 
  
In order to pursue a well-expressed textual framework this following text is narrated in 
present tense. Although my fieldwork is clearly limited in time in that it constitutes but an 
extract of the organizational life, the enterprises of Tuollavaara Transportation should be 
seen as continuous. It would be naïve to believe that daily activities within this particular 
industrial setting coincide with my appearance. Just as they exist prior to my arrival, they 
are likely to continue long after I have left. Using this specific tempus form forges an 
understanding of the activities of Tuollavaara Transportation as persistent at the same 
time as the reader is invited to follow the occurrences in present tense, which in turn 
reveals the situatedness of knowledge production.  
 
I am also not suggesting that the pursuits in the industrial hall are impervious to 
influences and re-distributions of work activities. However, due to the research interest 
my decision to prioritize the robot’s immediate vicinity and the production of iron-ore 
baskets takes precedence over other projects and assignments. Focus on the immediate 
pursuits that occur in conjunction with the robotic welding system, the area of interest is 
thus narrowed down to these specific machine-mediated activities, although they should 
be interpreted as part of the organizational production. 
 
The informants 
During my fieldwork I observe the undertakings of approximately twenty welders. 
Periodic practical training, apprenticeship, out-sourcing as well as in-sourcing of outside 
labor force nonetheless complicates the attempts to establish an accurate number of 
employees. In-sourced welders disappear and are replaced; workers are transferred and 
others are employed as new undertakings emerge, at the same time as Tuollavaara 
Transportation works in close collaboration with different organizations that educate 

                                                 
9 For more information, please visit www.lkab.com (2009-05-28). 
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forthcoming welders. My encounters with new trainees are sometimes so brief that any 
opportunity to build relationships dissipates at the intermittent disappearances of these 
people10. In pace with my visits, I nonetheless identify a core ensemble of employees, 
besides my main informants, of fifteen co-workers: four women and eleven men.  
 
Similar to the fickle assemblage of employees, the managerial constellation is subjected to 
alterations. As my research interest primarily concerns the implementation process of the 
robotic welding system, I seek to engage with the representatives employed on this 
particular project. These people temporarily reinforce the grouping. The management 
comprises four representatives all of whom are men. Ranging from the late twenties to the 
early sixties these managers are qualified mechanical engineers with practical experiences 
in welding activities. In addition, one of them has a background within the military 
service, and previously worked as a welder before assuming a managerial position at 
Tuollavaara Transportation. As the text unfolds the informants are introduced more 
extensively. For now I contend that the workforce, at least according to age, constitutes a 
rather heterogeneous assembly. The majority are between their late thirties and fifties, but 
collectively their ages range from the early twenties to the sixties. Most of the welders are 
from Kiruna and some of them have moved to the town from surrounding villages. Of 
particular surprise is a southern migrant whose enjoyment of the northern countryside, 
determines his move, something that stands in contrast to the habitual north south 
migratory patterns as mentioned earlier. In addition, two of the co-workers are originally 
from Latvia.  
 
Despite their disparate backgrounds the welders at Tuollavaara Transportation can all 
claim some professional training programmes prior to their recruitment. Lernia11, an 
organization located in the adjacent premises, educates unemployed citizens as well as 
students pursuing an upper secondary education. The education that lasts a year 
professionally prepares one for work within or in conjunction with the mining company. 
According to the report from the municipality of Kiruna the vocational educations are 
becoming increasingly popular (Planeringsunderlag. Kiruna kommun 2008:21), and 
during an interview with two of the teachers at Lernia – Ewa and Bo – especially the 
number of female applicants has improved rapidly during the last five years. Currently 
there are about as many women as men pursuing the welding courses that are arranged by 
Lernia.  
 
Hence, the professional dreams display an increased interest among young citizens (both 
men and women) to apply for vocational educations connected to the mining company 
and its local suppliers, which enables them to stay in Kiruna. After completing their 
education, the participants are required to engage in an internship experience of six 

                                                 
10 The high mobility of employees concerns mostly young welders, and is equally pervasive in the 
municipality of Kiruna in general. As the population is decreasing (Planeringsunderlag. Kiruna kommun 
2008) the migratory concerns mentioned earlier particularly lean towards the young welders suggesting a 
generational flexibility with regards to mobility. Some of the reasons are education, work and for a wider 
range of cultural activities encountered elsewhere from Kiruna. Hence, young men and women within the 
local labor market tend to leave or are transferred, but for different reasons. Whereas both male and female 
employees are transferred and out-sourced, the latter take parental leave, and are subjected to transference 
during pregnancies, something that possibly might affect their careers negatively. 
  
11 Lernia is one of Sweden’s largest skill providers. The organization is represented in approximately eighty 
cities in Sweden and supports individuals as well as companies with educations and skill enhancements 
(http://www.lernia.se, 2010-06-03). 
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months that should enhance their practical experiences. During this time they also have 
the opportunity to engage more extensively with different types of welding. Depending 
on the material to be assembled, the particular welding methods, the environment in 
which the welding activities take place as well as the applied techniques a variety of 
welding licences are required. The training sessions at Lernia present four methods: stick 
welding, mig/mag welding, gas welding and tig welding (Fig. 7). Although the 
participants gain theoretical knowledge in, and also are expected to try the different 
methods during their education not everybody will attain licence for all of these four 
types of welding methods. Holding different types of welding licences subsequently 
brings forth hierarchies in the labor force. Every two years the welders are obliged to 
conduct supervised tests to renew their competences. During these occasions it is also 
possible to attain additional welding licences. Further discussions with the welders 
reveals that a certain form of stick welding is the most advanced of licences in the 
profession. This particular process uses a consumable electrode coated in flux in order to 
lay the weld. “Having that [particular licence, my comment], you can weld whatever”, 
Kajsa12, one of the robot operators, exclaims with a hint of respect in her voice. The 
ability to weld sufficiently and be acknowledged as a skilled welder is thus intimately 
linked to the licence.  
 
The geographical intimacy between Tuollavaara Transportation and Lernia allows for 
regular exchanges, of trainees as well as practical advice. Many of the attendances at 
Lernia conduct their practical training at the organization, and a number of my informants 
have been recruited from Lernia. However, only a few have worked as welders for an 
extensive amount of time, and for most of them being a welder is not an ultimate career 
goal. Rather, my informants consider their choices as self-evident or at least as sufficient 
for the time being. Working as a welder enables them to live in Kiruna, and the 
occupation also provides a monthly income. Some of them have previous experiences 
from industrial forms of work such as mining and truck driving, many others claim 
diverse professional backgrounds such as tourist guides, painters, waitresses and 
caregivers, but also within car mechanics, forest industry, printing offices and postal 
services. Others have been inspired to follow in their parent’s professional footsteps as 
welders. Notwithstanding the fact that the mining industry and the activities connected to 
the same constitute the main employer in the municipality of Kiruna, many of the 
employees at Tuollavaara Transportation did not enter industrial undertakings linked to 
the mining directly after finishing compulsory school, but tried other careers before 
attending relevant education for working within, and in connection to the mining 
industry.  
 
The organizational objective 
Tuollavaara Transportation was founded in 2004, and in the present situation the 
organisation represents a consortium of three owners. In addition, the board of directors 
enrols a spokes person from the management of Tuollavaara Transportation as well as 
representatives from the three owners. Above I briefly mention the organizational aim: to 
assemble sheets of metal, sides and gables, with sets of trap doors in order to construct 
vessels suitable for the collection of iron-ore. The below text enlarges upon this objective 
and outlines some of its implications. Kiruna’s geographical position as an interior 
community provides difficulties for exportation of iron-ore and pellets; the raw material 
extracted from  the local  mine awaits  shipping,  which  is  why  the  welded  baskets  are  

                                                 
12 Pseudonyms have been used for all the informants to retain their privacy. 
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assembled on chasses suitable for railway transportation to the coasts of Sweden and 
Norway. The final products constitute the trolleys, referred to as ‘F 050’, that are 
delivered to LKAB. An approximate 700 trolleys are ordered with no specific time 
restrictions. However the assembling and welding of these vessels are expected to 
proceed in terms of a project that is estimated to range from 2006 to 2010. LKAB’s 
prominent position in Kiruna, their role as clients, and the geographical, as well as 
organizational proximity turn them into important stakeholders in Tuollavaara 
Transportation’s enterprise, which is why agents from the mining company also are part 
of the board of directors. Moreover, the construction of iron-ore baskets engages a 
number of local companies. The local suppliers of sides and gables to the future iron-ore 
baskets for example, are obliged to fuse certain parts and sections before delivering them 
to Tuollavaara Transportation. However, the sides and gables require distinct treatment. 
Whereas the pre-welded sections of the sides do not exceed spots of welding, the exterior 
of the gables are thoroughly pre-welded by the suppliers, a rather costly procedure for 
Tuollavaara Transportation. Therefore, the robotic welding system is expected to take 
over some of these processes in order to decrease the organisation’s expenses. 
 
The work procedure 
When the sides and gables reach the industrial hall they are normally assembled and 
accomplished in five or six steps. Through each of these steps, the iron-ore basket 
undergoes a gradual transformation as it is transferred between the members of the 
workforce. The referred-to stations attract a variety of welders and are raised around the 
temporal position of the iron-ore baskets; only the robotic welding system and the site for 
assembly of sides and gables constitute stationary arrangements. Gradually more details 
are added on the items, the pre-welded spots are grinded down or reinforced in 
preparation for the enclosed station where the robotic welding system is positioned. The 
map on the above page (Fig. 8, Fig. 9) illustrates the aisle of the industrial hall of 
Tuollavaara Transportation in which the sides and gables are assembled and later on 
welded together. Since this particular site facilitates the enclosure in which the robotic 
welding system resides, I spend most of the time here, which in turn enables me to follow 
the iron-ore baskets as they are transferred between the different stations. In order for the 
individual vessel to attain all the necessary qualities, it undergoes rather diverse acts of 
treatment. As the acts of preparations are completed the different parts are welded 
together. This is achieved by liquefying the joints where the work pieces are to be 
amalgamated, for instance by using particular kinds of wires or consumable electrode 
rods. Every vessel is forged with a total of 350 metre of welded bead (an impressive 
length of seam), and it is produced both by the robotic welding system and by the manual 
welders. In order to empty the iron-ore baskets when in use, the vessels are further 
endowed with sets of trap doors. These items and their parts are assembled at the 
premises of Tuollavaara Transportation, yet secluded from the industrial hall where the 
main part of welding practices and reparations take place. Johan, a man in his early 
forties, collects these items and prepares for them to be attached at the bottom of the 
completed iron-ore baskets. Manually welding one iron-ore basket is supposed to take 
between twelve to fourteen hours, an estimation that is likely to change, as the robotic 
welding system becomes part of the production cycle.  
 
During my fieldwork, Tuollavaara Transportation’s potential clientele extends beyond the 
regional and national borders to include international dealings. The connections are 
established with stakeholders from mining industries, and other possible customers can 
be found within developers of wind power stations and producers of truck cabins. Besides 
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welding and assembling iron-ore baskets that will be used to transport iron-ore via 
railway, Tuollavaara Transportation also repairs and maintains carriages that are 
employed in mining activities underground. Although reparations of these vessels take 
place in the same spatial setting as the welding and assembling of iron-ore baskets, the 
industrial hall is divided in two aisles for overhead cranes: a common way of estimating 
the size of the area. The spatial division of labor thus attains a spatial level in that it 
affects the ways in which the welders come to realize and make intelligible the 
implementation process.  
 
Kiruna is, as also stated previously, known as a mining community with LKAB as the 
biggest employer in the area. There are approximately 2500 employees at LKAB, 2000 of 
who are men. The health sector is the next biggest employer with about 1600 employees; 
of which 1400 are women and 200 are men. In addition, the trade sector and the 
construction sector are two of the other central employers in the municipality 
(Planeringsunderlag, Kiruna kommun, 2008, p. 6). The labor market in Kiruna is thus 
highly segregated (Abrahamsson, 2007, p. 135; Planeringsunderlag. Kiruna kommun 
2008, p. 6); professions linked to the mining industry such as welding, mining, truck 
driving and engineering (traditionally coupled to male occupations) offer seemingly 
natural working sites, at least for men (Planeringsunderlag. Kiruna kommun, 2008). 
Women on the other hand dominate the health and educational sectors13. In his study 
Kiruna. Staden som ideologi [Kiruna. Town ideology] Bo Nilsson (2009) investigates the 
different ideas and conceptions of contemporary Kiruna. In doing so, Nilsson examines 
the egalitarian understanding of Kiruna in light of the masculine working class ideal that 
is prominent in this particular place. He states: 
 

“The collective aspect of masculinity and a class anchored egalitarian ideal are 
reflected in the expressions (and the implicit expectations) of solidarity, which also 
characterize many narratives told by and about the miners” (Nilsson, 2009, p. 115, 
my translation). 

 
In view of where Tuollavaara Transportation resides it is therefore not surprising that the 
organization is an almost exclusively male working site. As depicted by Nilsson, the 
standards that suffuse Kiruna are co-constitutive of the norms prevalent within the mining 
industry, and in particular within LKAB. During my fieldwork, the employees of 
Tuollavaara Transportation frequently discuss the organizational arrangements of LKAB, 
the working conditions, vacancies to possible apply for and the latest technological 
developments within the mining industry. Although my informants continuously make 
fun of LKAB’s working force, claiming them to be lazy, LKAB remains an implicit 
benchmark for how to interpret industrial work in general and the own activities in 
particular. 
  
                                                 
13 Currently 90 % of the LKAB employees are men (Abrahamsson, 2007, p. 130), and measures have been 
put in place to increase the number of female employees, such as approaching upper secondary school 
students and in particular encouraging more women to apply for industrial alignments. LKAB also actively 
fights discrimination and sexual harassment within the organization. Between 2005 and 2007, the number 
of female employees increased from 10, 2 % to 11, 5 % and the goal for 2008 was that the total workforce 
should be represented by at least 13, 5 % (Handlingsplan för jämställdhet 2008. LKAB). From 2005 up 
until 2008, Luleå University of Technology has been engaged in the project ‘Framtidens gruvkultur’ [‘The 
future of the mining culture’]. The purposes of this project are to examine the constructions of masculinity 
in male dominated working sites and construct a platform that facilitates changes in the organizational 
climate of LKAB (Abrahamsson, 2007, p. 151; Andersson & Abrahamsson, 2007).  
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Defining machines and robots  
Prior to the presentation of the robotic welding system, I sketch a genealogical account in 
which I explore some of the definitions of the very term robot and its mechanical, 
hydraulic and computational counterparts. In doing so, the reader is introduced to the 
continuous ambiguity that pervades much of the previous academic discussions. 
Conversations with my informants reveal their subsequent use of some instruments, such 
as the manual and automatic welds, but also their reluctance toward the activities 
occurring in conjunction with the robotic welding system. Not only does the robotic 
welding system appear distinct from manual welding practices, it is also clearly separated 
from other industrial assemblages, which is why I suggest an initial examination of the 
very definition of the term machine. Contemplating one of the historical definitions, a 
machine is “a combination of resistant bodies so arranged that by their means the 
mechanical forces can be compelled to act by certain determinate motions” (Kennedy, 
1886, p. 2). The explanation might appear straightforward, but it has been subjected to 
debate within the field of engineering and in particular mechanical engineering. Tanja 
Paulitz (2010) depicts how this dispute evolved in the late 19th century. Focusing on 
scientific knowledge production, she consequently suggests that the male-coding of the 
engineering profession is a complex and historically flexible construction (Paulitz, 2010). 
The continuous negotiations resulted in a variety of definitions, of which one says: 
 

“[T]he term machinery is a large one; it includes many things differing apparently 
very greatly from each other, and we must first of all find out what are the common 
points of all these various machines, the characteristics which belong to them as 
machines” (Kennedy, 1886, p. 1, emphasis in original). 

 
With reference to this, Marx defines the machine as a mechanism that, after being set in 
motion, performs with its tools the same operations as the worker formerly would have 
with similar tools (MacKenzie, 1998, p. 34). Marx’s definition is rather simplified as it 
assumes operations to be impervious to changes in working procedures. Moreover, the 
linear understanding of replacement in which the machines obligatorily pursue what was 
formerly done by humans, neglects acts of resistance, aversion and segregation that are 
likely to occur.  
 
Attempts to identify the common characteristics of machineries, which in themselves are 
subjected to discussions, are equally problematic as they implicitly define what is not 
regarded as a machine. Alex B. W. Kennedy was one of the first to address this dilemma, 
stating that not anything can be referred to as a machine, simply because it would make 
any attempts to study the applications of mechanisms to machinery futile (Kennedy, 
1886, p. 2). Hence, distinguishing features are necessary. One of Marx’s more 
controversial suggestions outlines the definition of a machine, not only to clearly diverge 
from the human worker, but also to simultaneously possess comparable capabilities in 
terms of skill and strength, “[n]ot as with the instrument, which the worker animates and 
makes into his organ with his skill and strength, and whose handling therefore depends on 
his virtuosity. Rather, it is the machine which possesses skill strength in place of the 
worker, is itself the virouso, with a soul of its own in the mechanical laws acting through 
it/…/” (Marx quoted in Engeström, 1987, p. 105). This definition further presents the 
machine as an autopoietic system, which, by replacing the worker, implicitly questions 
the expertise of human workforces. Marx further stresses that “[i]t is clear as noon-day 
that man, by his industry, changes the forms of the material furnished by nature in such a 
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way as to make them useful to him” (Marx quoted in Ahmed, 2007, p. 42). How this in 
turn affects the outcomes is not further analyzed.  
 
In a similar vein, the definitions of what actually constitutes a robot seem most diverse 
although some similarities can be discerned. Deriving from the Czech term Robota, 
originally used to depict poor peasants during the 1920’s in east Europe, the word ‘robot’ 
translates as slave-worker (Wood, 2002, p. xviii). Still today, this interpretation is 
frequently deployed in Western societies where robots are seen as the very embodiment 
of what it means to pursue slave work, or at least repetitive and dreary tasks (Kruse, 
2006, p. 129ff). “Technically, industrial robots derive from hydraulic assembling 
machines, introduced in the 1950’s” (Westerlund, 2000, p. 14, my translation), although, 
as also stated in the above example, the boundaries are not always clear-cut. Industrial 
robots, employed primarily to enhance productivity, are understood, not as robots but 
rather as part of the category ‘factory automation’ (Westerlund, 2000, p. 105; Mataric, 
2007, p. 269, 271). Maja Mataric (2007) explains a robot to be an autonomous (that is; 
the capability to act on the basis of its own decisions, not being controlled by humans) 
system which a) exists in the physical world, b) can sense its environment, and c) can act 
on it’s own to achieve some goals (Mataric, 2007, p. 2f). In addition, Lars Westerlund 
(2000) offers a detailed material explanation as he claims a robot to be “[a]utomatically 
controlled, reprogrammable multipurpose programmable in three or more axes” 
(Westerlund, 2000, p. 105). Further, Westerlund pinpoints a service robot to be a robot 
which operates “semi or fully autonomously to perform services useful to the well-being 
of humans and equipment, excluding manufacturing operations” (Westerlund, 2000, p. 
105f). Interestingly, stressing robots as controlled by, and attending to humans, the latter 
explanation discerns two actors: humans and robots. Whereas Mataric’s example conveys 
the robot as seemingly detached from human control, and also as an autonomous system 
that senses, makes plans and responds to its surroundings, (Westerlund, 2000, p. 76) 
emphasizes relational aspects between human and machine. Pinpointing the well-being of 
humans, interactional activities are conveyed as asymmetrical in that robots perform 
services, attend to, and serve facilitative toward human activities. Similarly, the robotic 
welding system at Tuollavaara Transportation requires “skilled maintenance people and 
efficient programmers” (Dwivedi & Satyanarayana, 1985, p. 166), which is why new 
professions, characterized by control and supervision develop in conjunction with the 
technological change. This in turn demonstrates yet another aspect of this asymmetrical 
relation. Tools materialize in front of humans, not because of what they are, but because 
of the utility they provide (see for comparison Ihde, 2002, p. 106; Verbeek, 2005, p. 78), 
something that is equally true in regard to the robotic welding system. The economical 
profit as well as the competitiveness it facilitates is the very reason for its arrival, which 
explicitly reveals the relation between the human and nonhuman actors as asymmetrical.  
 
The robotic welding system 
Bearing the above discussion in mind, my intention has been to pinpoint some of the 
previous attempts to distinguish between robots and machineries. What can be said is that 
just as the boundaries between human subjects and machines are ever-changing (Thrift, 
2006, p. 163) the distinctive features of robots and machineries hinge on the social 
contexts within which they are produced and negotiated. Put differently, as boundaries 
appear to be simultaneously articulated and cemented the differences are relational, 
situated and always subjected to refiguring (Suchman, 1998). In the section on page 121 
and onwards I engage in an extensive discussion on my informants’ tendencies to 
differentiate between manual, robotic and mechanized welding practices. I will argue that 
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in as much as robotic systems are distinct from other manufacturing machines they are an 
apparent development of their technological precursors. The ensuing sections firstly 
outline a descriptive account of the robotic welding system and some of its organizational 
implications.    
 
The robotic welding system, a model named Rti 330-S (Fig. 10, Fig. 11, Fig. 12), is 
produced and supplied by IGM: a company with its head quarters in Vienna, Austria. 
Unlike other producers of robotic welding systems and robotic installations – ABB, 
MOTOMAN and KUKA – IGM constructs industrial robots, exclusively intended for 
welding purposes, something that according to the company serves to increase their 
competence within this particular area. During 2005, Tuollavaara Transportation put a 
managerial proposition to the board of directors, which resulted in a preliminary study of 
the possibilities for the organization to invest in a robotic welding system. After two 
years of negotiations and study tours, the board of directors eventually decided to 
sanction the proposal from the organization. The robotic welding system was 
subsequently delivered to, and installed at Tuollavaara Transportation in the end of 
October 2007. I encounter Daniel, the managing director in January 2008, and he 
explains that it took almost four months of installations and programming, test rounds 
and re-programming, for the quality of the beads produced by the robotic welding system 
to meet approved standards, but that the installation shortly will be part of the ordinary 
production. However, according to the co-workers this is seen as rather optimistic, and 
during the time of my study the forecast is repetitively postponed and deferred, 
something that contribute to nourishing the initial mistrust among the personnel.  
 
Naturally the robotic welding system causes changes in the production. Instead of being 
an object of interest, the organizational modifications are greeted with a collective 
refusal, at least among the male welders. Contemplating the robotic welding system, it 
certainly represents a giant, and rather multiple, piece of material; the colors of white and 
dark orange pervade the different parts as it silently looms several meters above the floor. 
I count up to nine pieces: four pillars, two carriages where the one welding head is 
assembled as well as one co-operated headstock and tailstock, onto which the rotate 
positioner is attached. The head and tailstock are mounted on the concrete floor, and 
allow for turning the vessels rather easily. They are further useful for the assembly of 
difficult work pieces. Due to the massive iron-ore baskets, the welders employ the 
functions of the head and tailstock extensively. As both the rotation and the tilting speed 
are adjustable on the rotate positioner the installation facilitates the work piece handling. 
In addition to the main assemblage, a smaller head and tailstock rest in the second section 
behind the enclosure, this turns out to be very sufficient when welding together smaller 
work pieces. 
 
In order to detect the joints to be welded and make necessary adjustments, the robotic 
welding system is equipped with human-like senses such as an attachable optical camera 
and sensors for estimating the areas of the iron-ore basket. Nonetheless, during the time 
of my fieldwork, the camera remains sealed and safely stored in its original package; after 
a couple of failed attempts at incorporating it into the existing system, the commuting 
robot engineers decide that the sensors are fully sufficient for the robotic welding system 
to estimate the exact location and quality of the metal sheets. Despite the decision, the 
camera still constitutes a part of the  robotic welding system; it is incompatible with  other 
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Fig. 10 
(http://www.igmusa.com/Spec_Sheets/RT330-8A%20Tech%20Spec.pdf 2009-02-04) 
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kinds of machineries, but is equally superfluous to the current arrangements that are 
initiated by the robot engineers. However, remaining in its package the camera occupies a 
different kind of space than was originally intended.  
 
A distributed assemblage 
Saying this, the robotic welding system does not constitute a solid entity, but is amassed 
and distributed unevenly across the garage hall. At the same time as certain locations are 
allocated to additional devices such as the camera, the containers for the consumable wire 
and the tools especially designed for change of mouthpiece, the respective placement of 
these artifacts is likely to change. Hence, the variety of parts as well as their temporary 
placement makes it rather difficult to determine exactly where the robotic welding system 
is located. Is it maybe to be found in the welding head with its torch and mouthpiece, 
does is materialize in the control device or is it located in the locker of steel that contains 
the hard drive, soft wares and backup? None of the suggestions above provides an 
adequate answer. Rather, the disparate assemblage of artifacts and devices appears to 
constitute a totality, the installation besides the robotic welding system. This tentative 
suggestion nonetheless leaves me uncertain of where exactly to point to when referring to 
the novel equipment of Tuollavaara Transportation. The experience of being surrounded 
by the installation also defies the notion of where its body actually ends and where it 
commences. When asked, Kajsa claims the robot to be localized to the welding head; the 
other devices are equipment, certainly connected to, but not explicitly equated to the 
robot. What can be inferred is that the installation is produced in a process of arranging 
and placing, and as such it fosters re-appraisal of the territorial settings of Tuollavaara 
Transportation. In doing so, it relates to, as well as collides with customary experiences 
of the industrial hall.  
 
The robotic welding system may preferably be seen as a socio-material system that 
encompasses a variety of human motives and intentions. Through use of language and 
embodied interactions, the meanings attached to the robotic welding system are produced 
and negotiated, and by this means different sets of professional visions (see for instance 
Goodwin, 1994, p. 606) are at play. Enacted and negotiated in tentative moment-by-
moment accomplishments, professional visions consist of “socially organized ways of 
seeing and understanding events that are answerable to the distinctive interests of a 
particular social group” (Goodwin, 1994, p. 606). Not only has this phenomenon been an 
object of scrutiny from a conversational analysis approach, the variety of ways in which it 
is possible to interpret organizational pursuits and occupational undertakings has received 
comparable attention from some of the literary works within distributed cognition. 
Dorothy Holland and James E Reeves (1996) for instance suggest that depending on the 
profession, people within a work place see their work objects from a variety of 
perspectives (Holland & Reeves, 1996, p. 260). Similarly, voices deriving from ANT 
refer to ‘interpretative flexibility’: ways in which different groups of people involved 
with a particular device can have different understandings of that very artifact (see for 
comparison MacKenzie & Wajcman, 1999, p. 21). The managerial interpretations of the 
robotic welding system (in itself far from homogenous) differ from the picture brought 
forth by the suppliers. Simultaneously, the robot operators give voice to yet other 
perspectives. At the same time as the robotic welding system is subject to negotiation and 
articulation, it is fully part of the continuous meaning-making activities in that its 
appearance provides material resistance. Hence, the installation augments to concern 
more than just enhanced productivity and new markets; as a socio-material system it 
works in unpredictable ways.  
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Managerial intentions and unexpected consequences 
According to Daniel, the initial idea with the robotic welding system is that it undertakes 
tasks deemed repetitive or boring, such as welding extensive lengths that require straight 
beads. Saying this, the installation is conveyed in terms of its functions and capabilities. 
During my first visit, Daniel tells me that the original aim was that 60 % of the individual 
iron-ore basket was to be facilitated by the robotic welding system. This estimation has 
far exceeded the original goal, and is currently estimated at 75 % (sometimes, Daniel 
forecasts as much as 80 % of the joints to ultimately be welded by the robot). Therefore, 
“only” 25 % of the welded joints for each basket will be manually conducted. Daniel 
further explains the reasons for the organization’s investment in a robotic welding system 
to be two-fold; to enhance productivity and to reach new markets. Not only are potential 
customers located in the Northern parts of Sweden, they stretch beyond the national 
borders as well. Hence, in order to attract an international market, especially in Canada, 
Australia, Brazil and India, the robotic welding system constitutes an important 
investment. Its predicted effectiveness offers the possibility of increased productivity. As 
I speak to the management during my first visit, they are at a production level of five 
trolleys a week. The manual production of four trolleys per week will as a result be 
increased. Saying this, the managerial decisions of the organization bring forth the 
robotic welding system as the organizational focal point. In light of new working 
routines, the profession as a welder has to be renegotiated, which also suggests practical 
applications of new activities to be far from straightforward and smoothly adopted into 
the existing system. On the contrary, the arrival and deployment of the robotic welding 
system radically rearrange the system of pursuits at Tuollavaara Transportation. As the 
routines change, manual welding activities turn into preparations for and reparations after 
the activities of the robotic welding system.  
 
Thus far, it would be a mistake to assume that the implementation process occur in a 
vacuum; as a deviant and detachable activity. Rather, in order for the process to be 
acknowledged as successful, the robotic welding system should be inextricably part of 
daily working practices. The organizational challenge put forth is also stated by one of 
the welders, stating the importance “to find the rhythm” in order for the robotic welding 
system to work in collaboration with ordinary activities. The statement is interesting; at 
the same time as my informant regards the current activities that are brought forth by the 
robotic welding system as deviant, he expresses the need for (reciprocal?) adaptation, 
which clearly illustrates the concurrent misfit and the search for a rhythm. Despite the 
intention to incorporate the robotic welding system into the ordinary activities the 
technological change inevitably hampers previous working practices.  
 
The technological change requires (spatial) re-arrangements of activities; during my visit 
the division of labor is frequently discussed and negotiated. The question ‘who does 
what’ (in terms of allocation of duties) turns out to be most difficult to answer. Toward 
the end of my fieldwork I talk to Britta. She is a woman in her early fifties and has 
worked as a welder for a couple of years. Commencing her duties as a robot operator in 
the middle of 2008, she confirms that the robot operators no longer are supposed to 
conduct manual pre-welding activities. Rather, the representatives from the remaining 
workforce should undertake these assignments. This decision has however resulted in 
wry faces from the other welders, as they (as a consequence thereof) suddenly are obliged 
to pre-weld an extended amount of sections in order for the robotic welding system to 
work accordingly. Kajsa, the other robot operator sighs as Britta informs her about the 
deficiency of the new distribution of assignments: “they [the other welders] were initially 
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supposed to do it [pre-weld particular parts of the iron-ore baskets], but then I was just 
told that they did not have time, which left us preparing the baskets ourselves”. Both 
Kajsa and Britta worked at Tuollavaara Transportation before the arrival of the robotic 
welding system; Kajsa practiced as an apprentice, and Britta undertook activities of 
repairing carriages that were operated in the mineshafts. Despite their different ages – 
Kajsa is in her mid-twenties – the two women concurrently commenced their career as 
welders. Hence, they met at the professional education of welders in Kiruna. When 
Tuollavaara Transportation later decided to invest in the robotic welding system, Kajsa 
and Britta were some of the employees who applied for the position of a robot operator. 
Kajsa is indeed the robot operator who has gained the most experience on how to manage 
the robotic welding system; after attending the course held by IGM she was (together 
with a male colleague) selected as the one mainly responsible for the installation. While 
her partner was transferred and assigned new duties after a couple of months, Kajsa 
remained, and continued to develop her programming skills. Britta and Kajsa do no make 
any claims to the more experienced group of welders, which possibly complicates their 
requests for assistance, especially as part of the initiation process for newcomers is the 
dreary and time consuming task of pre-welding parts of the iron-ore baskets. 
 
Inter-organizational relations in times of implementation 
Not only is the spatial scene of Tuollavaara Transportation transformed due to the arrival 
and deployment of the robotic welding system. It is at once the condition for and the 
consequence of continuous inter-organizational dialogues, which is why Tuollavaara 
Transportation preferably is seen as part of a wider network of actors, or to borrow the 
phrase from Engeström, as one activity system among others. Different activity networks 
(or systems, activity theory treats the two terms relatively interchangeably) meet as they 
focus on the common target (Edwards, 2009, p. 203), in this case, the robotic welding 
system. Nonetheless, contradictions between the logics of different activity systems 
might obstruct, but also energize collaborative change efforts (Yamazumi, 2009, p. 223). 
The different stakeholders: customers, suppliers, potential clients and the board of 
directors have diverse interests, which at once work in tandem with, and impede each 
other.  
 
Saying this, inter-organizational relations are not free-floating chains of associations, but 
are by necessity spatially situated. Once a unit is located it will create many kinds of 
spatial effects (Wärneryd, 1971, p. 237); the different organizations must therefore be 
seen as linked, not only on organizationally, but also on a spatial level. Moreover, as 
social relationships are intertwined with spatial perceptions the interplay between the 
social and the spatial is constant. On page 48f, I introduced the notion of socio-material 
conditions and how the undertakings within an organization exceed the physical 
premises. This is equally relevant as the robotic welding system arrives and is deployed at 
Tuollavaara Transportation. The organization is closely linked to, and affected by 
surrounding actors, local stakeholders as well as national and international participants. 
The co-workers’ ability to act (and react) within the organization is thus moulded by 
general political, and economic conditions, but also by local conditions. Scrutiny of the 
mutual arrangements between locality and nationality serves to bring forth the complex 
consequences of the implementation process and the subsequent dislocations of 
structures. Moreover, results of organizational changes are (also) gendered (Forsberg, 
1989, p. 213); activities that foster novel structures emerge at the same time as traditional 
assumptions concerning male and female occupations are brought out of their composure. 
In times of implementation and re-arrangements, subversive and untraditional choices are 
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easier to make as gender structures and rigid expectations might be subject to 
reconsideration. Local, as well as organizational gender regimes depend on innovation 
structures (Sommestad, 1992, p. 232f), and by this means implementation processes bring 
forth novel expressions and occupations. Contemplating the redistribution of professional 
undertakings in the industrial hall of Tuollavaara Transportation, new groups of workers, 
the robot operators and the commuting robot engineers, emerge as a direct consequence 
of the arrival of the robotic welding system.  
 
In as much as the professional categories establish themselves in relation to the spatial 
and organizational framework of Tuollavaara Transportation, they equally affix their 
respective relation to each other, an execution that requires continuous acts of trial. The 
allocation of responsibility might be spelled out in contracts, but are equally subjected to 
verbal configurations. Due to the extensive geographic distances, representatives from 
IGM are rather absent during the time of my fieldwork, which complicates support 
measures. This in turn brings forth distant communication in terms of e-mails, postal 
deliveries and use of telephones and mobile phones. Although correspondence via the 
mobile phones, sometimes negotiated in English, does exceed the physical restrictions of 
the industrial hall it provides a deficient medium when trying to solve impending 
problems connected to the robotic welding system. Swedish agents from IGM conduct 
visits to Kiruna, but the employees of Tuollavaara Transportation cannot claim the luxury 
of daily conversations and exchanges with these representatives. Instead, communication 
is to a large extent based on difficulties and complications. Problems and dilemmas 
connected to the robotic welding system augment to concern not only the installation in 
itself, but also the relationship between Tuollavaara Transportation and IGM, as well as 
other stakeholders, which is why the installation preferably is regarded as a salient 
participant in organizational exchanges. Collaborative practices between the local 
suppliers and Tuollavaara Transportation certainly matter in that the disagreements 
between the different actors, initially concerning the material aspects of the robotic 
welding system, augment to concern relational aspects as well. To be further elaborated 
in the following section. 
 
Socio-material collaborations 
Pinpointing some of the socio-material implications of the robotic welding system, the 
section below serves to further elaborate on their mutual constitution. For example, the 
relation between the ambulating robot engineers, the robot operators and the management 
of Tuollavaara Transportation appear to be significantly contingent on material 
arrangements. As stated above, the lack of daily support from IGM gives rise to 
confusion and despair among the robot operators. Delays and postponed plans create a 
rather dejected atmosphere in the industrial hall, which is why Tuollavaara 
Transportation as well as IGM enrols a variety of ambulating robot engineers to visit the 
organization on a (regular?) basis. In the fall of 2008, I encounter Åke, an agent from 
ESAB. ESAB supplies manual welds, torches and additional equipment to Tuollavaara 
Transportation and Åke is currently situated at one of the offices of ESAB. He is hired to 
correct coordinates in the software program, support the robot operators, and also solve 
emerging dilemmas connected to the robotic welding system. Commuting to Kiruna from 
Lidköping, which is located in the Southern parts of Sweden, Åke is also available 
through telephone correspondences. The organizational relation between Tuollavaara 
Transportation and ESAB materializes as Åke, when asked to undertake an assignment, 
inquires whether the robotic welding system is endowed with wire from ESAB. 
Receiving negative responses, Åke bluntly states, “I guess you just have to start with 
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that”. Access to particular equipment (in this case, wire from ESAB) subsequently 
contributes to altering and modifying social and organizational collaborations. In fact, 
custody over this specific brand of wire constitutes the very condition for Åke to accept 
the offer from Tuollavaara Transportation to assist them with arising problems. 
 
Similarly, Britta outlines the altered relations between the robot operators and their 
colleagues who are situated at the local suppliers of Tuollavaara Transportation, hinting 
that the nonsensical arrangement is likely to negatively affect future work. The arrival of 
the robotic welding system brings forth additional requirements for how to pre-weld the 
sides of the iron-ore baskets. In order for the robotic welding system to accomplish 
sufficient beads, the distance between the pre-welded spots cannot exceed a certain 
amount of length. Equally, irregular gaps and joints between two sheets of metal, 
previously adjusted manually before welding, are currently critical as the torch may 
wander astray if it looses track of the material. The welders who engage in pre-welding 
activities, I am told, rampantly dismiss the new routines brought forth by the 
technological change of Tuollavaara Transportation. The altered conditions equate to an 
additional workload in terms of requirements for the increased accuracy. In order to agree 
on how to best prepare the sides, the robot operators pay frequent visits to their local 
suppliers. Equally, the welders who undertake acts of pre-welding attend the pursuits of 
the robot operators, and by this means, attempts are made at creating a shared 
understanding of the ideal conditions for the pre-welded sides. Despite the united efforts, 
the robot operators still struggle with deficient sides delivered to them. Indicating the 
flaws, they are, at least according to Britta, met by sulky expressions. “They [the welders 
who engage in pre-welding activities] behave as if we are accusing them [of welding 
inappropriately]”, Britta states as she explains the rather chilly communication between 
the two stakeholders. Socio-material collaborations are thus manifested as mutually 
feeding off from each other.  
 
Yet another example of this crucial intermingling is the impressive collection of 
information files connected to the robotic welding system. These have been provided by 
IGM as a means of assistance for the robot operators. At the same time as mistrust and 
aversion among the welders materialize in the very location of these files and folders – 
demonstratively(?) tucked away in a locker the welders trivialize over them, silently 
shaking their heads and laughing, ultimately ignoring them – I claim their very physical 
position to suggest social as well as organizational arrangements and correspondences. 
“Nine folders!” Kajsa exclaims, as if the thought just occurred to her. As missing pieces 
in the network-like arrangements of information, the written material undeniably falls 
into dust. Social relations are subsequently moulded accordingly. The extensive service 
documentation, initially thought of as a source of information (at least by the 
management and the project leaders), appears to be sidelined, and this gap forces other 
solutions to be found, other contacts to be established and this in turn will effect the 
organizational relations between Tuollavaara Transportation and IGM.  
 
Irrespectively, the particular brand of wire, the deficient pre-welded sides of the iron-ore 
baskets as well as the abandoned files and folders constitute pivotal objects, which 
facilitate inter-organizational relations. Interaction between different stakeholders is 
subsequently configured around partially shared objects (Blackler & Regan, 2009, p. 
166); just as Åke’s willingness to undertake the assignment as an engineer is conditional 
upon the fact that Tuollavaara Transportation invests in wire from ESAB, the contentious 
relation between the robot operators and the welders who undertake acts of pre-welding 
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are the result of altered material arrangements. In a similar vein, the files and folders may 
not constitute objects of any greater interest, but as artifacts of dismissal they forge 
alternative arrangements such as mail contact and telephone correspondences. Saying 
this, materiality, initially concerning mere material aspects in conjunction with the 
robotic welding system, augments to concern social and organizational relations as well.  
 
The suppliers of the robotic welding system 
In conjunction with the arrival of the installation a two-day course on how to operate and 
program the robotic welding system was held during two occasions in October 2007. Six 
welders, three men and three women, attended the first occasion; during the second 
session two additional employees were trained. However my informants, representing 
both the attendees and the management, describe these occasions as insufficient. There 
was simply not enough time for everybody to gain practical experience on how to operate 
the control device, which is why the succeeding programming activities of the robot 
operators have been conducted mainly through acts of trial and error. IGM offers 
programming solutions along with their robotic welding system, but in order for the robot 
operators to gain additive knowledge in robotic welding practices the management of 
Tuollavaara Transportation decided that the workers should engage in programming 
pursuits of the different welding steps themselves. But time scarcities prevented the 
attendances from engaging in thorough experiments, and the managerial decision, 
however well intended, contributed to complicating the actual use of the installation. This 
verdict causes frequent discussions among the welders especially since the assignment to 
program the robotic welding system requires extensive time. Would it not have been 
better if Tuollavaara Transportation had handed over the programming to IGM in the first 
place? Moreover, several conversations occur where the welders argue whether it actually 
was a good idea to buy a robotic welding system from IGM. Maybe the organization 
should have bought an installation from ABB instead? Or (in repetitive times of despair) 
why bother to invest in a robotic welding system? The ambulating robot engineers who, 
during the year of 2008, make haphazard guest appearances in order to solve emerging 
problems connected to the robotic welding system do not only present short-term or 
unintelligible solutions, the workforce agrees that the main contribution of the latter 
rather serves to raise additional inquires.  
 
Dissociating themselves from IGM, the management of Tuollavaara Transportation as 
well as the commuting robot engineers, the welders sift the information from these three 
stakeholders at the same time as their very situatedness modifies the measures advocated. 
For instance, the additional training connected to the robotic welding system, however 
abstract and rigid it may seem to the participants, are still enacted and negotiated within 
the organizational framework of Tuollavaara Transportation. In as much as the courses 
held by IGM contribute to altering the organizational undertakings of Tuollavaara 
Transportation they are locally enacted and hinge on the unfolding interactions between 
the participants and the teachers. Summarily, in order to be rendered intelligible, the 
educational arrangements adapt to situated practices and certain organizational structures. 
By this means, the robotic welding system has more far reaching consequences for 
coordinating daily undertakings than a mere change in production of iron-ore baskets. 
Although the robotic welding system contributes to enhancing the efficiency of 
Tuollavaara Transportation it simultaneously defies previous definitions of productivity, 
efficiency and quality. As new routines are established, current agreements are 
subsequently thwarted, something that equally affects the inhabitation of space as well as 
the arrangement of the iron-ore baskets. 
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Daily undertakings – processes of furnishing and re-furnishing 
The iron-ore baskets that are produced by Tuollavaara Transportation constitute giant 
pieces of metal (Fig. 13, Fig. 14, Fig. 15). Measuring 9 x 3, 5 x 2, 8 metre one individual 
vessel is – as a development of its previous equivalent that held eighty tons – obliged to 
carry a load of one hundred tons. The completed iron-ore trolley itself weighs twenty tons 
of which the basket claims three tons. Due to its impressive size, assembling and welding 
the baskets also requires vast spatial recourses. Facilitated by overhead cranes, the 
welders frequently turn the vessels back and forth, up and down in order to weld 
satisfactorily (and ergonomically), which is why the industrial hall constitutes a much-
negotiated area where sometimes up to five baskets share space. The frequent 
employment of the overhead cranes marks a transformation in the industrial hall as the 
welders furnish the concrete floor with baskets; piled neatly beside each other, the large 
pieces of metal constitute a giant jigsaw puzzle. In fact, the walkable areas in the 
industrial hall are composed of narrow passages between the baskets through which the 
welders zigzag their way across the industrial hall (Fig. 16, Fig. 17). The momentary 
collapse of working areas and paths for walking propel occupational negotiation at the 
same time as engagement in coincidental activities gives rise to particular spatial 
arrangements. Hence, just as the industrial hall is spatially limited it is highly flexible as 
the occupation of iron-ore baskets is temporary.  
 
Arranged in a highly temporary order, and with strong resemblances to pieces of a 
jigsaw puzzle, the baskets are transported between different stations. Such activities 
indeed demand a collaborative working force. If one element in the production cycle 
happens to fail – the suppliers miss delivering essential parts, the robotic welding does 
not work accordingly, there are no trap doors available – throngs of baskets are 
encumbered next to the station where the scarcity no longer can be neglected. Hence, 
failure to complete one component has far-reaching consequences for the entire 
production of iron-ore baskets, which in turn compels re-structuring and re-distribution 
of the current assignments. These processes occur in tentative discussions and 
encounters, in small comments and quick confrontations, in which the welders re-
arrange their activities and re-furnish the industrial hall according to the altered 
conditions. Entering the industrial hall in the middle of October 2008 I find multiple sets 
of empty chasses gathered next to the final control station, onto which the assembly of 
baskets has begun. Nonetheless, due to missing part-sets to the trap doors it is not 
possible for the welders to complete the baskets. In times like these, the giant jigsaw 
puzzle attains other spatial structures; it slants and something distorted comes over the 
industrial hall.  

 
Mediating artifacts in processes of furnishing 
In order to move the iron-ore baskets (at all) the welders make extensive use of the 
overhead cranes; these particular devices are required for transportation, rotation and re-
arrangements of sides, gables, chassis and completed iron-ore baskets. They also allow 
for traversal of the industrial hall, and particularly transportation of vessels between the 
enclosure and the station where the co-workers repair blow-holes, check craters and 
grind displaced joints. Due to the significant use of the overhead cranes the welders are 
obliged to attend shorter training stints on how to operate the instruments accordingly. 
Practicing to manoeuvre smaller parts such as the trap doors, I am impressed by how the 
welders flawlessly operate the equipment, and also manage to direct the airborne vessels. 
Zigzagging  between  material  obstacles  and  narrow  spatial   passages,  the  seemingly  
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effortless transferences of vessels turn them into toys that are tossed back and forth at the 
mere flick of one’s hand. Nonetheless, buckled walls, crumpled ladders, and ventilation 
pipes with severe dents suggest recurring mistakes and careless acts of manoeuvring. 
Hence, to manipulate the cranes from one side of the hall to the other, assembling 
adequate appliances on the pulleys while criss-crossing ones way through the industrial 
hall demands quite a bit of time and effort. As the racks onto which the overhead cranes 
rest, extend through the entire industrial hall the operation claims vast spatial resources. 
Transportations of sides, gables and iron-ore baskets are thus known as hazardous 
elements, which is evident, not only by contemplating the material damages, but also 
because different varying activities often cease during these pursuits. The welders 
patiently wait for each other to finish, which also propels a particular working rhythm in 
the industrial hall. 
 
Observations of daily transferences of iron-ore baskets turn the industrial hall into a stage, 
which is frequently raised, disassembled, renegotiated and reconstituted. The welders 
refer to this ongoing, yet constantly negotiated process, in terms of ‘furnishing’ and ‘re-
furnishing’. Paraphrasing Goffman (1977, p. 114), just as scenic arrangements contribute 
to moulding of the spatial settings of the industrial hall joint activities of orchestration 
might also enhance solidarity among the welders. However, these practices also 
demarcate certain areas from others; to control current placements of vessels, and as a 
consequence, the spaces between them, is a way of also establishing wider control over 
the work process. Enacted by habitual comments, nods and gazes, future acts are subject 
to customary discussion. Rickard and Mark confer the upcoming movement of baskets. 
The spatial distribution of movable and fixed objects, in this case the temporary location 
of iron-ore baskets as compared to the mounted grids that enclose the robotic welding 
system, the rotate positioner and the pillars onto which the welding head is attached, 
suggests different levels of permanence. The durability of the latter leaves permanent 
marks, which in turn obstructs alternative placements of the vessels. As fixed possessions 
the installations reproduce and maintain a particular aura. Their rigidness does not 
encourage alternative use, which is why they both constitute mere occupations of space 
when empty. Interestingly, the two stations are also labelled, albeit rather differently. 
Whereas the rotator parades with professional stickers explicitly addressing the logotype 
of the suppliers, the other station has the name of the operator currently engaged with 
assembling the basket clumsily painted on one of the girders. Subsequently, they both 
convey proprietorship, but in distinct ways.  
 
The material distribution in the industrial hall strikingly discloses the reciprocal 
contingency between embodiment, spatiality and artifacts. Looming behind the enclosure, 
the robotic welding system propels a remodelling of the industrial hall; additional space 
has been occupied in order to fit the assemblage of dock, robot, pillars and axles. 
Interestingly, the arrival of the robotic welding system does not only affect the spatial 
settings of the industrial hall, but constitutes an obvious organizational shift. Lorna 
McDougal (2005) demonstrates how remodelling of spatiality provides an occasion to 
implement organizational changes (McDougal, 2005, p. 73), something that is equally 
true in relation to the technological change at Tuollavaara Transportation.  

 
The daily engagements in the industrial hall do not only require adequate spatial 
navigation and rearrangements, but equally affect the use of professional instruments. As 
the bodies of the welders are combined with, enhanced by and made intelligible through 
instrumental utility, object-oriented activities formulate part of a network of actors. Saying 
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this, the material assets are not self-evidently the shared possessions of the entire 
workforce, nor are they considered appropriate, suitable or apt for all of the executions. 
For instance, working garments and particular undertakings are mutually contingent, and 
negotiated in light of each other, which brings forth gendered implications. The welds 
constitute yet other assets through which practices of segregation and inclusion occur. But 
at the same time as the design of tools, instruments and garments clearly dismisses 
particular users, joint efforts and the variable sets of accessible artifacts contribute to ad 
hoc solutions in which the intended function of a particular tool is subjected to change. 
The daily activities of Tuollavaara Transportation lack linearity as well as an innate 
coherence, something I will elaborate on below.  
 
Working garments and gendered implications 
During my initial visit at Tuollavaara Transportation the management equip me with 
appropriate clothes. These clothes give me direct access to the industrial hall. Trying to 
dress my self according to the current safety regulations: I carefully zip the boiler suit 
which acts as a protective shield against sparks flying from the weld, I wear gloves and 
earplugs and dutifully put on shoes with steel toes. At the same time I am strikingly aware 
of the discrepancy between my body and the allotted garments. Daniel and Bengt 
scrutinize my fumbling attempts to dress properly before deciding that the apparent 
incompatibility has to be overlooked, at least for now. However, Daniel orders Bengt to 
search for a more appropriate boiler suit, a pair of shoes (not an easily pursued task it 
turns out) and two pairs of gloves. The discrepancy between my own body and the 
professional garments are one of the first disciplinary strategies that I encounter, and to 
my great embarrassment I am the subjected to extensive examinations. 
 
At the same time as bodies are unevenly distributed in the industrial hall and utility of 
tools separates the different undertakings, working clothes and professional equipment 
manage to converge the same. Dressing according to certain instructions facilitates a 
professional identification. The boiler suit for instance, does not only protect the welders 
from dirt and welding flux, but is equally part of a particular association that clearly 
distinguishes the workforce from surrounding actors. Welding practices require especially 
deployed garments. Managing melted beads, burning work pieces and welding sparks, it 
is pivotal that the clothes cover the entire body, and isolate against the heat, but even 
more importantly, that they do not catch fire. Combined with oxygen masks – rubber 
tubes lead from the hood to air filters attached on belts that are located at the lower part of 
the back (Fig. 18) – the physical appearance of the welders is somewhat inhuman, almost 
alien-like. Equipment such as protectors for the face and eyes and the boiler suits make it 
impossible to recognize faces and physical characteristics; bodies disappear and identities 
are only revealed when removing parts of the compulsory equipment. However, neither 
outfits for high visibility nor flameproof garments are designed specifically for women, 
which seems to be most lethal, not least from a safety perspective.  
 
Design processes of professional garments for male dominated working sites have 
traditionally ignored women’s bodies as adequate templates. As a result, smaller sizes of 
jackets, trousers, gloves and shoes with steel toes are often out of stock, which in turn is 
restrictive toward the female employees of Tuollavaara Transportation. Inappropriate 
clothing is not only inconvenient, but also unsafe in that the mismatch between the body 
and the garment obstructs smooth movements. For example, the discrepancy between my 
feet  and the  size of the pair  of shoes  that I am  obliged  to wear  gives rise to continuous  



86 
 

 
Fig. 18 
 
 
 
 
 
 
 
 
 
 

 
Fig. 19 
 

 
Fig. 20 

 
 



87 
 

miscalculations, especially when ascending stairs. Bengt’s initial effort to find a smaller 
size is futile; “I could not find any pair of shoes that were smaller than size 39”, he offers 
apologetically when he returns from one of the stores. In a similar vein, Linda tells me 
how she encountered difficulties when trying to find adequate shoes with steel toes in size 
36. “Eventually we found a pair [of suitable shoes] tucked away in a storage room”, she 
explains and exposes one of her feet. Saying this, the traditional design specifications 
have contributed to amplifying the link between the occupation of a welder and male 
assignments.  
 
Interestingly, the (increasing) number of women welders at Tuollavaara Transportation 
has material consequences in that the fit of jackets, trousers, gloves and shoes is brought 
to the fore, which appears to affect not only the design and order of working clothes, but 
also the need as such. Bengt, who is responsible for ordering of equipment, spare parts, 
gloves and garments, requests ‘gloves’ and ‘girl’s gloves’, I find smaller sizes of 
earplugs, assumed to be more suitable for women, to be available, and on top of the shelf 
in the storage room. A strap of tape is an attached label stating simply ‘girl’s gloves’ (Fig. 
19, Fig. 20). Next to it I look at a more encumbered shelf: working gloves (are the women 
not conducting work?). These occasions disclose the bodies of female welders to be 
reduced to incomplete versions of their male counterparts. Interestingly, in as much as 
women’s bodies are referred to as smaller, weaker and less capable, my informants 
frequently assert that men and women possess essentially different traits.  
 
Convergence and divergence consequently appear to work in tandem with each other; at 
the same time as the working clothes contribute to bringing together the group of welders 
regardless of gender, age or current assignment, their particularity dissociates from the 
management of Tuollavaara Transportation. These items thus serve as professional 
markers. Inhabitation of different spatial settings is thus intimately linked to the choice of 
garments. Dirt in industrial settings has been subjected to extensive scrutiny (see for 
comparison Arvastson, 1987; Hacker, 1989; Dant & Bowles, 2002). Arvastson for 
instance, suggests the amount of dirt found in the work place to play a pivotal role in that 
it suggests the difference between ‘we’ and ‘them’ (Arvastson, 1987, p. 84), in this case 
the management and the welders. The dirty undertakings of (manual) welding practices 
are located in the industrial hall and as such they diverge from the clean work conducted 
by the management. Hence, dirt, male bodies and masculine practices constitute a 
naturalized combination that simply equates to hard work and skilfulness (Hacker, 1989, 
p. 45). The choice of garments subsequently intersects, not only with occupational 
differences, but also with gendered structures and allotted assignments among the welders 
themselves. Whereas the differences between the workers and the representatives from 
the management is explicitly conveyed through (for instance) clothes, the welders, 
regardless of gender, wear similar pieces of garments; however the design of jackets, 
trousers and boiler suits implicitly assume a male body as the best fit.  
 
Unlike fashionable pieces of jackets and trousers, the working garments worn by my 
informants are not designed for voyeuristic purposes; on the contrary, the outfit is 
implicitly assumed to be worn by men; men’s bodies are the instruments employed in 
order to demonstrate the functions of the different pockets and straps. This results in ill-
formed garments at least for women and small men. Rather than being exposed, I find my 
own body disappearing under the shapeless boiler suit. Working clothes afford protection, 
and in doing so they also function to mark the bodies of the welders. The welders are 
recognized as obvious parts of the workforce, and also professionalized in conjunction 
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with certain appearances. The female welders of Tuollavaara Transportation are 
stigmatized and once again conveyed as the other. Working garments and particular 
undertakings are thus jointly contingent, and are also negotiated in light of each other. 
Observing the welders choose from a wide selection of additional equipment – jackets, 
protectors, hoods and gloves – it is possible to determine the upcoming assignment. 
Welding activities compel well-buttoned boiler suits, thick gloves and covered faces, 
whereas construction of trap doors and assembling of the iron-ore baskets onto chassis 
require durable sweatshirts and rather fine working gloves. Figure 4 on page 31 explicitly 
demonstrates particular sites within the garage hall in which certain sets of garments are 
required. 
 
Although crucial, modified garments do not provide the ultimate solution for dilemmas of 
inequality between male and female employees; gendered relationships are far more 
complex than ill-designed protective gear. Nonetheless, as clothing reveals material 
aspects of ways in which the particular working sites are gendered, I find the altered 
demands from the workforce of Tuollavaara Transportation intriguing. The increase of 
women in traditionally male-dominated professions has material consequences in that 
trousers, jackets and boiler suits suddenly appear ill-suited to some bodies. 
 
Everyday use of artifacts 
A welder uses standardized sets of equipment and garments, which collectivize human 
appearances and (to some extent) make them seem impervious to gendered belonging. At 
the same time, the employees share certain pieces of equipment, such as overhead cranes, 
computers, ladders and trucks. In any case, the instrumental utility of my informants 
pervades and equally serves to modify the activities of the industrial hall. Drawing from 
an activity theoretical approach, instruments are salient in organizational life. The work of 
Frank Blackler and Suzanne Regan (2009) for example, shows how the standardized and 
shared sets of tools contribute to stabilizing the current objects (Blackler & Regan, 2009, 
p. 166). Saying this, the use of professional equipment comes with individual varieties, 
albeit some procedures are dismissed to the benefit of others. Put differently, discursive 
rejections might surpass physical and material constraints. Newcomers to an activity 
perceive how others are using the tools and use them in similar ways in order to perform 
actions that coordinate with others’ actions (Russell, 2009, p. 44). The mutual affection 
and constitution subsequently pervades much of the organizational life. Through their 
collective development of the tools they use, people invest their activities with new 
meanings (Blackler, 2009, p. 31).  
 
Contemplating the theoretical outline of some of the voices within activity theory, I 
observe how the utility of instruments is subjected to continuous negotiations. Although 
my informants clearly distinguish between personal equipment and shared instruments, 
the boundary is far from clear-cut. Rather, the welders tend to become territorial toward 
particular tools, transforming them into private property. On the flipside, what might 
previously have belonged to any particular member of the workforce can just as easily be 
transformed into a collective asset used by the entire workforce. The grinds are striking 
examples of the latter, and are objects of frequent debates and interventions among my 
informants. In as much as tools facilitate the welder’s identification, the organizational 
goal as well as the collective recognition of Tuollavaara Transportation is stabilized and 
rendered meaningful through an agreed-upon utility of the material assets.  
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For ergonomic reasons, all the workers carry the tools close to their bodies; the jackets as 
well as the trousers are designed and equipped with a range of pockets all over the 
garments. This also allows them to collect tools and instruments as they move along. 
These instruments apparently come to constitute an integrated bodily weight and are just 
as heavy as they are easy to remove as well as to forget. Heavy and easy to remove, 
nonetheless easily forgotten, the instruments apparently come to constitute an integrated 
bodily weight. The welders seem to have an embodied knowledge of where exactly to 
find the tools in the pockets and straps and these gestures are admittedly based on 
experience. Familiarity, Sack argues, “allows us to accomplish many complex acts of 
locomotion without imagining the spatial arrangements of things” (Sack, 1980, p. 100), a 
statement that is equally relevant when contemplating the habitual gestures of my 
informants. In fact, if the welders were to picture the spatial location of the tools in order 
to use them, that is, looking at their placement before removing them from the garments, 
they would not be able to work sufficiently. Tools and instruments subsequently blend 
into the individual welder’s body and become obvious parts of one’s own physical 
appearance at the same time as the body itself, as will be demonstrated on page 158, 
might be thought of as a tool. Allowing the body to act as an extension of tools and 
materialities or the other way, letting tools and materialities act as extensions of the body 
occur as capricious moments during the daily work at Tuollavaara Transportation. As will 
be shown, these enterprises harbour images of blurred borders, and also facilitate 
convergence of bodies.   
 
The welds 
The assignments that the welders engage in are made possible, first and foremost through 
utility of the welds (Fig. 21). At the same time, these instruments attain a symbolic value 
in that they are pivotal to the welder’s identification. Due to the set of wheels, a robust 
handle and extensive cables, the workforce can easily transport the welds in the industrial 
hall. At the same time as these enterprises require physical closeness between the welders 
and the welds, they also foster augmented movements. Some welds are public property in 
that they seem to belong to certain stations rather than to certain members of the 
workforce. Instead of moving his own weld, Mark employs the abandoned weld of 
Krister, currently located in conjunction with one of the stations, in order to repair one of 
the iron-ore baskets. As a consequence, the piece of equipment is (despite its physical 
mobility) chained to, and utilized merely in conjunction with that particular station. 
Physical mobility does not equate to actual portability; managerial orders or agreements 
among the welders themselves might very well compel other arrangements that in turn 
result in stationary welds although they are physically possible to transport. 
 
Tuollavaara Transportation has a limited set of welds, which is why the welders usurp 
them rather quickly after purchasing. Labelled with names and equipped with personal 
tools, they very rapidly become private property. On top of Rickard’s weld, I see a pair of 
gloves. Currently flaunting his name they are not only territorialized by Rickard, but 
contribute to augmenting his domain with regards to the weld. Apart from the gloves, a 
variety of instruments are assembled: a water bottle, sets of pliers, knives, a pot with paste 
to be used on the weld’s mouthpiece in order to prevent obstruction as well as a minor 
sledgehammer. Arranging such tools, labelling them and knowing exactly where to find 
them suggests an intertwined relationship between the welders and their tools. In turn this 
fortifies a sense of belongingness (Fig. 22). Notwithstanding Mikael’s outline that women 
nourish  an  inherent  sense of orderliness, every  member  of the workforce pursues some 
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sort of organization of tools and instruments. Turning  toward  Mark’s  weld it  boasts  his 
name, and at the top I see a snuff box14. Ville’s weld – not to be touched – also has five 
letters neatly printed on its side: v-i-l-l-e. Similarly, David’s weld is decorated with his 
name. For a while I interrupt the material investigation and turn my attention toward the 
stylish writing style. Contemplating the other side I however find an explicit message 
apparently printed in anger. “FATTA!!! Detta är DAVIDS!” [“GET THIS!!! This is 
DAVID’S!”] (Fig. 23). Just as this particular request screams of one particular owner 
some welds are regarded as the properties of a specific group, such as the one responsible 
for renovation of underground carriages. The message “UJ [underjord] -VAGN RÖR EJ!” 
[“UG [underground] -WAGON DO NOT TOUCH!”] (Fig. 24) is, although affirmative of 
a collective use, clearly dismissive of unauthorized personnel.  
 
I communicate my curiosity towards the welds being identified as personal, and the 
employees acknowledge that it has not always been the case. However, previous 
arrangements in which the welds were considered ‘public’ goods resulted in deficient 
service. No one took time to refill the attached gas tubes and exchange containers for wire 
(a rather extensive pursuit), which brought about irritation among the workforce. As Olov 
wryly states, “there is nothing better than to starting work on Monday morning only to 
discover that the spool of wire is empty and that the gas tubes are in need of refill”. 
Olov’s annoyance is caused by the fact that ‘other people’ borrow ‘his’ weld, empty the 
gas tubes and the spool of wire and do not have the courtesy to replace what they have 
used up. His reaction represents a collective feeling among the other welders who 
continually refer to ‘others’ indolence. The dilemma is subsequently solved by labelling 
the welds, and by writing short messages on the sides. Contemplating the private welds in 
light of the company cars (used for errands to the local suppliers, but also as an efficient 
mean with which to leave the work site), the poor condition in which these cars are in, can 
perhaps be partly explained. Labelling of tools and instruments implicitly conveys acts of 
possession. As equipment and instruments such as gloves, set of pliers and protectors for 
the face and eyes appear to belong to someone – overtly demonstrated by a name, and 
sometimes combined with blatant requests not to touch, borrow, let alone use – these 
artifacts also turn into obvious extensions of the welders (as if the very act of touching, 
borrowing or using would desecrate the welder). 
 
The intimate couplings between the welder and the equipment often result in welded 
beads with a personalised touch that can be as distinguishing as one’s handwriting. 
Investigating the newly arrived trap doors, which are pre-welded and delivered by one of 
the organization’s supplier, Johan and Sven-Erik in amusement comment on the joints, 
discerning the imprint of an inexperienced welder. “Here we have a new recruit”, Johan 
smiles and switches on his flashlight to visually demonstrate his conclusion. The welded 
beads are correspondingly read and interpreted in terms of written words. Similar to the 
chronological arrangements of chains of letters, the employees decipher age, skill and 
previous experiences in welding activities simply by contemplating the condition of the 
seams and the choice of arranging details attached to the baskets. As Mark states, 
“everyone has personal ways of assembling the units of metal”. Investigations of mending 
practices, and especially scrutiny of grinding activities, further reveal current 
temperament and moods. At one point as I approach Mark, I discover the exaggeratedly 
polished ribs of one of the iron-ore baskets (Fig. 25). Mark explains that he recently 
reprimanded Andrejs for leaving insufficient beads when repairing, and ordered him to 

                                                 
14 Snuff is a Swedish tobacco product that is applied between the top lip and the top gum. 
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attend to the mistakes. Apparently, Andrejs became offended whereupon he started 
grinding furiously. “I guess he became sulky and just grinded like a maniac”, Mark 
concludes. Simply examining the current state of the basket enables Mark to decipher 
Andrejs’ temperament. The concurrent dismissal of the polished ribs also serves to 
trivialize the latter’s reaction, and by that means, feelings and aversions are materialized. 

 
Novel use of artifacts 
Due to the unpredictability of the various tasks the welders utilize certain tools or 
instruments in situ at the same time as they organize their work through the very use of 
these artifacts. Put differently, pursuing daily undertakings is subject to frequent 
modification; configurations of humans and their material surrounding do not always 
comprise a regulated and voluntary encounter between an individual human and an entity-
like machine, nor are they equated to effortless operations of artifacts. As the activities of 
Tuollavaara Transportation are mediated by artifacts, the collaboration is both evasive 
and constant. Machine-mediated activities form part of a network of actors, their life-span 
extending beyond the initial encounter. Joint efforts and variable sets of artifacts 
contribute to situated solutions and also affect the spatial diffusion of bodies. Hence, the 
machine-mediated activities of everyday lack linearity as well as an innate coherence. 
Tools such as empty spools for wire, welds and sets of pliers, but also hammers and 
screwdrivers are seldom predestined as obvious instruments, designed for a limited 
purpose only. On the contrary, they are often used ad hoc and modified for a variety of 
reasons, and subsequently combined with complex chains of actors that extend in time as 
well as in space. For instance, the empty spools for wire facilitate lifting of the sides and 
gables of the iron-ore baskets. Due to the current workload the pre-welded sides and 
gables that are delivered to Tuollavaara Transportation might have to be stored in piles on 
the garage floor before the welders find the time to attend to them. Arranging the sides 
and gables on top of each other, the lowest sheet of metal is placed on three or four spools 
for wire. Hence, this particular side or gable is not directly resting on the floor, which in 
turn facilitates smooth attachments of the hooks of the overhead cranes (Fig. 26). 
Similarly, the welds serve multiple purposes in that their utility extends to resolving the 
most unexpected of dilemmas. Whether the problem constitutes a shelf that is to be 
assembled on the wall, a stool with nuts in need of tightening (Fig. 27), a written sign that 
reminds the workers to pull the breaks on the chassis (Fig. 28), or labelling of personal 
instruments, the weld comes in handy in all these occasions. I observe a conversation 
exchange between Britta and Kajsa that makes evident the unprecedented use of the weld. 
Due to extensive renovations taking place in the lunchroom, the newspaper rack has been 
dismantled, and currently lies abandoned on the floor. The women decide to assemble the 
holder on to one of the walls, and together they contemplate how to proceed. 
Contemplating the material of the wall, Britta in amusement suggests that it might be a 
good idea to weld it up. 
 
Tool modification enables a much smoother performance of daily activities. Situated 
initiatives and creative measures are therefore salient in order to manage working 
procedures of everyday. The intimacy between the employees and their tools also 
manifests in snide comments and jokes. On our way to the coffee machine, Tobias tries to 
persuade Johan to give up his old skewer. He claims himself to be in urgent need of this 
particular instrument. Johan continuously shakes his head throughout this conversational 
exchange, clearly reluctant to share this particular instrument. As the dialogue proceeds I 
understand  that  Johan  has  modified  the  skewer  slightly  in  order  to  facilitate  certain   
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manoeuvres, something that Tobias has observed. He persistently requires that particular 
instrument; no other skewer  will  do. “You  will  get a  new  skewer”,  Tobias  obligingly 
suggests. Johan however is not to be deterred as he laughs and declares, “ i t [the skewer] 
is an old friend; we hold on to each other”. Habitual adjustments subsequently contribute 
to enhancing the link between the welders and their tools, and possibly also increase their 
value. Concurrently, these ventures might impede practices of lending and borrowing. Put 
differently, the modified skewer allows for additional undertakings at the same time as it 
might provide a deficient means for customary use. Johan’s affectionate feelings toward 
the used skewer do not only demonstrate the affectionate bonds between the utilized 
instrument and their tenders, it also discloses how modifications serve to fortify the bond. 
Similarly, in order to solder different work parts of the trap doors, Johan makes great use 
of a chair, a threadbare construction made of bony steel pipes and sheets of masonite. 
Assisting Johan, I inquire about his actual use of this equipment; to my knowledge the 
chair constitutes an inappropriate piece of material, at least when assembling sets of trap 
doors. Johan smiles; he places the left leg on the seat at the same time as he cleverly 
parries the heavy piece of metal into the allotted position (Fig. 29, Fig. 30). Smiling 
toward me, Johan proclaims, “it takes some time before figuring out these things”, 
whereupon he proceeds to physically demonstrates his venture. The routinized 
movements are thus facilitated by simple instruments and further amplify several years of 
experiences. Hence, the members of the workforce are actively involved in their use of 
the material assets. The old skewer, the abraded chair and the welds are all examples of 
astute goods, which in turn contribute to enhancing the link between my informants and 
the tools. By this means, the constitution is mutual; as the welders employ the welds, the 
grinds, the mobile phones and the control device they engage in a concurrent 
transformation of their own embodiment as well as the ascribed use of the instruments. 
 
Mo(ve)ments and spatial restrictions 
The enterprises in the industrial hall of Tuollavaara Transportation are at once the result 
of, as well as the precondition of continuous arrangements. Taking into account the 
spatial impact, human activities are constructed and enacted through spatial codes. For 
instance, at the same time as the safety regulations of the organization prohibit the 
workforce from wandering onto the rail where the completed iron-ore baskets are 
located which spells the risk of one being squeezed between the vessels, the members of 
the workforce still traverse the rail on their way to and from the lunch room. Instead of 
taking the obligatory detour, they simply find it easier and less time consuming to move 
swiftly as they pass between the completed iron-ore wagons. Their embodied ventures 
clearly counteract the written guidelines of Tuollavaara Transportation. In doing so the 
welders overtly defies the spatial code that is sanctioned by the management. Hence, 
boundaries, restricted areas and passages are contested and negotiated, adhered to or 
crudely dismissed in situ. The territories of the industrial hall further provide sites of 
exclusion and segregation, but also inclusion and empowerment. For example, the 
dismissal of unauthorized dwellers in the industrial hall does not single-handedly 
prevent outsiders from occupying this particular site, but it brings forth certain 
discursive decrees, which are actively related to (both in terms of approvals and 
dismissals). Occupation of space is thus negotiated, cleared up, and agreed upon by 
embodied activities, silent nods, gestures and common understandings.  
 
Synchronized movements, however disparate and isolated they may seem (a fact possibly 
reinforced by the protectors for the face and eyes as well as by the much-cosseted device 
to mind one’s own business) are arranged and enacted as socio-material networks in the 
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premises of Tuollavaara Transportation. As each undertaking occupies a space, the 
industrial hall is subsequently shaped through social activities. Manual welding practices 
for instance brings forth certain arrangements that are subjected to change as the robotic 
welding system arrives. The transformation of spatial codes is thus a joint venture; in 
times of technological shifts the welders overtly negotiate the allocation of space. The 
robotic welding system requires vast spatial resources, which in turn interfere with 
previous agreements. Alternatively, the temporary established space of Tuollavaara 
Transportation determines social relationships as well as utility of the material assets. 
Spatiality, embodied activities and tools emerge in network-like formations; they are each 
other’s preconditions at the same time as they also result in each other.  
 
Maintaining order 
Thus far, I maintain that the spatial location of tools is the result of a particular division 
of labor. For example, the decision whether to engage in managing the overhead cranes 
or patiently bide time behind the baskets is a silently negotiated practice; as some bodies 
reach for the control device other bodies make way for the ensuing practice. Operating 
the control devise may appeal to some workers while repelling others, but is nonetheless 
a manoeuvre that calls on collaborative practices. Some practices may be disrupted for 
the benefit of others, and this fosters a concerted workforce. Jointly attending to the 
overhead cranes creates hierarchical orders, which in turn affect the spatial settings; the 
industrial hall is strictly divided in accordance with the current division of labor, 
something that equally flaunts the division between the workforce and the management 
of Tuollavaara Transportation. “Down here [among the workforce] each and everyone is 
responsible for one’s own area”, Kajsa repetitively recounts. “You would never remain 
in the same spot without sweeping the floor”. Saying this, spatial and material orders 
seem to materialize first and foremost through individual efforts. To mind one’s own 
business is not a mere discursive statement; it occurs continuously in ad hoc activities 
within practices such as labelling tools and acts of territorialization, use of pockets and 
straps, as well as the personal closets and boxes that are accompanied by keys reinforce 
individual responsibility. Contemplating Kajsa’s statement, the personnel dictum to 
mind one’s own business however gives rise to managerial dilemmas regarding shared 
assets such as the organization’s vehicles. The cars for instance, are carelessly handled, 
despite management’s cajoling everyone to treat the cars better, since they are a 
collective responsibility. Unfortunately, ensuring that the cars are refuelled after use, that 
the interior is cleaned, or for that matter a simple but crucial act of changing oil becomes 
‘everybody and no one’s responsibility’ at once. The workforce’s reluctance to engage in 
common acts of preservation turns the frequent entreats into an organizational matter. 
Trying to incorporate order in daily activities, the management encourage the members 
of the workforce to attend continuation courses within lean production15. In addition, the 
management initiates different scoring systems where the employees gain a certain 
amount of points for conducting acts of ordering (thus implicitly thwarting the 
impending risk of disorder). The arrangement is assumed to spur a wish to compete, but 
according to Kajsa, it easily sinks into oblivion.  
 
The managerial extols of joint collaborations might on the one hand seem to counteract 
the personnel motto to mind one’s own business, while on the other hand manage to 
work in tandem with the same, something that in turn complicates the daily exercises. In 
one particular meeting Daniel initiates a discussion with the workforce on how best to 
                                                 
15 Lean production focuses on strategies for how to optimize the organizational utility of recourses. One 
way of doing so is to arrange material assets so that they are easily accessible whenever needed.   
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manage the daily production undertakings. This he does by requesting each member of 
the workforce to write down his or her suggestion on a piece of paper. The emerging 
topics reveal ambiguous ideas. At the same time as the personnel is obliged to “work as 
part of a group” and “take responsibility for one’s self as well as for everybody else” 
they are expected to “mind their own work and not expend too much energy on what is 
happening around them”. Put differently, the workforce is at once assigned to jointly 
undertake the responsibility of maintenance and cleaning and pay attention to their 
individual work. Hence, the tidiness advocated for during meetings and through courses 
is only defectively practiced in situ; the workforce is loathsome to contributing or 
establishing a joint structure that is supposed to arrange the material assets. Instead, 
orderliness is regarded as an individual responsibility. To mind one’s own business is 
subsequently bound to have spatial consequences. The industrial hall is divided into 
spaces of individual order; boxes, lockers, grids, shelves and tables are territorized by 
the welders, and ordered according to personal preferences. As these individual 
arrangements are synonymous to tidiness, disorder appears as a direct consequence of 
sharing practices, found particularly in the common storage room for gloves and clothes 
(to the vexation of the management) as well as in the neglected vehicles. The welders 
certainly keep their own areas neat and tidy, but in doing so the embodied efforts it takes 
to pursue these undertakings are restricted to their immediate vicinities. The industrial 
hall is subsequently enacted and negotiated in and through situated activities and 
movements. The stations foster nodes around which sets of practices are arranged. Areas 
of accumulations effectively map assemblages of baskets as well as patterns of 
embodied movements and correspondingly, the spatial surroundings are preferably 
discerned to encourage as well as to demand bodies to operate appropriately.  

 
Effectiveness and crowded areas 
Contemplating Østerberg’s notion of densities Jonathan Freedman (1975) presents a 
different take on of densities. Freedman asserts that depending on surrounding factors 
high density has different effects on people (Freedman, 1975, p. 7f). His inference bears 
resemblance to Bachelard’s proclamation: “[t]oo much space smothers us much more 
than if there were not enough” (Bachelard, 1994, p. 221). Hence, in as much as crowdings 
serve to alert physical obstruction desolate areas might just as well stifle certain activities. 
For example Daniel, Tuollavaara Transportation’s manager, claims that crowded 
industrial halls are exclusively beneficial, not only for the individual employee, but also 
for stimulating productivity. During the spring of 2008 Tuollavaara Transportation 
submits another tender to LKAB; this one focuses on the production of carriages for the 
finely grained ore that is also extracted from the mine. The actual construction of these 
vessels however requires a vast amount of space; spatial constraints and deliverances of 
material work parts (the latter being rather bulky, thus in need of extensive storage space) 
compel re-arrangements and narrowings in the already occupied industrial hall. I express 
my concern to Daniel. How should the spatial settings of Tuollavaara Transportation be 
negotiated when three or more projects run in parallel? Recalling previous occasions with 
physical confinements and crowdings, Daniel claims that rather than limiting pursuits, 
densities actually contribute to fostering an active workforce. “We have never worked 
more efficiently [than during times when several projects share the industrial hall]”, he 
states. Saying this, Daniel does not engage in further discussions on the matter, and I find 
it difficult to argue with his statement of efficiency. Instead I lean toward Østerberg 
(1977, 1998), Freedman (1975) and Bachelard (1994), as I argue that the effects of 
crowdings and densities are complex in that productivity, in this particular instance, is 
assumed to increase rather than circumscribe the embodied capacity. Spatial scarcity, at 
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least according to Daniel, brings forth an effective workforce; the plethora of assignments 
spurs productivity, which in turn is beneficial toward the individual employees. The 
densities that Daniel anticipates are assumed to transgress and augment the welders’ 
occupation of space, something that equally encourages productivity. In order to 
theoretically enlarge upon Daniel’s argument, I understand that the object-oriented 
activities of the welders, in themselves disparate and seemingly obstructive toward each 
other, might actually be assisted by a high degree of density. Bodies share space as a 
consequence of the spatial scarcity and in doing so the industrial hall is subjected to 
rearticulation. The concurrent accumulations and movement flows create temporary 
nodes around which bodies gather. Saying this, it is interesting to note that the same 
bodies also diverge and adopt novel structures.  
 
The diversity of activities, as envisaged by Daniel, encourages an embodied proximity, 
which in turn serves facilitative toward the individual occupation of space. As Susan 
Kozel (2007) puts it, “[t]he extension of lived experience happens not only by extending 
our human senses but also by exploring the depths of our relationships with others” 
(Kozel, 2007, p. 16). In agreement with Kozel, I also find that densities are materialized 
and enacted with help of engagement with tools, which in turn reveals disruptions in acts 
of embodied diffusion. Instruments are moved between the iron-ore baskets, they are 
carried from one weld to the other, and by this means, the welders turn into carriers of 
information as they quite seamlessly merge into new formations. Disparate and isolated as 
they may seem, the movements nonetheless constitute an erratic pattern of a socio-
material system. Earlier I suggested that the emerging densities in the garage hall hinge 
on the spatial distribution of baskets. As such they comprise accumulations of the 
pathways that run between the different stations. Mediated by welds, hammers, 
flashlights, chalks and pickaxes, the members of the workforce are subsequently oriented 
toward the vessels. These items comprise materializations of the organizational objective. 
At the same time, the vessels do not claim a permanent location in the industrial hall, but 
are undoubtedly moveable. Subjected to the welders’ continuous arrangement the iron-ore 
baskets, and the order of the iron-ore baskets, however temporary, are part of a routinized 
arrangement. The number of the vessels in the first aisle is restricted to a maximum of 
five, and these are equally placed in accordance with unspoken, but agreed-upon 
guidelines. The order of iron-ore baskets, however temporary, fosters repetitive sequences 
of lines, which in turn affect the paths trodden or abandoned. As the iron-ore baskets are 
completed, new vessels are slotted into the system of activities. The cyclic arrangements 
and re-distributions of baskets foster a variety of responses; materiality directs the 
welders, forces them to seek certain paths for walking, resting and working. As the 
workforce move (or choose not to) the extensive hangar-like building materializes 
accordingly in lines and dots.  

 
Outlining the ephemeral accumulations and movement flows in the garage hall, I now 
turn to the ways in which the spatial domains of Tuollavaara Transportation are 
manifested and negotiated in a constant interplay between management and staff. 
Occupation of some spaces and not others is subsequently part and parcel of the 
distinction between groupings. Moreover, enactments of space are paramount to acts of 
repetition and relocation between the workers. The number of assignments demands a 
particular spatial setting: close to the exit, far away from the loud sound level, the welds 
or in the immediacy of electrical sockets. Space subsequently plays a vital role in 
assigning professional specificities to the members of the workforce. As bodies orient 
themselves toward the different pursuits, they yield a variety of artifacts such as maps, 
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drawings and sketches on whiteboards, but also overhead cranes, cables and hoses. The 
spatial domain of the industrial hall is continually negotiated, ensuring a continuous 
transformation. The management and the workforce of for instance, interpret and 
negotiate the premises in a variety of ways at the same time as the very division between 
the groups is amplified through the spatially separated venues. The following section 
engages with the gendered implications of segregating practices, and during this 
discussion I equally propose that gender is co-constitutive of spatial allocations. Put 
differently, the heterogeneity of Tuollavaara Transportation’s employees has gendered 
implications on space. The gendered implications of space have attracted much attention 
by for instance Dolores Hayden (1997). Hayden suggests that the spatial division of 
assignments conflates with gendered appearances at the same time as gender-segregating 
practices acquire a spatial dimension (Hayden, 1997, p. 24). Saying this she goes on 
demonstrate how social relationships are intertwined with spatial perceptions. In a 
similar vein, Massey engages in a discussion on the mutual contingency of space and 
social groupings. Social differences, she stresses, are contingent on locational strategy at 
the same time as location is a means to maintain social differences (Massey, 1995, p. 
144). Bearing this in mind, the following section seeks to further elaborate processes of 
spatial location in times of technological change. As the robotic welding system arrives 
and is deployed the spatial settings of Tuollavaara Transportation are subjected to a 
variety of meaning-making practices at the same time as they condition the subsequent 
activities.  
 
The spatial implications of technological change 
Processes of technological change are by necessity anchored and negotiated in a space. 
As the robotic welding system arrives and is deployed it is subjected to a variety of spatial 
demarcations: the physical allocation in the garage hall, maps, drawings and ad hoc 
sketches. The common thread for all of these expressions is that they serve to locate, but 
also subsume the robotic welding system in accordance with certain principles. However, 
in as much as the maps and drawings are said to correspond to, and make intelligible the 
physical settings of the industrial hall the inevitable discrepancy might just as well 
complicate certain measures. In the beginning of 2008, Daniel summons the workforce of 
Tuollavaara Transportation to discuss the implications of the arrival of the robotic 
welding system. In as much as the robotic welding system’s space is clearly demarcated, 
it affects the ordinary production of iron-ore baskets, something that, at least according to 
Daniel, requires joint attention. Outlining a personally composed drawing that shows the 
industrial hall from above, Daniel makes extensive use of the whiteboard. He marks the 
different stations with numbers and traces their respective connection to the secluded area 
in which the robotic welding system is located. Turning toward the assembled welders, 
Daniel asks them to shortly annotate their own assignments in conjunction to the new 
routines. Hence, the organizational rearrangements as well as the undertakings of the 
individual member of the workforce attain a spatial level; as the assignments are 
discussed they are equally affixed to some areas of the map rather than others.  
 
Upon observing the drawing on the whiteboard, the robotic welding system appears to be 
an obvious part of the everyday activities. Numbers and arrows extend to and from the 
enclosure, in which the robotic welding system is located, which in turn suggests smooth 
exchanges of goods as well as effortless deliverances and assumptions of tasks. 
Nonetheless, there is often a mismatch between the spatial concepts in maps and in the 
physical settings (Sack, 1980, p. 100); definite and unquestionable squares and boxes on 
the white board turn into complicated relations as the welders physically confront the 



99 
 

installation. Launched and revised in continuous discussions, drawings and maps fail to 
take into account the spatial multiplicity of Tuollavaara Transportation as politicized. 
The erratic relation between the different tiers of reality provides a spatial distortedness, 
which in turn affects the deployment of the robotic welding system. As Lefebvre has it, 
space is “traversed/…/by pathways and patterned by networks” (Lefebvre, 1991, p. 117). 
Employing gestures, highlighting certain areas (Goodwin, 1994) and pointing toward the 
map, Daniel sketches a picture of how to re-arrange the current spatial setting in order to 
fit the robotic welding system. But the spatial domains experienced by the workers are 
by necessity not conveyed according to the same principles. Constructions of spatial 
domains work both in terms of inclusion and exclusion, and this tension allows humans 
to interpret and arrange space in a variety of ways. The spatial settings of Tuollavaara 
Transportation is a mosaic of practices that at once exclude and include different groups 
of people that invest shared meanings, which might work both in contrast with, and 
reinforce each other. The industrial hall for instance, emerges in tentative moment-to-
moment dialogues; its inherent allusion at once rests on and is conditioned by the 
multiplicity of realities. In as much as these tiers complicate spatial orientation, they also 
serve to render the garage hall intelligible, and implicitly also possible to master. 
 
Propelling a variety of organizational modifications, the robotic welding system embodies 
specific forms of managerial dictums only to counteract others, summoning extensive 
discussions that follow in its wake. In some respects the impact of the robotic welding 
system is direct and very obvious. The enclosure compels novel movements and 
additional practices. In order to fetch required instruments and tools, new pathways are 
trod, lockers are moved and additional equipment is ordered. These re-arrangements 
mock ordinary activities. As one of the tables, previously occupied by the welders during 
breaks and pauses, is enclosed by the high grids, the workforce relinquishes it as a 
suitable place for resting. Interestingly, despite the claim that “things are just as messy as 
before” (remember the above comment) implementation processes offer pervasive 
organizational changes. The gradual modifications however foster frequent adjustments, 
which also render the implementation process invisible. As Engeström has it, a large-
scale, expansive cycle of organizational transformation always consists of small cycles of 
innovative learning (Engeström, 1999, p. 385). Parallel, yet miles apart from managerial 
decision-making practices, the influence of the robotic welding system concerns subtle 
acts and whispers as well as comments the extent of which I can barely discern, let alone 
map. As technologies constantly ‘go wrong’, their ‘working-ness’ is disclosed as resting 
“on myriad minuscule everyday adaptations” (Michael, 2006, p. 37), a socio-material 
flow that inadvertently precedes my enterprises. As a researcher I fall behind the chains of 
occurrences in that I frequently find myself left with the consequences of certain activities 
rather than being part of the processes of becoming. 
 
Summary of the arguments 
This chapter has argued that processes of technological change are anchored and 
negotiated in space. The technological change clearly affects, not only the inter-
organizational relations, but also spatial arrangements, allocation of tools and investment 
in consumable goods. Acknowledging the robotic welding system in terms of a 
materialization of this shift, the above chapter has argued for its diverse and often 
unpredictable implications. The robotic welding system, it has been asserted, has far more 
reaching consequences than a mere change in the production processes. It equally jostles 
with arrangements of consumable goods and artifacts.  
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The following chapter enlarges upon a presentation of the employees at Tuollavaara 
Transportation and the distribution of assignments before the arrival of the robotic 
welding system. This chapter also introduces the gendering practices within novel 
assignments which emerge with the deployment of the robotic welding system. In as 
much as the female members of the workforce were, and still are assumed to deviate from 
their male counterparts they do not constitute a homogenous ensemble; their individual 
traits clearly affect their responses to the technological change. Simultaneously, as the 
robotic welding system arrives and is deployed the very profession of a welder is 
subjected to change, which in turn brings forth alternative executions. The ensuing text 
argues that negotiation and establishment of what are considered as welding activities are 
contingent on and mutually affect the acts of aversion and mistrust. Consequently, any 
concurrent engagement and dissociation with the new piece of technology is fraught with 
gendered implications in that the feminization process of the profession of a robot 
operator is entangled in male aversions toward the robotic welding system. 
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Gendered allocations and technological change  
This chapter discloses the ways in which the daily undertakings of my informants are 
subjected to continuous practices of gendering, but also amenable to transformations in 
times of technological change. In as much as the local gender regime of Tuollavaara 
Transportation summons other arrangements such as professional skill, processes of 
furnishing and allocation of seats it is equally modified as the robotic welding system 
arrives and is deployed. Before the arrival of the robotic welding system the female 
employees undertook acts of reparations and maintenance, something that, at least to some 
extent, alienated the male welders from these activities. Interestingly, in as much as the 
technological change brings forth new routines, the emerging assignments are often 
gendered according to conventional norms and standards. The feminization processes of 
the profession of a robot operator for instance, are intimately linked to the male aversions 
toward the robotic welding system. In what follows I will show how everyday practices, 
comments, dialogues and conversations, however trivial, contribute to setting the agenda 
for the reception of the robotic welding system as well as the robot operators. Acts of 
resistance toward the altered routines, it is subsequently argued, run in tandem with 
previous orders, at the same time as they are direct consequences of the novel 
arrangements.  
 
Dissidents and diverting practices  
As hinted above, the dawn of new professions fosters re-appraisals of traditional 
undertakings. In order to make intelligible the altered division of labor, the novel 
assignments have to be gendered accordingly. However, processes of gendering do not 
offer self-evident divisions of assignments; depending on factors such as location, time 
and the organizational aims, different pursuits seem to attract men or women. Therefore, 
the personnel turnover among the robot operators provides difficulties for the 
management. Out of the two people who attended the course at IGM the male colleague is 
redistributed upon completion of the course to some other assignments. When Kajsa, the 
other course trainee at IGM, shortly thereafter announces that she is pregnant the lack of 
adequately educated personnel becomes impending. Britta assumes the responsibility of 
operating the robotic welding system during the fall of 2008, and the management recruits 
Andrejs, one of the younger male welders to work with her. A short while later, Andrejs 
leaves the organisation, aggravating an already precarious situation for management. To 
fill the gap created by Andrejs’ departure, they subsequently recruit Linda. Linda in her 
early forties is one of the four female employees and prior to joining Tuollavaara 
Transportation as welder, worked both as a painter and a waitress. Unlike the other women 
in the workforce Linda has trained extensively in welding activities, and her licence even 
allows her to use a stick weld which is considered to be exceptional by other welders. In 
the past, Linda has in the past repaired the carriages that are utilized underground; she has 
also been outsourced to other companies for shorter periods of time. In addition to these 
duties she takes charge of the renovations of the common lunch room during the autumn 
of 2008. Her variety of experiences renders her a valuable asset to the company. She can 
also flexibly oscillate between different stations in the industrial hall. Besides (and 
possibly due to the fact that they are women) Linda and Britta have previously worked 
with similar assignments at Tuollavaara Transportation, they spend the main part of their 
working days as well as part of the spare time together. During lunch breaks, they occupy 
the same table and three times a week they spend shared time at the local swimming hall. 
Ultimately, as Linda takes on the assignment as a robot operator the robotic welding 
system is, by the end of 2008, operated exclusively by women.  
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Before commencing her career as a welder Britta worked at the local postal service. When 
she was retrenched, and in a bid to stay with her family in Kiruna, she turned to the job 
centre. The local job centre informed Britta on the lack of educated welders in Kiruna. 
Upon compilation of her welding education, Britta was immediately offered a job at 
Tuollavaara Transportation ensuing her stay in Kiruna. However, Britta’s decision was 
made out of a choice to stay in Kiruna rather a personal professional preference for 
welding. She does not think that she possesses the innate ability to weld, and is quite 
happy to leave what is referred to as some of the more demanding assignments to the men. 
The women’s career path choice towards welding is often questioned, and their intent 
continually queried. The general assumption is that women can only be enticed towards 
welding as a profession if there are specific or even strategic gains such as good salary. 
Consequently what this suggests is that women’s interest in welding can not be in-born. 
Men, on the other hand, are excused from such comments, and simply assumed to bear 
(inherent?) curiosity and (innate?) skills for the profession as a welder. In the men’s case, 
the will to earn money is not confronted with the natural interest of welding. Men can 
simply be both strategic and interested. Similarly, Ewa and Bo, the trainers from Lernia, 
equate the profession of a welder with the (natural?) male will to compete against 
colleagues, fellows and co-workers. Men’s interest in welding is reinforced with 
competitive arrangements, which further distances the female members from the 
workforce. Not only do (stories of) contests show a male talent and skilfulness, the absent 
female contestants implicitly suggest that they are uninterested in welding and that they 
also lack the professional skill required to compete. Saying this, Ewa goes on to argue that 
men are more relaxed than their female counterparts, which might be why male trainees 
appear to be more suitable for the profession as a welder. This means that the female 
welders who are constantly seeking approval for their work from authorities such as 
teachers, and supervisors are perpetually tense in their welding practices. Listening to 
Ewa’s assertion I rather suggest that skills in welding are not an innate possession of men, 
but are developed and fortified in situated acts of repetition, in competitive arrangements 
and in practices of joint remembering. Through practices of programming and re-
programming, the female robot operators navigate between the digital codes that are 
displayed on the screen, the sheets of metal that are to be fused, the physical position of 
the torch and the completed beads, and finally return to the digital scripts. Through 
interpretations of drawings and subsequent adjustment of the robotic welding system, the 
female robot operators subsequently engage in a skilful performance, something that will 
be scrutinized below.    
 
Gender stereotypes 
During my fieldwork, pre-empted errors on the part of the female welders are managed 
through stereotypic assumptions regarding not only the (assumed inherent?) male strength, 
but also the female weakness. As the robotic welding system completes one basket, the 
robot operators utilize the overhead crane in the process that involves exchanging of 
vessels. However, the transportation is far from easily pursued; the minimal margins do 
not allow for the three-ton steel assemblage to unexpectedly move. Operating the hand-
held remote control of the overhead crane, the welders carefully observe every oscillation; 
as the vessels are elevated from the rotate positioner they barely pass the high grids. These 
regular exercises evoke Britta’s anxiety, who rather than learn to cope with the situation, 
leans towards Juris for help. Juris is a man in his fifties who assembles and pre-welds the 
sides and gables of the future iron-ore baskets. Although he currently works and resides in 
Sweden, his family lives in Latvia, the country of his origin. Interestingly, Juris speaks 
neither English nor Swedish, which contributes to limited verbal exchanges. During the 
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coffee breaks and the lunches he consequently, as a result of his language skills, occupies 
a rather peripheral position, speaking only with Andrejs, who is also from Latvia. Even so, 
Juris is recognized to be one of the most experienced welders at Tuollavaara 
Transportation. He has apparently spent the better part of his life as a welder, and his 
good-natured willingness to assist the others in the workforce is clearly appreciated among 
his co-workers. On occasion and in particular during my fieldwork I witness Britta’s 
attempts to extract assistance out of the ever helpful Juris. She points toward the enclosure 
and the completed iron-ore basket. After which she aims toward one of the other vessels. 
“Exchange”, she states in Swedish. Juris unsympathetically parrots “exchange”, as Britta 
hands him the remote control for the overhead crane. “You”, she stresses. Juris looks at 
the device whereupon he smiles. “No, no”, he laughs and fends off her offer, but Britta 
insists. After the habitual rejections and moments of laughter, he eventually gives in and 
accompanies Britta.  
 
Juris’ willingness to assist is indeed appreciated. Nonetheless, it also assists the female 
uncertainty that Britta in particular exhibits. Transportation of iron-ore baskets (at least 
from and to the enclosure) becomes a male assignment that requires specific traits 
(although I am not quite sure exactly which kinds of traits are sought after). After 
completing the transportation, Juris tenses his muscles and laughs; his strength and his 
impressive bodily size are frequently discussed among the female employees. Apparently, 
this is what is required in order to pursue particular undertakings, such as managing the 
overhead cranes even though the undertaking is mechanically operated and has little to do 
with bodily strength.                  
 
Although many women do attain welding licences (as embodied beings, the female 
welders at Tuollavaara Transportation physically challenge the assumption that welding 
activities are exclusively conducted by male bodies), enter male dominated working sites 
and further inspire other women to pursue the same career, segregating practices at work 
persist. Rather, hailed by both men and women such practices adopt other patterns and 
proceed in slightly different lines as assumed gender differences are reproduced and 
fortified. Assumed gender differences are thus reproduced and fortified, bodies are 
conforming in straight lines and deciphered accordingly. Gendered excluding practices at 
Tuollavaara Transportation subsequently work toward men as well as women although 
they mostly seem to disfavour women. As such they are not restricted to discursive 
circumscriptions, but are launched as socio-material conditions. Ill-designed clothes (or 
bodies?), heavy instruments and spatial segregation contribute to further the individual 
woman as the defective contradiction.  
 
The female welders also see themselves as distinct from the male welders: in the process 
stressing that the segregating gendered welding practices are not just a conjecture of the 
male welders. The girls’ table and the sets of ‘girl gloves’ (see the pictures on page 86) 
materialize as distinguishing attributes; they are all considered to be aberrations of the 
male norm. Similarly, when two or more women inhabit the same spatial setting, as is the 
case with the enclosure for the robotic welding system, the particular space is referred to 
as ‘the ladies’ section’. In my opinion, these initiatives amplify excluding practices and 
assert women as essentially different (from what?). When Kajsa leaves due to pregnancy, 
Rickard offers in jest, “it always implies trouble to employ a woman [in industrial working 
sites]”. The discriminating commentaries continue during a discussion on supplementary 
salaries and deductions due to the welders, when Rickard suggests, “and since Frida is a 
girl, she receives a deduction [in her salary]”. Frida, the most recent employee of 



104 
 

Tuollavaara Transportation, is in her early twenties, and spends most of her time with 
Ville who is assigned the responsibility of showing her the working processes. Her age, 
gender and lack of experience within the profession make her a target of amusement. The 
comments conveyed as jokes contribute to segregating female flaws rather than 
considering structural and organizational deficiencies. Connell claims that “women’s 
disadvantages are attributed to stereotyped customary expectations, both held by men and 
internalized by women” (Connell, 1987, p. 33f), something that Rickard confirms when he 
asserts that Frida as a girl is representative of the homogeneous group referred to as the 
‘girls’. As such, her individual skills are casually ignored.  
 
Emphasis on individual traits and shortcomings is prevalent in management discussions as 
well. The extolled claim that everybody is treated on equal basis regardless of gender, skin 
color or nationality, however visionary, neglects structural dilemmas and gender 
segregating practices. Moreover, this assumption fails to discern discrimination, and probe 
structural settings of the organization. It sets aside implicit assumptions that require the 
female welders to conduct additional tasks such as returning empty bottles, emptying the 
dishwasher, purchasing beverages, buying Christmas decorations, undertaking 
commissions of trust such as safety officers, and arranging office parties and other events. 
This uneven division of labor leaves the female employees with an extra workload that is 
made invisible.  
 
The gendered division of labor 
Before the arrival of the robotic welding system, the female employees were occupied 
with a variety of pursuits that were concerned with reparations and controls of used iron-
ore trolleys as well as changing abraded spare parts. In addition, the roles as factotums 
resulted in the female welders conducting rather diverse assignments, which contributed to 
trivializing as well as de-skilling women. When the robotic welding system arrives and is 
deployed the duties of the female robot operators transform accordingly. The gradual 
incorporation of robotic welding activities into the ordinary production of iron-ore baskets 
further contributes to altering the assignments of the female members of the workforce. 
From initiating new welding steps, acts of programming, adjusting and controlling, the 
obligations of the robot operators are eventually limited to changing vessels, pre-welding 
of certain parts, cleaning practices and pushing of a start and stop button. “The thought is 
that we should be occupied with other tasks [while the robotic welding system completes 
the basket]”, Linda explains. However, neither the management nor the foreman seem to 
have any scheduled pursuits available, which is why women perform different tasks in 
situ. During a meeting, it is agreed that the material assets of Tuollavaara Transportation 
could do with proper organisation such as labelling and cataloguing. This activity, I am 
later told in one of the subsequent discussions in the lunch room, includes physically 
counting bolts, a truly time consuming and dreary undertaking. Britta is delegated as the 
pursuant of this task. Working as a robot operator, she, it is agreed, has time to undertake 
additional pursuits. I listen to the subsequent conversation and can not help but opine that 
Britta as an educated welder is far too qualified for tasks of counting bolts and arranging 
tools and instruments.  
 
Missions such as the one above, but also activities of reparations, cleaning, administrative 
undertakings and running errands are often enacted ad hoc. As such they are made 
invisible or simply neglected, which further deems the female employees of Tuollavaara 
Transportation as incompetent. The fact that women are given, and also do undertake roles 
as factotums explicitly puts them at the organization’s disposal. It appears to be easier for 
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the management to transfer and outsource female welders than to relocate their male 
counterparts. Investigating gender differences in the food processing industry during times 
of major cut-backs Gunnel Forsberg (1989) argues that women working in industrial 
settings can be seen as a buffer-workforce, and as such they can easily be transferred 
between different undertakings (Forsberg, 1989, p. 37). Forsberg’s proposal is equally 
relevant when contemplating the daily routines of Tuollavaara Transportation. The 
women’s status as movable and flexible inspires an individual insecurity. For example, in 
the beginning of January 2009, Linda contends that she has not been assigned any specific 
work obligations, which has her asking whether it is worth going to work. “I arrive here 
without actually knowing what I am going to do”, she sighs. Managing these uncertainties, 
however temporary, does not only amplify the individual’s insecurity, it also contributes to 
conveying women and less skilled men as easily transferable, not to mention replaceable. 
A few weeks later, Linda tells me that she has been given a new project. I ask whether she 
chose this particular task, whereupon she laughs resignedly. “Do you think I get to choose 
for myself”, she replies. Hence, not only do women undertake temporary activities, being 
considered as buffer-workforce also compels a physical flexibility on the part of 
management.   
 
Just as the women welders at Tuollavaara Transportation are intimately linked to ad hoc 
activities and practices of cleaning, caring and nurturing (tasks that most often are 
acknowledged as female pursuits) they are also strongly coupled to activities of 
reparations. Not only are the assignments gendered differently; they are arranged in 
hierarchal orders in which activities of reparation and maintenance appear to be the least 
popular duties among the welders. As stated by Kajsa, “taking care of someone else’s shit 
is not fun”. Repairing a vessel that has already undergone extensive work implies 
managing someone else’s mistakes. It is interesting that repairing the iron-ore baskets 
transforms the work pursued by someone else into ‘shit’. It is flawed, tainted and inspires 
reluctance from the welders with regards to further repair exercises. Saying this, acts of 
reparations and maintenance are de facto crucial parts of the daily activities of Tuollavaara 
Transportation. They are however trivialised by the members of the workforce. In as much 
as repair work constitutes an implicit requirement the engagement in these undertakings 
provides an opportunity for new recruits to prove themselves as reliable and trustworthy. 
The willingness on the part of new recruits to grind the vessels as well as to mend and 
reinforce deficient beads is thus approved of at the same time as it is disproved by the 
more experienced welders are liberated from these assignments. The interesting 
perspective in this is that the acts of reparation and maintenance at Tuollavaara 
Transportation are gendered. Linda for instance, pinpoints the gendered implications of 
repair work: “when repairing, [the iron-ore baskets], then it is OK [to participate as a 
woman]”, Linda states with a hint of disdain in her voice. Maintaining and repairing the 
iron-ore baskets is belittled while the production and assembling of the same is 
highlighted. The former is not only subordinated in relation to the latter it is suitably coded 
as a female undertaking.   

 
Male domination 
Alongside the male domination at Tuollavaara Transportation, traditional masculine 
values pervade much of the everyday practices, and are also put forth in material and 
architectural distribution. These values appear as explicit comments (despite the number 
of female co-workers, the occupation as a welder is unproblematically assumed to be held 
by a man, he, him, a fellow or a dude), in selection of certain instruments instead of others, 
but also in terms of the particular topics that regard current work activities, leisure 
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pursuits, alcohol and male bonding. The numerical domination of male welders pervades 
discursive orders in terms of the absent guidelines regarding pregnancy, but also as will be 
shown below, in the contemporary wage system, which neglects ad hoc duties and 
assignments such as counting nuts and bolts, arranging parties and assume the undertaking 
of the robot operator. It is further visible in the working garments, the spatial distribution 
of the iron-ore baskets as well as the changing rooms. The opportunities for women are 
thus constrained by socio-material norms and expectations, which give preferential 
treatment to men. For example, during the annual Christmas party the welders are invited 
to bring their spouses, something that causes elated discussions and meticulous 
preparations. Without further ado the latter are referred to as women, girls or girlfriends. 
Listening to my informants during lunches and coffee breaks, they recall earlier Christmas 
parties, stupid mistakes, drunkenness and how their female partners had been spoiled with 
drinks at the bar. Despite the fact that the female employees excitedly talk about bringing 
their male partners, the current values assume girlfriends and wives to escort their men 
rather than the other way around. For instance, I am overtly coaxed by one of the male 
welders, asking whether I would like to accompany him to the imminent occasion. As a 
women researcher, I am an assumed available companion and subsequently allotted a 
position in accordance with the gendered structures currently at play.   
 
In sum, both the male and the female employees of Tuollavaara Transportation accept and 
also continuously contribute to further gendered differences. Women seem to occupy 
naturalized positions as girlfriends and wives or alternatively, they are rendered unskilled 
as welders. At the same time, the additional workload carried out by women is crudely 
neglected. Not only are the female employees considered to have an inordinate amount of 
time despite their daily obligations, any additional workload assigned them is rendered 
invisible. This is apparent in comments and discussions among my informants, but also 
reproduced in the contemporary wage system of Tuollavaara Transportation. 
 
The wage system of Tuollavaara Transportation 
Similar to many Swedish workplaces, Tuollavaara Transportation employs an individual 
setting of wages, a strategy that, initially, appears beneficial to thwarting gender 
discrimination. One of the representatives from the management explains this system to 
encourage each and everyone to show their potential; to work hard, to prove one self as 
productive and reliable is thus an individual concern that, if successful, is rewarded 
economically. To estimate the salary, annual negotiations between management and 
employees are held. During these occasions guidelines are utilized as points of departure, 
separating the career of a welder into six stages. Starting off as an apprentice, the 
individual worker might advance to a novice, qualified, specialist, leading, to eventually 
working up to the position of a leading specialist. Each of these stages has its basic salary. 
Apart from this, the salary comprises of so-called flexible supplements: additional 
complements that are determined by attained licences (mig/mag welding, tig welding, 
flux-cored arc welding, stick welding etc.), as well as different commissions of trust 
(safety office, representative from the union). In addition to the salary, a bonus system is 
applied. Financial gratuity is thus allocated to the workforce once a year, although on an 
individual basis. Based on the employee’s punctuality, ability to adhere to, and 
supplement rules and directions, competence and productivity, s/he will achieve an extra 
bonus. In collaboration with representatives from the local union, agents from the 
management decide the bonus.  
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The linearly arranged stages – apprentice, novice, qualified, specialist, leading, and 
leading specialist – (however consecutive) fail to give an exhaustive picture of the 
gendered division of labor. On the contrary, as long as the individual employee works 
hard, contributes to an increased productivity and adheres to declared guidelines anybody 
might eventually attain the position of a leading specialist. The fact that these stages, in 
themselves, contain gender-segregating structures is not acknowledged.  
 
In order to detect subjugating practices it is pivotal to focus on the absences in the written 
guideline for how to apply adequate salaries. As previously stated, only one of the four 
employed women, Linda, holds a licence that allows her to practice more advanced 
methods of welding. Further, reading through the list with guidelines, for the flexible 
supplement, obligations regarded as feminine appear to be neglected. The guidelines say 
nothing about throwing parties, emptying dishwashers, recycling bottles or counting and 
arranging nuts and bolts. Likewise, the occupation of the robot operator does not equate to 
additional supplements, although this undertaking requires further education and also (at 
least initially) extensive work from the robot operators in terms of work during evenings 
and weekends. The flexible supplements focus exclusively on additional skills in manual 
welding practices and commissions of trust; the pursuit of a career in robot operating does 
not qualify for the same perks. The organizational emphasis on the individual’s 
competence in manual welding practices implicitly discriminates against women; the 
female employees of Tuollavaara Transportation are obliged to, and do undertake 
additional tasks, which seem to have little or nothing to do with the activities that are 
subjected to flexible supplements. Time is thus taken from improving actual welding 
activities. As stated by Jean Lipman-Blumen (1976), “even when women succeed in 
occupying work roles of higher status/…/their access to the resource which offers the 
greatest potential for exchange – income – is limited” (Lipman-Blumen, 1976, p. 19). 
Contemplating the wage system of Tuollavaara Transportation, additional supplements are 
paid to the welders who hold a licence that allows them to practice advanced methods of 
welding. The required skills are individually based; as a welder you are free to apply for 
different licences regardless of gender. Nonetheless, as it is mostly men who practice 
advanced methods of welding, the additional supplements implicitly draw on, and 
contribute to fortifying gender segregation. The additional supplements are further based 
on a quantitative understanding of experience (the more years you have welded, the more 
qualified you are assumed to be), which is why the male welders are consequently the 
ones who are most likely to enjoy extra payment. On the flipside, the robot operators who 
are required to acquire additional training are not considered for the additional 
supplements.  
 
Saying this, the male domination in the organization does not only contribute to a 
masculinization of the profession as a welder, but equally sets the agenda for the design of 
the contemporary wage system. The few female welders are numerical exceptions and are 
discursively sidestepped. For example, consider the fact that even though they are the 
robot operators by virtue of which they have acquired additional knowledge, they are not 
entitled to further bonuses. Moreover, I am told that female apprentices become welders 
simply because of the relatively high salary (as compared to work within child care and 
elderly homes), not because they have a real interest in welding. Gendered division of 
labor consequently cuts through the profession as a welder, which effectively distinguishes 
between male and female undertakings. However the gendered structures are eclipsed and 
instead, discussions around different elements in the production of iron-ore baskets 
emerge.  
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Segregating practices 
The members of the workforce of Tuollavaara Transportation develop a gendered identity, 
not only according to allocations of assignments and the contemporary wage system, but 
to the spatial experiences. In this particular case, processes of identifications are facilitated 
by the industrial hall, the enclosure in which the robotic welding system is located, the 
restrooms, the dressing rooms, the lunch rooms as well as the surrounding industrial estate 
with its restaurant and gym. Whereas the spatial division between men and women is 
explicit in some sites such as the dressing rooms and the restrooms it is implied, but still 
pervasive in others. Saying this, I argue that these premises constitute symbolic markers in 
that they suggest boundaries between men’s and women’s space. It goes without saying 
that men and women do share many of the sites; however, the joint occupation of space 
propels other divisions. These are materialized in for instance demarcated sections or 
tables and chairs that are verbally referred to as ‘the ladies’, or the ‘ladies’ table’, or 
especially designated shelves in the common storage room. Moreover, the different 
activities and undertakings are coupled with certain areas and also manifested according to 
the local gender regimes of Kiruna. As the female employees most often interact with the 
robotic welding system, the enclosure within which it is located naturally turns into a 
gendered area.  
 
In order to diminish disturbances between the concurrent welding activities and protect the 
welders from developing arc eyes, the high grids that enclose the robotic welding system 
are covered with protecting, partly transparent, plastic. The plastic is attached to the grids 
a couple of months after they have been erected. The welders currently operating within 
the industrial hall are therefore able/compelled to oversee the activities of the robotic 
welding system, at least initially. Comparing the two arrangements, the plastic is clearly 
effective; it protects the welders from ultraviolet light at the same time as the sound of the 
robotic welding system is somewhat reduced. However, the pronounced intentions are 
accompanied with additional effects in that the plastic cover contributes to amplifying the 
assumption of the female employees and the robotic welding system as essentially 
different. As representatives of otherness, the women and the particular equipment are 
equally assumed to perform isolated activities within the working site. Not only is the 
notion of women as the other reinforced by the feminised undertaking as a robot operator, 
the spatial distribution of grids, doors and protective gear serve to augment otherness to 
fortify the link between women and the robotic welding system.  
 
Seclusion and demarcation are further visible in spatial arrangements in that the two gates 
of the enclosure in which the robotic welding system is located restrict entry, which 
contributes to further excluding the installation process and its allotted workforce. In as 
much as the robotic welding system is discursively dismissed it is also spatially excluded 
from ordinary activities. As robot operators, the women are seemingly detached from 
other activities. Their gendered belonging secludes them from the naturalized coupling 
between men and the profession as a welder, which is why material obstacles such as 
grids, protecting arrangements and gates further contribute to separating the activities that 
occur in conjunction with the robot. The physical placement of the robotic welding system 
is therefore most important when trying to understand the conjunctive assignments as 
exclusively conducted by women. As the profession of a robot operator is feminized, the 
already gender-segregated working site is amplified and reproduced on a spatial level, 
which in turn excludes some bodies. The circumscribed location of the robotic welding 
system is thus the outcome of organisational, discursive and material factors that are based 
on some assumptions at the expenses of others. For instance, the proclaimed difference 
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between manual and robotic welding practices intersects with the local gender regime at 
the same time as they are both subjected to the material circumscription of the garage hall. 
In a similar vein, the technological shift jostles with previous divisions of labor; as the 
members of the workforce take on different assignments the spatial divisions of the 
workforce have to be re-negotiated and reasserted. 
 
In parallel to spatial manifests of the distinct sites acquired by men and women, 
occupational divisions are arranged according to the gendered regimes of Tuollavaara 
Transportation. Spatial inhabitation of the industrial hall is consequently the outcome of 
the intersection between gender and the allotted assignment. In order to render this 
configuration intelligible, I have chosen to employ the terms used by the informants 
themselves in order to distinguish between the welders: the production team and the 
maintenance team. Not only do gender orders canvas through the ensemble of welders, its 
inherent ambiguity concerns occupational undertakings and generational shifts as well. For 
instance, the different pursuits are part either of the production or are part of the 
maintenance of the iron-ore baskets. Whereas the members of the production team devote 
time to production and assembly of future iron-ore baskets, the maintenance team repairs 
carriages for underground transportation, assembles trap doors and prepares the sides and 
gables for subsequent measures. These assignments are gendered in that the production 
team exclusively constitutes a male association whereas the women constitute part of the 
maintenance team.  
 
Although Kajsa and Frida have been part of, or are still engaged in the production team, 
their memberships are passing because as new recruits this association with the production 
team is only valid until they have become accustomed to the particular pursuits of 
Tuollavaara Transportation. Both women spend the initial time working together with 
Ville, and during this time they were introduced to the welding profession. At the same 
time, the women are shunted out of the production team when instructed to undertake 
tasks of maintenance on the iron ore baskets. Further spatial dimensions are pronounced in 
where lunches and coffee breaks take place depending on which team the welder happens 
to associate with. Hence, the division between the production team and the maintenance 
team is not only stated in terms of division of labor, but pervades lunches and coffee 
breaks as well, in that the two teams occupy different spatial settings. Whereas the 
production team spends the main part of the lunch, and every coffee break in the industrial 
hall behind one of the iron-ore baskets that currently undergoes the final exam – their 
inhabitation of the lunch room is restricted to warming their lunches in the microwaves – 
the members of the maintenance group make extensive use of the lunch room, both during 
lunches and coffee breaks. This is also the group in which the robot operators are to be 
found. Suggesting that the undertakings of the robot operators have little or nothing in 
common with reparation and preparation activities (logically, robot operational practices 
would belong to production rather than maintenance), the contemporary status of their 
pursuits is still a consequence of their belonging to the subjugated maintenance team. To 
further complicate the intersection of different structures at play, one might speculate on 
whether the group of robot operators would have found themselves as part of the 
production team if the very profession as a robot operator had been coded male.   
 
Gendered labels and altered conditions 
As part of the fellowship of the maintenance team, the robot operators, besides the female 
employees, inhabit the lunch room during shorter breaks and pauses, as well as during 
lunch times. Gender-segregating practices do not cease once the workers leave the 
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industrial hall. On the contrary, these practices take effect as soon as the members of the 
maintenance team occupy chairs and tables, and as bodies conform in straight lines as the 
workers wait for their turn to use the microwaves. Linda and Britta habitually scatter tools, 
protectors, gloves and earplugs over their table, which in turn serves territorializing to that 
table. Not only is the dissimilarity stated through the use of tools or embodied movements; 
referring to the piece of furniture as the ‘girls’ table’ amplifies the segregation between 
men and women. The table is consequently the locus for the female employees of 
Tuollavaara Transportation, and as such the male welders effortlessly circumnavigate 
around it. Drawing on the work of Gerd Lindgren (1985), to be placed together with other 
women is often seen as a loss in status (Lindgren, 1985, p. 16) I find the symbolic markers 
in terms of verbal expressions, artifacts and pieces of furniture intriguing. The seemingly 
clear-cut boundaries between men’s and women’s spheres are in fact fraught with 
ambivalences. Put differently, at the same time as they serve as obvious means for 
segregation, the voids created and reproduced in the lunch room constitute the very link to 
associations between men and women. As men are the natural dwellers in the sites of 
Tuollavaara Transportation, the space allocated to women has to be frequently stressed 
and also demarcated. Ironically, the spaces created in order to retain order and distinct 
categories violate the very genuineness they seek to confirm.  
 
Parallel to spatial segregation and the intersecting gender division, the material assets of 
the production team and the maintenance team appear to be unevenly distributed, at least 
according to the members of the maintenance team. Bengt, one of the representatives from 
the management, is responsible for ordering tools, equipment, gas and wire for the 
personnel, but according to Tobias (repairing carriages for underground transportation of 
iron-ore he obviously belongs to the maintenance team) Bengt gives preferential treatment 
to the members of the production team. During a meeting Tobias annotates this dilemma, 
and is consequently met with silence from the members of the production team. No one 
from the maintenance team espouses the critique, nor do the members from the 
management engage in further discussions concerning the problem, which is why the 
subject dissolves into other inquiries. The joint reluctance to discuss allocation of tools 
and instruments might possibly suggest that Tobias has a point. At least, his statement 
touches a delicate subject: preferential treatment might very well be given to the members 
of the production team. Bengt nonetheless conveys a different picture when he claims that 
the ‘real’ challenge within welding activities is repair work on already constructed items 
as opposed to new ones. Anyone can weld together straight and unbuckled sheets of metal, 
but having the ability to repair the carriages that are utilized underground, Bengt asserts, 
requires additional knowledge and skill. He continues his outline by telling me about his 
previous carrier as a welder, and how he used to weld in the most extreme conditions (and 
positions). Apparently, these undertakings vastly differ from the facilitative surroundings 
of Tuollavaara Transportation.  

 
When the robotic welding system arrives and is deployed, a redistribution of professional 
undertakings occurs. In turn, the spatial re-distribution of assignments propels altered 
routines, although this collaboration is far from smooth. The robotic welding system 
occupies vast areas in the industrial hall, but its spatial implication does not per se bring 
forth re-divisions of labor. The managerial decision that the welders engaged in manual 
welding practices should assume responsibility for pre-welding particular parts of the iron-
ore baskets in order to facilitate the work of the robot operators is, as stated above, 
neglected. Even so, the collegial reluctance to ease the workload of the robot operators 
does suggest that the robotic welding system is a force to be reckoned with. Rather than 
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remaining out of reach to the individual worker it affects daily working activities and 
embodied expressions as well as managerial decision-making. Put differently, the robotic 
welding system affects managerial decisions, daily working activities and embodied 
expressions, and perhaps more importantly the deliveries from the supplier, which as has 
already been suggested, has the ability to impact the entire welding procedure. Leaning 
toward the work of Massey, “[c]hanges in labor process and technology are both the 
outcome of social relations and the basis for the creation of forms of such relations” 
(Massey, 1995, p. 31f). Hence, deployment of the robotic welding system fosters novel 
activities at the same time as it is subjected to social negotiations and re-distribution of 
division of labor. 
 
I have shown above how the robot operators and the commuting robot engineers emerge 
as a direct consequence of the arrival of the robotic welding system. However, it would be 
a mistake to assume that the robot operators and the commuting robot engineers are 
neutral occupations. Where new professions are introduced they create novel gendered 
undertakings which attract either men or women. During 2008 the profession of a robot 
operator is enacted and negotiated as a feminine undertaking. Feminizing the robot 
operations occurs in everyday talk, brief comments, as well as in the physical reluctance 
toward the technology and the subsequent material arrangements. The process produces 
erratic patterns, appears in tentative dialogues and speculative assumptions, not to mention 
the silent nods of disappointment. The fact that only women undertake assignments that 
have to do with the robot operation might contribute to further the men’s repudiation. 
Tuollavaara Transportation is a male dominated working site, and the female employees 
constitute a mere (and undeniably flawed) exception. Hence, segregating practices of 
women and the male aversion toward the robotic welding system are intimately linked to, 
and work in tandem with each other. Håkan, a man in his mid-thirties, shrugs his shoulder 
whenever I ask him about the current state of the robotic welding system. Seemingly 
indifferent he excuses himself as unwittingly. Håkan is responsible for the delivery of the 
iron-ore trolleys; he assembles the completed baskets on chasses and makes arrangements 
for the collection of the carriages. Although he does not work in the immediate vicinity of 
the robotic welding system, his pursuits are clearly affected by it. Breakdowns and 
dilemmas occurring in conjunction with the installation slow down the production of iron-
ore baskets, which in turn causes delays in deliveries. Adopting an unwitting position 
regarding the implementation process of the robotic welding system, Håkan consciously 
rebukes the installation for missed deadlines and rearranged schedules. By this means, he 
also sharks responsibility for any upcoming ruptures; rather than seeing the entire 
production process as a chain of events, each stage is individuated and any break downs 
are shacked off as someone else’s problem. 

 
Håkan’s inconsiderate approach illustrates an act of resistance in that it clearly dismisses, 
demarcates and trivializes the impact of the robotic welding system. As such it also serves 
to undermine the undertakings of the robot operators. However, in as much as one could 
argue that Håkan’s approach is a product of the current environment at Tuollavaara 
Transportation the paradox is that unlike Håkan who can shrug off anything orienting from 
the robotic welding system the robot operators are required to take seriously the opinions 
of the more experienced (male) co-workers. This in turn fosters continuous dialogues 
between the members of the workforce, who are conditioned by aspects such as gender, 
age and previous working experience. Ville, a welder in his early sixties, is for example 
referred to as ’our master’ by Kajsa, a title that is attributable to his sixty years of age, and 
further qualifies him for the undisputable position within the organisation as one of the 
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most skilled workers at Tuollavaara Transportation. His comments regarding the robotic 
welding system, and more explicitly its effects in terms of altered working procedures, are 
highly valued by the employees as well as by representatives from the management; 
insufficient welds produced by the installation are many times rejected and measured as 
such firstly after consulting Ville. “A weld is sufficient if Ville says so”, Kajsa offers 
confidently. Together with Mark, the foreman, Ville’s undertakes the responsibility of 
investigating the beads produced by the robotic welding system. The two men frequently 
criss-cross between the arranged baskets in order to detect possible flaws and cracks. Mark 
who is in his mid-thirties, has worked at Tuollavaara Transportation slightly longer than 
Kajsa and Britta have, and is normally responsible for the final examination of the iron-ore 
baskets, but as the new piece of technology is delivered to the organization by the end of 
2007 his role as a foreman extends to having regular correspondences with the robot 
operators as well as scrutinizing the beads produced by the robotic welding system.  
 
Throughout the main part of 2008, three women welders work as robot operators, whereas 
the remaining workforce, dominated by men, pursues manual welding activities. The 
welders educated in robot operation were initially taught, not only how to operate the 
installation, but also how to carry out programming the different welding steps. 
Nonetheless, this study employs the term robot operators as a suitable epithet, while at the 
same time pinpointing the employees’ basic knowledge of programming. The distinction 
between the assignments of a robot operator and a robot programmer is explicitly 
pinpointed by both Britta and Linda, who state that whereas robot programmers conduct 
programming practices, robot operators are “only obliged to push stop and start”. The 
claim: “I am not a robot programmer”, is frequently stressed; employed as a pretext for 
lack of (or assumed lack of) in-depth knowledge as the women effectively dodge 
responsibility beyond that which they have been assigned. Proclaiming the difference 
between the assignments of a robot operator and a robot programmer, I still argue that 
although some of my informants consider themselves as mere operators in that they do not 
perform programming activities, they execute smaller (and often ad hoc) changes in the 
welding program, and are required to also have basic knowledge in programming 
activities. 
 
Voices of aversion 
The robotic welding system, at least during my time at Tuollavaara Transportation, 
commands the workforce to adhere to its whims. The robot operators subsequently adjust 
their working schedules in order to facilitate the work pace of the installation, which in 
turn exceed the commonly adhered to breaks and pauses. Lunch breaks usually take place 
from 10:00 am, but time and again I find the wheezing sound of the robotic welding 
system to untiringly surpass the silent and abandoned industrial hall, something that also 
creates irritation among the idle personnel. Apart from the formal lunch break at 10:00 am, 
informal coffee breaks are distributed along the day: at 08:00, at 12:00 and at 14:00. These 
pauses are paramount to the workforce. Anywhere between ten to fifteen minutes the 
welding activities pull to a halt and during this time the members of the workforce have 
the opportunity to sit down, to run short errands or to converge on their way to the coffee 
machine. Often, the pauses are explicitly demonstrated as the sound level decreases. As 
the robotic welding system adheres to no such thing as agreed-upon breaks and pauses 
these habitual acts are however obstructed. It obstinately works through common breaks 
and pauses, which prior to its presence were decipherable markers for when welding 
activities were taking place or not. In other words, because the robotic welding system 
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works throughout, one can no longer the sense of sound to determine whether there is a 
break or a pause.  
 
The feminization processes of the profession of a robot operator appear to be entangled in 
male aversions toward the robotic welding system. Opposing the installation, the male 
welders confirm not only their status as competent welders, but also their position as men. 
By this means, they dismiss most assignments conducted by the robotic welding system. 
In order to demonstrate future plans for how to program the piece of technological 
equipment, Britta takes up one of the iron-ore baskets in need of repair. She shakes her 
head when she discovers flawed beads on the vessel. I lean forward and exclaim, “these 
are not welded by the robot”. Britta confirms, “no, these are welded manually”, 
whereupon she continues, “if the robot had produced something like this, Ville would have 
remarked on the insufficient bead; however, since the weld was produced manually it is 
OK”.  
 
The male engagement with the robot is, at least on the surface, limited to resolute 
persistence of the own manual undertakings, not to mention their unconcerned nods and 
derogatory comments. Notwithstanding the fact that the ambulating robot engineers 
exclusively are male the assignments to do with robot operation appear to be feminized. 
Hence, although women are enrolled in order to run the new piece of technology they do 
so in terms of routine works and as operational undertakings, whereas the knowledge of 
the underlying principles and mechanism seems to reside with the commuting robot 
engineers. When the installation requires attention that exceeds these (female) tasks, men 
are called in to fix it, which might be why the women, despite their extensive use of the 
robotic welding system, are regarded as technologically incompetent. Parallel to the male 
aversion, Britta sometimes comments on the robotic welding system in rather derogatory 
terms. On a particular day toward the end of January 2009, she tells me that as a 
consequence of being forced to undertake the role of a robot operator in the fall of 2008 – 
she actually talks about the assumed assignment in terms of ‘being forced’ – she applied 
for work with other organizations in order to escape. Britta’s story does not explain her 
continued presence at Tuollavaara Transportation; rather the intention is to pinpoint her 
reluctance, not toward the robotic welding system as such, but to the assumed lonely 
undertaking that comes with operating the robot. 
 
Interestingly, just as shifts in labor processes may involve changes in the degrees of the 
division of labor (Massey, 1995, p. 22) new technology appears to disrupt the traditional 
relationship between gender and technology (Cockburn, 1983, p. 3). Restructuring 
practices in industrial contexts correspondingly influence the meaning of masculinities 
(Brandth & Haugen, 2005, p. 149); new structures might lead to production of less 
stereotypical masculinities (Brandth & Haugen, 2005, p. 149). Following the introduction 
of new professions or novel equipment, the gendered aspects are definitely intriguing. The 
practices of robot operation at Tuollavaara Transportation are feminized, and as a 
consequence, the joints – previously felt, touched and even smelled by (male) welders – 
turn into subject to another form of scrutiny; they are theoretically berthed, drawn and 
mapped by engineers and female robot operators. Interspersing the traditionally male 
dominated profession as a welder, the female robot operators contribute to altering the 
very profession as such.  
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Processes of feminization 
Processes of feminization often run in tandem with processes of de-qualification, which is 
why men tend to leave, or never care to enter, these professions (Lindgren, 1985, 29). De-
qualification and feminization are thus intimately coupled, eagerly pampered by the 
ideology of the ‘natural’ weakness of women (Connell, 1987, p. 243). Sitting on top of the 
iron-ore basket, Britta, Linda and I observe how the robot efficiently fuses the material 
together. Britta makes frequent use of the control device at the same time as she 
attentively contemplates the welded beads. From close scrutiny, she withdraws, imposes 
the activity and slightly alters the position of the welding head. Content with the welded 
side, she smiles and snorts, “how can they [the management] claim that the autopilot mode 
equates to the operator doing nothing”. Hence, operating the robotic welding system, 
especially when done in conjunction with the autopilot mode, appears to be trivialized and 
deskilled. As Tobias, one of the male employees, states, “it cannot be too difficult to push 
some keys”.  
 
Tobias, at his particular stage, repairs carriages suitable for underground transportation of 
iron-ore. Similar to Håkan his undertakings do not invite for explicit encounters with the 
production of iron-ore baskets. As a consequence thereof he is not directly affected by the 
arrival of the robotic welding system. Even so, occupational distance does not equate to 
lack of opinion regarding the new piece of technology. Rickard is a welder in his late 
twenties, whose obligations have been seriously altered with the introduction of the 
robotic welding system. Although he is not a robot operator, his assignments are strongly 
connected to, and often occur in tandem with the installation. From acts of producing and 
repairing iron-ore trolleys, he is currently oscillating between preparations for and 
reparations after the advances of the robotic welding system. Rickard’s aversion toward 
the latter provides an interesting contradiction; at the same time as he vehemently rejects 
the installation – his frank account: “the only thing to do is to scrap it [the robot]”, 
effectively concludes one of the many discussions regarding the apparent deficient 
installation – Rickard does assist the robot operators in their undertakings. Britta and 
Linda often ask him to support the transference of baskets, pre-weld the sections on the 
basket that are then transferred to the robotic welding system and take on acts of 
reparations. Notwithstanding his repugnance, Rickard consequently takes up most of his 
welding activities in conjunction with the robotic welding system. 
 
“What is that sound”, Mark suddenly inquires, nodding toward the enclosure with a subtle 
hint of annoyance. (I later find out that the robotic welding system is broken; air leaks 
from one of the hydraulic axes, and this dilemma hinders the welding head from reaching 
adequate positions that are imperative for welding. Kajsa mentions that representatives 
from IGM will mend the installation. This glitch might however require three or four days 
of work.) “It is the robot”, Rickard responds whereupon we all turn our heads toward the 
enclosure and the welding head, currently visible as a silhouette in the light from the arc 
weld. Mark sighs, “is that really the way it is supposed to sound?” Rickard slowly shakes 
his head, “just scrap it”, he concludes. The others agree; leaning forward they nod and 
grimly stare down on the floor. Rickard continues, “I remember the report in the 
newspaper in December 2007: ‘now it is just a couple of small adjustments left’”. He 
sniffs and the other welders chuckle. “But, they are right you know”, Mark ironically 
states, “the problem is just that these ‘small adjustments’ appear differently on every 
basket that has been produced by the robot so far”. He resumes, “and this is apparently 
what Mikael refers to when he says that it [the robotic welding system] works perfectly 
now”. Mark imitates the commuting robot engineer; he raises his thumb and boldly 
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exclaims, “now it [the robotic welding system] works perfectly”. At the sound of the 
others’ laughter, Mark remembers how Mikael once reeled him into the enclosure (the 
choices of words are in themselves interesting; by agreeing to being reeled in, Mark 
conveys reluctance and lack of interest) in order to demonstrate the latest progressions. 
Rickard chuckles and continues, “listen carefully fellows, now it [the robotic welding 
system] works just perfectly. Let us have extra beers tonight!” Quite apparently, the 
commuting robot engineer’s notion of what is regarded as perfect is an unreliable (and 
highly naive) source of information. Just the mere fact that Mikael considers that the 
robotic welding system works sufficiently is reason enough to raise ones ire.  
 
The discussion is interesting from several points of view. Not only does it elucidate the 
assembled welders’ aversion toward the installation, it also discloses the association 
between male employees and manual welding practices. By scoffing at every attempt 
made to introduce the robotic welding system as part of the ordinary activities, Juris, Ville, 
Rickard and Mark implicitly convey manual welding as the approved of (yet invisible) 
benchmark. Embodied knowledge such as listening to the sound of the robotic welding 
system in order to determine whether it works satisfactorily is trivialized, at the same time 
as similar undertakings are considered necessary, and are approved of, when welding 
manually. Subsequently, embodied knowledges are sanctioned only in conjunction with 
manual welding, when the same are by the robot operators or by the robot engineers these 
are made fun of. To celebrate progressions in convergence with the robotic welding 
system by requesting extra beer is but a silly whim, reliance on the hearing is deemed 
futile and Mikael’s satisfaction with the robotic welding system is derided by the raised 
thumb. The male welders’ flippant reactions clearly illustrate resistance toward the altered 
routines in which the ability to listen to the sound of technological equipment no longer is 
a prerogative of the employees occupied with manual welding. The arrival of the robotic 
welding system allows for embodied knowledge to be pursued and enhanced by the robot 
operators as well by the employees conducting manual welding, something that possibly 
might be threatening to the assumed uniqueness of manual welding practices. In turn, this 
seriously hampers the conventional construction of masculinity; to employ the hearing and 
eyesight is no longer the prerogative of the welders occupied with manual welding 
practices. Instead, the enterprise is ruthlessly adopted and practiced by the employees 
engaged in the robotic welding system. 
 
Practices of exclusion – constructions of masculinity 
The spatial closeness between the male welders allows for continuous exchanges (and 
negotiation) of opinions, which in turn facilitates parody and ridicule. As such, individual 
statements of acceptance or dismissal of the robotic welding system do not occur 
independently of the surrounding co-workers, nor are they impervious to any 
environmental framework. As Hägerstrand has it, diffusion of any innovation is closely 
associated with the private information, which has circulated about them (Hägerstrand, 
1967, p. 262). Providing a spatial account on processes of implementation, Hägerstrand’s 
account is equally relevant to purposes of this study. The robotic welding system spreads 
in accordance with anticipations, discussions and disbeliefs. The short conversation 
between my male informants, however insignificant it might appear, contributes to setting 
the agenda for the robotic welding system’s subsequent occupation of space. Moreover, as 
space is pivotal to constructions of masculinity (see for comparison Sundin, 1998; 
Mellström, 2009) the male rejection can be also detected in the spatial location (read 
demarcation) of the robotic welding system. The above conversation requires a particular 
space, in this case the concealed corner behind one of the iron-ore baskets. Separation 
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between the whims of the installation and the ordinary activities of the workforce that 
conducts manual welding is subsequently facilitated by spatial distance between the male 
welders and the enclosure, but also by the restricted guidelines on how to enter this 
particular area. Gates, grids and safety devices amplify a strict division of labor that 
naturally also is gendered.  
 
Contemplating the above dialogue, it is also interesting to consider that the robotic 
welding system lacks an informal name. Instead it is often referred to as ‘the robot’, ‘it’, or 
alternatively as ‘the installation’. For simplifying reasons these terms appear to envelope 
the totality of material located behind the enclosure, and are often reinforced by directive 
gestures and nods. The lack of an informal name might possibly contribute to amplifying 
demarcation and segregation practices. Mellström pinpoints that deep relations with 
machines are often “made specific by giving the machine a name” (Mellström, 2002, p. 
471), in particular if an extensive amount of time is spent tinkering with, operating or 
working alongside machines. In agreement with Mellström’s outline I also find that the 
very lack of a nickname expresses detachment and alienation. Just as the practices of 
nicknaming (tools as well as each other) convey a sense of familiarity and comradeship, an 
absent nickname evinces the male reluctance toward the robotic welding system.  
 
To recapitulate, joint activities such as the one exemplified above contribute to further 
distinguishing the robotic welding system from what is referred to as ordinary activities. 
More explicitly, the installation is opposed to manual welding. As a temporary trainee 
states: “it is man against the machine”. He resumes, “before [the arrival of the robotic 
welding system] we produced four baskets per week; now we repair after five baskets per 
week”. Saying this, the anticipation of the management, to increase the weekly production 
of iron ore baskets from four to five items, is crudely dismissed, but also distorted. My 
informants’ assessment pinpoints the very lynchpin of the contentious relation between 
acts of manual welding and the robotic welding practices. Harking back to previous work, 
my informants tell me that each welder was responsible for his or her own work and any 
repair activities were exclusively the concern or realisation of one’s own mistakes. The 
point being made here is that each individual welder was responsible for ensuring the 
quality and strength of the seams produced. If proven insufficient, the joints were 
subsequently repaired by the welder who originally produced them. As the robot becomes 
part of the production cycle the heralded and much extolled device has nonetheless been 
proven obsolete, something that the male welders most reluctantly seem to accept. During 
the main part of my fieldwork the pre-estimated five hours of reparation is in fact 
oscillating between twenty and forty hours, something that is frequently discussed with 
vexation among the personnel. Since the robotic welding system is not able to justify its 
ventures and appears to weld haphazardly it is difficult to establish a dialogue and improve 
the algorithms in order to diminish the hours of repairs. The obligation put forth by the 
management of Tuollavaara Transportation to repair the iron-ore baskets is therefore 
dismissed by the male informants, who assert that these assignments are repetitive and 
dreary. As has been argued previously, the arrival and deployment of the robotic welding 
system cut a far wider swath than a mere organizational rearrangement. In this particular 
instance, the required acts of reparations and the restricted area in which the robotic 
welding system is located turn into spatial and material implications of the technological 
change. In turn, these are met by reluctance toward pursuing certain tasks, or dwelling in 
particular areas but possibly also seen in the absent nickname of the robotic welding 
system.  
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Male indignation 
Thus far, it should come as no surprise that the development and use of the robotic 
welding system are gendered processes in that the new routines assume that men and 
women are essentially different, hierarchically ordered and above all spatially divided 
categories. Whereas the female employees of Tuollavaara Transportation tend to the 
robotic welding system, their male counterparts seek to establish and fortify the assumed 
unique bond between themselves and manual welding practices, claims that must have 
been somewhat redundant to make before the arrival of the robotic welding system. In 
doing so, the men do not only dissociate themselves from robotic welding system, but also 
the female robot operators. Being a man is equated with manual welding practices, but this 
particular association is neither given, nor is it permanent. On the contrary, it has to be 
frequently justified. My male informants repetitively oppose the pursuits of the robot 
operators in lieu to manual welding activities, and they further stress the latter, not only as 
physically demanding, but also as intimate executions that require in-depth knowledge of 
the material. Dismissing the robotic welding system subsequently runs in tandem with the 
approval of manual welding activities; the two techniques are conveyed in dualist terms, 
which equally serves to separate the employees of Tuollavaara Transportation. As manual 
welding activities are assumed to encompass skill, competence and technical know-how, 
the executions of the robot operators represent their very antonyms. In addition, these 
undertakings are gendered accordingly. Rickard might admittedly joke when he exclaims 
the strong aversion toward the robotic welding system by stating “we will kill it [the 
robot]”. His expression nonetheless pinpoints a rather flippant viewpoint.  
 
Contemplating acts of aversion and mistrust, I am still reluctant to the notion of referring 
to the assignment as a robot operator in gendered terms. Not until the beginning of 
November 2008 do I ask one of my male informants for the first time, “how is it that only 
women are operating the robot?” Implicit assumptions certainly loom in the wake of every 
inquiry; I undeniably establish the very orders I seek to thwart. This paradox is outlined by 
Harding, who claims that “[u]nmediated by feminist struggle and analysis, women’s 
distinctive practices and thinking remain part of the world created by masculine-
domination” (Harding, 1986, p. 150). Hence, to pinpoint the assumed uniqueness of the 
female employees of Tuollavaara Transportation, however well intentioned, runs the risk 
of confining them out of the ordinary activities of the organization. At the same time, a 
more polemic approach in terms of explicit inquiries regarding gendered structures is 
beneficial as these questions tend to trouble naturalized structures: “how is it that only 
women are operating the robot?” In sum, posing the inquiry, the gendered division of 
labor appears to be stabilized, its assumed naturalness seemingly flawless at the same time 
as the inquiry opens up for a range of different responses. In as much as the explanations 
vary, none of my informants seriously contemplates my inquiry for a lengthy period. 
Rather, the responses are often straightforward; conveyed with laughter the men rapidly 
change the topic. “The women do not dare to protest; no one else wants to do it; they are 
able to conduct more than one task at once…” are frequent responses to the seemingly 
feminized profession of a robot operator. Krister, a male welder in his mid thirties 
smilingly shakes his head when I inquire about the men’s lack of interest. “I think one has 
to be a little strange [in order to manage the robotic welding system]”, he ultimately 
claims. During the spring of 2008, Krister is temporarily employed at Tuollavaara 
Transportation, and works especially with the final examination of the completed iron-ore 
baskets. Despite the passing engagement, Krister’s aversion (as well as his problems to 
outline the reasons for his dismissals) corresponds with, and contributes to fortifying the 
male suspicion toward the robotic welding system. Similar to Cockburn’s investigation of 
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how the feminization of clothing manufacture ruins its reputation as an employer of men 
(Cockburn, 1985, p. 72) the very feminization of the assignments conducted by the robot 
operators repels male interest.  
 
Turning to the female robot operators, the answers somewhat diverge from the above 
explanations. Instead of pinpointing their lack of courage or the particular assignment in 
terms of a low status job, the women claim that the men not dare to embrace new pursuits. 
In addition, they refer to required traits such as patience in order to manage as a robot 
operator. The endeavoured characteristic is further conveyed as something that men lack. 
Britta encompasses this by stating, “Olov [one of the male employees] lacks patience. He 
cannot work with the robot”. Linda further tells Britta, Kajsa and I about Andrejs’ 
impulsive moods, and how “he [recently working with the robotic welding system] 
became so frustrated and humiliated that he just put down the control device [and left the 
current assignment]”. The male lack of patience is, at least according to my informants, 
striking. On the other hand, the so-called female qualities are often restricted to mere 
caring practices, which in turn appear to exclude technological competence or 
alternatively obstruct in-depth knowledge of the qualities of certain metals and the 
appropriate wire to use when soldering together pieces of this material. Additionally, 
unlike their male counterparts, the female welders are assumed to lack a natural ability to 
weld adequately; whereas men are said to have an embodied knowledge of how to pursue 
different undertakings within welding women have to practice in order to attain required 
experience.  
 
Kajsa offers an extensive analysis of the feminization process of the occupation of a robot 
operator as well as the male repugnance, asserting it to be “a crushing defeat to inquire 
assistance from a woman”. Finding themselves in uncharted territory the men 
subsequently cover up their technological ignorance by dissociating themselves from the 
robotic welding system. “But is that the only reason why no men are interested in 
operating the robot?” I coax. Kajsa shakes her head: “the men who say that they do not 
want to operate the robot lie. Who does not want to have a fancy work without getting 
dirty?” Unlike Linda, Kajsa does not consider the robotic welding system annoying. On 
the contrary, Kajsa claims that it releases a welder from the dirty welding processes. 
Saying this, she continues:  
 

“Rather than admitting that you [as a male welder] would like to work as a robot 
operator, thus aspiring for a feminine pursuit, you simply say ‘no, I would not like 
to do something like that’. I am an ordinary worker, a piece of grain just like the 
others, and besides being a woman who manages an investment of nine million 
SEK. That is considered to be repulsive.” 

 
Listening to Kajsa, I somewhat question the male willingness to engage in the referred-to 
fancy pursuits and more specifically in the robotic welding system. On the contrary I argue 
that the extent of dirt, loud noise and manual work is one way of conveying viability and 
skill. This reveals the intricate interlacement between the local gender regimes and the 
contemporary division of labor. The fact that women operate the expensive investment of 
Tuollavaara Transportation cuts through previous arrangements at the same time as their 
assumed innate traits meet the particular condition of the robotic welding system.   
 
To recapitulate, although my informants justify contemporary as well as previous 
arrangements in terms of male and female areas of expertise the gendered division of labor 
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at Tuollavaara Transportation is not self-evident, nor is it impervious to technological 
changes. Assumed female characteristics such as tidiness and patience are admittedly 
brought forth when it comes to counting bolts and arranging tools and instruments, and are 
equally appropriate in conjunction to the robotic welding system. Simultaneously, these 
traits fall at odds with manual welding practices. However, the gendered allocation of 
pursuits does not explain the patience required in acts of manual welding, it does not take 
into account the male welders’ simultaneous engagement in the diverse pursuits of manual 
welding practices, and smothers the implications of the so-called peculiarity that is vital 
for engagement in the robotic welding system. Conversely, in as much as the conventional 
division of labor appears to be obvious it summons a disparate variety of answers, which 
at once reinforces and obstructs its genuineness. The technological change makes evident 
the arbitrary foundations that suffuse men’s and women’s separation, something that is 
also elucidated in my conversation with Kajsa. As the robotic welding system arrives and 
is deployed customary behaviour is explicitly exposed to alternative orders at the same 
time as men and women are expected to undertake certain tasks. In turn, the particularity 
of assignments allows for certain inhabitations of space, something that is evident in the 
ensuing section. 

 
Spatial implications of technological change 
Adaptation of the robotic welding system is highly contingent on the specific contexts and 
settings of Tuollavaara Transportation. Spatial change is integral to social change, which 
in turn becomes intelligible in re-arrangements of space. Parts of the industrial hall, 
previously designated for reparations of cars, have been transformed in order to suit the 
robotic welding system. Enclosed and tucked away behind bars, the installation is 
nonetheless severed from ordinary activities as it looms silently in the corner, which in 
turn affects the embodied executions of the robot operators and the commuting robot 
engineers. Bodies augment and occupy the demarcated area extensively at the same time 
as any physical occupation that takes place outside of the enclosure are subjected to 
normative restrictions. Hence, the bodies of the robot operators as well as the commuting 
robot engineers are left operating in a vacuum seemingly detached from ordinary 
activities. As Kajsa states, “when welding manually, the others assist each other but when 
I have a problem, no one helps me”. Kajsa’s annotation clearly exemplifies how social 
relations affect technological change (MacKenzie & Wajcman, 1999, p. 15). The robotic 
welding system will fail to work if excluded from other systems such as electricity supply, 
deliverances of wire and gas, services, and most importantly, the established production 
cycle of Tuollavaara Transportation. At the same time it would be a mistake to assume the 
existing structures as simply accommodative to the robotic welding system. In order to be 
rendered harmless, the utility of the robotic welding system must constantly be rejected. 
Hence, the enclosure, erected in line with proscribed safety regulations, effectively 
circumscribes the outcomes of the robotic welding practices as well as female movements; 
pursuits are strongly connected to a particular place, which also confines them out of other 
domains. As stated, the dismissal of the robotic welding system is not only gendered, but 
equally contingent on its particularity of location. Taking pride in claiming a foreign 
association with the enclosure in which the robotic welding system is located, the male 
rejection requires movements and embodied accumulation to occur elsewhere.  
 
Summary of the arguments 
This chapter has demonstrated how collaborative pursuits are enacted and negotiated in 
situ. Densities of bodies and material assets emerge and dissolve as the welders move or 
remain stationary, as they approach each other or alternatively, as they diverge to their 
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respective undertakings. The concurrent patterns of diffusion are orchestrated through 
dialogues, gazes, short comments, nods and gestures, but also through the spatial 
distribution of iron-ore baskets and the current positions of technological equipment. As 
mediators of space between bodies, these factors contribute to moulding densities 
accordingly; object-oriented activities such as transportations of iron-ore baskets require a 
shared set of expressions in which verbal and physical expressions intersperse. The 
accumulations of bodies are thus oriented toward some objects (the welds, the overhead 
cranes and, at least occasionally, the coffee machines) while neglecting others, for instance 
the iron-ore baskets previously attended to by the robotic welding system 

 
Having presented the ways in which the process of feminization of the profession of the 
robot operators runs in tandem with male repugnance and the subsequent masculinization 
of manual welding practices, I have equally argued that the aversion is fuelled by the use 
of tools, processes of furnishing and embodied accumulations. The technological change 
brings other divisions of gender at play, although not restricted to verbal comments or 
discursive decrees. Rather, they encompass spatial demarcation, the robotic welding 
system’s lack of an informal name and the design of the contemporary wage system. 
These activities clearly demonstrate a particular configuration at the same time as these 
configurations are rendered visible due to the arrival of the robotic welding system. In 
order to render the technological change intelligible, the welders conjure and/or reinforce 
boundaries between men and women, human and machine, machinery and robot. But, as 
also will be demonstrated in the following chapter: the inextricability and mutual 
constitution of these categories are implicit in every act of boundary-making practices. 
Acts of anthropomorphization for instance, serve to simultaneously cement and rupture 
existing orders, which in turn affects the welders’ recognition of the robotic welding 
system. 
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Manual labor and robotization  
The technological shift at Tuollavaara Transportation clearly challenges previous beliefs 
regarding the character and professionalism paramount to the vocation of a welder. In 
order to restore conventional orders, and in line with feminization processes towards the 
activities regarding robot operating, manual welding are thus extolled as the only 
appropriate way of welding. Based on conversations and dialogues with the management 
and personnel at Tuollavaara Transportation, the implicit assumption is that actual welding 
entails manual practices. Such notions further exclude the robotic welding system as a 
(competent) welder, instead turning it into a (at best) facilitative process toward welding 
activities. Whatever falls outside of the manual welding practices is dismissed as 
illegitimate welding. Saying this, the male welders endeavour to be identified with and 
referred to as craftsmen embossing this particular skill as the very fortification of welding 
practices as symbolically male. Proper welding is subsequently understood as an 
exclusively human pursuit that requires embodied knowledge. This notion is however 
thwarted as acts of robotic welding practices – contrary to previous requirements: long-
standing embodied experiences and skills – require programming skills. Saying this, the 
following chapter argues that manual welding practices and robotic pursuits, rather than 
being a mere dualism, constitute different shifts applicable to different forms of embodied 
performances. As such, it draws from the discussion on page 72f in which some of the 
definitions of the very term robot and its mechanical, hydraulic and computational 
counterparts were explored. Veering away from clear-cut boundaries, the encompassing 
intention is to further elaborate the mutual constitution of humans, robots and machines. 
Their interlacement is not only of significance for theoretical discussions, but equally 
subjected to everyday discussions between my informants.  
  

Suggestively applying his body, Ville demonstrates the distinctive features in 
mechanized welding, a method that is utilized when fusing the sides of the iron-ore 
baskets, in opposition to robotic welding. But when I force the difference between 
the mentioned welding methods, Ville’s answer is far from straightforward. He 
begins to respond, but hesitates: “…you control the mechanized weld in a different 
way as you steer the welding head with your hand”, he eventually states. The intent 
to erect static boundaries effectively ends the exchange. I do not press the issue 
(extract from my field notes, 2008-03-13).  

 
Interestingly, the close connection between industrial robots and other manufacturing 
machines complicates the (male) welders’ aversion toward the robotic welding system as 
they do make frequent use of, for instance, automatic welding machines. These machines 
are obviously accepted as Ville claims that the welder who employs an automatic weld 
continues to physically lead the instrument, whereas the robotic welding system consists 
of an autonomous welding head. Contemplating their respective differences I still suggest 
that automatic machines and robotic systems merge, not only in their utility, but also in 
that they are endowed with similar components. The border between the robotic welding 
system and the mechanized welding machine is thus rather fluid at the same time as it is 
important for the welders to stress distinguishing features. In doing so, the robotic welding 
system as well as the mechanized welding machine is rendered intelligible in light of what 
they are not.  
 
In as much as robotic systems appear distinct from other manufacturing machines they are 
an apparent development of their technological precursors. In addition, technological 
changes do not conform to linear chains of development in which one device simply 
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replaces another. The material assets of Tuollavaara Transportation for instance, 
encompass manual welds, mechanized welds, portable stick welds as well as the robotic 
welding system. Several systems thus run in parallel, which in turn complicates the 
relation between the welders and the technological equipment. Ville’s answer is fraught 
with contradictions and uncompleted arguments. At the same time as (the lack of) human 
control might distinguish between what is referred to as mechanized welds and robotic 
welding systems, the explanation is not without drawbacks. Indeed, the systems allow for 
two kinds of encounters, in which embodiment plays a pivotal role; nonetheless, just as the 
welders steer the mechanized welds they equally steer the robotic welding head, albeit not 
manually, but through the control device.  
 
Bearing the discussion on page 72f in mind, this study does not intend to establish yet 
another definition of the term robot, nor does it offer an analysis of the differences 
between machineries and robotic systems. Rather, it suggests the inextricability and 
mutual constitution of humans, robots and machines to be implicit in every act of 
boundary-making practices. The organizational duties of Tuollavaara Transportation are 
not impervious to technological change, on the contrary. The arrival and deployment of 
the robotic welding system requires resurrections of the profession of a welder, and 
equally stipulate the novel piece of technology as essentially different from its forerunners. 
Concurrently, the robotic welding system and its female tenders usurp this traditional male 
craft; working elements are added or revised, new technologies are introduced at the same 
time as traditional treatments of the material are challenged. Earlier, I argued that 
processes of change are neither linear, nor smoothly incorporated into existing practices. 
At the same time as the robotic welding system is an apparent development of its 
technological precursors I equally propose the introduction of new arrangements to be 
shadowed by resisting practices that seek to restore conventional structures. In order to 
understand how the arrival and deployment of the robotic welding system and the 
subsequent derogation result in a negotiation of the entire profession as a welder it is 
therefore salient to further scrutinize acts of repressiveness.  

 
Expertise 
During my fieldwork I repetitively inquire about the identified difference between manual 
welding practices and the robotic welding practices. Clearly, the installation has come to 
challenge previous beliefs regarding the very profession of a welder. Although the 
management assures the continued quality of the beads through written examinations and 
test protocols many of my informants regard the robotic welding system’s activities as 
deficient, primarily due to the fact that the pursuits of the latter lack the required intimacy 
between the welder and the material, in this case the iron-ore baskets. Object-orientedness 
and material awareness are obstructed in processes of robotic welding, which in turn forge 
particular alienation between the welder and the assignment at hand. Parallel to this, the 
female robot operators are assumed to carry (innate?) traits that are prerequisites for 
remediation of nonhuman scarcities. Interestingly, the answer given by Kajsa also registers 
lack as a crucial disparity, but from a radically different perspective. As we pass an iron-
ore basket that ultimately is being assembled on a chassis I ask whether Kajsa is capable 
of discerning whether the welded beads are produced by manual welding practices or the 
robotic welding system. She approaches the gable and zeroes-in on a particular spot, rubs 
her hand against the material and nods, “yes, it is the robot. You can tell because no 
[human] has the strength to weld such an extensive section and still manage to produce an 
even bead”. Based on this observation, she implicitly conveys manual welding activities as 
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lacking the physical capability, a deficiency that does not seem to include the robotic 
welding system.  
 
The capacity of the robotic welding system takes prominence in the discussions among my 
informants, albeit elucidated from different perspectives. Just as the robotic welding 
system is accused of not having crucial traits such as understanding of the particularity of 
the material it deals with, its steady production of extensive lengths of even beads is in 
itself a hallmark of quality. Recalling Kajsa’s comment above: no human has the strength 
to achieve the same result, she suggests that no amount of time spent manually welding 
can accomplish such even beads as those produced by the robotic welding system. Manual 
welding activities, especially the acts of mig welding, require steady arms, something that 
becomes evident to me after my own attempts at welding. After just a couple of minutes, 
my arms go numb, complicating the process of tilting the torch and navigating it forward 
at the same time. I have barely covered ten centimetres, and the prospect of continuing the 
performance of producing an even bead for a couple of metres suddenly seems impossible.  
 
Manual welding – a noble art  
Demarcating manual welding practices from the robotic welding practices, although 
difficult, does not stop my informants from frequently pinpointing the assumed uniqueness 
of the former. In doing so, manual welding activities are endorsed as the implicit 
benchmark against which the activities of the robotic welding system are interpreted (and 
repetitively deemed scarce). Towards the end of one of the interviews with Daniel 
someone bursts through the door and one of the members of the board (I am later told) 
joins us. Daniel introduces us and shortly expresses the aim of my study. The man nods 
and calls attention to how automatization has altered the relation between human and 
machine. He recalls how three programmers had sought after solutions concerning an 
(according to him) obvious mechanical breakdown on an industrial machine by 
scrutinizing the display on the control device. Shaking his head, Daniel agrees: “people no 
longer seem to find the emergency button”. Hence, according to both men, many of the 
current employees try to solve mechanical dilemmas by providing digital measures, and 
these undertakings provide (at least according to the two men) a more distant relation with 
the material surrounding. “[Measures that include] smelling and touching [of the 
machines] have disappeared”, the man laments, and Daniel shortly confirms, “yes, this 
thing about noble art”. Hence, the embodied knowledges that previously were required in 
order to manage machines and technological equipment have, at least according to the two 
men, vanished. Contemporary employees mistakenly look for the emergency button on the 
control devices; they do not understand that the key logically should be placed in the 
physical environment rather than in the digital setting.  
 
Similar to Daniel, Bengt endorses what is referred to as noble art. He too annotates that the 
contemporary educational system makes it more and more difficult to actually find 
competent tinkerers (he actually refers to the ultimate employee in terms of a tinkerer). 
During our conversation Bengt reiterates the importance of enrolling competent welders. 
A competent welder, I am taught, is of course obliged to possess relevant welding 
licences. But more importantly, the welder needs to know the basics in reparation work 
and also be able to undertake acts of tinkering. This qualification, Bengt bewails, is about 
to disappear. It is highly problematic to find skilled welders; most of the applicants for the 
advertised positions at Tuollavaara Transportation have attended some form of training in 
order to acquire adequate knowledge, but they lack practical experience. Clearly, the 
theoretical education of today does not equate to professional competence. Bengt briskly 
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rejects the contemporary arrangement whereupon he mentions the former apprentice 
system as a sufficient and highly superior model. Working as an apprentice allows for in-
depth knowledge, the amount of physical challenges, difficulties and tests contributed to 
seemingly unique experiences. In relation to this, Bengt spent his initial years as a welder 
by assisting an older colleague, and according to him, this allowed for daily hands-on 
practices. Bengt recalls occasions of stress, panic and outrageous demands and pinpoints 
its many advantages by outlining his own experiences. “What you learn as an apprentice, 
you cannot read in a fucking book!” he emphasizes; “it is a handicraft [to weld]. I can see 
immediately when some guy or girl touches a tool whether they are tinkerer or not. It is 
obvious”, he finishes reasonably. To summarize, contemporary education encourages 
mere experts, whereas the jack-of-all-trades slowly fades from existence, much due to 
computerization. “Robotization and computerization, but without human beings, nothing 
happens”, Bengt sniffs.  
 
Bengt’s guileless dismissal of the processes of robotization and computerization is 
intriguing, yet omissive of the mutual collaboration between human and machines. In as 
much as human actors constitute salient parts in the daily activities of Tuollavaara 
Transportation they are equally affected by the technological devices. Objects are, as 
stated previously, partly given and partly emergent, which is why the undertakings in the 
industrial hall emerge as a consequence of the interactive processes rather than 
conforming to stipulated rules and regulations.  
 
Being a natural 
Parallel to the managerial flippancy toward computerization and robotization, the 
educational training, skill enhancements and continuation courses that are provided within 
the institutional frameworks of Tuollavaara Transportation are dismissed and trivialized, 
not only by Bengt, but also by many of the members of the workforce. According to them, 
knowledge is acquired through imitating and observing others at work, not through asking. 
The physical presence of a trainee coupled with the object-oriented collaborations is 
considered to be sufficient grounds for learning how to weld properly. These embodied 
qualities are also pinpointed by the teachers at Lernia, Ewa and Bo, claiming that it is 
actually possible to discern in the eyes of the new recruits whether or not they will become 
sufficient welders. These so-called natural talents are often assumed to be male. However, 
the vast majority will never develop into natural talents although I am told that a select 
few can always be counted on to become decent welders. “They can play around a bit [but 
they will never manage to inhabit the profession in their bones]”, Bengt and Sven-Erik 
agree. Some bodies are dismissed whereas others are assumed to have innate capacities for 
welding. Hence, whereas the utility of different tools clearly distinguishes between robotic 
welding practices and manual welding activities, the variety of ways of how to actually 
make use of a certain artifact evinces skilfulness from mere ‘playing around’. Natural 
talent, it is assumed, harbours an inexplicable expertise, which others simply lack. As an 
embodied feature (to be detected in the eyes or in the bones) skilfulness is presumed to be 
not so much contingent upon the utility of certain instruments as connected to certain 
ways of wielding the instruments.      
 
Linda spends one morning preparing for her submission of the annual test for continued 
welding licence. Entering the lunch room together with Britta, she is greeted by a parody 
of comments from one of the male welders who, incidentally is waiting to take the same 
test. “We [the assembled men] do not need to practice, we are naturals”, he asserts. Linda 
chooses to ignore the comment, whereupon Britta speaks in her defence: “if one is not 
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born a welder, one simply has to practice”. This short exchange indicates, coincidently 
acts of segregation and repression of the female welders; knowledge is expressed, not only 
as an embodied prerogative, but also as an exclusively male trait. The assumed intimacy 
between male bodies and embodied skills subsequently disqualifies women as naturals. 
Similarly and as also stated on page 107, the belief that women are likely to apply for jobs 
as welders because of the relatively high salary rather than a genuine interest in welding 
activities makes them question their own competence as welders. At the same time, the 
attempts to secure the male dominance with the help of jesting comments such as the one 
above, communicates on the part of the male welders the view that female welders, and 
particularly Linda, are an impending threat.  
 
Emotions and flawless beads 
The men vehemently refute the robotic welding system in favour of the manual welding 
practices, which they insist are more suited to their dispositions. One afternoon during the 
initial phase of my fieldwork, Sven-Erik, a representative from the management, enters the 
enclosure and approaches the table where the robot operators are gathered. The robotic 
welding system is currently out of order, and the recent attempts to repair it have yet to 
bear fruit. Sven-Erik is apparently well aware of the untimely situation, but still inquires 
about the state of the robotic welding system and nods competently, “[the discipline of] 
robotics has never interested me”. Playing with a folding ruler, he waves the instrument in 
front of our faces. “Welding is an art” he exclaims and draws sweeping curves in the air. 
These rather sensual expressions counteract the stiff, inanimate movements of the robot, 
and entail tacit skills that exceed the mere ability to fuse two sheets of metal. Taken 
together, the capabilities required when conducting manual welding are further connected 
to masculine traits, and, in opposition to the operations of the robotic welding system, also 
linked to high status. Contemplating the vivid demonstration of manual welding as 
performed by Sven-Erik, the power experienced when conducting manual welding 
activities is further part of pleasure. “It is a handicraft”, Sven-Eric exclaims, and although 
doubtful about the extent of his assertion I nod. The passionate gestures are too close to 
my face for me to do anything other than agree.  

 
The vivid illustration of manual welding as a rather artistic undertaking counteracts 
industrialization and mechanization. Listening to the announcements of the male welders, 
I sense a hint of distrust toward the novel piece of technology and robotization of welding 
pursuits. The arrival of the robotic welding system tends to trouble the manual welders’ 
craftsmanship (did the workforce ever talk about welding in terms of a handicraft before 
the arrival of the robotic welding system?), and perhaps this is why feelings of resentment 
are part and parcel of the daily interaction with the robotic welding system. I ask Sven-
Erik whether he attended the training held by IGM toward the end of 2007 whereupon he 
punctuates his aversion for the robot with frantic headshakes. “Why not”, I coax. Sven-
Erik exclaims that he has promised himself never to commence a career within robotics. 
“It is a much more emotional feeling [to weld manually]”, he says. Similar to his previous 
demonstration on manual welding practices, Sven-Erik draws sweeping movements, this 
time with his hand, in order to illustrate the soft flow that seems prevalent in manual 
welding practices (and what robotic welding is assumed to lack). Hence, the differences 
between manual welding practices and the robotic pursuits have to be frequently 
pinpointed and fortified; distinguishing factors are sought after in the performances, but 
also in upcoming dilemmas. 
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The above occasions are interesting to contemplate from the subsequent example in which 
some of the welders of Tuollavaara Transportation have signed up for the annual test that 
is a prerequisite for extended welding competence. It is in the middle of January 2009 and 
I admire the cooling bead, newly welded by Ville. Standing on the floor he effortlessly 
welds two sheets of metal together above his head. I am not the only one riveted by his 
work; when he completes the assignment he releases the fused sheet of metal from the 
rack whereupon the other welders gather around, eulogizing his skills. Even though I do 
not know the first thing about welding, I can not help but admire the bead as one of the 
most perfect constructions I have seen. “You are incredible”, I address Ville as I shake my 
head in admiration. “It looks like…” Words fail me at this point, and I realise that voicing 
what is on my mind might insult rather than compliment him. Silently comparing his work 
with the beads produced by the robotic welding system, the bead welded by Ville is just as 
flawless as what I have been told passes a sufficient bead welded by the robotic welding 
system. 
 
Over all, in as much as I find the assumed differences between robotic welding activities 
and manual welding activities intriguing, my intention is not to enumerate the pros and 
cons with the respective methods. Rather, I employ the last example in order to propose 
their mutual constitution. In contra-argument with my informants, I believe that the 
material awareness that is said to be exclusively experienced by the welders who conduct 
manual welding activities does concern activities pursued in conjunction with the robotic 
welding system as well. However, as the welding practices are apt to change that 
particular proficiency might not be acknowledged as such. To deskill the knowledge 
inhabited by the robot operators and the robot engineers is, as shown previously, one way 
of retaining the connection between expertise and practices of manual welding. As women 
most often attend to the robotic welding system the male dismissal of this particular 
technology equally affixes the female welders’ proclaimed incompetence.  
 
Transparency 
In what follows, I develop the notion of transparency in connection with how my 
informants comprehend and convey manual welding practices in light of the pursuits of 
the robotic welding system. Manual welding practices, I am told, bring forth an intimacy 
between the welder and the material, something that is equally absent in robotic welding 
practices. Saying this, the transparency that is engendered through acts of manual welding 
starkly contrasts with the pursuits of the robot operators, and also contributes to fortifying 
the male aversion toward the robotic welding system. The technological change, it is 
argued, seriously hampers the intimate relation between the welder and their professional 
undertakings. The approval of the (assumed unique) intimacy experienced through 
manual welding activities subsequently counteracts the alienation presumptively brought 
forth by the robotic welding system. Manual welding activities, it is agreed, facilitate 
intimacy between the welder and the material, and also stand in stark contrast to the 
pursuits of the robotic welding system. The latter perturbs the intimate link between 
welder and material; it wedges the proclaimed closeness required in order to perform 
adequate work, and in the long run, it also thwarts a sufficient production of iron-ore 
baskets. Any in-depth knowledge and technical know-how of the configurations 
necessary in order to pursue welding are, at least according to my informants rendered 
superfluous, which leave the welders with a rather scant understanding of the work. This 
can be compared to the direct adjustments required in order to start an old automobile 
with the help of a crank as opposed to the act of turning an ignition key in the 
contemporary vehicles. The latter practice is also conveyed as somewhat more simple.  
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Saying this, tendencies to distinguish between manual welding practices and robotic 
practices are obvious, albeit questionable. Engendered by acts of smelling and touching 
the intimate bond between the individual welder and the material is assumed to be 
facilitated exclusively by manual welding practices. This particular way of welding fosters 
a relationship between the subject and the object that is obscured in robotic welding. 
Within manual welding practices, the relation between the subject (the welder) and the 
object (the completed vessel) appears as an unbroken activity, thus occurring without 
mediating artifacts. The very expression ‘I weld’ is a striking example of this assumed 
transparency. Notwithstanding the much cosseted distinction between the manual welding 
activities and the executions brought forth by the robotic welding system, I detect 
similarities in that both of these practices are mediated through instrumental utility. It 
would thus be deceptive to assume that intimacy occurs merely as an effect of the 
interlacement between the individual welder, the material and the employed tools. Rather, 
human engagement with the robotic welding system gradually transforms as effortlessly 
conducted by particular sets of mediating artifacts. But whereas manual welding practices 
are enabled through the employment of a weld, a torch and a mouthpiece, the robot 
operators on the other hand make extensive use of a control device. The difference, I 
suggest, is that the tools employed in manual welding practices have become part of the 
welding arm, and are not seen as separate or aiding, artifacts; they have disappeared in the 
actual usefulness they provide.  
 
Tendencies to counteract the seemingly transparent manual welding activities with the 
opacity characterized by the engagement with the robotic welding system fail to elucidate 
the arrangements of mediating artifacts, interfaces and network-like collaborations that are 
equally salient in manual welding activities. In addition these claims neglect the mutual 
affects between the workers and the equipment. Oleg Tikhomirov (1999) demonstrates 
how human activities, in times of implementation, are transformed and articulated as new 
undertakings emerge and workers orient themselves toward other objects (Tikhomirov, 
1999, p. 347). Drawing from the work of Tikhomirov, I equally argue that the robotic 
welding system and the additional tools transform the tasks of the welders, by spatial dis-
location as well as dismissal of previous means and methods.  
 
Saying this, opacity and transparency are temporary conditions, and as such they are likely 
to change over time. What constitutes a mediating artifact is not set once and for all, but is 
an object of continuous negotiations. I ask Kajsa to estimate the subject behind robotic 
welding practices – who is actually welding – whereupon she smiles as she contemplates 
the inquiry. “It is the robot”, she eventually lays down, “but it could never have done so 
without me”. Although Kajsa stresses the robotic welding system to undertake practices of 
welding, she pinpoints her own importance in a way that also puts forth the reciprocity 
between the robotic welding system and the robot operator. Further, she outlines that “it is 
really cool when one, together with the robot, manages to produce a sufficient bead”. 
Ideally, the human and the nonhuman actor constitute a configuration that is inextricably 
linked to, and mutually conditional upon each other. The reciprocity is evident in times of 
smooth translation between the coordinates and the outcome; when the modified program 
results in a sufficiently produced bead or when the decision to alter the design of the pre-
welded spots has positive consequences in that it facilitates the ability of the robotic 
welding system to detect the fuses to be welded. Directing the welding head through the 
control device, bodies might operate remotely. However, remote measures should neither 
be equated to opacity, nor to deficient skills in how to weld.  
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Competition  
The strained relation between the (male) welders and the robotic welding system further 
engenders tendencies to compete with, and ultimately conquer this installation. During my 
fieldwork, I am frequently bombarded with stories about competitions between the 
welders them selves as well as between the welders and a variety of high-tech features 
such as robotic welding systems. On my way home one day in the spring of 2008, I bump 
into Daniel who happens to be entering the office as I am on my way out. He asks what 
my impressions are thus far. I concede that the members of the workforce, or at least the 
male employees, seem to reject the robotic welding system. Daniel listens, nods and tells 
me about the recent visit to a company in Örnsköldsvik in the middle of Sweden. This 
particular company produces tank vehicles and has recently invested in a robotic welding 
system, similar to the one at Tuollavaara Transportation. Together with some of the 
members of the workforce Daniel was invited to explore the routines of the company. 
Similar to Tuollavaara Transportation, the technological change at this particular 
organization implied a re-division of labor, which led to discontent among the personnel. 
After a couple of months, new routines had however been established, and by the time of 
my informants’ visit to Örnsköldsvik the robotic welding system was considered fully part 
of the production line of this company. Daniel seems pleased with the visit; meeting other 
organizations that have undergone similar processes reveals a lot of insights. Saying this, 
Daniel goes on to argue that the organizational exchange also was much appreciated by 
the personnel as they had the opportunity to gain knowledge on how daily activities could 
be rearranged sufficiently. Responding to my concern, Daniel further explains that the 
feelings of aversion toward the robotic welding system in Örnsköldsvik actually spurred 
the employees to increase productivity. “You feel that you want to compete against it”, he 
states only to clarify; “to show that you can”. Saying this, the robotic welding system turns 
into an opponent, some(thing?) that preferably should be conquered. Vehement rejections 
from the workforce of Tuollavaara Transportation are nothing to worry about, at least not 
according to Daniel. Instead he punctuates that the technological change actually might 
facilitate increased profit, and this is not only due to the actual capability of the robotic 
welding system. I contemplate his words and suggest that the robot appears to challenge 
the very notion of what it means to be a welder. Daniel nods, but seems unwilling to 
problematize the issue further. Instead, he once again asserts the (hu)man will to compete, 
and how this venture contributes to an increased production. By this means, competitions 
are simply assumed to stimulate the workforce’s desire to perform well to the benefit of 
management who appear to welcome the competitiveness mainly in terms of increased 
productivity. 
 
Presumed as essentially different, manual and robotic welding activities are put at play in 
antagonist arrangements, and also reinforced by spatial demarcation. The willingness to 
compete with others turns out to be a salient trait in the profession as a welder, at least if 
one wishes to convey some sense of occupational authenticity. At the same time, it 
harbour an ambiguous twist in that in order for competition to occur, there must be some 
resembling features, a similar scale by which it is possible to measure the achievements in 
light of each other. This might be achieved through the utility of similar instruments, for 
instance a bow, a discus or a pole. In fact, enactments of competition would be rather 
difficult if the contestants used different tools.  
 
Anthropomorphization 
The affinity required in order to compete with the robotic welding system draws on human 
tendencies to anthropomorphize technological artifacts such as robots, computers and 
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machines. This has been the concern for many social scientists (see for comparison 
Springer, 1996; Mellström, 1999, 2002, 2003; Kruse, 2006). Mellström for instance, 
argues that acts of anthropomorphizing allow humans to render their technological 
environment intelligible (Mellström, 1999, p. 77) at the same time as the very notion of 
machines is subjected to continuous alterations. This dilemma is examined by Corinna 
Kruse who claims that the technological surroundings sometimes are considered as mere 
machines and other times as actors with their own life (Kruse, 2006, p. 143). Kruse’s 
account is equally relevant as I observe the interaction between the robot operators and the 
robotic welding system; at certain moments the robotic welding system is 
anthropomorphized while in other moments, it is treated as the anti-these to what is 
considered human. Saying this, the ensuing text seeks to take the argumentation further, 
which is why focus will be directed to the spatial consequences of anthropomorphizing 
practices. Interestingly, a fact that also has been seemingly neglected in previous research, 
acts of anthropomorphizing call for certain human characteristics and, in the long run a 
distorted distribution of bodies.  
 
The assumed unpredictable nature of the robotic welding system gains certain features of 
humanity, or more precisely, childlikeness. Comments such as, “does it [the robotic 
welding system] manage on its own, or does it require a babysitter” and “it is like a 
stubborn child” are frequently made. Interestingly, in order to manage the assumed 
fickleness and the inexplicable whims of the installation, particular human traits are put 
forth as necessary. The resemblances between the installation and a child clearly implicate 
a female nurturer, which is why the profession as a robot operator, as also hinted at above, 
is gendered. Discussing the implications of the installation with Mikael, one of the 
commuting robot engineers, he delineates the altered working routines by sketching a 
rough picture of the industrial hall. “This is mum”, he asserts and points toward the station 
that is labelled robot, only to briefly summarize the current assignments of the robot 
operators: “she has control, and she tells everybody what to do”. Women working as robot 
operators, at least according to Mikael, appear to enjoy a comprehensive responsibility of 
the novel procedures at Tuollavaara Transportation. However, they do so as seen as 
mothers.  
 
Acts of parenting 
Contemplating Mikael’s assertion, the women’s presence as employees is justified and 
approved of much due to their assumed position as (potential) mothers. The capacity to 
give birth assumes a unique bond between the woman and the infant, something that in 
turn legitimizes and makes intelligible the female engagement in (and the male 
dissociation from) the robotic welding system. Hence, equating the robotic welding 
system with a child goes hand-in hand with the parallels drawn between the work of the 
female robot operators and acts of mothering.  
 
The enterprises of my informants bear resemblances to Ulla Holm’s study Modrande och 
praxis: en feministfilosofisk undersökning Mothering and practice: a feminist 
philosophical investigation  (1993). Sketching a feminist-philosophical account of 
motherhood, Holm examines mothering as an institutionalized practice that is performed 
according to certain traditions. Although habitually practiced as such, mothering is not 
exclusively linked to women, but continuously enacted and undertaken by both women 
and men. Holm is clearly drawn to the performative aspects of mothering; she skilfully 
wrests practices of mothering from various forms of what she refers to as biological 
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motherhood. In doing so, she draws on a phenomenological account (Holm, 1993, p. 303) 
and puts into motion the seemingly static term ‘mother’.   
 
Briefly returning to the assumed bond between the female robot operators and the robotic 
welding system, it is clear how acts of mothering are relational in that the nurturer (i.e. the 
female robot operators) and the object of care (i.e. the robotic welding system) comprise 
an endorsed couple. This empirical annotation is equally appropriate to Holm’s discussion 
of care as inextricably part of mothering (Holm, 1993, p. 103). As stated above, the 
responsibility implied in the particular acts of mothering the robotic welding system is of a 
certain kind, something that equally fortifies stereotypic notions of men and women. 
Similarly, Clarissa Kugelberg’s (2006) study at a food production corporation in 
Stockholm elucidates the ways in which the practices of men and women are concealed 
through the stereotypic constructions of motherhood and fatherhood (Kugelberg, 2006, p. 
159). Although women are part of working life in almost the same proportion as men the 
traditional connection between women and family responsibility works in conjunction 
with gender stereotyping. Kugelberg draws on an ethnographic account in which she 
outlines the cultural meanings of motherhood and fatherhood (Kugelberg, 2006, p. 153). 
More especially, analyzing talk about mothers and fathers, she explores the discursive 
backdrop for parental leave and part-time work at this particular workplace. At the same 
time as Kugelberg’s informants somewhat question the profitability of the female 
employees, fatherhood seems to have little or no impact on the view of men as workers or 
employees (Kugelberg, 2006, p. 168). Although the study of Kugelberg focuses on the 
discursive construction of parenthood, it contributes to further the understanding of the 
position allotted to the female robot operators. Motherhood is constructed in tandem with 
stereotypic notions of women, but also determines the subsequent expressions of 
femininity. To be a woman is equated to certain traits such as control, distribution of 
pursuits, care and social abilities.  
 
In tandem with practices of anthropomorphizing, the female robot operators’ positions as 
mothers are subsequently co-constructed and fortified, which also brings forth a spatial 
intimacy between the women and the installation. MacKenzie argues that sewing is 
considered woman’s work and thus defined as unskilled (MacKenzie, 1998, p. 43), 
something that is equally relevant as the operation of the robotic welding system is 
equated to care work, and especially childcare. This obligation appears, not only suitable 
for women, but also regarded as the primary occupation for the female workers at 
Tuollavaara Transportation. As will further be outlined below, the work of the robot 
operators is assumed to require certain human characteristics such as caring and nurturing 
which in turn are equivalent to the deficient conditions on the part of the robotic welding 
system i.e. mental retardedness), and other emerging whims such as tendencies to 
commence dancing. The female robot operators are thus allotted (and do themselves 
emphasize) certain considerate traits in accordance with the assigned characteristics of the 
robotic welding system. As mothers, women’s undertakings are pretty much taken for 
granted; their pursuits are equated to tendering, and as such they simply augment the same 
domestic characteristics outside their homes.  

 
Drawing on the studies of Holm and Kugelberg, acts of nurturing the robotic welding 
system, managing impending dilemmas and finding solutions are equated to mothering 
practices, at least when the female robot operators conduct them. The male robot engineers 
are, on the other hand, never referred to in terms of fathers despite their engagement with 
the implementation process. During the occasional visits they can mainly be found in the 
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enclosure, which in turn suggests a spatial closeness. However, these activities are not 
regarded in terms of parenting measures. The references to parenting assignments are thus 
exclusively conveyed in order to explain (and fortify) the assignments of the female robot 
operators; as ‘mothers’ they are assumed to inhabit and give voice to traits that 
(naturally?) belong to women; men neither want to, nor can they be referred to as mothers. 
Hence, the epithet as a mother renders the female robot operators harmless at the same 
time as the robotic welding system turns into a child, some(thing?) that ought to be taken 
care of, nurtured and facilitated, and moreover, some(thing?) that needs to be handled with 
patience. According to my informants, this is also the reason why men claim to be 
uninterested in the robotic welding system. As Olov states during one of my initial days, 
“I lack the patience”. By this means, the occupation of a robot operator is feminized in 
tandem with acts of anthropomorphizing of the robotic welding system in terms of a child. 
Hence, by referring the robot as a child, the female robot operators’ interaction with 
technological applications is de-technologized. 
  
Men, machines and hybrid associations 
The workforce of Tuollavaara Transportation frequently talks about the robotic welding 
system in terms of ‘him’ – the use of a male pronoun instead of a female one reveals a 
particular recognition of the tool itself – or explicitly addressing it as ‘you’. As a 
consequence, the installation is often held responsible for the assignments. Pronouns such 
as ‘he’ and ‘him’ reveal, not only a close, but also a gendered relationship between the 
humans and the technological installation. While cleaning the welding head, Britta gently 
taps the torch and addresses it in terms of ‘little man’. I observe the near affectionate act 
and ask why she refers to the installation in terms of a man. Linda, currently occupied with 
cleaning the mouthpiece, cheerfully replies that similar to a man, the robotic welding 
system cannot seem to manage without a woman. Linda’s annotation does by no means 
formulate a unique statement. Rather, it is part of an organizational jargon in which gender 
differences and the inherited(?) traits of men and women are brought forth and amplified. 
As Linda outlines the reasons why the robotic welding system might be interpreted as a 
man, she implicitly brings to light the necessary human characteristics that are required to 
manage this apparent deficiency.  
 
The very acts of anthropomorphizing also enable bonding between the robot operators and 
the commuting robot engineers. Not only is the robotic welding system a site for laughter 
or dismissal; parallel to the rejections the female robot operators occasionally (and more 
frequently toward the end of 2008) describe affectionate feelings toward the installation. 
As expressed by Kajsa, “this is my friend. Initially we were enemies, but as it has turned 
out, things are getting better and better”. In times of reciprocity and mutual understanding 
a kind of hybrid-thinking develops; it becomes difficult to appoint whether it is the robotic 
welding system or the welder that welds. Britta also refers to the robot in terms of a friend. 
Early one morning – it is still dark outside and the welders are gathered in the lunch room 
– Britta declares her departure by turning to me. “Shall we see if our friend is awake”, she 
asks. Similarly, calling Åke in order to solve an emergent disruption, Britta initiates the 
conversation by stating, “my friend here says that it lacks air”. Saying this, I am not 
suggesting that the haphazard whims of the installation are interpreted randomly, on the 
contrary. The dialogue between Britta and Linda engenders the robotic welding system in 
terms of a man; their preferred choice of pronouns is part of, and contributes to fortifying 
gendered structures.  
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Investigating the work of Malaysian car mechanics, Mellström argues that many of the 
communities and practices that include men and machines, such as garage activities and 
motorcycle clubs fuel a particular form of male exclusion toward women (Mellström, 
2003, p. 115). Mellström’s account is interesting, especially in light of the gendered 
structures of Tuollavaara Transportation, but is equally subjected to modifications. As 
stated, the organizational structure of Tuollavaara Transportation composes a male 
dominated working site and a frequent employment of technological devices; however, 
this does not equate to an unproblematic marriage between men and machines. At the 
same time as the female employees engage in the robotic welding system, they are 
excluded from the ordinary routines, which in turn serve to reinforce the male domination. 
Concurrently, the men are selective in their choices of technological equipment; to engage 
in for instance the robotic welding system is clearly seen as a loss in status as well as in 
professional skill. Whereas the men most often employ the stick welds (as outlined on 
page 101, Linda is the only woman who has obtained the welding licence that allows her 
to execute acts of stick welding) the operations of robotic welding system are regarded as 
a female task. The gendered utility of these tools subsequently conforms to a professional 
skill. The lack of the same is evident as Tobias asserts that it cannot be too difficult to 
push a few keys.  
 
Contemplating Mellström’s proposal, I suggest that communities of men and machines are 
not necessarily restricted to men in terms of the obvious users of technique. As have been 
delineated above, the association of men and machines might equally encompass an 
understanding of men in terms of machines. This is explicit in for instance Linda’s 
declaration that similar to men, the robotic welding system does not work without the 
explicit help from a woman, but equally relevant as Krister claims that the male welders 
(himself included) are robots. “Ville and I do not need any robot; we are robots”, he 
explains to me, while he pretends to be occupied with the work in front of an imaginary 
key board only to, as he mimics pre-programmed gestures, walk back and forth in the 
industrial hall with emulating stiff-like movements. “Weld there”, he orders himself 
whereupon he turns around, stares straight ahead, nods and docilely commences the 
imagined activity.  
 
Hence, scrutiny of the particular community of men and machines at Tuollavaara 
Transportation reveals an erratic association in which men neither unequivocally embrace 
technique nor are they assumed to be the obvious users of technical equipment. What is 
crucial instead is the mutual constitution of men and machines. The male dismissal of the 
robotic welding system equally brings forth an intimate bond with other devices such as 
the stick welds. Similarly, the resemblances between the assumed male incapability to act 
independently and the robotic welding system pinpoint affinities between men and 
machines. Anthropomorphizing as well as a male eagerness for technical devices are not 
straightforward processes; these activities often occur in various and inconsequent ways, 
which fosters an understanding of collaborations between human and nonhuman actors as 
volatile, changeable and highly complex.  
 
Allocation of traits 
Thus far, the welders’ recognition of the robotic welding system seems to change and 
transform rather quickly. During the spring of 2008, Olov, who is on sick-leave due to a 
minor accident, shows up at Tuollavaara Transportation. As stated previously, both Olov 
and Kajsa initially undertook the duty of being the robot operators. After the course held 
by IGM during the autumn of 2007 they were assigned the responsibility of running and 
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programming the robotic welding system. Nonetheless, according to Kajsa, Olov has 
shown no interest whatsoever in the robotic welding system, which also explains his 
absence during the initial phase of 2008. Moving with an obvious limp to his step, Olov 
enters the enclosed space where the robotic welding system is located, and approaches 
Kajsa. As if on cue, the distant wheezing sound from the welding head suddenly alters; the 
color appearing in the wake of the welded seam transforms from red-hot to shining white, 
pushing Kajsa to terminate the welding activities in order to prevent the melting joint from 
penetrating the sheet of metal. “Did you see that?” Olov exclaims, almost exultant, “it can 
sense my presence!” During a coffee break, Olov further delineates his aversion against 
operating the robot, exclaiming to the other welders; “do you think that I want to work 
with a machine that is mentally retarded; totally stupid? It does not even have a head and if 
it did, be sure I would have kicked it”. Allotting the robotic welding system particular 
characteristics, such as mental retardedness inevitably calls for specific human responses, 
i.e. physical punishments in terms of kicks. By this means, Olov verbally distances 
himself from the installation, punctuating his unwillingness to work with 
someone/something less skilled. Hence, as the robotic welding system turns into a non-
qualified co-worker, anger and frustration evolve accordingly, at least among the male 
welders.  
 
Alongside their positions as mothers, the female robot operators, or at least Kajsa, enjoy 
the role of an expert. As the technological change alters the routine production of iron-ore 
baskets, the rest of the workforce and representatives from the management are dependent 
on Kajsa’s experience; during the initial phase of my fieldwork, she is frequently 
consulted whenever disruptions connected to the robotic welding system occur. The 
problems shift from insufficiently produced beads, pores and inadequate settings to actual 
use of the control device. In order to meet the required deadlines, but also to manage 
dilemmas caused during the day she inevitably has to work late. Alternatively, she is 
consulted on her cell phone after work, and sometimes the calls insist on her leaving home 
in order to solve the imminent issues. This troubled position as the most experienced robot 
operator as well as being a woman might admittedly pose a threat to the assumed natural 
skills of the male welders.  Kajsa is however rendered harmless in that her role as an 
expert is preceded by the epithet ‘miss’ (often laced with a hint of irony among her male 
colleagues). This appellation turns her first and foremost into a woman, and as such she is 
already deviant. Further, associating her duties with acts of mothering serves to further 
demarcate her expertise. As illustrated in the following scene: 
 

Sven-Erik passes the enclosure, inquiring about the current situation. Olov’s grim 
face encompasses a striking response, whereupon Sven-Erik changes the tone of the 
question.  “Are things fine or just the usual crap?” he laughs. “Do you even have to 
ask”, Olov rhetorically mutters. “You ought to be positive”, Sven-Erik stresses, and 
offers yet more laughter. Olov smiles wryly while exclaiming, “everything works 
fine!” Bengt joins us, phrasing a similar question. “It hates me”, Olov harshly 
comments and continues, “and soon I will start to hate it right back”. During Olov’s 
muse he imploringly turns to Kajsa. She looks at him, “mummy will take care of 
this”, she offers sympathetically (extract from my field notes, 2008-02-18). 

 
Contemplating the above extract, it is unclear whether Kajsa considers herself to be the 
mother of the robotic welding system or Olov (and more generally of all men?). In as 
much as acts of anthropomorphization attain spatial consequences, they also serve to 
amplify the asymmetrical relation between the human and nonhuman actor. The robotic 
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welding system is not once and for all endowed with certain human-like features. Rather, 
allocation of particular traits hinge on contextual circumstances. Conveying the robotic 
welding system in terms of a child in need of a babysitter, a man incapable of undertaking 
any pursuits without female support, or a mentally retarded person who deserves to be 
beaten up or smashed into pieces, my informants implicitly hierarchize themselves as 
superior to the installation. Apparently, the fate of the latter depends entirely on human 
(good)will. The robotic welding system is thus an object of enclosure, repression and hate 
as well as pity, tenderness and laughter. These somewhat contradictory relations mirror 
very well the ambiguous relationship between human and machine. Distance as well as 
closeness is manifested geographically, in thoughts as well as in speech. Moreover, 
tendencies to anthropomorphize the robotic welding system reiterate and amplify the 
severed spaces of men and women.  

 
Technologization and de-technologization 
Despite their best intentions to proclaim themselves impervious to the arrival and 
deployment of the robotic welding system, the male welders are deeply affected by the 
new piece of technology. In as much as the robotic welding system is encountered, 
trivialized, neglected, negotiated and ultimately despised by the men, it is equally an 
object of continuous discussions, something that in turn affects the lines of gender 
segregation at Tuollavaara Transportation. As a result men and women are found in 
different positions, they inhabit different spatial domains and are directed and expected to 
pursue different undertakings. Saying this I adhere to Sommestad as she claims that there 
is nothing given or natural in the ways in which professional activities are deemed female 
or male (Sommestad, 1992, p. 256). Depending on the particularity of framing 
(geographical, historical and political), assignments are coded differently. In any case, 
gender-segregating practices are deployed and fortified by both men and women. During 
my fieldwork Kajsa frequently expresses her lack of interest in computing. “But does not 
the work as a robot operator by necessity require some interest for computing”, I inquire. 
Kajsa shakes her head. “I do not see any resemblances at all”, she asserts. Her statement 
explicitly counteracts Bengt’s thoughts. He stresses that he would have preferred if the 
management of Tuollavaara Transportation had recruited robot operators with documented 
skills in welding, but first and foremost with an interest in computing. “We [the 
management] should initially have engaged in trying to find someone who works with 
programming and computers”, he concedes, whereupon he continues, “surely, Kajsa can 
use the Internet and send e-mails as everybody else, but I do not think that she has any 
greater experiences within computing”.  Interestingly, the assignments pursued by Kajsa 
are de-technologized, at the same time as they (at least as opposed to welding as an 
approved handicraft) are technologized. 
 
The female welders of Tuollavaara Transportation are consequently met by, and allotted 
space in situated practices. They are further treated differently from the, seemingly 
naturalized, male members of the working force. At this stage, the initial aim of this study, 
to contemplate spatial diffusion of bodies in times of implementation, is imminently 
cracking; it is apparent how bodies are (always already) gendered, and subsequently 
inhabit certain settings, just as they are distinguished by their utility of certain instruments. 
Providing a spatial analysis of the different activities in the industrial hall, I nonetheless 
refute the somewhat deterministic notion of gender as a self-evident point of departure. 
Instead, I propose gendered belongings to be the very consequences of spatial orientation, 
something that is explicit as the robotic welding system arrives and is deployed. Acts of 
resistance and compliance refuse to boil down to a mere question of men and women, 
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workers and management, human and machine. Rather, they are the result of situated 
activities and organizational decrees. Resistance as well as compliance is equally enacted 
in loco in that they cannot be executed irrespectively, or outside of a particular spatial 
context. Therefore, orientation, navigation and occupation are at once incitements for, as 
well as disruptive of gendered orders.  
 
Summary of the arguments 
In this chapter, I have argued that manual welding practices and robotic pursuits constitute 
different shifts applicable to different forms of embodied performances. Attention has 
been directed to the gendered division of labor, acts of aversion and the ways in which 
manual welding practices and robotic welding practices are brought forth as essentially 
different. As has been shown, both men and women convey a variety of reasons for their 
engagement in, or alternatively, their dismissal of the robotic welding system. However 
diverse (and even contradictory), the plethora of responses assumes and contributes to 
fortifying gendered differences. Moreover, this chapter has explored acts of dismissal 
toward the robotic welding system in terms of equal dismissals of the competence of the 
female welders. In doing so, it has sought to make explicit the proclaimed bond between 
the female employees and the robotic welding system. Throughout, alliances between 
spatiality, artifacts and humans have also been an underlying theme.  
 
The following chapter picks up a discussion on the ways in which the embodied 
engagement of my informants brings forth a reconceptualization of the spatial organization 
of the industrial hall as well as the material assets of Tuollavaara Transportation. It 
especially investigates the daily boundary-making practices of the welders as well as the 
representatives of the management. In order to move beyond the gendered division of 
labor I stress the importance of acknowledging the spatial framework in which this 
separation is established and fortified. What is subsequently at stake is elucidating the 
technological change as affirmative of transformation as well as conservation. Bodies, I 
will argue, do not always behave according to their assigned gender. In times of 
technological change, new spatial patterns are explored and reversely come to affect the 
future development of embodiment as well as the piece of technology itself. 
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Spatial distribution of knowledge and information 
This chapter engages with the socio-material networks in which information is spread and 
negotiated. More specifically, it argues for the intimacy between information and 
embodiment, as stated by for instance Hayles (1999), to facilitate further scrutiny of the 
spatial diffusion of bodies at Tuollavaara Transportation. Taking seriously, the spatial 
embeddedness of allocation of information, what is at stake is to explore how the 
collective assignments of my informants are accompanied by a spatial location of bodies. 
As bodies diffuse, networks of information unfold accordingly. Saying this, distribution of 
information and knowledge is not evenly spread in the industrial hall; the spatial scarcity 
secludes some bodies to the benefit of others. In as much as successful physical 
distribution of knowledge facilitates some problem-solving activities it might concurrently 
dismiss others.   
 
As shown above, embodiment is mutually constitutive of instrumental utility as well as 
spatial inhabitation. The inherent distortedness, yet concurrent collapse of spatiality, 
artifacts and embodiment contributes to the ephemeral accumulations as well as discarded 
areas in the industrial hall, which clearly demonstrates the inherent distortedness of the 
networks currently at play. Yet another way of understanding the tilted system is to 
acknowledge the spatial production and distribution of knowledge and information. 
Blackler for instance, claims that the accumulated knowledge of an organization is not a 
given, nor a stable entity, but by necessity indeterminate and emergent (Blackler et al., 
2000, p. 279). Observing the daily activities in the industrial hall, this is evident. 
Knowledge and information are distributed and transformed through mental, social, 
external and technological representational states, but also in terms of written messages, 
symbols and codes. As information and knowledge are distributed, my informants are 
engaged in joint meaning-making practices; numbers and codes are not self-evident, but 
require continuous legitimization.  
 
Drawing on the work of Torsten Hägerstrand (1967) and his mapping of the spatial 
diffusion of innovations in the agrarian settings of Småland, Sweden, the joint meaning-
making practices of my informants equally provide a spatial distribution of information. 
Hägerstrand depicts the mutual constitution of embodiment and information; distribution 
of information, he argues, is a spatial process in that it is synonymous with the distribution 
of informed persons (Hägerstrand, 1967, p. 138f). Saying this, I am not suggesting the 
referred-to informed persons of Tuollavaara Transportation to diffuse evenly in the garage, 
nor do I contend that information is simply delivered and received in linear processes of 
enlightenment. As Hägerstrand shows, people from different social groups inhabit 
different spatial settings (Hägerstrand, 1967, p. 8f), which in turn affect the distribution of 
knowledge and information. Access to information is thus spread unevenly to and from the 
different groupings of Tuollavaara Transportation. For instance, the spatial occupation of 
the production team gives rise to particular kinds of knowledge at the same time as their 
foreign association with other spaces dissociates them from other types of information. 
Saying this, the human assemblages of Tuollavaara Transportation are far from static 
features; they constitute complex movements, simultaneously diffracting and converging. 
In doing so, marks are also left on the spatial setting within which they operate.  
 
Allocation of information – allocation of bodies 
Contemplating the complex networks in which information is spread and negotiated, I am 
equally supportive of Hägerstrand’s concluding remarks: trying to map distribution of 
information (that is informed people) is a most daunting task. It is impossible simply 
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because information in itself is impossible to map (Hägerstrand, 1967, p. 139). The 
patterns in which information is distributed are simultaneously comparable and disparate 
(Hägerstrand, 1967, p. 6), which in turn complicates any attempt to visualize them. 
Hägerstrand’s closing annotations, however dystrophic, clearly presents avenues for an 
extended analysis of the activities in the garage hall. Information processes, I argue, are far 
from linear arrangements. Rather, they occur simultaneously albeit not always in 
accordance with each other. What counts as information is not once and for all given, but 
subjected to continuous negotiations. Conveyed through embodied encounters and also 
silenced as bodies choose certain paths while neglecting others the spatial distribution of 
knowledge and information contributes to confrontations as well as reinforcements 
between members of Tuollavaara Transportation. The distribution of access to information 
is thus part of concurrent exclusion and inclusion, which in turn discourages some 
activities at the same time as it approves of others. This is evident when observing the 
embodied diffusion in the industrial hall in times of, for instance managerial visits. As 
information travels between the different stakeholders, managerial directions and 
knowledge attain a spatial dimension: 
 

Equipped with a folding ruler Daniel suddenly appears in the industrial hall. 
Purposefully he paves his way around the iron-ore baskets, criss-crosses between 
these items, the equipment and the members of the staff and stops abruptly in front 
of a vessel that is currently turned up side down. Even though the welders notice 
him they ignore his presence and continue with their activities. It would appear that 
Daniel merges into the same giant network as everybody else, simply doing his 
thing although his position as a managing director might affect the subsequent 
activities of the welders. After a while Daniel initiates a discussion with Mark, 
possibly regarding the newly pursued control of the vessels. Rickard follows in the 
aftermath. The three men (currently comprising an embodied density in front of the 
tilted vessel) talk for a while whereupon Håkan joins their discussion. Rickard 
leaves, Olov arrives and after a while the concern that initially was Daniel’s is 
turned into decrees and subsequently distributed among the welders; they all 
investigate the measurement of the baskets, compare the vessels with each other and 
contemplate the adjacent chasses. I observe how movements and gestures are 
distributed in the industrial hall, similar to, yet miles apart from mere wakes on the 
water. Hence, not only are tasks distributed, along with these undertakings bodies 
are spread and accumulated, much due to managerial directions (extract from my 
field notes, 2008-06-03). 

 
Adhering to the work of Hägerstrand, I claim that the very acceptance of the information 
given by Daniel is visualized by the co-workers in an initial acceptance area 
(Hägerstrand, 1967, p. 134), currently in conjunction to the iron-ore baskets, which also 
serves as a shared object for the common focus of the group. The ephemeral accumulation 
of bodies depicted above, however temporary, allows for the exchange of knowledge and 
information, and also provides the foundation for further deployment. Daniel’s 
conversation with Mark is fundamentally embodied, and as such it also attracts attention 
from the other welders. Hence, the increasing curiosity from the workforce (or whatever 
motivates the gradual accumulation) results in a temporary density of bodies and tools. 
This in turn enables meaning-making practices. Given individual irregularities the degree 
of  provisional  order,  as  the  one  depicted  above,  is  most  crucial  to  contemplate. The  
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accumulation of bodies is by no means in unison, nor do the ensuing activities spread 
evenly from the focal point (Fig. 31, Fig. 32, Fig. 33, Fig. 34, Fig. 35, Fig. 36, Fig. 37). As 
can be seen in the series of pictures on the previous page, gatherings as well as diverging 
practices occur in a sequential order in which each member of the temporal accumulation 
at once contributes to its construction and decomposition. Individual departures from the 
initial acceptance area do not necessarily occur in terms of a joint agreement, but might 
just as well suggest a collective dispersal. At the same time, the ephemeral constellation 
facilitates an exchange and/or distribution of information, which admittedly has served its 
purpose once diffusion takes place.  
 
Thus far, this section carries a saving closure in that scrutiny of recurring movements does 
not assume a slavish reproduction of the same pattern. As will be further elaborated below, 
the promises of movements lie in their unique ability to convey alternative manifests. 
Contemplating the above example, Mark, Richard, Håkan and Olov might admittedly 
diverge in similar ways, although the choice to remain, to accompany each other or to 
summon other bodies provides alternative enterprises. Hence, being part of a professional 
culture, the members of the workforce do not express similar experiences, nor do bodies 
conform to a homogeneous ensemble of movements. Rather, there is a need to 
acknowledge so-called potential movements (Hansen, 2006, p. 42). For every movement 
pursued, there is a range of potential movements never made. Hansen outlines the 
potential movements as the embodied ability to simultaneously relate to a series of 
possible situations; the body, he claims, must exist beyond its actuality (Hansen, 2006, p. 
42f). The ways in which bodies are enacted and put at play in the industrial hall is 
(however naturalized they might appear) but a few of the possible expressions available. 
Potential movements contribute to troubling hegemonic orders in the industrial hall; 
bodies do refute the assumed ubiquity of the normative orders by employing unfamiliar 
settings, failing to turn around and refusing to be portrayed in straight lines. Through the 
very notion of potential movements it is thus possible to “resist and confound socially 
prescriptive patterns of identification” (Muñoz, 1999, p. 28).  
 
Ephemeral accumulations  
Contemplating potential movements further allows for scrutiny of the ways in which 
bodies move and intersect in various patterns. Accumulations of bodies and artifacts are 
highly temporary; their concurrent converging and deviation might therefore complicate 
the establishment of an analytical framework. Drawing on the work of Goffman: 
“[e]ncounters are everywhere, but it is difficult to describe sociologically the stuff that 
they are made of” (Goffman, 1961, p. 19). Although in agreement with Goffman’s 
annotation, I still argue that embodied gatherings, however short-lived, bring forth an 
understanding of the situated activities and their joint objectives. Densities as well as 
sparsely populated areas suggest hierarchical arrangements in that bodies undertake 
certain assignments, are asked to pursue others, and are denied physical access to yet other 
obligations. The above occasion demonstrates a distribution of tasks and bodies to 
comprise the tilted network; as such it is at once emergent and determined on managerial 
decrees. As the welders diverge, information is displaced in more than a spatial sense; the 
variety of possible interpretations of what was said propels additional displacement on a 
discursive level. Contemplating the potential movements of my informants, every body is 
at once a repetition and a displacement of the joint meaning-making practice. As Gilles 
Deleuze (1994) asserts:  
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“When a body combines some of its own distinctive points with those of a wave, it 
espouses the principle of a repetition which is no longer that of the Same, but 
involves the Other – involves difference, from one wave and one gesture to another, 
and carries that difference through the repetitive space thereby constituted” 
(Deleuze, 1994, p. 23). 

 
Similar to the event delineated above, problem-solving activities and joint assignments are 
accompanied by a spatial location of bodies, which incorporate a differential repetition. 
The welders converge and depart, simultaneously part of the principles of repetition and 
their own distinctive features. This in turn affects spatial arrangements as well as the 
current objective. At the same time, as certain tasks are allotted to, or taken on by certain 
members of the force, bodies are dispersed and positioned according to designated 
assignments. Their mutual constitution equally proposes a slight mismatch; to be 
distributed within a space is different from distributing the space (Deleuze, 1994, p. 36). 
As Mark, Håkan, Richard and Olov act upon Daniel’s directions, their bodies are 
distributed in agreement with the allotted assignments. At the same time, their individual 
choices might sometimes outweigh the managerial decrees; leaving for lunch, completing 
their current tasks before starting anew or simply not aspiring to pursue the work given 
propels a slight delay or viscousness. According to Goffman, “the individual must be seen 
as someone who organizes his expressive situational behaviour in relation to situated 
activity roles, but that in doing this he uses whatever means are at hand to introduce a 
margin of freedom and manoeuvrability, of pointed disidentifications, between himself 
and the self virtually available for him in the situation” (Goffman, 1961, p. 132f, emphasis 
in original). Distribution in space consequently works in tandem with an active 
distribution of that very space. The embodied movements of my informants play a pivotal 
role in spatial division of labor where the enactment of certain undertakings allows for 
particular densities of bodies at the same time as it dismisses others. Due to the 
contemporary activity, bodies are gathered; they diverge and then reconvene, and in doing 
so they also develop in motley patterns. Moreover, arrangements of joint activities take 
place as both ‘bottom-up’ (initiated by members of the workforce) and as ‘top-down’ 
practices (launched through managerial decisions).  
 
Just as the workforce and the management are spatially divided in that they occupy 
different premises, they concurrently share others, which in turn require ongoing acts of 
negotiation. The spatial restrictions of the industrial hall certainly allow for particular 
ways of furnishing whilst dismissing others, but that does not equate to a determinist 
arrangement in which the workers slavishly reproduce the same pattern. In as much as 
space encumbers certain distributions of iron-ore baskets, welds, lockers, instruments and 
trucks, the material assets contribute to modifying the industrial hall, the storage rooms as 
well as the offices. Hence, every activity is a reproduction as well as a slight 
reconfiguration of the socio-material patterns that saturate Tuollavaara Transportation. 
The welds, tools, gables, sides and overhead cranes are neither randomly, nor evenly 
distributed in the spatial settings of Tuollavaara Transportation, but part and parcel of 
managerial decrees, verbal agreements and embodied preferences.  
 
Evolvement and joint practices  
Bearing the above occasion in mind, the distributed pattern of bodies hinges on, and partly 
determines the contemporary assignments, directions or intentions. These arrangements 
are equally beneficial in times of joint acts of trial and error between the welders 
themselves. As seen in the following extract: 
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In order to restore one of the carriages that are operated in the mineshafts, Svante, 
one of the welders who have the responsibility of renovating under ground 
carriages, dismantles the axles of the carriage currently under repair. However, 
some of the abraded parts have rusted, which render further demolishing impossible. 
Observing how Svante patiently tries different measures: compressed air drill, angle 
grinder and a sledgehammer, to loosen the rusty nuts and bolts that remain, Britta 
joins him. For a short while they perform joint activities while they discuss further 
actions. Alas, one screw refuses to budge despite all cajoling attempts. Britta leaves 
in order to find a bigger screwdriver at the same time as Olov and Henrik, yet 
another of the male employees, join Svante. Henrik too engages in the attempts to 
loosen the last bolt, but quickly gives up, reminded of his initial errand and asks if 
he can borrow the electric screwdriver. After a few tips and ideas of how to manage 
the current dilemma he returns to his own assignment. Olov follows in his wake and 
Svante, currently employing the screwdriver in combination with the 
sledgehammer, resumes his task. Simultaneously, Britta calls on his cell phone. 
During the phone exchange she is located in one of the adjacent industrial halls of 
LKAB, where she cannot seem to find the appropriate tool she went in search for, 
and for a while Svante engages in the discussion. The cell phone facilitates remote 
conversations; at the same time as Svante engages in dialogues with the assembled 
co-workers, he advises Britta where to search and who to ask for advice (extract 
from my field notes, 2008-12-01).    

 
The occasion above strikingly illustrates how problem-solving activities and distribution 
of tasks equate to spatial distribution of bodies. Seemingly haphazardly, the workers 
engage in emerging dilemmas: Britta temporarily leaves the back axle in order to find a 
sufficient instrument, Olov and Henrik approach Svante, but linger very briefly before 
continuing on their way. Johan ultimately joins the temporary density of bodies. He 
manages to loosen the screw just as Britta arrives with a large screwdriver. Distribution of 
bodies is correspondingly enacted and negotiated regardless of explicit order giving. 
Mediated by cell phones, the bodies of my informants inhabit the spatial settings of the 
industrial estate. This particular artifact allows for auditive interaction between Britta and 
Svante; problem-solving activities, as stated previously, augment, and correspondingly 
allow for complex pattern and mapping of realities. Trying to manage the dilemma with 
the rusty axle, a variety of settings collaborate. Svante remains stationary whereas Britta 
leaves for the larger screwdriver. Olov, Henrik and eventually Johan constitute temporary 
densities around the object under scrutiny. Their physical presence, and the fact that 
Svante also remains close to the axle, suggest the urgency of the issue.  
 
Despite the reiterated device to mind one’s own business, individual activities and 
collaborative work are far from separate. In fact, their relation exceeds a mere conflation, 
but unfold as mutually contingent. In order to work individually, a collective knowledge is 
required. The above example demonstrates how the attempts to loosen the screw of one of 
the axes are pursued single-handedly at the same time as a collective of surrounding 
workers supervise this single act. Although the task was initially assigned to Svante, it 
engages many of his colleagues and subsequently turns into a joint concern. The solutions 
and instruments brought forth are the results of his unsuccessful attempts to release the 
screw. When Johan eventually solves the dilemma, the temporary accumulation of bodies 
breaks up as the workers retreat to their previous pursuits. Svante and Johan exchange a 
few parting words, Britta leaves in order to return the untouched screwdriver, and Svante 
resumes his work.  
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Astute goods and acts of orchestration 
Observing the daily activities in the industrial hall and more specifically the occasions 
outlined above, it is clear how the agreed-upon arrangements evolve and acquire random 
features. Spatial diffusion of bodies does not simply equate to a single mass movement, 
nor is it possible to fully determine. Notwithstanding, its inherent volatility enables ad hoc 
solutions and trials. The above examples illustrate the relation between individual and 
collective activities as most ambiguous. Just as instrumental utility stipulates the 
inhabitation of the industrial hall, processes of spatial diffusion are hierarchically ordered 
in that the jointly enacted system gives preference to some artifacts while dismissing 
others. For instance, the common efforts to loosen the screw on one of the axles of the 
underground carriage equally approve or dismiss certain means and measures, which in 
turn affect the spatial diffusion of bodies.  
 
Following the daily activities in the industrial hall, it is obvious how certain ways of 
thinking are encouraged through the utility of tools. Put differently, the instruments that 
are available to my informants vastly influence the arrangements, and carry within 
themselves conditions for further measures. In as much as they enhance embodied 
capabilities they are equally restrictive toward some manoeuvres. The manual welds, for 
instance are equipped with wheels and handles, which allow the welders to transfer them 
between the stations, but their considerable weight as well as the lack of harnesses crudely 
discourages carrying. Subsequently, yielding a particular tool one concurrently discovers 
the very limits of its accessibility. Pursuits and behaviours are thus contingent on the 
instruments employed; as tools mediate the assignments they also contribute to moulding. 
As stated in the following example:  
 

After lunch, Britta spends several minutes searching for dental floss or a toothpick. 
The absence of these items however compels alternative solutions. “Use welding 
tread”, Linda ironically recommends, whereupon she laughs and proceeds, “… or 
you could use the grind” (extract from my field notes, 2009-01-27).  

 
Østerberg suggests that human bodies are positioned in a material world, in which the 
ability to act is constrained as well as encouraged by materiality itself (Østerberg, 1977, p. 
45). Power and materiality, he subsequently argues, co-exist as closely intertwined in that 
everyday practices are determined by materiality (Østerberg, 1977, p. 29). Recalling the 
joint engagement of the welders as well as the managerial decrees put forth by Daniel, I 
seek to further elaborate on Østerberg’s outline. In as much as artifacts are subjected to 
continuous meaning-making practices, their very astuteness is constitutive for, and 
mediated by the activities in the garage hall. Hence, the activities conducted in the 
industrial hall of Tuollavaara Transportation mutually serve to modify the instruments 
employed.  
 
In a similar vein, the accumulations of bodies that are coupled to spatial distribution of 
iron-ore baskets emerge as a result of some preferences rather than others. Orchestrated in 
tentative dialogues movements are preferably seen as enacted and reproduced as part of 
hierarchical and gendered orders. Spatial diffusion of bodies does not propel evenly 
populated areas, nor are these spheres static assemblages of bodies. Rather, the 
repetitiveness of walking, resting and working is what makes these patterns of movements 
emerge. These are equally fortified and reproduced through the body and eventually some 
movements appear to be naturalized. In turn, social reactions, in terms of approval, 
rejection and neglect, contribute to moulding embodied executions. Attending meetings 
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and discussions, my informants plan their work and divide the assignments between them 
at the same time as the daily assignments are far from meticulously planned. Rather, the 
division of labor approved of during meetings is many times subjected to change as my 
informants engage in ad hoc measures. These modifications in turn require continuous 
rearrangements of bodies. In as much as the provisional solutions disrupt the working 
procedure they are equally part of the collaborative activities. Put differently, in as much as 
solutions and problem-solving activities occur as a consequence of breakdowns and 
dilemmas, they are equally the result from earlier experiences in which the welders have 
encountered difficulties. Thus, the impracticality to fully foretell the problems before the 
actual breakdowns (although the latter are most likely to happen) requires situated 
practices of measures. Pre-established written guidelines on how to best manage failures 
and collapses are rarely spelled out loud, let alone written down. Instead, preventive 
measures are part of ad hoc activities; managing recurring returning dilemmas is developed 
and refined in situated practices, and these measures are also enabled by a variety of 
available tools. As such, emergent activities are by necessity embodied activities in which 
knowledge is shared, transferred and negotiated.  

 
Dissociation and diluted areas 
In view of the above discussion, I will go on to argue that information and knowledge are 
not simply distributed between the members of the workforce, but conditioned by the 
material assets and also actively part of the male welders’ dissociation from the robotic 
welding system. Before the arrival of the robotic welding system, the female welders 
occupied naturalized positions within the maintenance team (regardless of whether their 
actual pursuits included elements of production or maintenance). As hinted above, this 
dualism is somewhat troubled by the new assignments developed in conjunction with the 
robotic welding system. As these undertakings constitute something else (than the 
previous procedures) they do not easily adapt to traditional assumptions of division of 
labor, nor do they conform to a conventional distribution of knowledge and information. 
Interestingly, at the same time as activities introduced in conjunction with the robotic 
welding system are regarded as diverging from ordinary activities they also serve to 
reinforce established categories such as production and maintenance.  

 
Measures of trial and error and reparation connected to welding practices pursued by the 
robot are grudgingly accepted, if at all acknowledged, by the employees; no one wants to 
take on these assignments. Hence, rather than repairing dilemmas caused by the robotic 
welding system, be it flawed beads, insufficient pre-welds or end craters with pores, the 
welders commence assembling new work parts, which also have spatial effects in that 
baskets completed by the robot pile on top of each other in the industrial hall, apparently 
omitted, whereas human activities are gathered elsewhere. Britta explains the temporary 
accumulation to be the result of an unwillingness to repair the baskets that have been 
welded by the robot. “They [the other welders] are a bit grumpy; it is hard to reach and 
grind the parts in need of repair”, she explains, and continues, “the other day, three 
baskets were out there and no one wanted to repair them”. She sighs, and I do understand 
her concern. The (male) welders’ aversion toward the robot makes it difficult to integrate 
it into the ordinary production cycle as they simply refuse to repair the baskets produced 
by the robotic welding system. Britta inflicts the chain of thoughts as she reveals the 
hitherto missing link between choice of pursuit and spatial distribution of bodies. 
“Yesterday [despite the number of baskets in need of repair]”, she states, “Frida and Ville 
were busy working with the same basket; it does not work [for several people to attend to 
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one basket when other vessels are in insistent need of repair] if the production cycle is to 
run smoothly”. 
 
Contemplating the above example, the different pursuits appear to not only be 
interconnected, but also contentious and negotiated in situ. In as much as the gender orders 
suffuse, as well as conform to professional groupings (for instance, the production team 
and the maintenance team) they equally disrupt previous arrangements. The enclosure for 
the robotic welding system and the tables in the lunch room for instance, are not self-
evidently gendered, but rather allotted to, and featured according to the specific needs of 
men and women or alternatively, the members from the maintenance team and the 
members from the production team. At the same time, their assumed distinctiveness 
provides material constraints, which in turn serves to amplify as well as to thwart toward 
acts of social categorization.  
 
The workforce establishes and fortifies certain socio-material arrangements at the same 
time as they thwart others. These enterprises are not only embodied, but contingent on 
material assets such as tools, garments and assisting means. This intricate association will 
be further be outlined below. For now, I suggest that in order to render meaningful the 
collective practices and individual undertakings of my informants, they require frequent 
discussions and repetitive activities. Reiterating (some practices and not others) equally 
brings forth a particular occupation of space. As Ahmed has it, “[t]he work of repetition is 
not neutral work; it orients the body in some ways rather than others” (Ahmed, 2007, p. 
57). Transference of iron-ore baskets for example, motivates the bodies of my informants 
in certain directions whilst overtly hindering them from treading what is regarded as 
inappropriate areas. Similarly, Ville’s and Frida’s joint engagement with one of the iron-
ore baskets is equally a dismissal of the obligation to repair the particular vessel that the 
robotic welding system previously attended to. By this means, Britta’s preferences do not 
only counteract the inclinations of Ville and Frida, but assume a particular inhabitation of 
space, which falls at odds with the actual enterprises of her co-workers. 
 
Enactments of densities 
On page 49 and onwards I introduced the works of Østerberg and in particular his notion 
of the term density. Densities, he claims, are socio-material patterns of material and 
embodied accumulations; just as the material reinforces bodily expressions (Østerberg, 
1998, p. 97) bodies actively engage in relocation and reconfiguration of the material 
assets. In order to further embroider the above occasion I also draw on the discussion on 
page 96 in which I introduced Freedman (1975) and Bachelard (1994). Not only does the 
understanding of embodied accumulations pinpoint the spatial locatedness of assignments, 
it also reveals them as hierarchically ordered. Unwilling to undertake acts of reparations 
Ville and Frida simply directed their attention to another vessel. As they veered away from 
the baskets in need of repair, their joint orientedness concurrently came to involve the 
basket recently assembled by Juris. The particular density that emerged as a consequence 
thereof, I suggest, is both a materialization of their refusal to engage in acts of reparation 
and their current priorities; in as much as the enterprise clearly thwarted Britta’s 
preferences it confirmed the favoured assignments of Ville and Frida. Saying this, 
densities are constantly emerging and dissolving alongside upcoming assignments and the 
location of the iron-ore baskets. Embodied accumulations are thus contingent, not only on 
material arrangements, but also on the current pursuits.  
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It is important to note that the decipherment of densities implicitly draws attention to 
diluted areas. The spatial lopsidedness of the industrial hall is relational in that the 
accumulation of bodies brings forth relieved areas, i.e. spots freed from physical 
constraints and material assemblages. As no one wanted to pursue acts of reparation, let 
alone mend the baskets that previously had been welded by the robotic welding system, 
densities were created elsewhere. Just as acceptance of new ideas depends upon a critical 
few who lead and shape opinions at the local level (Gould & Törnqvist, 1971, p. 166), 
dismissals of the robotic welding system have spatial consequences in that the embodied 
rejection by a few (male) set the agenda for further judgments. Scrutiny of embodied acts 
of dismissal, as exemplified above, discloses spatial intervals as far from being empty 
voids. On the contrary, distance is pregnant with meaning-making activities. Ville’s and 
Frida’s refusal to associate with the robotic welding system clearly sets an example for the 
remaining workforce. Their dissociation equally creates an empty space, which contributes 
to reinforcing the repugnance brought forth in discussions and conversations.  

 
Spatial diffusions, however autonomous they might appear, are in fact indicative of the 
interdependence between two or more nodes. As the welders (choose to) leave the 
industrial estate or alternatively (have the prerogative to) remain stationary in the 
industrial hall they concurrently engage in meaning-making activities of these particular 
settings as well as their own professional position. Hägerstrand asserts that “distributions 
must always be seen in their entirety as spatial frequency distributions, where contiguous 
areas with higher values are contrasted to contiguous areas with lower values/…/” 
(Hägerstrand, 1967, p. 23f, emphasis in original). For example, Ville’s and Frida’s 
decision to tend to one iron-ore basket rather than the other brings forth an embodied 
accumulation, which in turn assigns a particular value to the premises in which this 
accumulation is found. In turn, meaning is ascribed to the diluted area as a consequence of 
the accumulation elsewhere. Saying this, I also find that that the venture to embark the 
company’s car is at once to engage in spatial meaning-making activities, in which some 
areas are abandoned for the benefit of others.  
 
Flexibility and stationary bodies 
Earlier I have argued for excluding practices to be embedded and materialized in everyday 
talk; in order for them to occur, it is pivotal to retain or create an assumed spatial 
segregation. The embodied dismissal of some vessels, for the benefits of others, facilitates 
the male rejection of the robotic welding system. Equally, physical placements during 
breaks and pauses are always intentional (although not necessarily consciously 
contemplated) in that they clearly distinguish the distance between the production team 
and the maintenance team as well as between manual welding activities and robotic 
pursuits. Borders, however arbitrary, are supposed to be kept, or disturbances are likely to 
occur. 
 
The spatial distribution of bodies, initially thought of as seemingly haphazard movements, 
gradually appear orchestrated. Although rotating between different pursuits, a few of the 
welders are to be found in close conjunction with some obligations to the opposition of 
others. As noted above, spatial mobility and adjustability appear as part and parcel of 
implicit hierarchies; immobile bodies declare solidity and strength whereas flexible bodies 
are forced to adapt to unexpected tasks. Observing Ville for instance, he appears rooted to 
one spot on the concrete floor of the industrial hall. Similar to the firmly anchored rotate 
positioner he limits his engagements to the immediate vicinities. This dormancy however 
requires adaptable, and less qualified, co-workers. Hence, Ville’s reputation as an 
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experienced welder allows him to enjoy a rather immobile position in the industrial hall. 
Moving around the vessel currently under construction without having to consider, nor 
facilitate imminent undertakings he constitutes a hub around which other activities orbit. 
In a similar vein, Mark remains predominantly at the station in which the final exam of the 
iron-ore basket is conducted. His stagnant position, in itself an affect of his position as a 
foreman, equally entitles him to direct the bodies of his colleagues. Observing a dialogue 
between Mark and Rickard this is evident. Inclining his head toward one of the iron-ore 
baskets Rickard inquiries whether this particular vessel is awaiting future reparations. 
Mark confirms and delegates the task to his colleague by stating; “I guess you are the one 
who is going to have to deal with that”. Rickard’s reaction, or rather his lack thereof 
comprises more than a mere approval of the command brought forth by Mark, it also 
implies that the flexibility on the part of some of the members of the workforce is taken 
for granted, where a touch of disrespect at least with regards to Rikard’s other duties in 
this particular case are not considered when more work is piled on. Parallel to this 
argument, the immobile bodies of a few (male) welders at Tuollavaara Transportation 
entail skill, experience and stalwartness. The assignment allotted to Rickard suggests that 
his position is a flexible resource while at the same time it enables Mark to remain 
stationary.  

 
The current system of activities at Tuollavaara Transportation seems to rotate around a 
few bodies, cast firmly in spot-like formations of the industrial hall. At the same time, the 
upcoming occurrences require an adaptable workforce; sudden deliveries of sides and 
gables, unexpected reparations, and temporary lack of spare parts require physical re-
arrangements. Saying this, the privilege to remain impervious to emergent occasions, 
and/or direct other bodies fall at odds with Pettersson’s outline in which she demonstrates 
how spatial mobility and work rotation are equated to male assignments and skilled work. 
As seen above, to stay (impervious to the sudden amounts of baskets in need of repair) 
reveals a spatial distortedness; the network tilts as some members of the workforce decide 
to remain stationary. Ultimately, this choice results in a required flexibility of other 
bodies.  
 
Interestingly, although the physical immobility outlined above is desirable, it is equally 
contingent on the current situation. Decisions to temporarily leave the industrial site for 
lunch, run short errands or visits to the suppliers suggest a physical mobility that exceeds 
the premises of Tuollavaara Transportation. Often applied ad hoc and also facilitated by 
the organization’s cars, the venture of leaving the premises is even more enticing as the 
management does not approve of the workforce leaving the industrial site during working 
hours. In order to obstruct ventures of ‘going-out’, certain decrees have been put forth; the 
workers are obliged to clock out before leaving the working site and only one person at a 
time is allowed to leave the premises. This however only seems to provoke calculatedly 
getaways. During the time of my fieldwork I am often presented with stories of successful 
escapes, in which the workers have not bothered to clock out (the act of clocking out, the 
welders recall, inevitably calls for time theft to management’s benefit), conjured up 
reasons for leaving the industrial site, hidden in the front seat of the car, and also been 
followed by, but eventually dodged representatives from the management. In as much as 
these occasions suggest the relationship between the employers and the management to be 
somewhat strained it also demonstrates the concurrent approval and dismissal of physical 
mobility. The rooted positions of my informants are subjected to other meaning-making 
practices than the bodies that choose to remain at the industrial site due to managerial 
prohibition. Contemplating Daniel’s summoning of some of the members of the 
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workforce, the joint efforts to dismantle the axle of one of the underground carriages and 
Ville’s and Frida’s refusal to engage in acts of reparation, the above situations exemplify 
acts of resistance. Dismissal of managerial verdicts, acts of trial and error or refusal to 
attend to the vessels produced by the robotic welding system are decisive for bodies to 
move or remain stationary. 
 
‘Stationed duty’ 
Bearing in mind what has been said above, stationary bodies are not always sought-after, 
nor are they exclusively sanctioned by others. Short-term escapades from the industrial 
site for instance, allow the members of the workforce to enact mobility, to the great 
nuisance of the management. In as much as the system of activities rotates around a few 
bodies it equally hinges on the flexibility of others. Mobility and immobility subsequently 
intersperse in capricious patterns, which brings forth embodied densities.  
 
Approval of a certain accumulation of bodies (in times of lunches, pauses and breaks) 
concurrently provides opportunities for the dismissal of stray bodies. As bodies are 
distributed in the industrial hall, they appear moulded and enacted in line with silently 
agreed-upon arrangements. Bodies are disciplined according to situated activities, but they 
also work in tandem with gendered expectations. Rarely conveyed and demonstrated 
explicitly the socio-material conventions contribute to moulding physical appearances. 
The question pinpointed by Young: how do women constitute their experienced world 
through their movement and orientation in places (Young, 2005, p. 9) is intriguing, which 
is why I have sought to focus on the actual movements as such. The spatial distribution of 
bodies allows the researcher to discern embodied movements as part of a collectively 
distributed cognition. This is evident when contemplating enactments of the common 
breaks and pauses. The importance to converge to these respites is explicitly stated by 
Mark and Rickard. A few minutes after twelve they can be seen handling their cups of 
coffee in their usual seats. However, the sound of welding activities is still on-going, and it 
is not restricted to the activities of the robotic welding system. Frida is still busy 
completing one of the iron-ore baskets, seemingly loathsome toward attend the gathering 
behind the final control station. Mark signs, grabs his cell phone and calls her. “It is 
fucking break! Quit working!” he exclaims. When Frida eventually joins the gathering, 
Rickard wryly comments on her late arrival, thus her inability to keep track of time. “Do 
we have to call you now”, he rhetorically inquires. Subsequently, not only are the 
employees spatially divided by high fences that encompass the robotic welding system, the 
activities of the latter dictate the robot operators to go beyond common breaks and pauses. 
Physical division, schedules and embodied demonstrations subsequently constitute subtle, 
yet pivotal aspects of the organizational activities. As Mark calls Frida on her cell phone, 
and explicitly directs her to stop working, they both contribute to amplifying the much-
cosseted distinction between breaks and working time. In the enhancement, this verdict 
contributes to disciplinary practices, not only of working routines, but also of the 
temporality of spatial occupation.  
 
As opposed to Frida, the robotic welding system does not respond to such things as 
common breaks and pauses. Occupation of a restricted domain might at first appear one-
sidedly repressive, but simultaneously it allows for diverging practices. As the operators 
have to adjust their schedule to the performances of the robot, breaks and pauses are 
subsequently scattered between different work facets, and force present bodies, absent 
bodies, oscillating bodies. As these (rather novel) practices diverge from the casual 
working rhythms it is no longer possible for the robot operators to attend the common 
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coffee breaks. Moments of rest and informal chats therefore occur at the same time as the 
arc welds of the robot draw impressive shadows on the wall. Barely discerned behind the 
high grids its wheezing sound disrupts the silence, something that creates irritation among 
the assembled welders. “What the hell!” Mark suddenly exclaims as he desperately 
struggles to decipher the vicinal dialogues. The traditional rhythm in which the breaks and 
pauses constitute daily signposts strongly coincides with the activities of the robotic 
welding system; the latter fosters novel ways of inhabiting the industrial hall at the same 
time as it also thwarts agreed-upon arrangements such as when to pause, when to eat and 
when to resume the assignments.  
 
As will be elaborated further below, the noise-making activities of the robotic welding 
system nonsensically grate, especially my male informants. Although spatially contingent 
in that it originates from a particular place, it exceeds the enclosure in which the robotic 
welding system is located; the high grids are inadequate toward staving off noise. At the 
same time, the frequent transportation of iron-ore baskets ridicules measures such as 
moving the robotic welding system to another building or simply constructing a sound-
proof partition. Put differently, as the robotic welding system constitutes part of the 
production cycle, the goal of diminishing the loud sound-level, for example through 
concrete walls, is obstructed.  
    
To recapitulate, in as much as acts of repulsion are verbally expressed, they claim spatial 
dimensions in that distribution of bodies and subsequent transferences of knowledge 
demarcate alternative practices. Segregation and repression occur on multileveled tiers 
simultaneously, something that is also envisaged in the Venn diagram on page 36: partly 
due to the robotic welding system (a certain artifact), partly due to the geographical 
demarcation (spatiality) and partly due to the assumed otherness of the female welders 
(including the particularity of embodiment). The female employees challenge assumptions 
that proclaim the profession as a welder to be manually conducted, and also exclusively 
pursued by men, but are equally secluded from what are considered as ordinary 
assignments.  

 
Seamless assumptions of tasks 
The spatial practices of Tuollavaara Transportation are indeed lived and acted upon 
directly before they are conceptualized. Upcoming transportations of iron-ore baskets are 
rarely discussed, but silently arranged and agreed-upon in situ. As Juris manages the 
overhead cranes with the help of the control device, his attention wags between the 
overhead crane, the levers and keys on the control device, the location of the other 
welders and the concurrent activities. A mere look or a short nod toward his co-workers 
might actually be sufficient to encourage certain measures (Fig. 38, Fig. 39, Fig. 40, Fig. 
41, Fig. 42, Fig. 43, Fig. 44, Fig. 45). The inhabitation of the industrial hall is thus a 
consequence of the particularity of embodied collaborations and instrumental utility. 
Ville and Mark, the sectional foreman arrange their movements according to the current 
position of the overhead crane; as Juris lowers the hook they approach the iron-ore basket 
that is the current object of their focus. Completing his task, Juris hands the control 
device to Mark as the latter is about to engage in the transference of another vessel. It is 
clear that Juris does not intend to assist Mark in the upcoming assignment. Instead, he 
commences the assemblance of a new iron-ore basket. Different pursuits are linked across 
a series of  occasions, as consequences without  actual cause. The transference of iron-ore 
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baskets for example, exceeds the mere act of moving the vessels from one spot to 
another, which makes it is impossible to determine exactly when one task is completed 
and another begins. Taking turns, my informants share the control device, move the 
manual welds and join temporary densities and shortly thereafter leave for other 
assignments. The swiftness transforms the different elements into an uninterrupted stream 
of activities; as I observe the recurring transferences of iron-ore baskets, the 
transportation of trap doors or the reception of sides and gables I realize their mutual 
interlacement. In as much as they comprise distinct acts they seamlessly assume each 
other, something that complicates the scrutiny on practices of inclusion and exclusion. 
However, recalling Kajsa’s comment on page 119: “when welding manually, the others 
assist each other but when I have a problem, no one helps me”, the seemingly 
straightforward procedures of the welders are in fact based on a blatant dismissal of 
others. 
 
Through situated practices, nods and gestures, but also verbal rebukes the welders are 
taught how to navigate accordingly. Production of knowledge thus adopts socio-material 
forms and emerges as tentative agreements and situated activities. As suggested above, 
the spatial settings of Tuollavaara Transportation are gendered in that they comprise 
domination and subordination. The reluctance to assist Kajsa is not verbally stated, but 
demonstrated through bodies, tools and occupation of space. Examination of the 
enterprises in the industrial hall shows how “bodies not only move in, but generate spaces 
produced by and through the movements” (Jaccuci & Wagner, 2005, p. 192). As Ahmed 
has it, “while furnishing spatial settings, these settings are at once furnishing you” 
(Ahmed, 2007, p. 167). Hence, discarding of the enclosure in which the robotic welding 
system is located is at once an approval of other spaces. 
 
Spatial distribution of working activities requires embodied collaborations and a 
coordinated workforce that is prepared to physically adjust their movements in accordance 
with contemporary arrangements. Not only are the different assignments allocated to 
certain areas of the industrial hall, relocation of bodies and movements follow in the wake 
of altered executions. For example, the instrumental differences in manual welding 
practices and robotic welding practices propel varying executions, which by necessity are 
embodied. At the same time, corporeality also alters and shifts this initial framework 
(Kozel, 2007, p. 139).  
 
As illustrated on the map of the industrial hall on page 83, densities are distributed mainly 
around the stationary iron-ore baskets, although they sometimes occur in conjunction with 
transportation of the same. Orientedness toward the same object allows for a greater 
physical intimacy; as the welders direct their attention to the vessels, they also approach 
each other, whereupon the physical proximity increases. Sack outlines that accumulations 
of bodies are culturally conditioned in that the sense of zones around the individual body 
define what constitutes a proper or comfortable distance for certain activities (Sack, 1980, 
p. 129). Drawing on the work of Sack, I argue that a sense of the zone is subjected to 
continuous change; as my informants jointly attend to the same item, the embodied 
proximity increases (Fig. 46, Fig. 47, Fig. 48, Fig. 49). The pictures below demonstrate 
how the mutual engagement concerns, not only the iron-ore baskets, but artifacts such as 
note pads, the control device and the safety arrangement outside the demarcated area in 
which the robotic welding system is located. The consistency for all of these is that they 
allow for an increased physical proximity. As the welders discuss upcoming dilemmas or 
investigate previous  activities the shared objects of interest turn into constants onto which 
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passing attention is directed. Although the embodied accumulations are ephemeral in that 
they continuously emerge and dissolve, the shared objects of interest comprise material 
traces of their existence. Bodies detain and accumulate in temporary assemblages at the 
same time as diverges emerge in their wake. They are however linked in their mutual 
engagement in (some) objects (and not others). Saying this, I am equally in agreement 
with Sack as he argues that “the entire system of interaction is/…/thought of as a spatially 
contiguous relationship” (Sack, 1980, p. 68). Observing the dialogues and discussions that 
occur in conjunction with the transference of the iron-ore baskets at Tuollavaara 
Transportation, coordination between the welders draws on their constant attention to the 
iron-ore basket that is currently in movement, as well as their immediate spatial vicinities. 
As the welders follow the vessel they also detect each other’s positions. Hence, 
transportation of the iron-ore baskets allows for distance and intimacy to occur 
simultaneously. For example: 
 

Kajsa, Ville and Rickard spot each other at the same time as they jointly direct the 
position of the iron-ore basket. Their mutual engagement oscillates between the 
overhead crane and its control device, the vessel as well as their respective locations 
at the same time as they observe embodied movements, spatial vicinities and the 
surrounding co-workers. The transportation of iron-ore baskets, however effortlessly 
enacted it may seem, is made possible through a spatial awareness of the different 
positions; as a silently conducted undertaking it requires a constant attention that 
exceeds any written direction of how to proceed (extract from my field notes, 2008-
12-01). 

 
Thus far, the reader is asked to contemplate densities as more than mere embodied 
assemblages; rather they are comprised of technological humans in that instruments and 
equipment establish and negotiate embodied intimacy. Spatially manifested, densities are 
correspondingly produced and enacted in emergent throngs of bodies and artifacts. As 
such they also enable the researcher to probe the boundary between human and machine as 
actually permeable. The assumed distinction of what is human and nonhuman is, as also 
shown below, not always clear-cut. 
 
Embodied modifications 
The bodies of the welders are constrained by the spatial settings of Tuollavaara 
Transportation. Embodied modifications are thus the effect of spatial alterations at the 
same time as the diverse obligations of Tuollavaara Transportation require different 
physical engagements, which in turn affect the embodied orientations; in as much as the 
members of the workforce are engaged in acts of dwelling some sites appear more suitable 
than others.  
 
In order to separate the industrial hall from the premises of LKAB’s car mechanics a 
corrugated wall of metal was raised in the beginning of 2008. This obstacle stands in 
disrupt the pathway between the industrial hall and the offices, at least initially. However, 
the lines, formerly drawn as habitual tracks in the industrial hall seem to have been 
forgotten by the year’s end. No one complains about the fact that they have to make a 
detour in order to reach the office of the management. Actually, the track is not even 
considered as a detour anymore. Novel movements are encouraged, or rather compelled, 
by the material assets as well as the spatial setting, but also through the managerial 
decisions brought forth. This in turn fosters slightly reconfigured actions of the welders. 
As bodies inhabit certain paths in accordance with discursive regulations they are part of 
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meaning-making activities as well as deciphered through the particularity of paths that 
they tread. On the flip side, the embodied executions affect the very understanding of the 
industrial hall. The joint activities of the welders contribute to drawing novel paths 
whereas others simply sink into oblivion, which in turn reveals a distorted network of 
embodied movements. In situated activities and face-to-face communication the 
interacting bodies tend to adapt to each other; as they converge, embodied performances 
affect the very notion of how to act accordingly. Contemplating bodies as part of a wider 
system in which cognition is distributed allows the researcher to probe ways in which 
movements augment and enlarge, but also how they influence other movements and 
manifests. The much-discussed corrugated sheets of metal are accepted and incorporated 
as part of an obvious passage. Human bodies have surrendered to certain material and 
spatial constraints, to the extent that the co-workers no longer regard them as constraints.  
 
Converged, almost streamlined (as if carefully orchestrated) the bodies of Åke, Göran, and 
Otto, three of the commuting robot engineers from IGM, and the female robot operators 
appear somewhat related. In order to sufficiently move forward on the top of the tilted 
iron-ore baskets, they all search for a low centre of gravity; bodies squat, move carefully 
and search for physical support by leaning toward the gables of the iron-ore baskets. Since 
the protective garments obstruct most traits of identification the joint activities tend to 
resemble each other; embodied movements converge in confusingly similar patterns. As a 
newcomer, I am verbally advised how to step and which details to hold on to, at the same 
time as my informants physically demonstrate their advice. Directions of how to proceed 
are thus silently carved into, developed and negotiated in joint activities. Although not 
always explicitly stated, the number of bodies constitutes additional sources of 
information. I eventually learn how to transport myself accordingly and manage to get by 
fairly well. As the embodied capabilities of the welders are constituted, restricted or 
enhanced in relation to the material assets artifacts, the utility of tools promotes affinities 
between embodied appearances; instruments contribute to casting activities in similar 
ways. Bodies converge into similar patterns at the same time as they carry individual 
traits. It is true that movements are translated and interpreted by single bodies, but these 
bodies are equally part of a collective behaviour that favour certain ways of interacting 
while dismissing others. Ahmed argues that to follow lines, walk-ways and invisible 
pathways is to be involved in different forms of social investment in that some tracks are 
more likely to be trod than others. Hence, employment of certain paths is concurrently a 
reproduction of the same; humans inevitably reproduce the lines that they follow (Ahmed, 
2007, p. 17). At the same time, the particularity of bodies and their respective location 
suffuse the paths with divergent meanings. Paths, Ahmed subsequently argues, are shaped 
by the directions taken by some bodies rather than others (Ahmed, 2007, p. 159).  
 
Ahmed’s account is equally useful as I observe the spatial diffusion of bodies in the 
industrial hall of Tuollavaara Transportation. Contemplating the reciprocity between the 
paths taken or neglected and the particularity of the bodies that inhabit them, I detect an 
emergent, yet spatially conditioned pattern of embodied movements. During the initial 
phase of my fieldwork, the distributed pattern of bodies in the industrial hall emerges as a 
multitude of erratic movements. The employees converge and depart seemingly at random, 
and the followed paths are seemingly illogical. However, I gradually discover the network 
to be both organized and logical, albeit far from predictable. Some movements are 
repetitive; these mould bodies at the same time as embodied movements contribute to 
reproduce certain pathways. Just as I have come to inhabit the walks of passages trod by 
Johan – carrying two plastic cups, one containing coffee, and the other containing hot 
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chocolate he leaves the coffee machine and heads for the lunch room – I can never fully 
predict his embodied ventures. He is likely to head straight for his destination, but the 
extent of material obstacles and assemblages of bodies sometimes force him to adopt 
novel pathways, to stop for a short conversation or to await one of his co-workers. 
Observing the recurring enterprise, I am however able to anticipate the final destination, i. 
e. the lunch room.  
    
Smooth collaborations and acts of resistance 
The employees of Tuollavaara Transportation form a large working pattern that conforms 
to a cohesive larger system at the same time as individual undertakings persist within the 
joint assignments. Frequent declarations asserting that each and every welder minds their 
own assignments, are materialized and reinforced by contemplating the protectors for the 
face and eyes. Even so, constrained by the limited view of the hoods, individual actions of 
the welders are inextricably part of a wider social setting. Linda and Håkan passionately 
discuss the uneven distribution of baskets in the industrial hall. Due to missing parts – 
normally the spare parts provided by one of the suppliers are delivered regularly – the 
welders are unable to complete the trolleys, which forces crowding and material re-
arrangements of the vessels. Fed up with the hopelessness with regards to following 
through with his assignments, Håkan petulantly refuses to engage in the joint measures 
that are undertaken to manage the uneven distribution of iron-ore trolleys by arguing that 
he does not intend to work until some of the baskets have been removed.  
 
Linda counters his argument with a reprimand and stresses the importance of working as 
part of a collaborative force. “You cannot just work like this!” To emphasise her point she 
adapts Håkan’s position holds her hands in front of her eyes, mimicking blinkers 
whereupon she smartly concludes, “as if you think you are alone”. Using the obvious lack 
of parts as the excuse not to pursue the assignment at hand, Håkan comes off as selfish, 
not a team player, similar perhaps to Ville and Frida. But unlike his co-workers, Håkan 
finds himself unable to engage with alternative pursuits; the obvious lack of parts renders 
him powerless to act. Linda’s outburst however succeeds in deflate his attempts at not 
helping the situation. As opposed to Ville and Frida, whose refusal admittedly serves to 
alter the spatial diffusion of vessels, Håkan’s proposition not to work at all (hence, to 
remain stationary) clearly counteracts the network-like production of iron-ore trolleys, and 
is subjected to outbursts from his female co-workers. Just as Mark strongly disapproves of 
Frida’s decision to complete the side of one of the iron-ore baskets before joining her 
colleagues, Håkan is in a similar vein strongly cajoled albeit for different reasons and 
under different circumstances to join help the team work. 

 
Densities are, as shown above, crucial in acts of resistance. Ville’s and Frida’s 
unwillingness to engage in acts of reparations facilitates an unexpected distribution of 
bodies, which encumber the production process of Tuollavaara Transportation. The 
dismissal of the vessel in need of repair forges an embodied accumulation elsewhere. 
Saying this, densities are not single-handedly enacted, but emerge both in the proximity 
between bodies and in the subsequent distance to others. Håkan’s declaration assumes a 
self-reliance, which is rampantly dismissed by Linda; the effective transferences of iron-
ore baskets require a collaborative workforce, or at least accumulations of bodies that 
engage in joint undertakings. Dislocations (of certain bodies) and dismissals (of certain 
assignments and arrangements) are consequently managed through acts of relocations (as 
stated above, Britta clearly disapproves of Ville’s and Frida’s choice to attend to a 
particular vessel rather than the other) and reappraisals (holding her hands in front of her 
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eyes as blinkers Linda conveys the importance of taking the surrounding activities into 
consideration). 
 
Space as a scarce and shared resource 
In the above sections, I have sketched a picture of two seemingly severed systems of 
knowledge distribution and their spatial consequences: as initiated by the management or 
launched by the workers themselves. In addition I have showed how the distribution of 
knowledge and information is paramount to the daily activities of the employees engaged 
in manual welding practices, but also to the robot operator and the commuting robot 
engineers. These procedures are however far from as clear-cut as might have been 
suggested, but coincide and collide in various patterns. In view of the above discussion, 
the following text goes on to argue that occupation of space is the result of complex 
diffusing patterns in which information and knowledge attain embodied shapes and 
intentions. The arrival of the robotic welding system alters the spatial settings of 
Tuollavaara Transportation, which in turn compels different routes to be taken, new 
surfaces to be trodden. Saying this, the reader might inquire whether it is at all possible to 
annotate the spatial consequences of a possible merge between the arrangements. 
Recalling Freedman’s study Crowding and behavior, the effects of crowdings and 
accumulations of bodies are complex configurations (Freedman, 1975, p. 73). Due to the 
current distribution of iron-ore baskets bodies are compelled to occupy certain areas in 
favour of others. A number of welders might attend simultaneously to the same vessel, 
thus sharing the particularity of space, and maybe even taking advantage of the temporary 
accumulation of bodies. Hence, spatial intimacy facilitates for instance the joint measures 
pursued in connection to the rusty axle. The ephemeral fixation of bodies allows for the 
distribution of knowledge; suggestions of alternative solutions are launched, adhered to 
and disregarded at a pace that would not have been possible otherwise. Hence, in as much 
as space constitutes a scarce recourse it is an equally shared recourse. Spatial scarcity 
forges practices of sharing space, which in turn allow for allocation of thoughts and ideas. 
Nonetheless, the embodied accumulations that are enacted in conjunction with the robotic 
welding system do not always run smoothly in parallel with other temporal fixations. In as 
much as the scarcity of space implies that it is to be a shared recourse, sharing space is not 
automatically approved of. For example: 
 

In order to investigate the consequences of the programming activities, the robot 
engineers and the robot operators sometimes pay a considerable amount of attention 
to the welded beads of the baskets recently unleashed from the rotate positioner. 
Göran, Mikael and Kajsa form a small gathering beside a vessel that is in an upside-
down position. Equipped with flashlights, they expose the beads, search for pores 
and deficient sections, while discussing among themselves. Knowledge is 
subsequently distributed in this situation; it attains a spatial dimension in the verbal 
exchange between my informants, and is also transferred to numbers and letters on 
white sheets of paper, at the same time as Ville, Rickard and Mark are busy 
repairing this particular vessel. Reaching the spot in which Göran, Mikael and Kajsa 
reside, they crudely carry on with their pursuits, circumnavigate and continue to 
work around Kajsa and the two robot engineers. The subsequent inhabitation of 
space resembles a rapid river that passes conspicuous rocks and cliffs in the middle 
of a furrow; it splits on both sides, but does not stop. Certainly, the embodied 
presence of Göran, Mikael and Kajsa disrupts the contemporary activities of the 
male welders, but the seemingly indifferent gestures of the latter merge and 
continue with undiminished force (extract from my field notes, 2008-08-19).   
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Irrespective of one’s current conditions, and despite the proposal to mind one’s own 
business, the different stations gain meaning, and are intelligible only as part of the 
encompassing production cycle. Without (distribution of) knowledge of upcoming 
elements or any understanding of the common objective of Tuollavaara Transportation, 
the work accomplished at for instance the assembly station appears illegible. As 
pinpointed above, assignments are by necessity part of (and decipherable merely as linked 
to) a wider system of activities. The spatial distribution of these assignments allows for 
visualization of their interconnectedness, but also their respective vulnerability. This 
destructiveness becomes explicit when contemplating activities as spatially contingent. 
Moreover, the reciprocity and mutual dependence are most explicit in times of disruptions. 
For example, the lack of spare parts affect, not only the work at the assembly station, but 
also the following elements. Similarly, absent chassis result in an accumulation of iron-ore 
baskets at the station where the final check is conducted. Emerging ruptures that at first 
sight appear to impact merely the immediate surroundings augment to concern the entire 
production cycle, and by this means it is rather difficult (if not impossible) for one to be 
exclusively confined to just their own assignments. This also obstructs any venture to 
adequately map the distribution of knowledge and information, and the coinciding 
evolvement of bodies. What can be said is that spatial dilution and accumulation occur 
simultaneously; as inextricably linked to particular diffusion patterns, they are partly 
spontaneous and partly decreed.  

 
Summary of the arguments 
The above text has proposed bodies to be part of a wider system in which information and 
knowledge are distributed. At the same time as the physical restrictions of the industrial 
hall propel certain manoeuvres processes of furnishing and re-furnishing have material 
consequences, which in turn affect the bodies at play. In as much as the industrial hall 
provides spatial constraints, it is enacted and negotiated in and through situated activities 
and movements, something that in turn cuts through the workforce. At this stage, the 
reader should be familiarized with the spatial code of Tuollavaara Transportation, and its 
implications for the daily undertakings of my informants. Elucidating the spatial code 
equally brings forth the complexity of crowdings and densities. In as much as the 
particularity of crowdings and densities are dependent on the spatial distribution of 
baskets, they are the consequences of discursive labelling practices. Hence, the spatial 
distribution of bodies, initially thought of as seemingly haphazard movements, is in fact 
meticulously orchestrated; different pursuits are linked in series of occasions as the 
welders orient themselves toward some objects whilst dismissing others. 
 
The ensuing chapter will offer a more in-depth analysis of the instrumental implications of 
mapping. As the robotic welding system arrives and is deployed, navigation through 
physical, digital and auditive settings propels novel ways of mapping practices. In turn, 
this allows for the assignments of the workforce to run smoothly. Meaning-making 
activities, I will argue, take place through mapping and joint acts of configuration. As 
such, the intimate collaborations between the welders and the instruments are not only 
restricted to manual welding activities, but are equally facilitative toward the daily 
undertakings of the robot operators.  



157 
 

Material implications 
Thus far, I have sketched a picture of the collaborative processes of Tuollavaara 
Transportation in which engagement in and dismissals of robotic welding practices are 
brought to the fore. Spatial diffusion, it has been argued, is clearly the effect of the current 
undertakings. Recalling the section Everyday use of artifacts on page 88f, I have equally 
sought to outline the material assets of Tuollavaara Transportation and the subsequent 
utility of working garments, instruments and the welds. In doing so the border between 
personal equipment and shared instruments is utterly ambiguous. This section engages 
more extensively with the association between the welders and their instruments. What is 
subsequently at stake is to open up for further exploration of the selective processes in 
which the welders employ certain tools in favour of others. Due to the technological shift, 
what is regarded as unmediated acts of manual welding are disrupted to the benefit of 
interceding artifacts such as computers and control devices. 
 
Tangled, intimate collaborations between human and nonhuman actors are not only to be 
understood in verbal expressions. As stated above, they are manifested and brought forth 
through bodily actions. Enjoyment of artifacts is explicitly manifested in embodied 
ventures; the set of pliers for instance, is used in a variety of ways that vastly exceed its 
original use. Similarly, ladders, wrenches and screwdrivers turn into obvious extensions of 
the workforce’s bodies, and ultimately this intermingling comes to renegotiate the border 
between the human body and the tool. These apparently immersed expressions are 
however not static; rather they can be seen as fluid conditions, which are easily disrupted. 
Pleasure in technology and embodied actions, are thus mutually produced and reproduced 
in collaboration with the volatile and capricious borders between human and machine. 
Previously, I outlined the close interaction between the robot operators and the robotic 
welding head. In doing so, I equally argued for the volatile collapse between human and 
machine. Hence, successful outcomes of programming, however abstract, require a 
physical navigation and an intimate intermingling between space, body and the artifacts 
employed. In turn, the current task of adjusting the torch accordingly, contributes to a 
specific combination of embodied positions, spatial settings and a particular set of 
equipment. Embodied interactions and joint practices at Tuollavaara Transportation 
support as well as circumscribe the individual manifests of the body. Use of (specific) 
tools and creation of (certain) densities help in revealing embodied limitations. The socio-
material settings of Tuollavaara Transportation are at once constraining and allowing the 
executions of the welders. Adhering to the work of Mike Michael (2006), just as 
techniques and products derive from certain embodied practices, bodies also tend to 
conform in particular ways, adjusting themselves to technological devices in order to 
express themselves successfully (Michael, 2006, p. 46f). 
 
In order to identify the heterogeneous network of actors Kozel employs the term material 
ambiguity (Kozel, 2007, p. 46). She claims that “[t]he experience of using technologies in 
close proximity with bodies is fundamentally ambiguous because it can go in many 
directions/…/” (Kozel, 2007, p. 46). The association is not simply given nor is it 
effortlessly pursued, but rather arbitrary and subjected to continuous negotiations. Kozel’s 
assertion equally provides a revivified understanding of how the particular arrangements 
of Tuollavaara Transportation encompass the welders as well as the material assets. Quite 
clearly the welds are private property at the same time as they usurp the potential space 
inhabited by each welder. Similar to the ways in which I equate my informants’ welds 
with their physical presence (page 89ff), Mark deciphers Andrej’s temper by a mere look 
at the grinded sides of the vessel (page 91f). In this case, the small explicit details point 



158 
 

toward an emotionally furious welder. The enterprise to carry certain tools in straps and 
pockets suggests an obvious, yet temporary association; repetitively, my informants 
interrupt activities in order to search for lost ear protectors, gloves, flashlights and sets of 
pliers. Just as the human use of technological devices and pieces of materiality transform 
the very instruments as such embodied collaborations with artifacts negotiate, and 
contribute to slightly alter, physical appearances. Intermingling practices including the 
welders and their instruments therefore materialize in rather unpredictable, and often 
contradictory, ways. Conveying a sense of control, depicted as a friend or as a companion, 
the employed equipment might simultaneously defy the workforce, delay or even preclude 
certain pursuits.  
 
The body of the worker – a sufficient instrument. 
As human bodies are constituted in reciprocal relations with artifacts the assumed 
uniqueness of the former – as clearly divergent from any external instrument – is 
troubled. Contemplating conversations, comments and jokes “[t]he formation of the body 
is treated as available for modification in the same way as any other artefact” (Dant, 
1999, p. 187). This is evident during one of the coffee breaks. The welders discuss their 
appointments with the local dentist and laughingly suggest that it should be possible to 
get Tuollavaara Transportation to pay for the dental examination if they offer as a way of 
explanation that their teeth, just as flux hammers, set of pliers and working clothes, are 
indeed ‘personal equipment’. Considering instruments as part of the professional 
appearance is clearly an act of internalization. At the same time, my informants claim, or 
would like to claim that their teeth can, and should be considered as tax-deductible 
(similar to any other) instruments. These declarations serve purposes of externalization. 
The parallel configurations of internalization and externalization are further made evident 
as Tobias, Johan, Olov and a temporary employee at Tuollavaara Transportation jointly 
ponder which tool they would like to come back as in their after-life. The skewer is of 
particular interest.  
 
The above examples depict the human body as, just like other instruments, a tool that 
facilitates smooth undertakings. Thus, just as artifacts are assumed to constitute part and 
parcel of embodied appearances, bodies as well as single body parts are instrumentalized. 
In her work, Kozel argues that through use of wearable technologies, bodies become sites 
of colonization as well as resistance (Kozel, 2007, p. 306). As technological devices 
saturate embodied appearances they usurp the subsequent activities at the same time as 
they challenge bodies to adapt to new directions. Knowledge, Kozel subsequently argues, 
is constructed through the engagement between bodies and machines (Kozel, 2007, p. 
11). Equally, the undertakings of the workforce of Tuollavaara Transportation reveal an 
ambiguous alliance of (hu)man machine that in turn gives rise to certain ways of 
interpreting and making sense of the world. The different assemblages of activities appear 
as a hotchpotch of voices, sliding in and out of each other, reinforcing as well as 
contrasting. A machine, a tool, a device or an artifact can cease to exist as such one time 
only to be brought back to its status as object another time. Observing the activities in the 
industrial hall I detect a motley pattern of excitement and devotion as well as distance and 
aversion. The production of iron-ore baskets reveals habitual, embodied ways of acting, 
and these executions are by necessity materially contingent. Bodies are seldom quiet and 
situated, or rather, occasions of situatedness and inactivity are charged with potential 
movements; lunches and breaks are spent on chairs and in venues that will inevitably be 
abandoned as soon as the clock strikes 08:15, 11:00 or 13:15. By this means, bodies 
materialize as flows of constant movements, which are associated with artifacts. 
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Depending on the current activities, the welders employ the spatial settings differently; 
hasty feet, always on their way, always moving, use the space extensively whereas 
watchful eyes quietly follow the overhead crane.  
    
Enactment of hybrid creatures and technological humans appear as a situated embodied 
practice rather than an organized run-through of the material assets currently at hand. 
Hansen stresses the interlacement and the degree of physical involvement as a measure of 
immersion (Hansen, 2006, p. 4). For example, just as the relation between the driver and 
the car is mutual in that they operate in reciprocal collaboration – the car acts as an 
extension of the driver or just as well the other way around – the car might actually cease 
to be a perceived device and instead become an extension with which the driver perceives 
(see for comparison Hansen, 2006; Balkmar & Joelsson, 2010).  
 
Pushing some buttons instead of others 
As shown above, new technologies bring forth novel ways to accomplish the on-going 
assignments. In as much as these are advancements of previous routines they fall at odds 
with their precursors; engaging in for instance acts of programming, the work pursued by 
the robot operators and the commuting robot engineers are rendered invisible. Saying this, 
the altered courses of action of Tuollavaara Transportation are also contingent on the 
robotic welding system, not only in terms of its utility, but also its spatial location as well 
as the design of the control device, the welding head and the engaged artifacts.  
 
Earlier I have argued that the capacity to handle instruments and equipment, assumed to be 
exclusively the prerogative of the welders who engage in manual welding practices, 
equally pervades the activities of the robot operators. This assertion goes against earlier 
studies, in which the female workforce within industrial settings customarily is allotted 
roles as operators (see for comparison Cockburn, 1985; Plant, 1993; Wikander, 2006). As 
such women are depicted as the ones who simply press buttons or keys, without any in-
depth knowledge of the mechanisms behind the machines they operate. Saying this, the 
reader might also recall Tobias’ comment: “it cannot be too difficult to push some 
buttons”. In as much as I find these accounts relevant, I call for a somewhat more complex 
picture. Operating the robotic welding system is not limited to pressing some buttons, but 
rather the process of which buttons to press is a selective one. As the robotic welding 
system requires human initiatives in order to pursue welding activities, the choice of 
which buttons to use and which to dismiss are made and revised during tryouts. Although 
the course held by IGM gave introductory (yet due to time restrictions, limited) guidelines 
of how to use the control device, the knowledge of selection has largely been attained 
through trial and error. The control device is not a self-evident medium, nor is it simply 
adopted by the robot operators in accordance with pre-established guidelines. Translating 
codes and coordinates into physical adjustments, and reversely, digital alterations due to 
physical deficiencies, require an extensive knowledge that also is also subject for 
continuous modification.  
 
Taught to use the joystick attached to the control device whenever repositioning the 
welding head, none of my informants is particularly fond of this function. The absence of 
level indicators enables smooth movements, but simultaneously, my informants 
experience difficulties in pursuing small adjustments with the help from the joystick. 
Subsequently, this function is abandoned for the benefit of the keys, engraved with ‘+’ and 
‘–’ on the control device. These buttons allow for a haptic response to the same 
adjustments; as the robot operators push the keys one at the time, the selected axis rises or 
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lowers in small steps, which also makes the welding head easier to control. Consequently, 
button-pushing is not an inherent pursuit that can be performed by anybody, rather the 
robot operators are active participants who creatively respond to the setting in which they 
find themselves. 
 
The dead man’s grip 
Not only are preferences for certain buttons and levers crucial to what is seen as an 
adequate use of the control devices, the outer appearance of these instruments is gradually 
transformed to suit the particular assignments of my informants. This happens in small 
steps and the results are sometimes barely discernable. Kajsa frequently comments on the 
clumsy design of the control device; its bulky outer casing makes it difficult to hold and 
operate at the same time. Safety regulations do not allow the robot operators to merely 
push the keys and make necessary adjustments; in order for the keyboard to work, an 
emergency button has to be held during every operation. The problem however, Kajsa 
explains, is that no one has the physical endurance to push the emergency button for 
several hours at the same time as necessary adjustments are made. The modifications 
require the robot operators to use both hands, but due to contemporary arrangements they 
are simultaneously obliged to press the emergency button in order for the installation to 
work.  
 
The robotic welding practices are contingent on frequent operations on the keyboard in 
which the robot operators are forced to use both hands and besides, hold the control device 
while programming or altering certain steps. The tricky position is managed by employing 
a plastic lid for bottles. This particular item is modified to suit the emergency button; the 
robot operators cut out small pieces of bed roll and fit these into the lid (Fig. 50, Fig. 51) 
whereupon they press down the button on the side of the control device by securing the 
plastic lid. In order to reinforce the arrangement, my informants sometimes make 
additional use of rubber bands. This venture is refereed to as dead man’s grip and keeps 
the emergency button compressed down, which subsequently allows the robot operators to 
continue the programming and operation of the robot. Hence, the plastic lid enables the 
robot operators to use both hands, the control device is held in place at the same time as it 
is possible for the individual worker to alter coordinates, initiate welding steps and move 
the torch (Fig. 52). Despite (or maybe because?) its simplicity the plastic lid is a crucial 
part of the executions of the robot operators, to that extent that starts and stops might be 
deferred so that the robot operators can search for this particular artifact. Contemplating 
the frequent use of, besides the reliance on the plastic lid, I find it surprising that it is 
neglected in the design process of the control device, something that has also struck Kajsa. 
She shakes her head and smiles, “nine million SEK16 [the price of the robotic welding 
system] and they [the producers] could not be bothered to enclose a button”. Discursive 
standards for safety regulations require certain technical constraints, but are equally 
incompatible with the actual use of the robotic welding system. Manually keeping the 
button compressed for more than a couple of minutes results in a muscle cramp. “Just 
imagine standing like this for eight hours”, Kajsa exclaims. 
  
To recapitulate, far from passively biding their time in cases of disruptions, the female 
robot operators (as also will be developed further below) constitute part of, engage in, and 
arrange complex chains of events in order to solve impending dilemmas. Instrumental 
utility is  therefore exceeding the mere linear interaction between human and machine, but  

                                                 
16 This equates to around 925 000 EURO or 1 186 000 USD. 
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equally involves individual practices and joint undertakings. To use the control device that 
is enclosed with the robotic welding system is at once to transform it and also articulate its 
meaning. Just as tools and instruments are employed in situ, they are parts of diachronic 
arrangements in that acts of modifications happen gradually. The robot operators 
collectively engage in the development of facilitative aids such as the plastic lid, i.e. the 
dead man’s grip. The dismissal of the joystick equally fosters alternative measures. In any 
case, the proposal brought forth by activity theory acknowledges activities as constantly 
transforming in line with the current objects. Engeström for instance claims that processes 
of innovative learning begin with individual subjects questioning the accepted practice and 
correspondingly, this develops into a collective movement (Engeström, 1999, p. 383). 
Objects, Engeström subsequently claims, are partly given and partly emergent; in as much 
as they are constructed by actors, they have histories and built-in affordances (Engeström 
& Blackler, 2005, p. 310). Observing how the gradual transformation of the control device 
as well as the desertion of certain keys for the benefit of others is enacted collectively, I 
adhere to Engeström’s outline. The workers of Tuollavaara Transportation constitute a 
powerful group; particular ways of employing tools and instruments are discursively 
prescribed (for economic reasons or due to safety regulations) by the management, but if 
the proclaimed methods are not regarded as useful amongst the workers, they are likely to 
disappear. In as much as change is initiated on an individual level, it is equally developed 
and fortified through collaborative efforts. 
 
Noise-making 
Noise-making activities contribute to moulding the profession of a welder. As such they 
facilitate the distribution of knowledge and information, and comprise yet another way in 
which the industrial hall is spatially divided. In as much as sound reverberates to suffuse a 
wider area than its point of origin it is spatially contained in that it derives from 
somewhere. Contemplating the transient sound level in the industrial hall, certain activities 
require additional equipment, which in turn amplifies the already high-pitched octaves. For 
instance, the sledgehammers, the grids and the tools managed by compressed air add to the 
noisy environment an additional racket. Still, even though my informants frequently yearn 
for peace and quiet, noise-making activities enable them to dramatize their own pursuits 
and offer a possibility to increase the value of routinized practices. Complaints about the 
others’ tendencies to initiate noisy activities at unsuitable occasions are rarely taken 
seriously, but rather received with an active laughter or a nod.  
 
Interestingly, whereas noise-making is connected to certain areas and certain pursuits, it is 
equally absent in others, which in turn reveals gendered implications. For example, noise-
making through the use of the hammers, the grinds and the compressed air driven flux 
hammers is most often executed in conjunction with manual welding activities. Incitements 
to noisemaking activities demonstrate activity and productivity as the welders’ call for 
attention at the end of breaks and pauses. I watch my informants resume their activities and 
listen to the sound of the air compressors. Sporadically, I hear the strokes of the 
sledgehammer as Juris adjusts the sides and the gables of the iron-ore baskets, someone 
switches on the grind and the pursuits carry on. This daily routine does not only propel a 
spatial re-arrangement, but encompasses an altered sound level, which in turn suggests a 
productive workforce. Put differently, daily exposure to the high-pitched octaves of, for 
instance the grids and the tools managed by compressed air, do not faze my informants 
work abilities, neither is the daily noise, critically regarded as hazardous. Although I listen 
to scattered dialogues in which my informants comment on the overall working conditions 
of Tuollavaara Transportation and the guidelines from the Swedish safety regulation 
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authority, noise-making activities concurrently occur as part of the organizational culture, 
that is at least some of them. Noises that stem from the activities of and around the robotic 
welding system on the other hand, are subjected to ambiguous responses. In as much as 
tendencies to exceed common breaks and pauses constitute a source of nuisance (as also 
stated on page 148), the silently pursued tasks of programming spur many of the male 
employees to actually question the efficiency of the robot operators.  
 
As opposed to the noisy activities outside the enclosure, obligations connected to the 
robotic welding system: pushing keys, investigating the newly welded beads and 
controlling movements of the welding head, are silently conducted tasks, taking place in an 
explicitly demarcated setting. Not only are the female welders confined out of ordinary 
routines, their quiet undertakings are expected, or anticipated especially because they are 
women. Because noise-making activities equate to productivity, many of the silently 
pursued assignments of the robot operators are not acknowledged as such, something that 
brings forth the gendered impacts of noise-making activities. This is evident as Kajsa 
explains the lack of sympathy among the welders who undertake manual welding 
practices:  

 
“I am occupied the entire day, writing and changing coordinates on top of the 
rotate positioner and people think that I just skulk around; I am sitting at the 
table, busy planning for upcoming programming and people assume that I am not 
doing anything. They do not understand what I am doing.”  

 
Utility of the control device, changing coordinates and detecting flaws in the welded beads 
do not equate to work, nor are they considered as welding. Yet, to adjust the position of the 
torch according to the contemporary assignment and subsequently transform these into 
algorithms with help from the control device constitutes one of the most difficult and time-
consuming tasks for the robot operators. Depending partly on the thickness of the material 
and partly on the sections to be welded, a range of factors need to be taken into 
consideration. Contemplating Kajsa’s employment of the control device, her movements 
clearly divert from what is considered as work. This particular undertaking does not 
require the same space as for instance performances of manual welding, nor does it equate 
to transference of iron-ore baskets in which the members of the workforce extensively 
occupy the industrial hall. Rather, as Kajsa oscillates between, and slightly alters the 
programming steps (in order to change the positions of the torch, she goes to the referred-
to digital library in which all the programming steps are stored and opens the current file), 
which is why inhabitation of space augments to concern digital manoeuvres. Nonetheless, 
observing the stationary robot operators, the subtle gestures stimulated from acts of 
programming add up to the very contrast expectant of the professional engagement.   
 
In her study, Fernandes acknowledges the gendered conceptions of work and space within 
the shop-floor of the jute mill in Calcutta. Women workers, she claims, tend to engage in 
less visible movement on the factory floor (Fernandes, 1997, p. 76). In as much as I find 
Fernandes’ statement intriguing, I suggest that the work of programming fashions 
alternative schemes, which in turn locate practices of dwelling elsewhere, i. e. in the 
digitally rendered space of the control device. Hence, although the physically immobile 
robot operators might appear to engage in less visible movements, the movements are not 
so much diminished as incorporated to and enacted in another spatial context.  
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In sum, the bodies of the welders are combined with, enhanced by and made intelligible 
through instrumental utility as well as through their concurrent engagement in multiple 
settings. At the same time, the association is gendered in that certain artifacts such as the 
parts connected to the robotic welding system are considered female property whereas 
others – the forklift truck and the overhead cranes – are mainly used by men. (Use of) 
certain tools seem to convey some of the main traits of being a man (or at least, some tools 
appear pivotal toward performing masculinity sufficiently). Judith Halberstam (1998) 
claims masculinity (she actually states the term in singular) to be prosthetic (Halberstam, 
1998, p. 3) in that it is demonstrated through gadgets and technical devices rather than 
through a biological maleness. Drawing on the work of Halberstam, I seek to slightly bend 
the statement. Adequate manifestations of gender are not pursued by random choices of 
instruments, far from it. As argued previously, the male workers of Tuollavaara 
Transportation are selective in their choices of technological equipment. In order to pass 
as a man or as a woman one has to select certain items at the same time as s/he rejects 
others. By this means, gender is (also) negotiated and enacted in processes of selecting the 
appropriate tool. Interestingly, the male dismissals of the robotic welding system clearly 
demonstrate (and indeed contribute to fortifying) what it means to be a man. In as much as 
masculinity is conveyed through the use of some tools, it is equally expressed through 
refusal of others.   
 
Traversal of the diverse settings 
Thus far, I have proposed the gender regime at Tuollavaara Transportation to comprise 
more than a mere utility of instruments. In fact processes of selecting some instruments 
and not others are paramount to the routine work of the welders, something that equally 
serves to amplify the deviant assignments of the female members of the workforce. In a 
similar vein, the industrial hall and its adjacent settings encompass a variety of gendered 
spaces; as women most often inhabit the enclosure in which the robotic welding system is 
located, that particular area is clearly gendered female. Entering the secluded area early 
one morning, Bengt addresses Britta and Linda as he bellows out, “Good morning hags”. 
Notwithstanding the obvious allocation of space – as Bengt greets the women in terms of 
their gendered belonging he equally presumes the absence of men in this particular site – 
the following text will argue that the spatial conditions for the different assignments are 
the result of continuous negotiations. The technological shift brings forth a change of 
locations, which in turn propels new routines. Recalling Kajsa’s efforts to alter the 
coordinates in accordance with the physical position of the robotic welding system, the 
joint dismissal of her effectiveness has spatial implications in that the occupation of 
certain sites demonstrates a readiness and affluence whereas dwelling in other venues spur 
contrary connotations. Hence, in as much as the spatial arrangements of Tuollavaara 
Transportation might appear to be liberated from excluding practices, at least in terms of 
written decrees, the demarcated area in which the robotic welding system is located 
effectively confines the women out of the referred-to ordinary activities. Every act that 
deviates from the routinized elements within manual welding is thus crudely rejected as a 
sign of effectiveness.  
 
Saying this, I ultimately seek to embroider more extensively the spatial settings of 
Tuollavaara Transportation. As stated previously, these are not restricted to its physical 
premises, but augment to concern digital and auditive settings. Technological equipment 
such as control devices, computers and mobile phones contribute to enhancing territorial 
behaviour, which in turn brings forth alternative movements. Although occupation of the 
multiple spaces of physical, digital and auditive realities fails to completely eliminate the 
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lines of gendered segregation, it equally jostles with conventional inhabitation of space. 
Bodies orient from, around and toward; they converge only to dissolve into emergent 
patterns, but primarily serve as junctures in that they map different tiers of reality onto 
each other. Facilitated by communication means, the members of the workforce do not 
only share information, receive advice and exchange knowledge, but effectively map and 
make intelligible the multiple tiers of reality. In light of the brief introduction above, the 
ensuing text demonstrates how transparency rather than symmetry is crucial in problem-
solving activities. Despite the occasional lack of physical proximity, something that 
particularly pervades the collaboration between the robot operators and the commuting 
robot engineers, the joint measures are de facto successfully executed and made 
intelligible, due to the embodied situatedness and the technologies available, which makes 
correspondences via e-mail, mobile phones or control devices utterly tangible.  
 
Transparency and wearable space 
Scrutiny of the implementation process brings forth opacity and transparency as temporary 
conditions; as the robot operators engage in the robotic welding system, they develop 
routines for how to best straddle digital, physical, and auditive settings, which in turn 
allow for smooth collaborations. This is especially relevant in times of collective problem-
solving activities. Recalling the discussion on page 126f, transparency is interesting to 
contemplate in relation to augmented reality; it relates to more than the smooth interplay 
between the human and nonhuman actor, but also serves facilitative toward activities that 
straddle physical, digital and auditive settings. As stated earlier, the environments of 
Tuollavaara Transportation vastly exceed the garage hall. The control device therefore 
constitutes a portable interface that allows for mapping practices between physical and 
digital settings. Cell phones are yet another example: they enable access to auditive sites. 
However, at the same time as mapping between realities occur, problem-solving activities 
become more and more complex and multifaceted. They might be interpreted as 
mechanical, electronic, digital or (more often) as a mixture of these different aspects. I 
mentioned earlier how mechanical dilemmas are measured manually, or more specifically, 
in physical interaction between the robot operators and the welding head, whereas 
electronic or digital problems require alternative measures. Spatial dilemmas, as for 
instance the difficulties involved in reaching the designated areas on the iron-ore baskets, 
can be managed and negotiated with assistance from physical movements and material 
assets, ladders and step-ladders as well as the use of the control device. The latter allows 
the robot operators to alter the angles on the tilted vessels. Similar to these activities is that 
they are all mediated by artifacts. Shovels, poles, cell phones or digital control devices 
serve to facilitate the different measures. Most of the dilemmas that occur in conjunction 
with the robotic welding system compel novel responses, which is why the robot operators 
(possibly to a larger extent than the manual welders) find themselves situated in a 
multitude of settings. As collaborative practices emerge the former traverse space: 
physical, digital as well as auditive.  
 
Problem solving activities further expand to concern a variety of spatial settings. Just as 
telecommunications augment the spatial notion of the working site (Massey, 1996, p. 
118) – physically situated in Lidköping, Umeå or Vienna, it is still possible for the robot 
engineers to collaborate with the personnel in Kiruna in order to manage emergent issues 
connected to the robotic welding system – digital settings become crucial for the 
personnel of Tuollavaara Transportation, as information storage devices, but first and 
foremost as enabling programming of the robotic welding system. Accessed through 
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portable interfaces such as mobile phones, computers and control devices the digital and 
the auditive space subsequently become wearable (Hansen, 2006, p. 175fff).  
 
Technologically enhanced interaction 
As stated above, the collaborative activities at Tuollavaara Transportation most often 
oscillate between, or straddle digital, physical, and auditive settings. During the spring of 
2008 Britta and Kajsa attend yet another course held by IGM in order to improve their 
skills in operating the robotic welding system. This time, the session takes place in 
Lidköping where the Swedish headquarters of IGM are located. Britta recalls how 
Andrejs temporarily replaced her during that particular time. “One day”, she tells me, and 
laughs, “he called me on my cell phone, exclaiming in panic, ‘everything is gone!’” 
Referring to the empty display on the control device, her stand-in was sure that he had 
accidentally erased all the programming steps when he interrupted the pre-programmed 
activities to conduct service. Fortunately, this was not the case. Britta explains that the 
digital settings allow for backups and also provide extensive storages of information, 
which is why an unintended erasure would not have caused severe damage. The example 
meritoriously demonstrates how the employees, rather effortlessly, employ a variety of 
settings in daily activities; telecommunications between the two operators, the (at the 
time being) physically inactive robotic welding system, and the digital coordinates (or 
rather the lack of the same) are intimately coupled, and also made intelligible in light of 
each other. Although Britta and Andrejs were geographically separated, the interaction 
was successful in that they both had a shared understanding of the physical conditions of 
the industrial hall as well as the robotic welding system and the design of the control 
device. 
 

The lunch break is over, and the welders habitually diverge to their different 
assignments. I accompany Britta as she paves her way to the enclosure, to discover 
a disrupted installation. The welding head silently looms above us, its frozen 
position suggests an unexpected termination. Initially searching for external causes 
– lack of gas, lack of water, lack of air – Britta passes on to investigate the vessel 
itself and possible traces of rust or dust as well as flaws in the pre-welded sections. 
She also considers whether the unprecedented halt might be a consequence of the 
adjacent human activities. The welders’ use of the overhead cranes might 
sometimes disrupt the activities of the robotic welding system; the physical 
closeness between the two installations fosters safety measures in order for them to 
avoid collision, which is why the robotic welding system ceases to work whenever 
the overhead crane approaches. However, as the latter is currently located far away 
from the welding head Britta continues to look for possible reasons for the 
interruptions. Using her cell phone, she calls Linda; both women left the enclosure 
at the same time, and Linda might therefore be able to detect the reason for the 
disruption. Alas, Britta does not receive any information, although Linda tries to 
help her. “Have you turned off the air”, she inquires. Britta’s negative response 
pushes her to call Åke. At the same time she continues to investigate the physical 
conditions while using the control device in order to locate previous steps. 
Smoothly traversing physical, digital and auditive settings, the dilemma is 
eventually resolved (extract from my field notes, 2008-11-05).  

 
The extract above reveals how joint measures are pursued despite the lack of physical 
proximity. What appears to be required in times of problem solving is a shared 
understanding of space rather than a collective presence in that very space. As Britta 



167 
 

engages in the physically inactive robotic welding system she initially considers 
mechanical, electronic, external as well as human reasons for the breakdown. In doing so, 
she obtains a multileveled understanding of the current state of the robotic welding system 
and is also able to respond negatively to Linda’s question.  
 
Charles Goodwin (2007) investigates how participants in conversations and joint activities 
arrange their bodies in relation to each other, the current structure of the environment as 
well as the instruments employed. As knowledge and information travel from one context 
to another, Goodwin argues, technological devices might amplify human perception in that 
they reveal aspects of the environment that otherwise would have been hidden (Goodwin, 
2007, p. 61). Drawing on the work of Goodwin, the mobile phones bring about the 
possibility of communicating a shared understanding of space; as Britta discusses the 
possible causes for the breakdown with Åke, they both navigate through the enclosure. 
The shared visualisation of the spatial conditions is enabled by the mobile phones; from 
his position in Lidköping, Åke guides Britta’s actions and simultaneously receives 
feedback from her. By this means they eventually manage to solve the dilemma. At the 
same time, none of them pays any attention to the ways in which their shared 
understanding of the current situation is engendered through the use of the mobile phones. 
Ironically, this also seems to be the very precondition for smooth configurations. In other 
words, the routinized utility of the mobile phones is in fact what enables a shared 
understanding of space.  
 
Asymmetrical mapping practices 
Thus far, I have envisaged the activities in the industrial hall in terms of network-like 
collaborations. Just as joint activities are the very preconditions for smooth work 
procedures, the refusal to engage in certain practices or the decision to remain stationary 
might serve to distort the entire system of production. As bodies turn toward some objects 
they concurrently turn their back on others. Of particular importance are acts of 
collaborations that do not only concern human and nonhuman actors, but are equally 
situated in (particular kinds of) space. The demarcated area in which the robotic welding 
system is located propels certain kinds of activities, which clearly divert from the 
established standards of manual welding activities. Hence, the particularity of space 
affects collaborative assignments and is also part of continuous acts of inclusion as well as 
exclusion. Saying this, the spatial structures of Tuollavaara Transportation are not 
restricted to the physical premises of the industrial hall and the offices. As the daily 
executions require telephones, mobile phones, control devices and computers occupation 
of space augments to accommodate auditive and/or digital settings.  
 
On page 46f I delineated the spatial intermingling in terms of augmented reality. Below, I 
seek to outline the term empirically and also pinpoint the affinities with the term mapping. 
As stated earlier, mapping and the subsequent processes of configuration between 
different tiers of reality are crucial in order to disclose the complexity of augmented 
reality. The ability to map two or more spatial settings onto each other brings forth acts of 
configuration; whenever the welders approach the overhead cranes, the welds or the 
robotic welding system, they do so through computers, mobile phones, written drawings 
or control devices. However, in order to map the sites accordingly and render them 
intelligible in light of each other continuous acts of configuration and reconfiguration are 
required. Of special note is the fact that successful mapping does not equate to 
symmetrical mapping, but rather the ability to configure and reconfigure the different tiers 
of reality in light of each other. In short, this study proposes mapping practices as 
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inevitably asymmetrical. Information gets lost, is added, neglected or displaced in joint 
processes. It is true that mapping conveys a sense of reciprocity and transparency – the 
transformed activities should be intelligible – but that does not equate different realties as 
symmetrical.  
 
Contemplating the transferences of the iron-ore baskets, what is endeavoured with the 
control devices is (partly) to release the workers from the physical exertion and to actually 
avoid heavy lifts as would have been the case if the enterprises were conducted in real life. 
Thus, I argue that mapping contains moments of disparateness; it is by necessity 
asymmetrical in that certain movements replace others. Asymmetry does not suggest 
complete detachment; a graph scribbled on a piece of paper might successfully translate 
into an earthly phenomenon at the same time as it clearly occupies another spatial setting. 
What is crucial in order to make the mapping successful is not so much symmetry as 
transparency. Drawing on the work of Hutchins, “solving a problem simply means 
representing it so as to make the solution transparent” (Hutchins, 1995, p. 117). In a 
similar vein, and as also shown above, Suchman proposes asymmetries to pervade human-
machine communication. As “persons and artifacts do not constitute each other in the 
same way/…/” the mutualities that emerge in interaction are not necessarily symmetric 
(Suchman, 2007, p. 269, emphasis in original). The accounts of Hutchins and Suchman are 
equally relevant as I engage with the daily mapping practices of my informants. The 
mapping works, not due to the symmetrical relation between different contexts, but 
because of the transparency. For instance, acts of raising and lowering the grids that 
demarcate the robotic welding system require pushing a specific set of keys that are placed 
on the inside of the enclosure, close to the one of the gates. Although it is found in 
connection to the adjustable grids, its design does not offer further information of how to 
pursue in order to regulate the grids. However, once the correspondence between the 
button and the result is established, the physical efforts that admittedly would be required 
to manually lift or lower the grids are replaced with acts of pushing keys. Not only are 
movements reduced in size, they concurrently comprise a displacement, which in turn is 
made intelligible in situated practices. In as much as the relation between the movements 
is arbitrary, it enables coherence and decipherment, something that is evident in the 
subsequent excerpt from my field notes: 
 

Acts of raising the adjustable grids do not require the capability to physically raise 
them. Rather, the result is attained through pushing a specific key, a movement that, 
at least initially, does not seem to correspond with the corporeal labor to lift the 
grids. Observing situated activities, it is nonetheless possible to detect affinities 
between the gestures, not due to obvious similarities, nor smooth merges, but due to 
practices of mapping. Raising the grids is subsequently transformed into pushing a 
key just as moving the joystick one centimetre equates to three decimetres of bead 
(extract from my field notes, 2008-10-13). 
 

Meaning-making – embodied elaboration 
The example above shows how the multiple spaces of Tuollavaara Transportation are 
deciphered and mapped onto each other as the welders raise or lower the grids of the 
enclosure. Similarly, the welders manage the robotic welding system and the overhead 
cranes by pushing keys, executions that clearly diverge from the physical efforts to 
manually transport the overhead cranes or change the position of the welding head. The 
ability to translate one kind of movement into another spans the act of pushing a particular 
key  and  the  actual  direction  of  the  overhead  cranes  or  the  robotic welding head. The  
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welders jointly translate certain symbols into particular movements, which in turn allows 
for navigations to proceed smoothly. Observing the daily use of the different control 
devices, I am equally engaged in the practices; my informants often give me the control 
device of the overhead cranes and verbally assist me as I try to navigate the bundle of 
chains, swinging arms and hooks across the industrial hall. Through a chart with 
explanations of the symbols, but mostly through acts of trial and error, I am taught how to 
translate the symbols on the control devices into a particular manoeuvre (Fig. 53). The 
symbols: , ,  and � are, at first sight, unintelligible. Instructed to direct the overhead 
crane to its designated position with the help of the control device I silently wonder how 

 actually corresponds with the direction to the right. The arbitrary correspondence 
between the control device and the physical movements makes it rather problematic to 
establish which direction is which. Scrutinizing the symbol does not give me enough 
instructions; I am unable to make the apparent connection between the representation of a 
particular physical phenomenon (in this case demonstrated by the symbol ) and the 
physical movement to a certain direction. Looking up at the overhead cranes, I suddenly 
visualise the same symbols as located on the control device, and instantly the codes 
become comprehensible (Fig. 54, Fig. 55, Fig. 56). 
 
In this particular case, mapping between the symbols on the control device, the symbols 
on the carriages of the overhead crane and the subsequent ‘control-enabled’ movements 
are successful. Indeed, , ,  and � might initially appear as symbols, but in order to 
understand their reciprocal influence these symbols also affect physical activities. The 
example above shows how a multitude of spaces co-exist and how mapping between these 
spaces occurs (Dix, 2005, p. 158). As such it relates to the work of Hutchins. Investigating 
the work of navigators and their attempts to establish a coherent set of correspondences 
between what is visible in the world and what is depicted on a chart Hutchins claims that 
symbols always have some physical realization (Hutchins, 1995, p. 131). A representation 
cannot be discerned as a simple reflection of its referent; rather it presents a diffracted 
picture, which equally dismisses it as a mere stand in for any absent reality. As 
exemplified by Hutchins, the navigation chart on the ship does not only provide a 
representation of the spatial surroundings, it equally embodies generations of experience 
and measurement (Hutchins, 1995, p. 111). Drawing on the work of Hutchins, the means 
that are employed by my informants: computers, mobile phones, written drawings or 
control devices, propel physical activities undertaken by individuals manipulating actual 
objects rather than pursuing work on a symbolic level. Just as these activities are 
negotiated in situ they require embodied skills. 
 
Kinestics 
Thus far, embodiment constitutes a crucial part in practices of mapping. The 
correspondence between for instance a particular symbol and a physical enterprise is not 
self-evident, but rendered meaningful as certain movements sufficiently replace others. 
Saying this, I tend to disagree with the notion held by my informants that robotization of 
welding activities obstruct the sense of craftsmanship. Rather, the above arguments have 
showed how the robot operators develop tacit skills in how to best manage (and master) 
recurring dilemmas connected to the installation. Employing a variety of senses, they learn 
how to discover impending dilemmas and possible ruptures caused by associations with 
the robotic welding system, enterprises that extend beyond mere instrumental skills. Far 
from passively biding their time in times of disruptions, they engage in a variety of 
problem-solving activities: physical, digital and auditive. The relationship between robot 
operator and the installation is highly active as well as interactive. Implicitly, these 
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measures suggest a greater tolerance toward sudden disruptions, inexplicable ventures and 
insufficient beads, and in the enhancement, indulgence with the robotic welding system as 
such. “It [the robotic welding system] is just a bit reluctant”, I am told after several failed 
attempts to initiate the first step from the control device. “After a couple of keystrokes it 
[the robotic welding system] will work”. Measures and preventive activities such as 
cleaning and refilling the water, gas or wire turn into habitual performances; when 
problems occur – still in the beginning of 2009 they do – the robot operators have 
internalized and routinized certain measures. As shown in the example below: 
 

Britta follows the current whims of the welding head and orders me to initiate the 
upcoming working element from the control device. “Just push the yellow button, 
and then stop and start”, she instructs whereupon she resumes her close scrutiny of 
the newly welded bead. Second-guessing my self, I slowly pave my way to the gate 
where the control device is currently located. From behind, I hear Britta: “push the 
yellow button, then stop and start, and if it [the robot] doesn’t commence, just keep 
on repeating it.” “The yellow button, stop and then start”, I parrot, attempting to 
reassure my self. Eventually the robotic welding system commences to weld 
accordingly. “It has gone slightly mad; you just need to press the button [of the 
control device] for a couple of seconds”. Linda joins, as I perform the taught chain 
of keystrokes. And to my great surprise, the repetitive measures prove sufficient; 
there are no more messages on the display informing of a failed weld. I inquire the 
reasons for this recurring breakdown, whereupon Britta shakes her head. “I do not 
know”, she confirms, “but after a couple of times it usually works” (extract from my 
field notes, 2009-02-04).  

 
Hence, successful incorporation of new technology is not equated to elimination of errors, 
but rather to the socio-material distribution of knowledge of how to manage the new 
equipment. The above situation is by no means exceptional; rather it demonstrates the 
habitualized methods through which the robot operators gradually come to encounter 
breakdowns and disruptions. Various senses are employed by my informants who not only 
listen, but observe for small details that help them foresee and forestall any upcoming 
dilemmas. For example, if one welds too slowly, the heat might cause cavities right 
through the four millimetre thick sheets of metal. In order to prevent mistakes like these, it 
is possible to observe the color of the newly welded beads. As the robotic welding head 
welds, the robot operators can follow the process from the other side of the metal sheets, 
where the melted beads are seen as red lines. If these strokes turn from red to white, the 
risk of burning through the material is imminent. This signal subsequently calls for 
immediate counter measures. Interpreted in terms of gradual color changes, the subtle 
border between light reddish and the white color is impossible to detect with professional 
tools and meters. Rather, a trained-eye for these colors and their implications is required. 
The professional vision through which the robot operators interpret the colors of the 
welded beads is not merely practical, but in fact crucial in the work of a robot operator. 
Without the visual perception and the knowledge of what the changing colors imply, the 
torch would easily burn through the sheets. In addition, incorporating the even sound of 
the active robotic welding system allows my informants to detect possible flaws by 
listening to unusual sounds in the resonance. Sudden bangs, small snaps and altered 
sounds communicate an imminent action; the robot operators make their decisions solely 
based upon the altering sound octaves. Relying on other senses than the mere visual allows 
the robot operators to augment their physical presence outside the enclosure. Even without 
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looking at the on-going work, they are still able to determine what is happening, simply by 
listening. 

 
Drawing on the work of Suchman and her account of Rachel Prentice’s (2005) 
ethnographic interviews with surgeons engaged in so-called keyhole surgery, the 
technologically mediated activities of the robot operators do not equate to alienation. 
Rather the technological shift brings forth an initial disorientation (as will be further 
elaborated below), which is managed through acts of error and trial. Similar to the shifting 
focus of the surgeons: from the site of the patient’s body to the monitor, the welders 
engaged in the robotic welding system gradually come to incorporate mediating 
technologies such as the computers and the control device. Saying this, I am in agreement 
with Suchman’s conclusion: “questions of alignment or dislocation, relation or alienation, 
are not immanent in human-machine boundaries or even, a priori, in particular human-
machine configuration [but] effects lived and experienced within multifaceted subject-
object assemblages” (Suchman, 2007, p. 266). As part of development of embodied 
knowledge, the robot operators develop skills in how to interpret the activities of the 
robotic welding system from afar. Hence, human control and supervision gradually come 
to pervade most of the executions connected to the robotic welding system. This propels a 
renegotiation of spatial settings, which suggests the distance and proximity between the 
welders and the technological equipment to be inferred into the activities currently at 
hand. As expressed by Kajsa, “when it [the robotic welding system] welds the gables, I 
can go to the loo, then it is not a problem”. Recalling the study of Pettersson, the spatial 
oscillation between distance and proximity is subjected to change as new technology 
arrives and is deployed. Contrary to their anticipations, Pettersson’s female informants 
who work with the surface mounting machine experience spatial immobility as this device 
requires human presence in case of emerging problems. Interestingly, the male operators 
do not express the feelings of immobility and a forced intimacy. Rather, they turn the 
machine off every time they leave its vicinity (Pettersson, 1996, p. 83f), something that 
equally adds a gendered dimension to spatial fluctuation.      
 
Depending on the task at hand, the robot operators work in close conjunction with the 
robotic welding head while they pursue other duties from a distance. The control device 
allows for remote measures; what is required is to push the start button on the control 
device. I watch as Britta uses the control device in order to initiate the first step of the 
robotic welding system. Standing at the entrance of the enclosure, she subsequently closes 
the gate and states that in ten hours, the robotic welding system will have welded the iron-
ore basket. As argued previously, human control brings forth the relation between human 
and machine as asymmetrical. Through utility of the control device the robot operators are 
able to manage the robotic welding system in that they direct explicitly direct its upcoming 
activities. However, far from being a simple case of exercises and practice sessions, 
control is under constant negotiation; pre-programmed algorithms and written checklists 
do not always correspond with situated activities, something that equally proves the erratic 
acts of mapping and configuration. 
 
As the robotic welding system is incorporated into the ordinary production cycle the robot 
operators are to a lesser extent engaged in direct interferences in terms of close scrutiny of 
the torch or physical adjustments of the welding head. However, Kajsa explains that she 
tries to stay in the immediate surroundings of the enclosure whenever the robotic welding 
system welds. “By this means, it does not get the time to carry out any prank” she 
clarifies. To spend time close to the installation, albeit not in the immediate field of vision 
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(remember the welders’ ability to hear and see upcoming dilemmas) enables Kajsa to 
detect and prevent problems from a distance. “I have spent some time at the office copying 
papers at the same time as the robot has been busy welding down here”, she explains one 
day, “but it feels like… do I dare [leave the robot without supervision]”. Unable to fully 
predict the activities of the robotic welding system, Kajsa’s absence might be considered 
as somewhat reckless (not least by herself), but arguing for the importance of ‘leaving the 
robot’, she simultaneously expresses that she is never far from the installation. “I position 
myself so that I can hear it [the robotic welding system]”, she clarifies.  
 
Nascent collaborations  
The arrival of the robotic welding system propels alternative practices, which challenge 
former ways of collaborating. Practices are not divorced from objectives, and as such the 
altered routines are at once the consequence of, and the condition for technological 
change. As a response to the altered arrangements, the welders engaged in manual welding 
practices tend to exclude the robot operators; the lack of communication of knowledge and 
information, spatial seclusion as well as gendered configurations based on men’s and 
women’s assumed differences are all at play in order to amplify these excluding practices. 
Whereas the workforce occupied with manual welding practices unassumedly assist each 
other in different manoeuvres, the robot operators are seldom offered any assistance. At 
the same time, and as has also been shown, the robotic welding system does constitute a 
recurring topic among the welders engaged in manual welding practices; ruptures in what 
first might appear to concern exclusively for the robotic welding system affects the entire 
production cycle of Tuollavaara Transportation, and clearly exceeds its physical premises. 
This is evident in the ensuing example: 
 

Out of the blue, the robotic welding system stops working. The welding head has 
barely passed the mid-section of the top girder, on its steady journey toward the end 
of the side. Kajsa looks at me, possibly seeking answers, as she wrinkles her 
forehead. “What just happened”, she asks. As she approaches the welding head, she 
calls one of the representatives from IGM. Together they try to solve the problem. 
The geographical gap between Kajsa and the representative from IGM is obliterated 
through utility of the mobile phone, which in itself provides an auditive setting. 
Frequent contacts are launched and developed through this particular medium; 
despite geographical distance, the social network of the robot operators and the 
robot engineers are negotiated and maintained. The welders’ use of their mobile 
phones is not only restricted to impending problems and dilemmas to be solved. I 
regularly witness correspondences between the robot operators and the robot 
engineers that have very little to do with work related issues. Performing a balance 
act on top of one of the ladders at the same time as she alternates between the 
coordinates displayed on the control device and the torch, Kajsa engages in a 
dialogue with the representative from IGM; her technologically enhanced body 
suddenly constitutes the intersection at which physical and auditive realities 
converge. The physical access to tools, mediums and the robotic welding system as 
well as the auditive correspondence with the representative from IGM enables Kajsa 
to successfully manage the dilemma (extract from my field notes, 2008-04-07).  

 
Similar to the occurrence in which the welders jointly engaged in dismantling the axles of 
one of the under ground carriages the collective enterprise of the robot operators requires 
an adequate allocation of knowledge in order to be rendered intelligible. Put differently, a 
successful physical distribution of knowledge facilitates problem-solving activities; as the 
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robot operators employ the surroundings (physical, digital and auditive) to support 
cognitive processing, dilemmas are measured accordingly. Not only are solutions and 
problem solving activities situated and tentatively enacted, they are also jointly pursued.  
Drawing on the work of Christer Garbis (2002), the tasks performed are almost always 
outside the realm of the single individual. What is important is to instead create a shared 
understanding of the situation at hand (Garbis, 2002, p. 23, 28). The following extract of 
my field notes exemplifies this point: 
 

I enter the robot station only to find Kajsa, Britta and Andrejs toiling with the 
mouthpiece of the robotic welding head. The mechanism that feeds the wire forward 
does not function properly, and as a consequence, no wire reaches the torch. While 
Kajsa feeds new wire in the hose, Andrejs operates the control device and Britta 
attends to the welding head in order to detect the moment the wire appears (Fig. 57, 
Fig. 58). In cooperative processes – enacted in order to solve problems and find 
solutions – the employees both employ a variety of artifacts and concurrently 
customize the devices available. If their respective actions are secluded from each 
other, what Andrejs, Britta and Kajsa are doing might not make much sense. Britta’s 
undivided attention toward the welding head for example, does not single-handedly 
provide any solution to the dilemma. In fact, isolated from the enterprises of Andrejs 
and Kajsa, her action does not make sense at all. Only as parts of a larger chain of 
activities can the action be rendered meaningful (extract from my field notes, 2008-
10-15). 

 
The robotic welding system is concretized and rendered intelligible through actual use, 
which is why the dilemmas that occur in conjunction with its executions are potential 
learning curves. The robot operators’ ability to draw on previous experiences in times of
disruptions contributes to additional knowledge about the very working-ness of the robotic 
welding system. Contemplating the extract above, the dilemma is not only solved in 
collaborating practices between team members, but is equally in the interaction between 
the welders and the robotic welding system as well as the additional equipment. As 
individual efforts turn into collective practices – systems of meaning-making activities 
seem to thrive in the presence of the multitude – a variety of artifacts is envisaged and 
utilized accordingly, but also dismissed in joint activities of trial and error. Recalling the 
work of Hutchins, a variety of thinking is required in order to perform daily undertakings 
(Hutchins, 1995, p. 5). Cognition, Hutchins subsequently claims, is socially distributed 
and also a fundamentally cultural process (Hutchins, 1995, p. xii, 128, 374). Seeking to 
elaborate on Hutchins’ statement, I equally suggest that there is inextricably an association 
between cognition and embodiment. Not only is cognition socially distributed, but (as also 
suggested earlier) enabled primarily through the embodied occupation of space. For 
instance, as the robot operators engage of programming or in joint measures they straddle 
as well as oscillate between the multiple tiers of reality. At the same time as these 
practices seem self-evident, their very subtleness hinges on transparency. In a similar vein, 
Suchman proposes intentionality to comprise “a field of socially and materially mediated 
relations within which persons act” (Suchman, 2007, p. 256). The welders jointly attend to 
the mouthpiece of the robotic welding system, and the current intention materializes 
accordingly. 
 
Spatial repositioning 
The assignments of the robot operators seem to physically orbit around three main nodes: 
the welding head, the iron-ore basket and the control device. Nonetheless, these nodes  are  
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not interlocked in static positions, but relate differently to each other depending on the 
current pursuit. In times of programming and investigation of the welds, they constitute a 
tangled assemblage, whereas I, observing elements of welding the sides, detect the 
distance between the control device, the welding head and the robot operator. The network 
subsequently augments and contracts depending on the activities taking place within it. 
The spatial distribution of bodies also differs depending on the current activities, and this 
naturally comes to affect intimacy as well as distance between human and nonhuman 
actors. When the robotic welding system produces satisfactory beams the spatial distance 
between the robot operators and the three material nodes increases. As mentioned above, 
the pursuits of the robot operator, at least during the latter part of my fieldwork, are to a 
large extent based on surveillance; a mere glance at the display of the control device is 
often enough to provide adequate information. In these times human interruptions are not 
necessary, which also fosters a spatial void. Reversible, in times of emergent flaws and 
sudden leakages physical intimacy between the actors is required in order to manage the 
dilemmas. These temporary oscillations are however most erratic and also negotiated in 
situ; due to factors such as contemporary activity, material shortcomings and insufficient 
preparations as well as sudden lack of gas, wire and glycol, the closeness between human 
and nonhuman actor are vulnerable unpredictable to changes. Whereas spatial distance 
materializes in the control device neatly placed outside the closed gate and in the physical 
location of the robot operator (the latter might sit on a chair while observing the welding 
head) intimacy is to be encountered in embodied accumulations and frequent searches for 
adequate ways in which to manage the control device as well as collective scrutiny of the 
welding head.  
 
Thus far, it should come as no surprise that the spatial occupation of the robotic welding 
system propels re-arrangements and negotiations of this particular setting. However, the 
spatial allocation is not fixed once and for all but has a short life-span. Grids and 
enclosures erected in conjunction with the installation for instance, are primarily arranged 
in order to ensure a safe working environment, but equally provide spatial restrictions, 
which in turn force bodies to diverge into new patterns. Discerned as narrowings of the 
local network enacted at Tuollavaara Transportation, these particular points of passage 
force the welders to navigate in certain ways in order to reach a particular goal. Careless 
entrances and invasions through the two doors result in interrupted welding activities 
because the robotic welding system is connected to sensors attached to the gates. Hence, 
every time the door is opened or closed, the robotic welding system ceases to weld. Or at 
least, this is the case when the robotic welding system is set on auto-pilot mode. Returning 
from a lunch break, Kajsa and Britta discover a stationary welding head; the display on the 
control device attached to the robotic welding system indicates that door no. 2 is open, and 
the adjacent keypad that controls the two gates is indicative of the same information. 
Nonetheless, as door no. 2 is physically closed, shutting it does little to solve the problem 
of a non-welding robotic welding system. Kajsa uses her body in order to ensure that the 
attached sensors at the gate are connected, at the same time as Britta tries to resume 
previous welding activities with the help of the control device (Fig. 59, Fig. 60). Despite 
their efforts the information on the display continues to inform that door no. 2 is ajar. 

 
The closed gates are compulsory for robotic welding activities. Eventually Kajsa 
decides to switch from automatic welding to manual welding in order to solve the 
dilemma. This choice allows the robot operators to open and close the doors 
irrespective of current activities of the robotic welding system. Britta manoeuvres 
the welding head to its proper position, returns to her work and Kajsa departs for the 
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office. Switching from automatic to manual welding the welders thwart the 
seemingly unavoidable arrangement, and by this means they find detours. However, 
in the beginning of December I find a note attached to one of the gates (Fig. 61): 
“DO NOT OPEN THE GATE! CONTACT THE OPERATOR. THE ROBOT 
STOPS [if gate is opened during welding] IN AUTO-PILOT”. Hence, the written 
message instructs everybody to remain outside. Installation of the high fence, 
assemblage of the gates and oral reprimands are apparently insufficient; in order to 
successfully stop unauthorized entry to the enclosure, humans and nonhumans need 
to be contemplated as collaborative chains of actors. Nonetheless, this particular 
arrangement precludes entrances in that it endorses the robotic welding system as 
operating merely within a restricted space (extract from my field notes, 2008-12-
02).  

 
Oscillating, interpreting and mapping of realities 
Just as correspondences through the mobile phones allow the welders to effortlessly 
pursue a joint examination of the robotic welding system, the utility of the control devices 
facilitates navigation exercises. The arbitrary oscillations most often seems self-evident to 
my informants whose habitual use of control devices, mobile phones and computers in the 
processes of traversing the different settings, are not considered for their mediated 
influence. Bearing in mind, the simplicity through which different tiers of reality are 
mapped onto each other, programming and welding adjustments nonetheless require a 
continuous navigation between physical, digital and auditive sites.  
 
The repetitive use of certain tools further propels a standardized occupation of space, and 
scenes depicting the robot operators’ positions on top of the iron-ore baskets as they 
engage in modifying the positions and angles of the torch make this aforesaid point 
eloquent. Kajsa for example, adapts to the robotic welding system at the same time as she 
is facilitated by the control device and physically plants her self on top of the vessel 
currently attached to the rotate positioner. Although her gaze is directed to the control 
device, her body estimates the space required in order not to physically confront the 
welding head. Spatial margins are enacted and negotiated as the space between human and 
nonhuman actor decreases. Fending off movements of the welding head, Kajsa moves 
skilfully; she crouches beneath the giant body of the rotate positioner, leaves the floor and 
soon thereafter looms at the top of a ladder. Moving in accordance with the current 
position of the welding head she squats behind the torch, squeezes between the welding 
head and the iron-ore basket, ducks in order to eschew pre-programmed movements and 
leans forward in order to investigate the welded beads (Fig. 62, Fig. 63, Fig. 64, Fig. 65, 
Fig. 66, Fig. 67). A visual of two synchronized bodies enacted and negotiated in reciprocal 
collaboration is generated. The association appears choreographed, almost intimate. Kajsa 
appears as a coiled bundle of flesh, squeezed between the welding head, the cables and the 
vessel. Adjusting her shoulder one inch to the right, Kajsa manages to fend off the 
approaching welding head; passing by, it barely (and according to the plan) caresses her 
arm. In awe I observe the repetitive work of the robot operators, the close collaboration 
with the robotic welding system, the mishmash of activities, the bodies and the 
distribution of information. As I witness the orchestrated movements it is difficult to 
determine exactly where the human bodies end and where the robotic welding system 
begins. Simultaneously, the individual awareness of the body in relation to the material 
remains implicit. Saying this, practices of mapping are neither one-way procedures nor are 
they symmetrical, but rather enabled through the successful configurations between 
different tiers of reality.  
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Codes of information and physical measures 
James Hollan et al. (2000) demonstrate human use of computational means. In doing so 
they claim that people often shift back and forth between attending to the properties of the 
representation and the properties of the thing represented (Hollan et al., 2000, p. 185). 
Although I have outlined my concerns regarding habitual notions of representations as 
mere reflections of the ’real’ world above, the account of Hollan et al. provides an 
intriguing proposal as it demonstrates processes of continuous oscillation. Scrutiny of the 
alteration between the physical reality and the interface of computational means, it is 
argued, requires an awareness of the current pursuits as exceeding a mere human-
computer interaction (Hollan et al., 2000, p. 192). In addition, activities of oscillation 
clearly demonstrate the inextricability between information and embodiment (see for 
comparison Hayles, 1999; Unander-Scharin, 2008); the ability to anticipate the actual 
movement i.e. the physical result in writing of codes (Unander-Scharin, 2008, p. 11) 
equally works the other way around.  
 
Employing the control device, Kajsa coordinates the upcoming steps at the same time as 
her gaze follows the current undertakings of the robotic welding system. She knows that 
the installation will stop at the second row of bird nests. Practices of mapping realities 
proceed smoothly; the coordinates displayed on the control device estimate the exact 
position of the welding head, and are effortlessly translated and adapted to a physical 
location. Due to her ability to map the different tiers of realities onto each other, Kajsa 
knows the exact location of the welding head, not only in terms of numerical estimation, 
but also due to spatial translation of these coordinates.  
 
Out of the blue, Kajsa interrupts the programming as she grasps the welding head, and 
resolutely breaks one of its axes. Momentarily she resumes the programming. Balancing 
next to her on the ladder, I ask why she felt it necessary to apply such (physical) force. 
Kajsa explains that one or two of the six axes of the welding head sometimes get caught 
in one position, and that the only way to release them is to physically shove the mechanic 
assemblage out of the locked location (Fig. 68, Fig. 69). Although the different axes of 
the welding head normally require digital measures in terms of pressing some keys on the 
control device rather than others, this particular situation cannot be solved by access to 
the digital system of the robotic welding system. Saying this, the robot operators are 
obliged to traverse different settings and equally carry out acts of mapping between 
digital, and physical reality. I observe Linda as she engages in a performance similar to 
Kajsa, although standing on the rotate positioner while forcibly trying to push the locked 
axes in the right position. Her brutal attempts are eventually successful; she sets herself 
against the rotate positioner and shoves the welding head in the adequate position, 
whereupon the axes are released and can now be managed from the control device.  

 
Subsequently, as the axes of the welding head get stuck, the only way to loosen the fixed 
position appears to require physical strain on the part of the robot operators to be able to 
bend the axes back into the right positions. Problem solving activities at Tuollavaara 
Transportation (especially connected to the robotic activities) take place in augmented 
reality in that they traverse the different settings, and also are also rendered intelligible in 
light of each other. Traces of computational experience are evident as the robot operators 
engage in different measures and in doing so the multiple spaces are mapped onto each 
other. Saying this, the enterprises require a variety of different interfaces. Mechanical 
breakdowns are, as further outlined below, managed differently in comparison to 
electronic or digital failures. Whereas the former brings physical interaction between the
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robot operator and the installation itself to the fore – dismantling of the torch and the 
mouthpiece or physically shoving the welding head in the correct position are not 
uncommon courses of action – the latter are often managed by utility of the control device 
or the computer. Consequently, electronic or digital flaws engender measures that are not 
necessarily conducted in the immediate presence of the robotic welding system. Rather, 
the robot operators make extensive use of the computer in which the different 
programming steps are stored, but also engage considerably with the control device. 
Connected to the robotic welding system through a cord, the latter is still somewhat 
portable in that the generous length of the cord allows the robot operators to reach a 
significant degree of the areas that are near the enclosure. In times of electronic or digital 
breakdowns, I often find my informants in the enclosed space adjacent to where the rotate 
positioner is located; alternatively (and especially during the later part of my fieldwork) 
they are assembled outside the gates, where a rack that holds the control device is 
assembled. Spatial discrepancies between the welding head, the vessel and the physical 
position of the robot operators are consequently more likely to be bridged in times of 
mechanical breakdowns. In order to manage mechanical dilemmas, the robot operators 
employ ladders, crates and stools, but also physical movements. These measures are 
however of little use when the current position of the torch is in need of adjustment or 
when the coordinates given contradict the physical result. In short, the body struggling to 
cope with mechanical flaws differs from the body that toils with programming and 
modification of the coordinates. As illustrated below:   
 

Kajsa employs the control device in order to find adequate angles for the torch that 
is assembled on the welding head. The task turns out to be really time-consuming; 
she leans forward, investigates the newly welded bead and shifts her attention to the 
control device. With help from the latter, she modifies the current position of the 
torch, one millimetre, two millimetres, up and down. Pushing one of the keys, the 
torch approaches the material to be welded; it zeroes-in and stops just above the 
joint. Kajsa investigates the result; she sighs and returns to the control device. 
Apparently, the angle is insufficient. She repeats the activities, and the torch slants 
docilely. After thirty minutes I am bored to death; the small changes equate to 
nothing, and my current location on top of the iron-ore basket is becoming 
desperately inconvenient. Kajsa, however, appears as riveted as ever. She 
repetitively pushes the keys in order to tilt the torch in an adequate position. “Is it 
not frustrating to be directed solely by the control device”, I suddenly hurl, maybe 
more to my self than to my informant. Kajsa looks up. Having her undivided 
attention, spurs me to continue the question, “rather than physically manipulating 
the torch in order to adjust the angles, you have to employ the control device, right”, 
I clarify and continue, “would it not be easier to regulate the torch manually?” Kajsa 
nods, contemplates my question. “Sometimes, you just wish… why can it not 
understand?” (extract from my field notes, 2008-02-18). 

 
The above activity encompasses a continuous oscillation between bodies, artifacts and 
spatiality; Kajsa wags between the control device, the torch and the welded bead, and in 
doing so, her body effectively straddles the different settings. The palpable gestures that 
are required in order to manage mechanical flaws would be rather futile on this particular 
occasion. Rather than physically approach the torch, Kajsa alters the angles through her 
utility of the control device (Fig. 70, Fig. 71).  
 

As coordinates travel from one representational object to another, meaning-making 
activities take place through mapping and joint acts of configurations. Through these 
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practices, different settings converge, and are brought together by joint practices. 
Problem-solving activities and joint enterprises are pivotal in order to sufficiently manage 
the robotic welding system. The welders navigate through the embodied situatedness, the 
current programming step and handwritten manuals. These settings are consequently 
mapped onto each other and rendered intelligible in situ. Ultimately, the collaboration 
also serves to transform, not only the distribution of tasks, but also the embodied 
movements as such. To recapitulate; at the same time as a variety of environments map 
onto, and are deeply conditional on each other, they also serve to clarify the assignments 
currently at hand. Without their mutual constitution, neither the codes displayed on the 
control device nor the conversations facilitated by the mobile phones would make sense.  
 
The body as a juncture 
In the introductory part of my thesis I proposed that the body constitutes a juncture 
through which tiers of reality map onto each other, a statement I also returned to on page 
24. The section above seeks to embroider the ways in which mapping and acts of 
configuration between different tiers of reality are crucial in order to navigate in 
augmented reality. There exists an inevitable asymmetry between spaces, which in turn 
requires mapping. Saying this, the closing section particularly seeks to outline the 
embodied implications of mapping practices.  
 
Due to my informants’ ability to adapt to the multiple spaces the seemingly disconnected 
programming script becomes intelligible and adaptable to physical settings. Similarly, the 
adjustments of the grids require an understanding of the relation between one particular 
action and its subsequent result, something that is enabled through embodied trials. The 
welder’s use of the mobile phones and computers is yet another example of navigation 
between the different settings. The body is still involved in physical measures although the 
technological equipment propels alternative gestures. Saying this, the physical body acts in 
a similar way as an electric transformer in which the frequency of the energy subjected to 
this remains whereas the contemporary voltage changes. Bodies that are engaged in the 
manual lifting of the grids admittedly cut a far wider swath than bodies that press a 
particular key. At the same time, it would be deceptive to assume that the practices of 
pressing a key lack a physical realization. Similar to the electronic transformer that 
simultaneously changes and retains the energy from the everyday pursuits of my 
informants are altered at the same time as the physical engagement with the grid remains. 
 
In as much as bodies extensively wield tools and instruments, they also act in space. 
Their very locality is however multifaceted; instrumental utility requires certain manifests 
that might very well exceed physical circumscriptions. In order to capture a glimpse of 
the skewed network of activities at Tuollavaara Transportation, it is therefore pivotal to 
concentrate on spatiality, not only in tune with physical circumscriptions, but as fickle, 
yet intermingling tiers of realities that exceed material boundaries. As hinted previously, 
spatiality is not limited to the physical restrictions of the industrial hall. Rather, the bodies 
of the employees constitute junctures, which (more or less) effectively straddle the 
multileveled settings of Tuollavaara Transportation. Saying this, traversal activities do 
not per se equate to smooth processes; the welders repetitively encounter difficulties 
when they translate the numerical coordinates indicating left and right on the control 
device into physical life. Kajsa strikingly demonstrates this crucial mismatch as she 
employs her body in order to demonstrate the ways in which she turns in order to figure 
out the correspondence between the programming script and the properties it represents. 
“Right or left, in relation to what”, she asks and laughs. In fact, the slight disorientation 
expressed by Kajsa turns out to be representative of many of the activities that occur in 
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conjunction with the robotic welding system, but also in relation to the transference of 
iron-ore baskets and the compulsory use of the control devices. Kozel theoretically 
outlines the navigational uncertainties that might occur during acts of traversal as well as 
the subsequent remedies. Drawing attention to the own embodied patterns, as Kajsa also 
does when she deploys and exemplifies with her own body, Kozel claims that the sense of 
disorientation ceases (Kozel, 2007, p. 100). Kajsa’s body correspondingly provides a 
point of departure from which it is possible to traverse and map the physical, digital and 
auditive settings of Tuollavaara Transportation. Similarly, Åke’s position between the 
side of the iron-ore basket and the robotic welding head, however constricted, affixes a 
particular location from which he is able to arrange his own movement in relation to the 
current activities of the robotic welding system, and more especially, the position of the 
robotic welding head. In order to be rendered meaningful, the measured space displayed 
on the screen of the control device must thus correspond to aspects of the physical life.   
 
Effortless transferences between different settings are facilitated by the control documents 
that accompany the iron-ore baskets as they are transferred between the different stations. 
In addition, the documents serve as quality guarantees and are to be signed by the 
employees who attend to the vessel. When completing one’s assignments, the individual 
welder has to sign the document and also fill out an accompanying questionnaire, which 
guarantees that certain steps have been completed. After the final examination, the 
documents are registered in a computational system, which allows for subsequent control 
and preventive measures. Hence, the members of the workforce keep track of the baskets 
partly in physical life (synchronically) and partly as a digitalized code (diachronically). 
This requires activities of multileveled oscillations and organizations. For identification 
purposes, each basket has a number written on one of the gables, which should preferably 
correlate with the number on the control document. This in turn allows for the 
management as well as LKAB to track the current state of the vessel, and also to discover 
possible scarcities such as cracks or insufficient beads. Although linked to, and made 
intelligible in light of each other, the numbers are manifested in two spatial settings. The 
written number on the vessel is subjected to rather harsh physical conditions – weather, 
accidental chafes and collisions will most likely abrade it – whereas the number on the 
control document is transferred into codes and also stored in files. Mapped onto, and 
discerned in light of each other, the two representational means – the control document 
and the written number on the iron-ore baskets – enhance human control, but they also 
convey the activities as logical. However, without the actual body of the iron-ore baskets 
they would not be connected at all. As argued previously, an act is intelligible only as part 
of a wider system of activities. The action of scribbling down a certain number on the 
gables makes sense, only as part of a wider activity system in which the numbers are 
translated to digital codes. In a similar vein, acts of programming as well as auditive 
communications between the robot operators and the robot engineers require transparency 
between the different tiers of reality.  
 
Thus far, it should come as no surprise that practices of mapping pervade much of the 
activities of Tuollavaara Transportation, not only in connection to the robotic welding 
system, but through the utility of the overhead cranes, the control documents and the 
written numbers, something that in turn contributes to conditioning spatial orientation. 
Introducing the robotic welding system serves to alter everyday activities of the 
organization; it opens up new sets of challenges, but equally introduces novel ways of 
mapping. As such, the technological change contributes to spatial modifications of the 
working site. Ultimately, the robotic welding system radically alters the working routines, 
not only the embodied undertakings as such but also the instruments employed and the 
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spatial distribution of bodies. The subsequent modifications of the industrial hall reveal 
the spatial settings of Tuollavaara Transportation as contested sites; allocation of space is 
de facto based on situated decision-making practices, which might be unfavourable to 
some activities at the same time as they facilitate others.  
 
In sum, the undertakings of my informants are permeated with, and oriented toward 
computational and machinic features at the same time as the situated activity system of 
Tuollavaara Transportation negotiates and articulates the meanings attached to these 
pursuits. Put differently, as the robotic welding system arrives and is deployed the spatial 
settings of Tuollavaara Transportation are subjected to a variety of meaning-making 
practices at the same time as these circumstances serve to condition the subsequent 
activities.  
 
Summary of the arguments 
Contemplating the spatial implications of distribution of knowledge and information in 
times of technological change this chapter has sought to contextualize, and add to the 
previous discussions a material implication. As such it has examined the ways in which 
spatial distribution of bodies and information is accompanied by continuous acts of 
appropriation, dismissal and adjustments of instruments. As bodies converge and dissolve, 
engage in different pursuits or choose not to, technological devices amplify the 
perceptions of my informants. Crucially, in times of the technological change additional 
paths are treaded, bodies navigate in new directions and diffuse according to the 
assignments currently at hand. For instance, what initially is regarded as unmediated acts 
of manual welding are disrupted to the benefit of interceding artifacts such as computers 
and control devices. At the same time, navigation through physical, digital and auditive 
settings propels novel ways of mapping practices, which in turn allows for the assignments 
of the workforce to run smoothly. Bodies are subsequently part of the wider activity 
system in which information and knowledge are distributed. As such they comprise 
material traces of the different measures and undertakings.   
 
Saying this, the above text has also elaborated on spatial proximity in terms of 
contextualized occurrences. Embodied densities are likely to occur mainly in conjunction 
with breaks and pauses, and as such they might seem to stand in stark contrast to the 
individual undertakings of the welders. However, distribution of information and 
knowledge, joint enterprises and allocation of pursuits do occur continuously, not only in 
times of lunches and breaks. The dictum to mind one’s own business may convey a picture 
of an independent welder, impervious to surrounding activities and managerial decisions, 
but further scrutiny suggests a highly collaborative setting in which networks of 
information unfold in situ, and moreover in accordance with embodied allocation. In fact, 
exclusion from temporary accumulation of bodies is one of the ways in which power 
operates.  

 
The remaining part comprises a concluding summary of the main arguments. Focus is 
directed to the spatial implications of technological change and once again hails into 
question the interlacement of spatiality, artifacts and embodiment. As has been 
demonstrated, the arrival of the robotic welding system alters the spatial settings of 
Tuollavaara Transportation, which in turn compels different routes to be taken, new 
surfaces to be trodden. Hence, the perception of spatiality is not simply restricted by 
physical laws, but constitutes fickle yet intermingling tiers of realities that exceed material 
boundaries.  
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3. Ultima ratio 
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Relocation and redistribution 
The concluding part summons the main themes of this thesis. In doing so it calls for 
additional research that takes into consideration the inextricability between spatiality, 
artifacts and embodiment. The preliminary proposal on page 34f in which I suggested the 
three expressions to be profoundly interwoven is equally relevant as conclusions are 
drawn. Contemplating the key questions: how is spatial differentiation set and negotiated 
when the robotic welding system arrives and is deployed, what are the roles of 
embodiment and artifacts in these processes and ultimately, how can the body be 
envisaged as a juncture through which different tiers of reality map onto each other, the 
ensuing text elaborates on the empirical charts as demonstrated above. The section below 
comprises a brief retrospect of the implementation process; as such it facilitates the 
preceding accounts in which the Venn diagram is brought into service. 
 
The implementation process of the robotic welding system 
Thus far, the reader should be familiarized with the organizational circumstances at 
Tuollavaara Transportation as well as the profession of a welder. These are not two 
distinct practices, but are engaged in a mutual dependency in that the managerial decisions 
of Tuollavaara Transportation and the individual undertakings presume each other. To 
further expand on their complexity, the organizational concerns and the daily undertakings 
of the workforce are part of what has been referred to as a socio-material network; times 
of technological shifts bring about managerial rearrangements and forge a redefinition of 
the profession of a welder. As the robotic welding system arrives and is deployed the 
employment of manual welds is no longer the only means through which it is possible to 
weld the iron-ore baskets, which in turn reassess the functions of manual welding 
activities. More specifically, the technological change turns manual welding activities into 
preparations for and reparations after the executions of the robotic welding system. 
 
Not only does the implementation process of the robotic welding system introduce new 
means and methods, since women most often work with the robotic welding system the 
implementation process engenders new undertakings and occupations, which effectively 
reshuffles the local gender regimes at Tuollavaara Transportation. In addition to existing 
skills in welding, operating the robotic welding system requires knowledge in 
programming. Nonetheless, observing my informants’ disapproval of the course that was 
offered to the robot operators during the fall of 2007, I interpret that robotic welding does 
not take into consideration the embodied skills required in manual welding practices, nor 
does it offer any intimacy between the individual welder and the material. What is implicit 
in the recurring discussions of my informants is that the manual welding practices are 
gendered male and conveyed in terms of a handicraft that the robotic welding system is 
assumed to obstruct. At the same time, the robotic welding system is inextricably part of a 
wider network, on the count that it constitutes a forceful disruption. Saying this, 
innovation processes are double-edged swords; in as much as they serve to cement and 
amplify stereotyped expressions (Tikhomirov, 1999, p. 353), they allow for optional 
structures to emerge. Observing the daily routines of my informants, fear and curiosity, 
scepticism and optimism regarding the robotic welding system are closely intertwined and 
fortified due to gendered practices and spatial arrangements. At the same time, the very 
lack of routine is, as Engeström also suggests, the precondition for innovative learning 
(Engeström, 1998, p. 227).  

 
Amid flippant reactions and difficulties in the technological applications, the robotic 
welding system gradually becomes intertwined within what is referred to as the ordinary 
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procedures. Concurrently, the assignments conducted in conjunction with the robotic 
welding system are increasingly habitualized and embraced in terms of routines. This 
particular form of labor has, as also stated by Marx and Engels, “incorporated itself with 
its subject: the former is materialized, the latter is transformed” (Marx & Engels, 2003, p. 
67). As the robot operators develop order, routines and schedules in conjunction with their 
utility of the robotic welding system, their co-workers equally modify previous 
assignments to correspond to the managerial decrees. In doing so, the robotic welding 
system turns into an obvious means in the production of iron-ore baskets.  
 
Investigating industrial mechanization processes and their effects on the physical work, 
Arnold Pacey (1999) crystallizes the process of habitualization within industrial sites. In 
doing so, he claims that technologies exceed a mere organizational, economical or 
political concern (Pacey, 1999, p.18). More specifically, focusing on the pulse of manual 
assignments, Pacey investigates how the new technologies that were introduced during the 
industrialization era undermined the rhythms and the musical aspects of traditional work 
(Pacey, 1999, p. 27f). A scythe or a hammer for instance, is used most effectively in an 
essentially musical way that has to do with breathing, pacing, and these patterns can best 
be learned from other practitioners” (Pacey, 1999, p. 20ff). Saying this, Pacey goes on to 
argue that obviously steam engines had rhythms, too, but that they were not tuned to the 
movement of the body (Pacey, 1999, p. 27f). Machines, he suggests, require the users to 
learn new body skills (Pacey, 1999, p. 22). In agreement with Pacey I find it difficult to 
sustain the boundary between the manual and the robotic welding activities; the working 
rhythms of the robotic welding system and the members of the workforce are not two 
distinct practices, but converge and are made intelligible only as part of the situated 
activity system of Tuollavaara Transportation. Thus, the robot operators as well as their 
co-workers ultimately develop their work in concert with the robotic welding system.  

 
The significance of technological change 
Saying this, the implementation of the robotic welding system cuts a far wider swath than 
a mere change in the process of producing iron-ore baskets. Rather it comprises spatial 
rearrangements, which in turn affects bodies and instruments. As stated earlier, the 
encompassing aim of this study has been to examine the ways in which the spatial 
diffusion of Tuollavaara Transportation is set and negotiated in times of technological 
change. In doing so, it has examined the roles of embodiment and artifacts in these 
processes. Clusters of technological changes take place and are spatially distributed in 
most volatile configurations. At the same time as the robotic welding system is subjected 
to dismissal and trivialization, its effects are interlaced in the routine work. Routines and 
novel patterns are therefore mingled together; what at first appears as a straightforward 
procedure is in fact a rather erratic journey (Rogers & Ellis, 1994, p. 124). Following 
Plant, technical introduction and deployment “are not only limited to the brisk changes we 
are a little too quick to label revolutions/…/but also the slow improvements in processes 
and tools/…/those slow innumerable actions which certainly have no innovating 
significance but which are the fruit of accumulating knowledge/…/” (Plant, 1997, p. 78). 
Plant’s statement is equally relevant to the purposes of this study; the technological shift at 
Tuollavaara Transportation is a most volatile and multileveled process, which is 
encountered and managed in situ. As such, it also calls forth a material particularity. The 
(male) refusal of the robotic welding system for instance, exceeds mere verbal expressions 
such as trivialization, sarcastic comments or utterances of disidentification. Claiming a 
foreign association with the robotic welding system and its associated pursuits, my 
informants hinge on spatial as well as embodied edifices. For instance, the unwillingness 
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to engage in certain practices of reparation, the lack of assistance of the robot operators 
and the enclosure in which the robotic welding system is located comprise spatial and 
embodied traces of the scepticism towards the technological change. Hence, the influence 
of the robotic welding system exceeds the material limits of its outer shell: the robot 
operators are disciplined in accordance with pre-programmed working rhythms of the 
robotic welding system at the same time as this arrangement clearly falls at odds with 
previous working routines. The bodies of my informants subsequently inhabit traces of 
earlier experiences as well as contemporary enactments, which in turn affect the way in 
which movements and gestures are arranged in conjunction with the robotic welding 
system.  
 
Thus far, I return to the spatial implications of distribution of knowledge and information. 
Not only are tasks and information distributed, adopted, embraced or crudely dismissed, 
embodied movements are distributed along with these (re)actions, something that makes 
information tangible and unevenly circulated. Bodies are subsequently part of a wider 
system in which information and knowledge are distributed. A noteworthy addition is, as 
also argued in the chapter Spatial distribution of knowledge and information, the spatial 
diffusion in times of technological change propels a renewed problematization of the 
inextricability between embodiment, distribution of information and spatiality. 
Contemplating the welders’ occupation of space, I have outlined a picture of the 
collaborative processes of Tuollavaara Transportation in which engagement in, and 
dismissal of robotic welding practices are brought to the fore. As my informants straddle 
different tiers of reality they simultaneously engage in meaning-making practices in which 
certain movements are mapped onto the mechanical or electronic devices, the robotic 
welding system or the programming scripts. In turn, this affects continued pursuits. 
Inhabitation of, and navigation through the spatial plethora of Tuollavaara Transportation 
proceed in terms of situated acts of mapping, something that equally allows for a 
continuous making and remaking of gendered traits. The particularity of bodies also forges 
specific use of tools. Hacker for instance, argues that the situated utility of artifacts 
inscribes certain practices in the body (Hacker, 1989, p. 56). Habitual choices of some 
tools encourage certain embodied responses. For instance, the current prescriptions that 
distinguish between the use of girls’ gloves or the working gloves equally serve to 
discipline the users; as the members of the workforce make their way to a specific shelf 
they amplify a certain gendered order. But at the same time as bodies are disciplined 
according to normative assumptions regarding gender, the situated occupation of the 
spatial settings put my informants into a variety of engagements, which sometimes exceed 
customary occupation of space. In light of the above arguments, I maintain that the spaces 
that are created to retain order and distinct categories (the lunch room, the open-plan 
offices, the rest room and the enclosed section in which the robotic welding system is 
located) are in fact effects of the very disorder they seek to prohibit. If spatial orientation 
simply unfolded in accordance with the sanctioned decrees of Tuollavaara Transportation 
there would be no need for designated areas and specific labels such as ‘girls’ gloves’ or 
‘working gloves’. As such spaces carry within them selves the very violence toward their 
own becoming; they are continuously being damaged in that acts of spatial demarcation 
legitimate the potential threat that they seek to undermine. Saying this, the continuous 
negotiation brings forth a variety of movements; as the members of the workforce choose 
to occupy certain premises instead of others, they engage with meaning-making practices. 
As borders are raised and torn down, the industrial hall is subjected to situated acts of re-
assemblies.  
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Investigating the spatial implications of economical life in urban settings, Michael Ball 
(1984) suggests that the built environments of an organization are created and reproduced 
in a variety of ways (Ball, 1984, p. 78). New spatial patterns, he goes on to argue, are not 
merely results of technological implications, but reversely influence its form and the 
potential future developments (Ball, 1984, p. 74). Ball’s statement is significant in relation 
to the continuous rearrangements of the spatial settings of Tuollavaara Transportation. The 
new spatial patterns that emerge due to the technological shift are not mere results of the 
arrival of the robotic welding system; rather these arrangements reversely influence its 
form and orchestrate further developments and investments. The inhabitation of some 
spaces fosters a foreign association with others. As the robotic welding system arrives and 
is deployed the spatial distribution of tasks are however subjected to change. Drawing on 
the work of MacKenzie, machines and instruments are “real physical objects/…/not 
simply reducible to the ensemble of our beliefs about them” (MacKenzie, 1998, p. 9). 
Saying this, the ensuing section expands on the instrumental use of my informants and the 
system of activities that envelops these undertakings. Technologies do not come in the 
form of separate, isolated devices, but as part of a system (MacKenzie & Wajcman, 1999, 
p. 10). Materiality thus plays a pivotal part in determining the patterns that become 
institutionalized and routinized (MacKenzie, 1998, p. 58).  

 
Bodies, tools and technological humans 
As demonstrated above, the robotic welding system brings forth spatial re-arrangements of 
working procedures, which in turn compels a re-distribution of bodies as well as the 
material assets of Tuollavaara Transportation. The spatial relocation of resources is 
however met by aversion, especially from the male welders. In order to restore previous 
arrangements in which manual welding practices and the associated skills of how to 
operate manual welds enjoyed a crucial position, the mediating artifacts that accompany 
the robotic welding system, i. e the computer and the control device is commonly agreed 
to seriously hamper sufficiently produced beads. In the long run their disruptive function 
is assumed to degenerate the quality of the iron-ore baskets. Interestingly, the manual 
welds and the attached torches do not attract attention to them selves. Drawing on the 
work of Peter-Paul Verbeek (2005) they “disappear in usefulness” (Verbeek, 2005, p. 88) 
in that they are (not even discussed as) technological extensions of the human body. 
Rather, these are means that allow for a detailed material knowledge. Acknowledging the 
collapse between (hu)man and tool it is not only random and uneven, but also gendered in 
that certain collaborations are sanctioned or prohibited depending on whether men or 
women are engaged in the enterprises. The male welders are selective in their choices of 
technological equipment; to engage in for instance the robotic welding system is regarded 
as a loss in status as well as in professional skill. Hence, the utility of tools conforms to the 
gendered structures as well as to what is regarded as professional skill. Through use of for 
instance the manual welds, the overhead cranes and the forklifts some bodies converge in 
that they inhabit the industrial hall in similar ways. Nonetheless, due to their transience, 
they are only partly subordinated to conventional orders; the erratic interlacement of 
spatiality, artifacts and embodiment might just as well disrupt the dominant structures. In 
any case, selecting (some instruments instead of others) and dwelling (in some areas while 
claiming a foreign association with others) are fraught with meaning-making practices. To 
environmentally position physical devices is also to purposefully act on them. 

 
Bearing the above claims in mind I beg to differ from my informants. The robot operators 
do not obligingly push some buttons, but are continuously engaged with elaborative 
measures involving trials and errors. Hence, far from autonomously operating on its own, 
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the robotic welding system requires active involvement and skills in both welding and 
programming. The intimate collaborations between the co-workers and the instruments are 
not restricted to manual welding activities, but are facilitative towards the daily 
undertakings of the robot operators. For instance, in order to make meaningful the 
different forms of technological know-hows, the robot operators develop embodied skills 
that vastly exceed the written manuals of how to best manage the robotic welding system. 
This includes listening to the buzzing torch and the regular sound of the mechanism that 
feeds the wire forward, but also touching the welded beads and estimating the resistance in 
the wire feeder. As these practices are developed and enacted in situ the robotic welding 
system is perceived through the kinaesthetic response of the body. At the same time, the 
activities are clearly structured by the written information such as coordinates, algorithms 
and maps. Drawing on Hayles’ (1999) understanding of the posthuman body as data made 
flesh, the letters and digits facilitate the executions of the robot operators in that the 
particularity of their embodiment and the information provided conflate and coincide. As 
argued before, bodies acting in space are simultaneously engaged in incorporating 
practices, actions that are encoded into bodily memory through repetition.  
 
In order to demonstrate the complexity and the multifaceted-ness of the problem-solving 
activities this study has elaborated on the term mapping. Mapping, as outlined above, 
pinpoints the relation between two domains, for example the keys on the control devices, 
the movements of the overhead cranes and the subsequent results, i.e. the completed bead. 
Put differently, navigation through physical, digital and auditive settings proceeds through 
acts of mapping, something that in turn allows for the assignments of the workforce to run 
smoothly. Although successful mapping does not equate to symmetric mapping, but rather 
the ability to render the occurrences intelligible in light of each other, it does convey a 
sense of reciprocity and transparency. As the activities of my informants proceed, 
information gets lost, is added, neglected or displaced, albeit persistently distributed.  
 
To recapitulate, scrutiny of the ways in which the situated activities of my informants 
traverse the disparate spaces of Tuollavaara Transportation brings forth the question of 
how these spaces co-exist. Recalling Hayles I have also argued that acts of mapping by 
necessity are embodied in that the body constitutes a juncture through which different tiers 
of reality conflate. For example, the robot operators are able to make adequate adjustments 
to the position of the torch because of their ability to translate the physical results into 
digital codes. In turn, through technological means such as the control device, the mobile 
phones and the computers the digital information is translated into visual, auditory and 
physical perceptible form. 

 
Asymmetry and disobedient bodies 
Saying this, the mapping practices of Tuollavaara Transportation are not confined to the 
assignments of the robot operators, but pervade much of the surrounding pursuits as well. 
For instance, in order to render intelligible the written control documents and the numbers 
scribbled on the gables of the iron-ore baskets, my informants are compelled to engage in 
practices of mapping. At the same time, the daily transportation of iron-ore baskets calls 
forth acts of traversal between different spatial sites; to push a particular key or to pull a 
specific lever translates into a certain movement. Claiming practices of mapping to be 
inherently asymmetrical, this study has argued against earlier research within ANT. In as 
much as the two movements need to be co-constitutive, successful mapping does not 
equate to symmetrical mapping, but rather to the ability to render the re-representations 
intelligible. Hence, the asymmetry inherent in acts of mapping does not so much obstruct 
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the activities of my informants as it slightly alters them. The unremitting dislocation is in 
fact crucial in times of technological shifts.  
 
Taking into account the initial proposals of this thesis, the ultimate claim persists that 
times of technological change provide a spatial distortedness through which bodies, 
artifacts and activities are accumulated as well as diluted. The above text has sought to 
sketch an account of the altered rout(in)es in times of technological change, and in doing 
so it has examined the subsequent allocation of tools and bodies. Due to the asymmetrical 
bond between realities as well as between bodies and artifacts the activity systems of 
Tuollavaara Transportation are utterly skewed.  
 
Contemplating the statement above, I also maintain that bodies do not always perform 
according to their assigned gender. As the robotic welding system arrives and is deployed, 
alternative ways of how to accomplish the iron-ore baskets emerge, something that in turn 
propels revivified movements. Saying this, gender is co-conditioned by, rather than the 
unremitting springboard for spatial arrangements. In as much as embodied movements are 
deemed male or female, masculine or feminine gender also emerges as the very 
consequence of spatial occupation and navigation. As the working procedures of 
Tuollavaara Transportation change, the spatial resurrection brings forth alternative 
activities, which in turn affect the instrumental utility as well as the embodied occupation 
of space. Further, the arrival of the robotic welding system propels a re-distribution of 
tasks: rather than engaging in production of new vessels, many of the welders of 
Tuollavaara Transportation find themselves preparing for and repairing after the 
enterprises of the installation. Acts of control, repair and adjustment subsequently come to 
pervade the undertakings, which in turn fortify the asymmetrical link between human and 
machine at the same time as new professional categories emerge. Despite the declarations 
of imperviousness toward the technological change the arrival of the robotic welding 
system affects the entire working procedure of Tuollavaara Transportation. This is evident, 
not first and foremost from a managerial point of view, but in the everyday undertakings 
of the employees. Outlining my informants’ preferences for some assignments as opposed 
to others, I have equally sought to sketch a picture of professional engagement as spatially 
contingent. As discussed previously, physical mobility and immobility are not simply 
endeavoured or dismissed, but contingent on the current situation. The privilege of 
remaining impervious to emergent occasions for instance implies a prerogative only 
insofar as the other co-workers adjust their schedules in accordance with upcoming events. 
Hence, in order for some bodies to remain stationary other bodies take on or are allotted 
the position as flexible resources. At the same time, some of my informants frequently 
elope from the industrial site, something that equally grants them a prominent position. In 
this particular case their mobility, dismissed by the management, is proudly demonstrated 
through acts of story telling and co-memorizing, but also through further attempts to 
dodge the managerial representatives. Notwithstanding, the involvement in certain 
activities instead of others brings forth spatial rearrangements and, as a consequence, a 
continuous lopsidedness to the industrial hall. The embodied accumulations of some 
bodies implicitly draw attention to the diluted areas; as my informants choose (not) to 
engage in certain pursuits they concurrently re-articulate the spatial distribution of bodies.  
 
In light of what has been said, the spatial lopsidedness of the industrial hall is preferably 
acknowledged as relational in that the accumulation of bodies brings forth relieved areas. 
Hence, in as much as space constitutes a scarce recourse it is equally a shared recourse, 
something that equally confines out some bodies for the benefit of others. Contemplating 
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the works of Sherley Castelnuovo and Sharon Guthrie (1998), practices of exclusion are 
gendered, and, as a consequence, they have embodied implications. The oppression of 
women is thus rooted, not only in mental attitudes but also in their bodies (Castelnuovo & 
Guthrie, 1998, p. 35). Saying this, Castelnuovo and Guthrie assert that the language-driven 
components of female oppression always are bodily related (Castelnuovo & Guthrie, 1998, 
p. 136), something that has been relevant in my study. Although I have sought to address 
gender not as the decisive point of departure, but as an inferred conclusion, I have equally 
contemplated practices of how the (male) aversion towards the robotic welding system and 
the feminization of the profession of the robot operators work in tandem. The 
organizational guidelines as well as the everyday talk of my informants, I have 
consequently argued, is the very effect of the occupation of space, which in turn reveals 
the embodied accumulations of Tuollavaara Transportation as expressions of the current 
configurations. As distribution of knowledge and information attains an embodied level 
the female welders are often excluded from the distributional processes of knowledge, and 
are subsequently confined to the enclosure in which the robotic welding system is located. 
Concurrently, the collaborative work and joint activities that occur in connection to the 
robotic welding system engender alternative ways of working, which clearly counteract 
individual appearances in terms of mere entities. As has been outlined above, rather than 
simply being denied access to knowledge and information, the female robot operators as 
well as the commuting robot engineers find alternative ways to pass on and also act upon 
information and knowledge. 

 
New rout(in)es 
To conclude, I suggest that the new routines of Tuollavaara Transportation equally bring 
forth new routes. As space is “traversed/…/by pathways and patterned by networks” 
(Lefebvre, 1991, p. 117), the routes taken in times of technological change might serve to 
slightly revivify conventional understandings. Adhering to the work of Thrift, distribution 
of bodies co-exist alongside division of labor, which proves the suggestion of free and 
equal mobility to be somewhat misleading (Thrift, 1996, p. 293). Especially in times of 
technological shifts, the conventional division of labor is subjected to change, something 
that in turn affects the spatial occupation of my informants.  
 
In the introductory parts of this study, the reader was asked to envisage the situated activity 
system of Tuollavaara Transportation in terms of a ball bearing maze game. Returning to 
this board game I seek to illustrate the skewed activity system of Tuollavaara 
Transportation anew. In as much as social status and power are closely linked to spatial 
dominance they are also continuously negotiated and subjected to alteration. The 
ubiquitous tendency to tilt is thus at once the nuisance as well as the very condition for 
analyses. Hence, the ball bearing maze game promotes the uneven distribution, but also the 
temporality of, bodies, artifacts and ensuing undertakings, something that is also 
acknowledged by Hägerstrand. Concluding his investigation of the spatial diffusion of 
innovation patterns in the agrarian hamlets of Småland, Hägerstrand argues that “ t he 
basic hypothesis that acceptance gradually proceeds in an orderly fashion/…/must in large 
part be rejected” (Hägerstrand, 1967, p. 156). Put differently, patterns of spatial diffusion 
occur, not like waves on water, but in emergent jolts and according to certain directions. 
Bodies are thus part of simultaneous accumulations and dilutions. Due to the very fact that 
they move in different ways and in different paces some bodies are obstructed whereas 
other are allowed to augment, which suggests an intimate link between what Ahmed refers 
to as motility and institutional lines (Ahmed, 2007, p. 136). Pinpointing the intriguing 
collaboration between embodiment, artifacts and spatiality, this study has nonetheless 
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sought to reveal additional pathways and densities. When bodies and tools resurface they 
acquire new shapes (Ahmed, 2007, p. 149), which is why the body inhabiting space with 
tools diverges from the body inhabiting space without tools. Gender, it has been argued, is 
an effect of the kinds of work that bodies do (Ahmed, 2007, p. 60). Interestingly, when 
certain bodies undertake obligations deemed inappropriate, or employ tools that do not 
belong to their scope of action they are often directed back into straight lines. Their routes 
clearly fall at odds with the accustomed routines, something that brings forth the socio-
material implications of technological change. At the same time, “[w]hen bodies take up 
spaces that they were not intended to inhabit, something other than the reproduction of the 
facts of the matter happens” (Ahmed, 2007, p. 62). Although categories such as men and 
women are one of the most salient couples that allows for humans to order the world and 
render it intelligible, gender is not determinative all the time, nor is it always the primary 
cause for segregation practices. Thus, it appears as if every attempt to establish gender as a 
coherent set of expressions is accompanied by thwarting practices. Just as discursive 
decrees are troubled by material arrangements, the spatial location of for instance the 
robotic welding system, the manual welds and the control devices that facilitate use of the 
overhead cranes serves to reinforce a certain arrangement while eclipsing others. The 
social process of technological development has, as Cockburn pinpoints, been 
overwhelmingly a male process (Cockburn, 1985, p. 27). Nonetheless, although the 
gendered division of labor around technology persists (Cockburn, 1985, p. 8, 69) the 
arrival and deployment of the robotic welding system foster a reconsideration of the 
assumed stability and the raison d’être of a particular order; as such it effectively relocates 
inscription practices of bodies and their engagement in socio-material realities.  
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“The words have to move beyond themselves. You have to carry them” (2008-09-04). 
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