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“Lo duca e io per quel cammino ascoso 
intrammo a ritornar nel chiaro mondo; 

e sanza cura aver d’alcun riposo, 
 

salimmo sù, el primo e io secondo, 
tanto ch’i’ vidi de le cose belle 

che porta ’l ciel, per un pertugio tondo. 
 

E quindi uscimmo a riveder le stelle.” 
 

(Dante Alighieri – Divina Commedia, Inferno, Canto XXXIV, 133 – 139) 
 

“The Guide and I into that hidden road 
now entered, to return to the bright world; 

and without care of having any rest, 
 

we mounted up, he first and I the second, 
till I beheld through a round aperture 

some of the beauteous things that Heaven doth bear. 
 

Thence we came forth to rebehold the stars.” 
 

(Dante Alighieri – The Divine Comedy, Inferno, Canto XXXIV, 133 – 139)
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Abstract 
This thesis investigates the development of ICT solutions for performing real-time 
subsea environmental monitoring during oil and gas offshore operations. The research is 
based on a three-year case study of an international oil and gas company headquartered 
in Norway. The thesis is specifically focused on aspects of integration: how new tools, 
systems, and approaches are developed, and how existing ones are adapted to fit the 
existing systems and practices of the oil and gas company.  

The thesis has three goals. First, it analyzes how real-time environmental monitoring 
emerges as a distributed, interacting, and interconnected sociotechnical network 
(information infrastructure). Second, it identifies how the company’s initiatives are 
currently changing the representations of subsea environmental risk in remote and 
previously inaccessible areas like the Arctic region. Third, it reflects on the research 
methodology to address such a spatially distributed and long-term setting.  

On the theoretical level this work aims to contribute to the field of Information Systems 
and, marginally, to Computer-supported cooperative work. It is also inspired by Science 
and Technology Studies. A theoretical framework is developed connecting contributions 
from these three streams of literature in order to characterize the co-evolution of 
environmental monitoring infrastructures and their phenomenon of interest, 
environmental risk. This evolving relationship shows that, on the one hand, the 
perception of environmental risk as a problem is affected by the integration mechanisms 
that generate new knowledge. On the other hand, new conceptions of environmental risk 
have consequences for the maintenance and upgrade of environmental monitoring 
infrastructures. I call this process infrastructuring. 

The thesis provides a vivid empirical illustration of how the relationship between 
environmental risk and integration strategies unfolds in offshore environmental 
monitoring. By merging the theoretical framework and the empirical case, I argue in 
favor of a flexible understanding of the development of complex systems in 
organizational settings. Studies of infrastructure should account for the existence of 
pragmatic approaches to face persistent uncertainty and the fluid relationship between 
situated usefulness and a cross-geographical dimension. In line with existing debates in 
the literature, I demonstrate that the traditionally bounded distinctions of system 
design/development/implementation and of users/designers must be overtaken when 
studying infrastructures. On the methodological level, this thesis therefore advocates a 
deeper empirical analysis of the unfolding of infrastructures in organizational realities. 
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This thesis is submitted to the Norwegian University of Science and Technology 
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1 Introduction 

 Background and motivations 1.1
Offshore technologies in the oil and gas sector have developed at a steady pace in the 
last decade. New ICT architectures composed of fiber-optic data transfer, subsea sensor 
networks, and real-time alarm systems make it possible to achieve more efficient 
operations and move towards previously unreachable areas, such as deep-water oceans 
or the Arctic (Rosendahl and Hepsø 2013).  

The Arctic region is a significant setting in which to study the expansion of offshore oil 
and gas operations (Figure 1). It is estimated that this area hides approximately 25% of 
the world’s undiscovered oil and natural gas resources (Bird et al. 2008). Also as a 
consequence of the political turmoil in some of the world’s petro-states (especially in 
the Middle East and Africa), the interest of oil and gas companies in Arctic drilling is 
today well-established, increasing controversy not only at the environmental but also the 
geopolitical level (Reegård et al. 2014). However, the subsurface Arctic resources have 
to date been almost impossible to access due to remoteness and harsh weather 
conditions. Although the melting of ice is now opening previously inaccessible waters, 
it is difficult to quantify the possible environmental impact of Arctic operations. As a 
consequence, the business relevance of the Arctic is counterbalanced by the strong 
uncertainties associated with the potential effects of oil and gas activities on the marine 
ecosystems (Blanchard et al. 2014; Hauge et al. 2014). 

 

 

Figure 1. Arctic territorial claims (Bender 2015). 
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This unstable equilibrium is testified by the attention given to the theme of Arctic 
drilling by the mass media (see Figure 2 and Figure 3). For instance, in the US Royal 
Dutch Shell reportedly invested large amounts of money in the first half of the 2010s to 
seek permission to operate in offshore Alaska, facing stark opposition by the 
environmental organizations (Figure 2):  

“Shell is determined to drill for oil in the Arctic this summer [2015] if it can win 
the permits and overcome legal objections, although the energy company 
accepts it will never win a battle with environmentalists over its reputation. The 
oil group said the project would cost $1bn (£660m) whether it proceeded with 
drilling or not, given the fleet of vessels and other logistics that needed to be 
kept on standby.” (Emphasis added) 

 

 

Figure 2. Article reporting on Royal Dutch Shell’s intentions to drill North of Alaska (Macalister and 
Carrington 2015). 

 

Norway is another country bordering the Arctic where interest in the Arctic oil and gas 
has grown strong and is loaded with political meaning. In 2010 the country signed a 
treaty with neighboring Russia on maritime delimitation and cooperation in the Barents 
Sea  (Figure 3). Two years later, the largest Norwegian oil and gas company signed a 
cooperation agreement with a large Russian state-owned operator. Finally, in 2015 
Norway’s government announced a northwards redefinition of the ice edge in its portion 
of the Arctic region, arguing that the ice has retreated for years and is now outside the 
areas that the government wants to award to oil and gas operators for resource 
exploration (Figure 3).  
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Figure 3. Top left: a newspaper title reporting on the tensions around Arctic drilling (Critchlow 2014). Top 
right: article reporting on the Arctic border agreement between Russia and Norway (Nilsen 2010). Bottom: a 

newspaper article reporting on Norway’s decision to redefine the ice edge (Koranyi 2015). 

 

In sum, what appears to be an issue of subsurface resource exploitation is instead part of 
a much more intricate web involving economic, social, technical, and environmental 
factors.  

Oil and gas companies are urged to seek solutions to achieve more efficient extraction 
of resources in inhospitable areas, to prevent harm to the marine environment, and, at 
the same time, to be engaged in a dialogue with the authorities and the general public to 
legitimize their operations. Among the approaches currently adopted are online remote 
access to information, reduction of data management fragmentation, integrated 
analytical systems, and the implementation of cross-disciplinary work processes 
(Reegård et al. 2014; Rosendahl and Hepsø 2013).  
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This thesis draws on a three-year case study to explore one large-scale effort in this 
direction by NorthOil1, Norway’s largest oil and gas company. NorthOil is currently 
engaged in a process to integrate technologies and methods for real-time subsea 
environmental monitoring in its daily operations (e.g., drilling, production, 
decommissioning). Among the problems faced by NorthOil are the choice of the 
technologies to deploy and their configuration, the assessment of which marine 
parameters to monitor, and how to turn the new datasets into risk calculations.  

Norway is a relevant setting in which to study the interplay between technology 
development and environmental concerns: the oil and gas offshore sector is the largest 
industry in the country and accounts for more than 20% of the GDP, 15% of non-public 
workforce, and 50% of total exports (MPE 2014). These numbers make Norway one of 
the world’s top exporters of petroleum and natural gas resources. The world showcases 
many constructs of wealth and oil, from South America to the Middle East. What makes 
Norway different is a balance between oil-centered capitalism and social welfare that is 
characterized by a history of collaboration among the operators, the unions, and the 
authorities and by the latter’s strong regulatory activity to ensure the sustainable 
development of industrial activity (cf. Behrends et al. 2013). Controversies and disputes 
have however always accompanied the gradual expansion of the oil and gas activities 
from the first oil well drilled in the North Sea in 1969 to the recent expansion into the 
Barents Sea. Intense debates on the consequences of ice melting caused by global 
warming are today inflaming the Norwegian political landscape.  

 

 Theoretical approach 1.2
In this thesis I am investigating the integration of technologies and methods for real-
time subsea environmental monitoring during daily oil and gas operations as a problem 
of information infrastructure integration.  

The point of departure for this perspective is that large-scale networked ICT solutions 
like those used in the oil and gas industry cannot be studied through traditional 
approaches, assuming technology design and development as situated and time-limited 
(Monteiro et al. 2013; Williams and Pollock 2012). Complex ICT arrangements should 
rather be addressed as information infrastructures, i.e. distributed sociotechnical systems 
that aim to facilitate collaboration and coordination across geographical, disciplinary, 
and organizational boundaries over the long term, and that depend on an installed base 
of existing systems, norms, and practices (Bowker and Star 1999; Hanseth and Lyytinen 
2010; Monteiro et al. 2013). As a result, the integration of new components in an 
infrastructure acquires a temporally and spatially unbounded nature. The theme of 
infrastructure is currently high on the agenda of Information Systems (IS) (Edwards et 
                                                
1 All names of companies have been anonymized. 
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al. 2009; Monteiro et al. 2014) and Science and Technology Studies (STS) (Bowker et 
al. 2010; Edwards et al. 2013; Silvast et al. 2013). It is also a growing concern in 
Computer-supported cooperative work (CSCW) (Monteiro et al. 2013; Pollock and 
Williams 2010; Ribes and Lee 2010). Scholars within these fields recognize that this 
perspective brings not only a theoretical but also a methodological challenge for 
researchers. How should a shift from the study of ‘systems’ (often seen as artifacts) 
towards infrastructures be approached on the theoretical and, importantly, 
methodological level (Bowker and Star 1999; Monteiro et al. 2013; Ribes 2014a)? 
Consistently with my theoretical framework, I adopt and operationalize an 
infrastructural inversion (Bowker 1994; Bowker and Star 1999), a method to shift the 
attention from the work of the end users around particular tools, towards the broader 
and ongoing work required to maintain, repair, and upgrade the infrastructure as a 
whole. From this perspective some scholars thus propose to speak of information 
infrastructuring, a transitive verb that blurs the distinctions between design, 
development, and maintenance, and describes the ongoing strategies of infrastructure 
designers and users to render the infrastructure useful to situated needs while remaining 
flexible for addressing uncertainties and future problems (Karasti et al. 2010; Pipek and 
Wulf 2009; Star and Bowker 2002).   

Another tenet of this thesis is that the evolution of infrastructuring mechanisms goes 
hand in hand with the evolution of the objects these efforts ultimately attempt to tackle 
(cf. Bowker 2000). Infrastructuring more sustainable oil and gas operations therefore 
also entails a shift of perspective on oil and gas-related environmental risk. In general, 
the role of information systems in environmental sustainable processes is high on the IS 
agenda, under the label ‘Green IS’ (Boudreau et al. 2008; Malhotra et al. 2013). This 
attention is echoed in STS where it has been noted that an infrastructure metaphor is 
fruitful for conceptualizing the issues of expanding reach and size versus the local 
usefulness of energy infrastructures (Silvast et al. 2013).  

I combine contributions in the infrastructure literature with insights from the fields of 
marine policy and pollution (Blanchard et al. 2014; Hauge et al. 2014) and the sociology 
of risk (Beck 1992; Jasanoff 1999) to describe the co-evolution of infrastructure and 
environmental risk as integration by infrastructuring. Along this trajectory, offshore 
activities are getting as close to environmentally sensitive marine environments as they 
ever have. The subsea life now becomes closely visible, online, and can be studied (cf. 
Latour 1999). How will the oil and gas industry develop infrastructures which not only 
integrate practices and systems, but which can also integrate with the natural 
environment? This question cannot be answered by looking only at the 
nature/technology interaction without taking into account that the encounter between oil 
and gas (and, more generally, industrial) interests and environmental issues opens 
ethical and political controversies about the very definition of environmental risk (cf. 
Beck 1992; Douglas 1992; Jasanoff 1999). ‘Facts’ about risk appear indeed to be 
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negotiable and politically charged: How do we define pollution? As my case study 
demonstrates, little agreement exists in the first place about, for example, the effects of 
seismic surveys on sea mammals. My informants barely agreed on the comparability of 
subsea acoustic measurements taken from different positions. Nonetheless, 
infrastructure innovation also ends up accounting for antagonisms, it embodies 
decisions that are reached “in the face of persistent disagreement.” (Barry 2013, p. 7)  

The theoretical framework is presented and discussed in Chapter 2. 

 

 Research setting and approach 1.3
The research presented in this thesis is based on a longitudinal (April 2012 – December 
2014) interpretive case study conducted via an ethnographic method (Myers 1999; 
Ribes 2014a). The unit of analysis consists of the initiatives of an international oil and 
gas company (NorthOil) to establish real-time subsea environmental monitoring as part 
of daily operations. I look at the infrastructuring mechanisms, defined as the ongoing 
efforts to upgrade NorthOil’s infrastructure by integrating the new environmental 
monitoring capacities in the fabric of existing or adapted methodologies, technologies, 
and work processes.  

In the last decade NorthOil has been involved in various projects to install online ocean 
observatories to track environmental parameters in several areas in different operational 
phases. I have investigated, in particular, the initiatives undertaken in areas where 
operations are today forbidden (offshore of the Lofoten Islands in North Norway), or 
where oil production is ongoing (offshore Brazil) or upon the drilling of a new subsea 
well (offshore central Norway). What is common to these locations is the presence of 
sensitive natural resources (coral reefs and spawning fish in Norway; calcareous algae 
in Brazil). With the goal of putting these experiences together and setting up an 
“integrated infrastructure for environmental monitoring” (sic), in 2011 NorthOil 
embarked on a three-year project in collaboration with three large project partners.  

The research setting and approach are elaborated on in Chapters 3 and 4. 

 

 Research goal 1.4
The goal of this thesis is to make it easier to understand how the integration of 
environmental monitoring solutions unfolds and fits with the existing systems, 
practices, and standards of an oil and gas company. Since the study covered three years 
in a longer temporal span of innovation in the oil and gas business, I will mainly focus 
on the early stages of the integration process. 

The main research question is formulated as follows:  
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What characterizes the early dynamics of the integration of an infrastructure for real-
time environmental monitoring within the installed base of an oil and gas 
organization? 

The main question is refined into the following three research questions: 

1) How does real-time environmental monitoring emerge as an infrastructure?  
 

2) How is this process mirrored by a changed representation of environmental 
risk perception in an oil and gas context? 
 

3) How can such a long-term and large-scale problem be addressed at the 
methodological level? 
 

The first question identifies infrastructure as the first and main theoretical theme 
addressed in this thesis. It aims to investigate analytically how the real-time 
environmental monitoring approach chosen by NorthOil takes the shape of an 
information infrastructure.  

The second question addresses the mutual relationship between infrastructure 
development and changes to the representations of environmental risk perception within 
the oil and gas domain. In so doing, it defines environmental risk as the second theme 
of this thesis.  

The third and last question is, instead, of methodological nature: How do we tell a large-
scale story? I draw on the recent literature to reflect on how I – as an individual 
researcher – approached the study of infrastructure – something which is hardly 
physically delimited and develops over a long temporal span. In so doing, I 
operationalize the concept of infrastructural inversion (Bowker and Star 1999). 

 

 Contributions 1.5
Following Walsham’s (1995) suggestions about how to generalize from an interpretive 
study, this thesis aims to contribute to IS – and partly to CSCW and STS – in three 
ways:  

 First, the thesis provides a rich empirical insight into how environmental risk 
prevention systems and practices emerge and are integrated in the politically and 
economically loaded oil and gas context. I describe this trajectory through the 
concept of infrastructuring.  

 Second, the thesis aims to contribute theoretically by presenting a cross-
disciplinary theoretical framework to characterize some core aspects of 
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infrastructuring. In so doing, it argues in favor of a flexible approach to the 
definition and connotation of information infrastructures.  

 Finally, the thesis also outlines a set of specific implications for (i) theory and 
(ii) conducting empirical research on information infrastructures. I then conclude 
with reflections on the governance of information infrastructures.  

In particular, the three stated research questions are answered as follows:  

1) I provide a characterization of early-stage infrastructure evolution through the 
lens of infrastructuring which I intend as an ongoing, practical enactment where 
traditional distinctions of design/development, user/designer are overtaken. The 
answer to this question describes infrastructure integration as only emerging 
pragmatically and elaborates on the usefulness of a vague notion of 
infrastructure on the theoretical and empirical level. In addition, it problematizes 
established conceptions of installed base in studies of infrastructures. Finally, the 
answer to this question has implications for the Green IS research agenda. 

2) My answer is again analytical and looks at how representations of environmental 
data and the associated risk emerge to balance tensions between situated 
problems and global requirements. In addition, I reflect upon the impact of 
environmental risk perception on infrastructure integration strategies.    

3) My answer to this question draws upon an extensive discussion of my 
ethnographic method for conducting research on infrastructure, and a theoretical 
discussion of the notion of infrastructural inversion. In so doing, I provide 
reflections on the data collection design and process and on the definition of the 
case study so as to face a situation where spatial and temporal (and linguistic!) 
boundaries are not pre-defined. 

In-depth answers to Research Questions 1-3 appear in the following papers (numbered 
for easy referencing):  

Paper 1. Parmiggiani, Elena; Hepsø, Vidar (2013). Pragmatic Information 
Management for Environmental Monitoring in Oil and Gas. In Proceedings 
of the 21st European Conference on Information Systems (ECIS), Utrecht, 
The Netherlands, June 5-8, 2013, Paper 65 

 
Paper 2. Parmiggiani, Elena; Mikalsen, Marius (2013). The Facets of Sociomateriality: 

A Systematic Mapping of Emerging Concepts and Definitions. In Nordic 
Contributions in IS Research Lecture Notes in Business Information 
Processing, M. Aanestad and T. Bratteteig (eds.), Springer Berlin Heidelberg, 
pp. 87–103 
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Paper 3. Mikalsen, Marius; Parmiggiani, Elena; Hepsø, Vidar (2014). Sociomaterial 
Capabilities in Integrated Oil and Gas Operations - Implications for Design. 
In Proceedings of the 22nd European Conference on Information Systems 
(ECIS), Tel Aviv, Israel, June 9-11, 2014, Track 20, Paper 3 

 
Paper 4. Parmiggiani, Elena; Monteiro, Eric; Hepsø, Vidar (2015). The Digital Coral: 

Infrastructuring Environmental Monitoring. Submitted to Computer 
Supported Cooperative Work (CSCW) (under review after first round 
revisions) 

 
Paper 5. Parmiggiani, Elena; Monteiro, Eric (2015). The Nested Materiality of 

Environmental Monitoring. Submitted to the Scandinavian Journal of 
Information Systems (under review after second round revisions) 

 
Paper 6. Parmiggiani, Elena; Monteiro, Eric (2014). A Measure of ‘Environmental 

Happiness’: Infrastructuring Environmental Risk in Offshore Oil and Gas 
Operations. Submitted to Science & Technology Studies (under review) 

 
Paper 7. Parmiggiani, Elena; Monteiro, Eric (2015). Environmental Sustainability: 

Implications for Green IS. Submitted to Management of Information Systems 
Quarterly (under review)  

 

Table 1 outlines the relationship between the research questions and the papers and 
thesis.  

Results are presented in Chapter 5 and discussed in Chapter 6. 

Table 1. The relationship between the research papers, thesis, and the research questions addressed. The dot is 
bracketed if the question is only partially answered in the paper. The label under each paper is the field of 
contribution (IS; CSCW; STS).  

 
RQ1 

Information 
infrastructure 

RQ2 
Environmental risk 

RQ3 
Infrastructural inversion 

Paper 1 
[IS] ●   

Paper 2 
[IS] 

  (●) 

Paper 3 
[IS] ●   

Paper 4 
[CSCW] ● ● ● 

Paper 5 ●   
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 Structure of the thesis 1.6
This thesis is structured as follows.  

Chapter 2 discusses the literature on the key themes addressed by this thesis and draws 
the overarching theoretical framework.  

Chapter 3 presents the details and the historical background of the case study.  

Chapter 4 elaborates and explains the research method adopted.  

Chapter 5 presents the results by describing the articles attached to this thesis in the 
light of the theoretical and methodological insights of the whole thesis.  

Chapter 6 draws the implications of my work for the three theoretical themes of this 
thesis and for infrastructure governance. 

Chapter 7 contains the concluding remarks and some suggestions for future work. 

The Appendix contains the seven research papers in full length and the co-authorship 
statements.

[IS] 
Paper 6 
[STS] 

● ●  

Paper 7 
[IS] ● ●  

Thesis ● ● ● 
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2 Theoretical approach 
Stemming from the research questions introduced in Chapter 1, this thesis presents a 
theoretical framework based on two key theoretical themes and a third cross-cut 
methodological insight used as a means to approach the first two themes (see also 
Figure 4 for the schematic representation of their relation). The first theme, 
environmental risk, is empirically motivated and frames the general problem underlying 
this work. The second theme, information infrastructure, is proposed as a lens through 
which to address the tensions and complexities that are related to environmental risk 
management. The infrastructure-based perspective allows me to adopt and elaborate the 
concept of infrastructuring to describe the integration of environmental risk 
management solutions with the existing systems and practices of oil and gas operations 
as an ongoing work of maintenance, upgrade, and repair, rather than as a confined 
process of design and development. This conceptualization relies on the perspective of 
infrastructural inversion, which spans the first two themes and is cardinal to both the 
theoretical framework and the methodology (as discussed in Chapter 4). I frame 
infrastructural inversion as a resource both for the actors and the researcher (i.e., 
myself) to move the attention from the relations between end users/artifacts, towards the 
infrastructure that sustains and enables many interconnected relationships.  

This chapter has two goals. First, it demonstrates that there is (at least partial) overlap in 
the themes of environmental risk and information infrastructure/infrastructural 
inversion. Second, the chapter positions the key concept of this thesis (infrastructuring) 
at the intersection of the three themes. 

 

 
Figure 4. The relationship among the three theoretical themes. The size of the bubbles does not reflect the size 
of the domains considered. It however acknowledges that the literature on infrastructural inversion is a subset 

of the one on information infrastructure. 
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In the next sections I review the way that these topics have been developed by scholars 
in IS, CSCW, and STS. Despite the convergence in focus, the way they are addressed in 
each of the three camps is characterized by divergence. 

 

 Environmental risk 2.1
I am interested in discussing aspects of environmental sustainability in this thesis, 
particularly related to environmental risk management. Companies and environmental 
agencies are increasingly adopting environmental risk as one of the main organizing 
principles of their activities. Environmental risk assessment methodologies are 
developed to quantify an organization’s environmental impact and flag it as an 
organizing principle for their actions in the face of uncertainty. The translation of 
environmental sustainability into the language of risk management has become a 
constitutive feature of corporate governance to date, where the underlying idea is that 
well-governed companies are those able to handle environmental risks properly 
(Jasanoff 1999; Power 2007).  

The relationship between uncertainty and risk is thus a cardinal one to understand the 
move of oil and gas companies towards the unexplored Arctic. Power’s (2007, p. 6) 
interpretation permeates my theoretical approach:  

“Uncertainty is therefore transformed into risk when it becomes an object of 
management, regardless of the extent of information about probability (…) 
When uncertainty is organized it becomes a risk to be managed.”  

As a starting point, I specifically focus in this section on how the definition of 
environmental risk in the face of uncertainty has been problematized in the fields of 
marine policy, sociology, and IS.  
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2.1.1 The complex nature of environmental risk: Insights from marine 
policy literature 

There is a rich body of literature in marine policy, maritime studies, and environmental 
science that investigates environmental risk in terms of the uncertainties associated with 
current risk assessment methodologies – in particular those in use by the oil and gas 
industry (Blanchard et al. 2014; Hasle et al. 2009; Hauge et al. 2014; Knol 2011). Even 
if not influenced by IS research, these studies highlight two relevant points that I draw 
upon in this thesis and that are also relevant to IS. First, these studies recognize that the 
uncertainty is due to a complex network of value-laden relations. Second, the focal role 
of the variability of the materiality of technologies and natural elements is recognized. 

Hauge et al. (2014) note that the uncertainties embedded in risk assessment 
methodologies might lead to a failure to account for, for example, the long-term effects 
of an accident or the impact of minor oil spills on less commercially relevant natural 
species. The sources of such uncertainties often involve the material conditions of a 
specific site: geological and natural conditions, technical developments, and the 
characteristics of the marine species considered. As an example that echoes the case of 
this thesis, fish species with a swim bladder are more exposed to oil spills because they 
need to routinely surface in order to fill their bladders with air (ibid).  

The sources of uncertainty arguably have an epistemological nature: they depend on 
ignorance or inconclusive knowledge which generates conflicts between the 
stakeholders involved in risk assessment procedures, notably the oil and gas industry 
and the fishery sector (Blanchard et al. 2014). Nevertheless, the complexity of risk 
assessment is recursive: “including more detailed information will introduce new layers 
of uncertainty.” (Hauge et al. 2014, p. 86) 

Uncertainty also emerges in the delicate moment of deciding the scope and practices of 
risk assessment when there is loose or no reference to comprehensive governance 
frameworks. In the recent years there has been attention paid in the literature to the 
ecosystem-based management of marine areas as a way to measure the quality of the 
environment (Knol 2013). From an actor-network theory basis, Knol explains the 
making of environmental governance as a process to construct nature as readable and 
relevant through the co-production of measuring instruments. This implies that an 
ecosystem is never unambiguously defined, but that facts about nature are constructed 
through categorization processes that are fed into governance where financial 
motivations might not necessarily overlap with political interests (Knol 2011).  

The consequence of the uncertainties associated with risk assessment is thus that, upon 
closer scrutiny, they reveal that the final decisions made on risk assessment scope, 
method, and presentation are “more a value question than a scientific question” (Hauge 
et al. 2014, p. 88; see also Blanchard et al. 2014): uncertainties can be a powerful 
political tool. For example, based on the same seismic surveys, the oil and gas industry 
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speaks in terms of their short-term ‘viability’, whereas the fishermen speak of the 
‘vulnerability’ of the fish stock over the long term (Blanchard et al. 2014). As a result, 
different framings lead to different risk perceptions by the public audience.  

  

2.1.2 Environmental risk and the role of materiality: Insights from the social 
sciences 

The social sciences have long recognized that socio-political elements are cardinal, 
together with the scientific ones, in understanding the uncertainties associated with the 
definition and perception of environmental risk. Within the sociology of modernity and 
risk, uncertainties are treated as a condition of society (Beck 1992).  

In his sociological theory of the risk society, Beck (1992) describes risk not as a 
consequence of the outside natural world, but rather as a consequence of human 
knowledge about it. Framed in this way, human knowledge provides “the means – the 
categories and the cognitive equipment – to recognize and present problems as problems 
at all, or just not to do so,” (ibid, p. 163) and to overcome those same threats.  

In his commentary on Beck’s work, Latour (2003, p. 36) compares the concept of risk to 
that of network, as intended in his own actor-network theory:  

“As to ‘risk’, it does not mean that we run more dangers than before, but that we 
are now entangled, whereas the modernist dream was to disentangle us from the 
morass of the past. A perfect translation of ‘risk’ is the word network in the 
[actor-network theory] sense, referring to whatever deviates from the straight 
path of reason and of control to trace a labyrinth, a maze of unexpected 
associations between heterogeneous elements, each of which acts as a mediator 
and no longer as a mere compliant intermediary.”  

Throughout this thesis I will adopt the term ‘risk’ from this perspective.  

As the marine policy literature told us, knowledge about the environment is not 
independent of political and social values. It is the result of a process of construction 
where it is impossible to place scientific analysis and political deliberations in separate 
compartments: “Uncertainty about the environment, in particular, increasingly appears 
as a very special form of politics.” (Jasanoff 1999, p. 144) Environmental risk 
assessment practices indeed hide tacit assumptions about causalities and agencies that 
depend on each situated social order (Douglas and Wildavsky 1983); however, 
“[t]ranslating ‘uncertainty’ into formal quantitative language washes out the concept’s 
cultural and political origins.” (Jasanoff 1999, p. 144) 

When risk is considered an epistemic problem, external agencies are removed and risk 
becomes reflexive (Beck 1992). The term ‘reflexive’ has to be interpreted, according to 
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Latour, in the sense that risk is generated by the reverberation of the unintended 
consequences of actions throughout society so that they become intractable (Latour 
2003). In this sense, the complexities of risk assessment methodologies are 
sociotechnical, in that they demonstrate the interdependence between technological 
systems and social institutions (Barry 2013). These two elements – in the shape of 
public representations of risk resulting from formalized assessment methodologies and 
what can be measured given the existing capabilities – are however often misaligned 
(Kuchinskaya 2013). Latour (2005) elaborates on the sociotechnical – or rather 
sociomaterial – nature of risk by demonstrating that the fact that also objects have 
agency is one of the principal source of uncertainty. An epistemological understanding 
of Latour’s actor-network theory considers human and non-human elements on the 
same level in constituting collectives. The consequence of this statement is therefore 
that the role of materiality should be acknowledged as performative of the construction 
of assessment and perception of risk. As I discuss in Chapter 4, this perspective has 
methodological implications.  

To summarize, although from different yet sometimes connected angles, the literature 
within marine policy and the social sciences has developed an understanding of 
environmental risk not as an uncontested ‘fact’, but as the result of a process of 
construction where knowledge-related uncertainties reveal social, political, and 
economic agendas and heterogeneous elements compose dynamically evolving 
‘networks’ (Latour 2003). A second relevant aspect is that, away from deterministic 
accounts of technology development, this perspective exposes the active role of the 
materiality of technologies and natural elements in shaping the construction of risk. 

 

2.1.3 Information Systems and environmental risk: Green IS 
To bridge the vast issue of environmental sustainability with IS, a research stream under 
the label ‘Green IS’ has appeared in the last six-seven years with a focus on the 
development of systems aimed at environmentally sustainable processes (Malhotra et al. 
2013). According to Watson et al. (2008), Green IS is grounded on a change of 
paradigm: instead of making efforts to reduce the energy required to operate a specific 
technology, Green IS is meant to lead to the design and development of entire systems 
that are more sustainable.  

Green IS research, however, is still in its infancy. Insights into how to design such 
information systems to enable a transition towards sustainability are lacking (Malhotra 
et al. 2013; Melville 2010). Some relevant studies have recently been published. Seidel 
et al. (2013), for example, propose key affordances of systems to allow environmentally 
sustainable work practices based on a case study from a software solutions provider. As 
Malhotra and associates note: “We should also be mindful, however, of Henry Ford’s 
apocryphal admonition, ‘If I had asked people what they wanted, they would have said 
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faster horses’.” (p. 1268) The development of environmentally sustainable solutions 
might be in the hands of a few and lightly bounded initiatives.  

Another interesting study was conducted by Marrett et al. (2013), who underlined, on 
the one hand, the importance of considering and aligning financial and environmental 
goals to reduce CO2 emissions, and on the other hand, they noted on the relevance of 
normative pressures when financial gains are still difficult to predict. Malhotra et al. 
(2013) make two points that are also relevant for this thesis when commenting on this 
article. Information has both a rational and a social dimension that “we can also think of 
as the interplay between prices and perceptions (Watson et al. 2012).” In particular, we 
should investigate the way the presentation of information might favor specific 
perceptions regarding environmental sustainability. In addition, “one major shortcoming 
of the IS academic community, we contend, is its general failure to influence mass 
change through participating in the formulation of industry standards and government 
policy. We need to discover how we can insert ourselves into these processes so that IS-
related outcomes will create pressures for desirable ecological change.” (Malhotra et al. 
2013, p. 1269) 

  

2.1.4 Summary 
In summarizing the above sections, three key points emerge: 

 Environmental risk perception. The IS field should address more efficiently not only 
the rational but also the social dimensions involved in the realization of 
environmentally sustainable systems. In this way, we can specify that what we are 
dealing with is not ‘environmental risk’ as an independent entity, but rather its 
perception.  

 The networked nature of environmental risk. The analysis of the uncertainties 
associated with modern risk assessment methodologies, as a byproduct, 
problematizes the notions of environmental risk on the spatial and temporal level. 
‘Risk’ is the result of networked, distributed, and long-term relations between social, 
technical, and natural elements. Its analysis therefore deserves a theoretical concept 
able to fully account for the dynamic nature of these relations. To anticipate the 
language I will adopt later, environmental risk should be analyzed in terms of its 
infrastructural nature. 

 The materiality of environmental risk. Among the sociomaterial relationships that 
entwine to generate a particular conception of environmental risk, those involving 
material components deserve a closer scrutiny because they are constitutive of risk 
as a phenomenon and of the methodologies used to assess it. 
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I now turn to describing the theoretical concept that offers a basis for explaining how 
the design, implementation, and maintenance of information systems can approach the 
complexities of environmental risk and the uncertainties it enfolds. 

 

 Information infrastructure 2.2
As introduced in Chapter 1, new technologies have recently been adopted in 
environmental risk assessment. Metaphorically, such instruments act as prostheses: they 
give access to previously inaccessible locations – e.g., the seafloor – with increasingly 
shorter temporal gaps – e.g., in real time. However, technologies per se do not solve but 
rather pose new problems related to the management, analysis, and interpretation of the 
new data. As a consequence, for environmental risk assessment to be conducted, the 
new instrumentation must be embraced in new organizational forms – where 
‘organizational’ encompasses the development of new practices, computational systems, 
standards, and expertise, and entails the creation of economic interests and the 
redistribution of labor (Edwards et al. 2013). We therefore need a powerful concept to 
describe these elements and address the ‘entangled’ nature of risk (Latour 2003, 2005). 
For this reason, I propose to adopt information infrastructure. 

 

 

 

2.2.1 Defining infrastructure 
Born as a military term to designate fixed facilities, the concept of infrastructure has 
evolved greatly since the mid-1990s, in particular since Hughes’ seminal study of large 
technical systems (Hughes 1993; cf. Jensen and Winthereik 2013; Edwards et al. 2009).  
 
Within STS, studies of infrastructure are more than two decades old. A key 
conceptualization of infrastructure, which underpins almost all the following 
contributions, was first given by Star and Ruhleder in CSCW (1994) and later in STS 
(1996). They define infrastructure in terms of organizational and social arrangements 
encompassing not only heterogeneous technologies, but also standards, classification 
systems, routines, and norms. This notion is useful to understand the relational and 
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historical nature of infrastructure, which cannot be conceived of as a thing, but rather as 
a relational concept: infrastructure becomes such in relation to organizational practice, 
and emerges when local practices are afforded by large-scale solutions (Star and 
Ruhleder 1996). 
 
The European and the American research fields have followed parallel paths in pursuing 
infrastructure studies. European scholars have developed the concept of information 
infrastructure to describe large-scale integrated information and communication 
technologies in the workplace (Monteiro et al. 2013). The rhetoric drive of the concept 
was inherited by the European Union’s initiatives and policies promoting the 
development of an information society in light of the “Information Age.” Cardinal in 
this respect was the Bangemann report to the European Council (Bangemann 1994) 
advocating interconnected and interoperable systems and standards to foster the 
emergence of new sectors of the economy and new Europe-wide markets for 
information services (see also Hanseth et al. 1996). The Bangemann report also clarifies 
that information infrastructure initiatives should come from the private sector and 
leverage the capital available to the emerging telecommunication market segment. The 
availability of rich case studies on the realization of more efficient interconnected 
systems and standards was also fundamental to the development of the field. Influential 
studies have been conducted about the development of the Internet (e.g., Hanseth and 
Lyytinen 2010; Monteiro 2000). Other preferential settings have been the health care 
sector (Ellingsen and Bjørn 2014), industry (Ciborra 2000; Østerlie et al. 2012), quality 
certification (Monteiro and Rolland 2012), and recently finance (Kaniadakis and 
Constantinides 2014). Of relevance to this thesis, the oil and gas domain has been the 
object of studies, particularly in Northern Europe, owing to a work environment which 
is arguably more open to external researchers (Almklov et al. 2014; Monteiro and 
Hepsø 2002; Østerlie et al. 2012).  
In general, the influence of actor-network theory on the conceptualization of 
information infrastructures as assemblages (Monteiro 2000) or networks of human and 
non-human elements has been considerable (Hanseth and Monteiro 1998). Monteiro and 
Hanseth (1996) explain: “Intuitively, as [actor-network theory]’s primary object is to 
describe technological systems and non-technical structures as single units, i.e. as socio-
technical networks, it should be well suited for describing interrelations between 
network organizations and network technologies.” (Emphasis added) 
 
In the US, researchers of infrastructures have followed a slightly different path, not 
always communicating with their European counterparts until recently (Edwards et al. 
2009). The National Science Foundation offered funds to develop integrated solutions 
supporting interdisciplinary scientific data sharing, particularly in the earth sciences. 
Following the Atkins (2003) report, such infrastructures have been termed 
‘cyberinfrastructures’ (e.g., Ribes and Lee 2010). In a nutshell, cyberinfrastructure was 
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a unitary movement to promote the attention to technology, data exchange, and 
instrumentations. Comparable studies have also been funded in the UK since the early 
2000s under the label ‘eScience’ and later also ‘eResearch’ to encompass the study of 
computing infrastructures for collaboration in the humanities and in academic settings 
(Jirotka et al. 2013).  
Empirically, despite the grand intentions of cyberinfrastructure initiatives, American 
researchers have identified how matters of space and, in particular, time, generate 
tensions that often hinder or prevent the development of infrastructures, for instance 
between national institutions and the local enactments of technology (Ribes and Finholt 
2009). Whereas the actor-network theory tradition of information infrastructure studies 
considers humans and non-humans as equally participating in shaping action (Latour 
2005) – at least on the epistemological level – cyberinfrastructure research tended to 
dampen the “human factor” in favor of the technological aspects. In the second half of 
the 2000s, scholars demonstrated the importance of human and organizational 
arrangements in cyberinfrastructure development (e.g., Bietz et al. 2010). Such 
contributions emphasized the need to analyze infrastructure projects as always molded 
by an installed base that encompasses not only artifacts and technologies but also 
human practices, regulations, and shifting power relations (Edwards et al. 2009). In 
particular, critical of the lack of focus on the social aspects (intended as people and 
labor) of knowledge development in cyberinfrastructure, Edwards et al. (2013) propose 
to bring the knowledge element back, and speak instead of knowledge infrastructure, 
defined as an interconnected, modular, and rough-cut robust network of people, 
institutions, and tools whose primary target is to “generate, share and maintain specific 
knowledge about the human and natural world.” (ibid, p. 17) From this perspective, 
according to Edwards and associates, we should understand infrastructures and hybrids 
rather than the sum of social and technical elements. 
 
We are then left with two notions – information infrastructure and knowledge 
infrastructure – which are sometimes used interchangeably but also preserve their 
differences. In addition to the evident focus on the flow of information in the workplace 
on the one side and on the sharing of scientific knowledge on the other side, these 
concepts in general have different normative (public vs. private incentives), empirical 
(industry and health care vs. environmental research), and theoretical (e.g., actor-
network theory vs. grounded theory-based approaches) heritage. While this 
characterization is not clear-cut and exceptions exist, these differences are there for 
good reasons – e.g., there are different public spending cultures in the US and the EU 
and different privacy and confidentiality requirements in the US, the UK, and the EU 
which shape the way infrastructures unfold and access to cases is granted (e.g., to oil 
and gas companies). These factors, together with the theoretical underpinning, affect 
what is visible to researchers – for example, the efficient flux of information in an oil 
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and gas company contra the generation and preservation of knowledge about sea water 
pollution.  
Interestingly however, these two different camps have recently been converging by 
organizing joint workshops2 resulting in special issues of renowned journals (Edwards 
et al. 2009; Monteiro et al. 2014). As a result of this brief outline, the two notions still 
imply different emphasis, but they are moving towards developing conceptual 
similarity, grounded on, for example, the highly influential work of Susan Leigh Star 
(Bowker and Star 1999; Star 1999; Star and Ruhleder 1994, 1996).  
 
The scaffolding of this thesis is both information infrastructure and knowledge 
infrastructure. However, I primarily rely on an IS-based understanding of information 
infrastructure informed by actor-network theory. I mean infrastructures as complex, 
distributed sociotechnical networks characterized by openness in terms of types of 
users, interconnected and dynamically evolving systems underlying multiple agendas, 
and shaped by an installed base comprising existing practices and systems (Monteiro et 
al. 2013). Information infrastructures emerge as a precarious equilibrium of multiple 
interlocking systems and processes where local fitting entails unfitting at other sites and 
components entangle with others that are apparently unrelated (Monteiro and Rolland 
2012).  
Due to the empirical case study I followed, I am also influenced by the lens of 
knowledge infrastructure, in particular by Edwards et al. (2013), whose definition of 
knowledge infrastructure aims to shed more light on the organizational changes 
associated with technology innovation which are rarely socially, culturally, and 
economically neutral. After all, infrastructures are as unpredictable as the natural 
phenomena they attempt to govern (Ciborra 2000), such as global warming (see also 
Edwards 2010). They are as fundamentally vague ontological entities where “tools and 
technologies are never independent of the actors and organizations that promote, 
maintain, and use them.” (Jensen and Winthereik 2013, pp. 12–13) It is therefore 
convenient to exploit the vagueness of infrastructures, because it empirically constitutes 
the condition of their workability and conceptually makes it possible to cut across and 
explore different definitions. 
 

2.2.2 From situated actions to (socio)materiality: Accounting for the 
materiality of infrastructures 

The studies of organizational work arrangements within CSCW and IS have so far often 
privileged the localized, situated appropriation of technological artifacts by the end 
users (Monteiro et al. 2013). One of the reasons for this strand of research is the 
influence of practice-based conceptualizations of technology enactment in work practice 

                                                
2 Innovation in Information Infrastructures (III) workshops in Edinburgh (October 9th, 2012) and Oslo 
(October, 13th – 16th 2014) 
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(Schatzki et al. 2001) and of Suchman’s (2006) notion of ‘situated action’. Suchman’s 
work has been particularly important in debunking overly structural accounts of work 
practices, and in highlighting that action is always situated in the sense of being “taken 
in the context of the particular, concrete circumstances.” (ibid, p. 25-26) These studies 
have provided a powerful tool to analyze how the concrete circumstances of daily work 
practice differ from formal work processes and how the same technology is in fact 
appropriated differently in different context. For all their merit, critiques have been 
levelled at these studies because they have failed to account for the meaning of the 
qualifier ‘situated’, therefore overlooking the relationships between instances of work 
practice separated in time and space (Monteiro and Rolland 2012; Pollock et al. 2009). 
Among the reasons for this is the fact that such analyses are often the result of short-
lived case studies which miss the temporal and spatial stretching of the infrastructure 
that in fact supports actions (Williams and Pollock 2012). Kallinikos (2004) observed 
that the study of technology cannot be exhausted by an analysis of the user/technology 
interface. Such a perspective cannot grasp the interplay between the specific contextual 
enactment of a technology and the network of technical, organizational, and social 
arrangements that sustain that technology. Modern infrastructures magnify a ‘situated 
action’ that is constituted across distributed (Pollock et al. 2009), trans-situated 
(Monteiro and Rolland 2012), and digital settings (Knorr-Cetina 2009). Examples 
include those disciplines which rely almost exclusively on computer-based 
representations and models to deal with objects that are physically inaccessible to 
humans. For example, Frodeman (1995) describes geology as a hermeneutic science 
because it is characterized by instrument-mediated access to the subsurface, a 
prejudgment about what the problem is and what will account as an answer, and a 
historical layering of goals and decisions that influence the direction of future research. 
Edwards (2010) offers a vivid illustration of how the infrastructure for climate data 
modeling has evolved in recent decades. Edwards demonstrates how models are tuned 
and adapted to obtain heuristically valuable predictions. They do not abstract or 
represent reality; they rather constitute it (see also Edwards 1999). 

Computer models are thus an example of technology-mediated situations that cannot be 
physically bounded and emerge from intricate entanglements of the social and material 
aspects of infrastructures. They also explain the need for studies that detail not only that, 
but how technology – and, more broadly, materiality – shapes, or performs, the situation 
(cf. Barad 2003). This is the heart of the recent discourse in IS on sociomateriality 
(Leonardi 2012; Orlikowski and Scott 2008; Parmiggiani and Mikalsen 2013). Since the 
1950s sociotechnical researchers have realized that technological innovation surfaces 
from both social and material aspects (Parmiggiani and Mikalsen 2013). It was however 
not until the 2000s that Orlikowski (2007) and Orlikowski and Scott (2008) brought 
together different theories and research streams (in particular actor-network theory 
(Latour 2005), Barad’s (2003) agential realism, and, again, the work of Suchman 
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(2006)) into an agenda for organization studies that promoted the study of how the 
interplay between IT and organizational work unfolds in practice. As Østerlie and 
colleagues (2012) observe, the current use of the term can be traced back to Mol (2002) 
who posited that the social and the material are not given beforehand but enacted 
through practice. The implication of this, Østerlie et al. (p 88, emphasis added) 
continue, “is that material reality is neither social nor material, but always part of the 
same performances: it is sociomaterial. (…) Explanatory power, then, is not on the 
objects themselves, but on the relationship between the social and the material.”  

Sociomateriality implies what elsewhere has been called the ‘ontological turn’, namely 
a focus on practice not only as a set of social interactions but also of material 
enactments (cf. Woolgar and Lezaun 2013). This perspective, then, means everyday 
practice as “configured and reconfigured by multiple meanings and materialities that are 
fused together in the engineer’s work.” (Orlikowski and Scott 2008, p. 460; cf. 
Suchman 2006) A key notion of sociomateriality is performativity (Barad 2003), which 
relates to enactment (see also Mol 2002). According to Orlikowski and Scott (2008, p. 
462):  

“…the notion of performativity draws attention to how relations and boundaries 
between humans and technologies are not pre-given or fixed, but enacted in 
practice. A practice lens is thus particularly helpful in grounding this notion of 
performativity.” 

In this sense, then, practice refers to the enactment of boundaries and relationships. 
There are two direct implications for the study of infrastructures.  

The first relates to the inseparability of the infrastructure and what is visible and how. 
Infrastructures are inherently sociomaterial because they have an ontological 
implication: they define what can be known and therefore what can be done (Jensen and 
Winthereik 2013) by bridging undifferentiated nature and the quantified world of 
experts (Østerlie et al. 2012). 

The second implication is that, if we take the definition of performativity seriously, we 
should avoid treating technological development and adoption as special cases of 
organizing processes. Instead, we should focus on how technology becomes 
incorporated into routine practices (Orlikowski and Scott 2008). Other approaches have 
instead pointed that moments like technology development and early adoption are an 
important opportunity to investigate how the entanglements emerge (Leonardi and 
Barley 2008). For the sake of this thesis, I will refer to the former approach.  

In its practice-based tradition, sociomateriality research has productively focused on the 
interrelationships between computing technologies and the social context in which they 
are operated (e.g., the work of Suchman). If we consider the case of subsea 
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environmental monitoring presented in this thesis, however, the unfolding of material 
reality embraces levels that go beyond in-office technologies and encompass remote 
sensing and real-world physical phenomena (e.g., fish migration). To date however, 
overcoming a representational view on materiality and unpacking its performative role 
in practice has proven particularly problematic for researchers (Cecez-Kecmanovic et 
al. 2014; Monteiro and Hanseth 1996). To leave behind the impasse and obtain a better 
insight into the ontological stance of infrastructures, we propose to focus specifically on 
how materiality performs in practice (e.g. the subsea environment during a monitoring 
campaign). In Paper 5 we contribute the concept of ‘nested materiality’ to describe how 
material phenomena emerge as the recursive and purposeful nesting (or “fitting 
together”) of the physical world and the infrastructure that makes them possible through 
hardware and modeling tools. Nested materiality expands studies on performativity 
(Kallinikos et al. 2013; Østerlie et al. 2012) and underlines the interactive nature of 
distributed and interconnected infrastructures. In other words, this notion shows how the 
infrastructure turns phenomena (e.g., the coral reefs in the Norwegian Sea) into 
something which is meaningful and relevant for one or more groups of users across 
different domains. 

 

2.2.3 Perspectives on infrastructure integration 
One of the implications of the previous paragraph is that innovation (e.g., introducing 
environmental monitoring capacities in oil and gas infrastructures) never builds on a 
clean slate (Star and Ruhleder 1996), but rather emerges from an underlying open-
ended, spatially and temporally unbounded bundle of practices, existing systems, 
standards, and formal procedures to which the new components must be connected. The 
process of establishing such connections is one of integration. According to actor-
network theory, integration efforts are complex sociotechnical networks where human 
and non-human actors engage in distributed processes of negotiation and improvisation 
(Latour 1987, 2005). Earlier sociotechnical studies of large-scale organizations clearly 
indicate that these processes are seldom the result of top-down business strategy. 
Ciborra (2002) presents the concept of bricolage as a design methodology based on 
virtuoso tinkering and improvisation by competent actors who leverage the resources at 
hand and diverge from the formalized ways of operating. According to Monteiro and 
Hepsø (2000) rather than a management-driven alignment, the relationship between 
technology development and business strategies is one of co-evolution or mutual 
construction. Hepsø et al. (2009) describe the process of introducing a new collaborative 
infrastructure for production optimization in an international oil and gas company as a 
transformative amalgam, or patchwork, of elements of the new infrastructure and the 
installed base. Their study is interesting for two reasons. It frames integration not as a 
deterministic process, but as a continuous tension between top-down institutional 
requirements for more global integration and bottom-up reliance on information 
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generated locally by heterogeneous disciplines and devices. In so doing, it makes clear 
that the role of the installed base is more active than previous studies led us to imagine. 
The installed base is not an almost immutable layer on top of which infrastructures 
‘drift’ (cf. Ciborra 2000), but is also reshaped as part of a recursive process of 
evolution, where local and global perspectives constantly flicker (Hanseth and Lyytinen 
2010; Jensen and Winthereik 2013; Tilson et al. 2010). The recursivity of infrastructures 
has a dual nature: on the one hand, the more levels of mediation are added, the more 
complexity and uncertainties are introduced (Jensen and Winthereik 2013). On the other 
hand, these ongoing (re-)configurations are generative of new sociomaterial 
relationships and thus new opportunities to be explored (Tilson et al. 2010). 

The object of study in this thesis is the realization of an infrastructure in its early stages. 
An important concept used to describe the early dynamics of infrastructure evolution is 
bootstrapping. In general, it has been proposed as a strategy to address the early 
dynamics of infrastructure initiation that acknowledges and attempts to capitalize on the 
top-down/bottom-up tensions. From an IS position Skorve and Aanestad (2010) present 
bootstrapping as an algorithm based on attracting a critical mass of users for direct 
usefulness when the use of the infrastructure is not yet formally mandated or 
economically subsidized. Most popular case studies are in health care or the 
development of the Internet. The premise of this approach is to begin with the simplest 
solution by enrolling a few initial users who may gain benefit without a larger network. 
This generates a chicken-egg problem for infrastructure designers, who must both meet 
the early users’ needs and anticipate the completeness of their solution (Hanseth and 
Lyytinen 2010). The notion of bootstrapping was also adopted earlier in STS by 
Bowker (1994) as an empirically grounded and heuristic process to conjure a set of 
meaningful parameters from highly situated realities to ensure their inclusion in a global 
or standardized picture. In other words, this approach takes advantage of the tensions 
between local realities and a global infrastructure by creating a small-scale ‘laboratory’ 
(which in Bowker’s account might as well stretch across thousands of miles) that 
confines the initial phase of trial and error until it is ready to increase its scale (Paper 4).  
Notwithstanding the resonance between these insights, in this thesis I lean towards the 
latter conceptualization of bootstrapping because of its open-ended and empirical 
character that better suits the specificity of the case study presented in Chapter 3. In 
sum, I define bootstrapping as a process by which to address the early dynamics of 
infrastructure integration by exploiting the local/global tensions and leveraging a few 
economically and politically strategic solutions in a delimited or situated reality, so that 
pragmatic relevance is visible (even if not necessarily overlapping) for a few key 
stakeholders.  
These conceptualizations introduce one of the key points of this theoretical framework, 
which I will discuss later: that the development and integration of infrastructures is not a 
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matter of clearly bounded design and development phases, but has a continuous and 
evolving nature (Paper 6). Two consequences follow.  

The first consequence is one that has always been recognized by the actor-network 
theory tradition. The theoretical and practical dichotomy between local and global 
aspects is removed, making ‘local’ and ‘global’ concepts which depend on the relative 
point of view: the empirical strategy is thus to trace out where, how, and when the 
‘local’ and the ‘global’ become interdependent (Ellingsen et al. 2013). For example, 
Almklov et al. (2014) studied the work of petroleum engineers and how they make 
sense of sensor-based data of subsurface reservoirs. The authors demonstrate how, by 
being ‘global’, the infrastructure becomes part of a particular ‘local’. On the one hand, 
the work practices and the knowledge of the engineers are situated in the sense that they 
inextricably depend on the infrastructure to extrapolate sensor data. On the other hand, 
the infrastructure co-evolves with the work practices of engineers. As a consequence, 
the infrastructure, which per definition extends from the local settings, is part of the 
situated action of engineers (ibid).  

The second consequence has to do with the temporal dimension of infrastructure 
development and will later bring us to the next theme of this thesis. As noted by Karasti 
et al. (2010), temporality deserves attention when investigating infrastructures. The 
aforementioned need to find new organizational forms that support the innovation of 
instrumentation must be mirrored by a form of research analysis that better responds to 
the change of temporal scales and rhythms involved in infrastructure evolution 
(Edwards et al. 2013). In general, current studies of infrastructure development indeed 
tend to fail to demonstrate how the different temporal perspectives of heterogeneous 
actors can coexist within infrastructure (Ribes and Finholt 2009; Williams and Pollock 
2012). Some scholars, however, are becoming more sensible to this issue. For instance, 
Karasti et al. (2010) propose the notion of “infrastructure time” to blur the tension 
between design, implementation, and the use of infrastructure:  

“From the point of view [of] infrastructure development, infrastructures do not 
‘occur’ in practice when developers are deliberately able to resolve the tension 
between short-term and long-term, although it may very well serve as a sound 
principle underlying infrastructure design strategies and methodologies. 
Furthermore, infrastructure development is not only an intentional activity, an 
emergent element is always—particularly over the long-term—involved. (…) 
[I]nfrastructure development implies working both with short-term and long-
term timeframes, e.g. in answering immediate user needs and making data 
available to scientists through a local data system while also anticipating future 
needs or constraints and preserving data for archive or reuse.” (p. 400-1) 

Ribes and Finholt (2009) analyze the way that different temporal concerns correspond 
to different scales of infrastructure (technology development, work routines, and 
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institutions). They adopt the “Long Now” as an organizing principle for infrastructure 
planning and maintenance that couples the definition of the problem space 
(mismatching temporal concerns) with the enactment of its solution: that infrastructure 
long-term sustainability becomes a short-term consideration.  

Looking more closely at the way different temporal concerns mismatch and yet coexist 
enables researchers to understand how the “Long Now” happens in practice. Traweek 
(1987) richly illustrates how high-energy physicists develop a community through 
common world views. In Traweek’s account, temporal scales (or the way physicists 
experience time) are one of the key symbols of the physicists’ culture and become 
institutionalized by producing and reproducing work practices. Temporal scales may 
vary as the participants shape them based on changing circumstances. Understanding 
how temporal spans materialize in practice is important for infrastructure 
implementation: as I pointed out earlier (Parmiggiani 2014), in the case of oil and gas 
organizations the different disciplines operating a well follow different objectives with 
different time constraints: geologists look at reservoirs which evolve in terms of 
centuries, while drilling engineers have to operate in real time with parameters that are 
updated every second or minute.  

Williams and Pollock’s (2012) “Biography of Artifacts” provides a framework by 
which to address both temporal and spatial dimensions to study the career of workplace 
technologies (or packaged enterprise solutions) by following the history of relationships 
and the sites implicated in their evolution. As I also note in Chapter 4, Williams and 
Pollock give a set of methodological recommendations to address the multiplicity of 
historical frames and locations involved.  

The different spatial and temporal frames of the different communities call for an 
analysis of how infrastructures support computer-mediated collaborative work across 
distributed settings (Karasti et al. 2006; Ribes and Lee 2010). Many contributions in IS 
and organization studies have demonstrated that coordination and collaboration can be 
achieved in spite of actors’ heterogeneous perspectives. For example, Carlile (2004) 
presents the problem as one of knowledge sharing and proposes a framework where 
collaboration is deemed successful if it cyclically overtakes the syntactic, semantic, and 
pragmatic boundaries of the communication process. In this perspective, integration 
emerges as a process of negotiation between communities. Inspired by Berntsen (2011; 
cf. Donnellon et al. 1986), in Paper 1 (Parmiggiani and Hepsø 2013) we demonstrate 
that inter-community negotiation might be conducted only equifinally: only through 
pragmatic short-lived and situated articulation efforts. Jarulaitis and Monteiro (2010) 
point out that the need for tight integration might have been overstated. They present a 
case of system integration in an oil and gas company where lack of unity is not 
necessarily a problem: integration is achieved as an on-demand workaround. Their 
analysis is grounded on Mol (2002), who vividly illustrates how integration can take 
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place without a shared and coherent ontology. She describes these efforts as enactment, 
ways to frame human and non-human elements as part of plays that are staged. Unity 
and a lack of controversy are never pre-conditions, rather, unity is a result of ad-hoc 
coordination work, and the relative lack of controversy is the result of distribution. This 
point of view resonates with Star and Ruhleder’s (1996) key idea that infrastructure is 
both relational and practical. Integration efforts must take into account the fact that 
infrastructure always means different things to different groups of practitioners because 
it is deeply entangled into each group’s activities, tools, and environment.  

 

2.2.4 Summary 

I highlight the following concepts to summarize the previous section: 

o The recursivity of infrastructure. Infrastructure development through integration has 
a recursive nature because it supports the continuous emergence of new 
sociomaterial relations. In this process, ‘local’ and ‘global’ aspects are 
interdependent and different temporal scales get to coexist. The infrastructure’s 
installed base is also constantly shaped as part of this recursive process.  

o Nested materiality. The concept of nested materiality, drawing on the 
sociomateriality agenda, helps to show how phenomena which exist independently 
of the infrastructure are turned into meaningful and relevant for heterogeneous 
stakeholder groups. 

o Bootstrapping. The early dynamics of infrastructure integration can be addressed as 
a process of bootstrapping, a strategy to capitalize on the top-down/bottom-up 
tensions of innovation. It leverages a few economically and politically strategic 
solutions in a situated realty so that direct usefulness is visible for a set of core 
stakeholders.  

o Performativity. ‘Objects’ become real as they are made part of a practice and 
contribute to constitute reality.  

o Equifinal integration. Integration can be the result of short-lived and pragmatic 
articulation efforts; the need for tight integration might have been overstated. 
 

 Infrastructural inversion and Infrastructuring 2.3
One of the core messages of the previous section is that infrastructures are always 
evolving, always being integrated with new capabilities. The time dimension of 
infrastructures is particularly of the utmost importance, ultimately because the time-
limited studies of technologies (or artifacts) appropriation might overlook important 
aspects, actors, or places of technology evolution (cf. Williams and Pollock 2012). The 
last piece of the puzzle required to assemble this theoretical framework is a lens that 
provides the conceptual and methodological tools to overtake the shortcomings of the 
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traditional studies of system development. I argue in the next section that infrastructural 
inversion is one such mechanism. 

 

 

 

2.3.1 “From artefacts to infrastructures”: From articulation work to 
infrastructural inversion 

Monteiro et al. (2013) brought together the stream of research presented in the previous 
section and addressed a call to CSCW to re-conceptualize design and development in a 
way that better suits complex organizational arrangements. The authors describe the 
shift of perspective underlying this reconceptualization as a move “from artefacts to 
infrastructures”:  

“Focusing exclusively on implementation and use, for instance, means that a 
range of (equally) important actors and factors in the shaping of a technology are 
relegated to the background. An [information infrastructure] perspective by 
contrast, would contribute by supplementing a local view with what might be 
thought of as an ‘extended’ design’ perspective to capture how workplace 
technologies can be shaped across multiple contexts and over extended periods 
of time.” (p. 576) 

CSCW has adopted the concept of articulation work from sociology, where it was 
coined by Strauss (1985) to describe work to sustain the division of labor. Within 
CSCW it came to indicate the invisible and unrewarded work to get “things back ‘on 
track’ in the face of the unexpected.” (Star and Strauss 1999, p. 10) A typical example is 
the daily work of nurses in hospitals which is fundamental to the seamless flow of 
events but often neglected by system designers. Articulation work is then intended as a 
design strategy to specify how systems might facilitate a reduction in the complexity of 
cooperative work arrangements that are individually conducted and distributed yet 
interdependent (Schmidt and Bannon 1992).  
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The invitation to move from “artefacts to infrastructures” resonates methodologically 
with the concept of infrastructural inversion, introduced to describe the continuous 
strategies of both actors and researchers to fore-front the daily non-heroic work required 
to maintain and upgrade infrastructures (Bowker 1994; Bowker and Star 1999; Edwards 
2010). The attention is shifted from the users/artifacts relationships, to the work to 
sustain, upgrade, and maintain the infrastructural relationships. Jensen and Winthereik 
(2013) offer a similar definition for practical ontology. Following the actor-network 
tradition of having the study of relationships as a unit of analysis, practical ontology is 
at the same time a description of the daily work of people, technologies, and 
organizations, and of the strategies of researchers to elicit that work. While I maintain 
the actor-network theory influence and perspective, I will only speak of infrastructural 
inversion in the remainder of this thesis.  

Kaltenbrunner (2014, p. 5) proposes looking at infrastructural inversion as a specific 
form of articulation work where  

“no instance of inversion (…) uncovers infrastructure as it really is, but always 
constitutes a situated effort to reconstruct infrastructure. (…) Collapsing 
inversion and articulation work emphasizes that the reflexivity of actors in 
everyday work settings is not essentially different from the reflexivity of 
inverting analysts.”  

The strong similarity between the concepts of articulation work and infrastructural 
inversion is important to capitalize on the research conducted in CSCW to scrutinize the 
“work to make a network work.” (Bowers 1994) Inversion can constitute a generative 
resource for actors to innovate infrastructure by reinterpreting the potentiality of 
infrastructures and creating the conditions to embed new tools in particular ways 
(Kaltenbrunner 2014). Unlike Kaltenbrunner, I prefer to recognize infrastructural 
inversion as a generalization of articulation work (Paper 4) to mirror the broadening of 
the analytical lens from “artefacts to infrastructures.” Regardless of this difference, both 
notions imply “going backstage” (Goffman 1959), a “gestalt switch” to look into the 
arrangements that tend to fade in the background (Bowker and Star 1999) and “shift the 
emphasis from changes in infrastructural components to changes in infrastructural 
relations.” (Bowker et al. 2010, p. 99)   

The following is a means to look at infrastructural inversions as a generalization of 
articulation work. In a nutshell, there are two ways to think of articulation work. The 
first is to conceive of it as the almost immediate work to make technology work. In 
general it can be considered stable, and routines can be defined. A second type of 
articulation work is that which unfolds over time and encompasses the broader efforts to 
create a working infrastructure that is far from being stable and is still in the making. 
While the first category of articulation work has proven powerful for describing artifact-
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based collaboration and coordination activities, infrastructural inversion can be used to 
address the second category due to its intrinsically unbounded temporal extension. 

Infrastructural inversion is by nature a generic notion that requires operationalization. I 
would like to identify here a few of the features of inversion proposed in the literature 
upon which this thesis hinges.  

First, infrastructural inversion is a concept that primarily underlines the idea that 
organizational work is fundamental to scientific work (Bowker 1994). Bowker describes 
the work of the oil service company Schlumberger in the 1920s-1930s in creating 
methodologies and a whole science of testing and measuring oil fields. Through this 
approach, Schlumberger managed to become today’s leading company in its sector and 
its methods are still basic to petroleum science. The seemingly value-free scientific 
measurements were seamlessly embedded into the natural and social context. Edwards 
(2010) also makes use of infrastructural inversion to describe the evolution of climate 
science into what it is today. He describes how climate scientists in the 1970s had to 
make global sense of inconsistent and poorly standardized datasets collected from 
surface stations by reconstructing the history of the atmosphere, digitizing, and 
interpolating data in many ways. In parallel, inversion also indicates the unofficial 
activity of “citizen science” websites to verify the results of official climate science. 

In a sense, infrastructural inversion clarifies how the object of research of an 
infrastructure emerges as a scientific problem. As reviewed in Section 2.1, 
environmental risk is epistemic: it evolves as our knowledge of it evolves (cf. Knorr-
Cetina 2009). Ribes and Polk (2015) ask how scientific infrastructure can sustain itself 
while its epistemic object of research (HIV in this case) changes over time. Ribes and 
Polk conclude that studies of infrastructure, before characterizing the flexibility of 
infrastructures, must be specific about the nature of the change occurring. The 
underlying idea is that change occurs within the relationship between infrastructures and 
their object of research. After all, nature is a continuous process of feedback between 
theory and observations, where the construction of new instruments changes what we 
see, and how we see it (Latour 2004). Within CSCW, Ribes (2014b) examines how a set 
of resources and services become entangled with the work, techniques, and technologies 
that ensure the survival of the infrastructure. This approach echoes Schmidt and 
Bannon’s (1992) invitation to CSCW to be concerned with the support requirements of 
cooperative work arrangements. A relevant aspect of Ribes’ (2014b) contribution is that 
among the resources and services offered by infrastructures, are not only those which 
have been more center-stage in the CSCW literature, such as collaborative tools and 
datasets. Again we are reminded of the centrality for knowledge construction of the 
materiality of instruments and natural elements such as specimens (Bowker and Star 
1999). 
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A second cardinal element of infrastructural inversion is that it unravels the way that 
infrastructure embodies and maintains controversies on several grounds by making 
hidden infrastructural references visible (cf. Star and Strauss 1999). Again in the words 
of Edwards (2010, p. 22):  

“Inverting the weather and climate knowledge infrastructures and tracing their 
history reveal profound relationships, interdependences, and conflicts among their 
scientific, technological, social, and political elements.”  

Indeed, infrastructural inversion does not simply reveal the social construction of facts 
(cf. Pinch and Bijker 1984), but their intrinsically infrastructural nature (Edwards 2010, 
p. 22):  

“The difference between controversial claims and settled knowledge often lies in 
the degree to which the production process is submerged. Thus, an established 
fact is one supported by an infrastructure.”  

Analyzing how the infrastructure is built and questioned therefore reveals how ‘facts’ 
are constructed as a public problem.  

 

2.3.2 Integration by infrastructuring 
Wearing the glasses of infrastructural inversion, I am now better positioned to address 
the integration of new capabilities into infrastructures by taking advantage of the latter’s 
instability, uncertainty, and value-ladenness to address temporal, spatial, scientific, and 
political tensions. Star and Bowker (2002) proposed sensitizing researchers to these 
features by using infrastructure as a transitive verb. The term infrastructuring was then 
adopted in STS, CSCW, and IS to study infrastructures-in-the-making (Bossen and 
Markussen 2010; Pipek and Wulf 2009). In IS, Pipek and Wulf (2009) use the term to 
include all activities that contribute to the successful establishment of work-oriented 
infrastructures and “to avoid confusion with classic notions of design as design-before-
use performed by professional designers.” (ibid, p. 450) Pipek and Wulf’s point 
underlines that the classic notions of ‘design’ and ‘development’ as defined and 
bounded tasks do not apply well to the features of infrastructures I reviewed above (see 
also Monteiro et al. 2013). Moreover, infrastructure design and development always 
also consist of the fundamental but often hidden and forgotten work of repair and 
maintenance (Graham and Thrift 2007). As reviewed by Karasti (2014), infrastructuring 
has been proposed as a more inclusive approach where “the boundaries between use, 
design, implementation, modification, maintenance, and redesign are blurred.” (p. 143) 
Infrastructuring is a more appropriate metaphor because it focuses attention on the 
ongoing and reflexive work of designers and users to maintain the infrastructure by 
keeping it flexible to meet uncertainties and future problems. The adjective ‘reflexive’ 
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is not used arbitrarily here, but refers to reflexivity as a characteristic of work 
infrastructures, specifically because designers and users belong under the same 
infrastructure and all improvements to the infrastructure are developed within the same 
infrastructure (Pipek and Wulf 2009) – an aspect that ultimately blurs the sharp 
distinction between ‘user’ and ‘designer’. This definition of reflexivity reminds us of 
that characterizing environmental risk (Beck 1992; Latour 2003): as introduced in 
Section 2.1, it is the reverberation of the consequences of human knowledge on society 
that generates risks. This similitude therefore makes infrastructuring a suitable notion 
through which to address the integration of infrastructures for environmental risk 
management. 

It is important to note that the idea of infrastructuring resonates with Orlikowski and 
Scott’s (2008) understanding of technology development, implementation, and early 
use, not as special cases, but rather as sociomaterial enactments of boundaries and 
relations within practice (see also Section 2.2.2). There is therefore a performative view 
at the center of the notion of infrastructuring, because, in its reflexivity, it constitutes 
reality in practice. The infrastructuring perspective also shares commonalities with the 
notion of cultivation, namely strategies – including bootstrapping – to ensure the self-
reinforcing of the installed base to enable its growth (Hanseth 1996). By not making 
assumptions about who is doing what and how, the concept of infrastructuring is better 
equipped to characterize highly uncertain innovation processes, as is the case for 
NorthOil. In CSCW Bossen and Markussen (2010) analyze infrastructuring in health 
care and describe how practices and artifacts become part of long-reach technological 
and social networks which extend the scope of coordinative practices. In this way, 
dependency on external unforeseen events is increased, inscribing external actors’ 
concerns into artifacts in use by a professional group. Infrastructuring has also emerged 
in a stream of literature studying infrastructures for eScience: the development of 
artifacts, shared vocabularies, and work practices for large-scale and long-term 
coordination and collaboration among scientific communities (Baker and Millerand 
2010; Karasti et al. 2006). Here, infrastructuring is meant as the work to preserve 
datasets and develop new capabilities to enhance their capture and use, especially when 
future needs cannot be foreseen, often by balancing large-scale demands with local-
scale developments. 

In sum, infrastructuring overtakes clear-cut distinctions that do not apply well to 
infrastructure, such as that between design and development and among users, 
designers, and developers. It does so by underlining the continuous and performative 
nature of integration. It is a powerful notion with which to address the time dimension. 
In other words, infrastructuring is a way to build infrastructure by placing bets on the 
future in the face of uncertainty. As a consequence, it also helps to overcome spatial 
limitation, because it explains the continuous integration work of drawing new 
connections with new modules, systems, practices, and stakeholders/users. Finally, it is 
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a pragmatic strategy: by allowing the roles of user and designer to overlap, it shows that 
infrastructure evolution can take place through ad-hoc, possibly short-lived articulation 
efforts.  

In Paper 4 we propose to operationalize the time-dependent dynamics of 
infrastructuring through two concepts: bootstrapping and enactment. We use 
bootstrapping to describe the heuristic and emerging strategies to address the early 
stages of infrastructure evolution (Bowker 1994). We nonetheless recognize that matters 
of bootstrapping resurface during later critical phases of infrastructuring. Infrastructures 
are indeed recursive: the more gaps are filled, the more gaps are perceived (Jensen and 
Winthereik 2013). Enactment is a concept we borrow from Mol (2002) to characterize 
later stages of infrastructure evolution (or when the integration concerns become more 
apparent). Enactment addresses the flexible work of integration that does not rely on 
unity and a lack of controversy as pre-conditions and acknowledges that several levels 
of materiality shape the integration process. 

 

2.3.3 Summary 
In summary of the two key concepts introduced in the previous section: 

o Infrastructural inversion. Infrastructural inversion is an analytic lens to shift the 
attention of researchers and actors from the relationships between end users and 
artifacts to the often hidden infrastructural relationships that sustain them. It also 
serves to address the different temporal scales particularly involved in the early 
dynamics of infrastructures-in-the-making. Inversion reveals how organizational 
work is fundamental to scientific work and how infrastructure is able to embody and 
maintain controversies on several levels. In this way, it demonstrates how the 
construction of ‘facts’ is infrastructural in nature. 

o Infrastructuring. All the concepts introduced in this chapter combine to shape the 
notion of infrastructuring. Infrastructuring deals with the evolving and uncertain 
nature of integration in infrastructures. At a conceptual and practical level, it helps 
to overcome situated notions of design and development. It focuses attention on the 
performative and reflexive work of designers and users to sustain and maintain 
infrastructure by keeping it flexible in order to meet uncertainties and future 
problems. In other words, infrastructuring is a way to build infrastructure by placing 
bets in the future on the face of uncertainty.   

 

 Infrastructuring for environmental risk management 2.4
I propose discussing the early stages of the evolution of an information infrastructure 
for environmental risk management on the theoretical level as a matter of infrastructure 
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integration. Specifically, I adopt infrastructuring to describe a reflexive strategy of 
integration that focuses on the dynamic evolution of infrastructural relations. 
Infrastructuring recognizes that the space and time of infrastructure is emergent and 
fluid, and always enacted in practice.  

In particular, I propose infrastructuring as the intersection between the two cardinal 
themes of this thesis – environmental risk and information infrastructure – and the 
strategic approach of infrastructural inversion (Figure 4). By placing my theoretical 
framework at the intersections of these themes, I want to underline that the phenomenon 
(environmental risk for one) and infrastructures are always co-constructed. It is 
through the infrastructuring mechanisms that environmental risk is enacted and 
perceived as a problem. In turn, the perception of risk has consequences on 
infrastructuring mechanisms.  

My perspective is grounded in the recognition that environmental risk is an epistemic 
problem: it evolves as our knowledge of it and our instrumentation to measure and 
represent it evolves (Bowker 2000; Ribes 2014b). In other words, to emerge as a ‘fact’, 
environmental risk needs the support of an infrastructure (Edwards 2010). The 
presentation of information regarding environmental issues equally has a rational and a 
social dimension (Malhotra et al. 2013). As a consequence, rather than ‘risk’ as a fixed 
object, what I refer to is the perceived nature of risk in the eyes of heterogeneous 
stakeholders (Douglas 1992).  

 

 

 

I synthetize the theoretical framework of this thesis by selecting the following key 
characteristics: 

o Information infrastructures for environmental risk management. Complex problems 
such as environmental sustainability in general and risk management in particular 
might be better addressed through the lens of infrastructures, which is more suitable 
for answering questions of scale, such as expanding the size of solutions for 
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sustainability and at the same time, making global solutions locally useful (Silvast et 
al. 2013; cf. Edwards 2010). The fruitfulness of the infrastructure lens for 
environmental sustainability is acknowledged by the contributions within CSCW 
and STS on eScience that discuss the development and maintenance of 
infrastructures to store and share environmental data across diverse scientific 
communities.  
 

o Environmental risk management as equifinal integration. Environmental risk 
management is an uncertain, long-term, cross-disciplinary, and scientific practice 
where tensions arise among various experts, technologies, and between the long-
term and short-term value of data and of technology development (Borgman et al. 
2012; Karasti et al. 2010). I propose to study it as an ongoing effort of equifinal 
integration: by maintaining contrasting spatial, temporal, or political perspectives 
but still preserving an acceptable final state by means of short-lived and ad-hoc 
forms of articulation. 
 

o The material nesting of environmental risk definition. When looking at 
infrastructures for risk management, materiality has socio-political implications: 
“the complexities of natural and technological systems and the consequent 
difficulties in knowing and governing the behavior of materials can provoke or 
contribute to the mutation of [public] controversies.” (Barry 2013, p. 13) 
Acknowledging that material reality is performative means recognizing the 
relationality of infrastructure: materials “never exist as isolated entities, but are 
themselves evolving entities that form part of a constellation of dynamic relations 
with other entities.” (ibid; cf. Pickering 1992) Environmental risk is therefore 
continuously constituted through a process of material nesting where its boundaries 
(what is risk and what is not risk, what is inside the risk assessment and what is 
outside) are drawn temporarily through practice to give situated determinacy to a 
phenomenon (e.g., the discharge of drill cuttings onto corals) (Paper 5; cf. 
Orlikowski and Scott 2008).  
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3 Case 
This chapter presents the context of the events and possibilities that are paving the way 
for the integration of real-time environmental monitoring solutions with oil and gas 
technical systems and work practices. Industry-driven environmental monitoring 
initiatives build upon the experiences and expertise of scientific disciplines such as 
marine biology, environmental chemistry, physics, zoology, and oceanography. In 
recent years web portals have, for instance, been developed by scientists to share 
sensor-based oceanographic datasets and maps. A relevant example is the Alaska Ocean 
Observing System3, where sensor feeds, satellite observations, and GIS data sets are 
combined to map the physical characteristics of Alaska and the nearby oceans. The 
Mareano program by the Norwegian Institute for Marine Research4 publishes detailed 
maps of the topography, geology, sediment composition, biodiversity (e.g., fish 
migration, coral reefs), and reported pollution on the Norwegian seabed areas. Finally, 
the SAM-X web portal5 makes available datasets from the Institute for Marine Research 
and the Fishery Directorate to facilitate the planning of seismic activities by the oil and 
gas industry.  

In the remainder of this chapter I first provide an overview of the relationships between 
the oil and gas sector and environmental concerns. I later zoom in on a specific context, 
Norway. Finally, I discuss the motivations and initiatives of one the largest Norwegian 
oil and gas company (NorthOil, a pseudonym) to establish an infrastructure for 
integrated real-time environmental monitoring during its offshore operations. 

 

 Environmental monitoring and oil and gas operations  3.1
In recent years oil and gas offshore operations have developed at a steady pace. 
Technological innovation today makes it possible to search for oil or natural gas in 
increasingly deeper waters (e.g. in the Gulf of Mexico and offshore Brazil) and to 
extract heavy oil from reservoirs at low pressure.  

The environmental risks connected with such advances are potentially huge. Assessing 
the environmental risk associated with oil and gas operations is however subject to 
several uncertainties at the scientific, political, and economic level. The core of my case 
revolves around the uncertain and potential nature of environmental risk. 

Uncertainty affects risk assessment firstly on the scientific level. Today’s decision 
making processes are mostly fueled by worst-case scenarios (e.g., a big oil spill). The 

                                                
3 http://www.aoos.org 
4 http://www.mareano.no 
5 http://www.epim.no/sam-x 
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scope of the harms caused by routine operations (i.e., when everything seems to go 
according to plans) to the environment and the adjoined economic sectors is however 
difficult to establish (Blanchard et al. 2014; Hauge et al. 2014). Nevertheless, as 
scholars vividly illustrated, risk assessment often reveals social and political interests 
that are inscribed in the decisions of what should be defined as at risk and to what extent 
(Jasanoff 1999). The excerpt of an interview I held with an environmental chemist 
(NorthOil) vividly exemplifies how environmental monitoring is sometimes more 
dependent on the political and popular background of each country or region than on a 
solid scientific basis:  

Environmental chemist: “[I]nternational companies [have] to face sometimes extremely different 
regulations even though the environment might be quite comparable. So depending on where you are and 
which jurisdiction [applies], the regulation can be dramatically different. And not only the regulations, but 
also which environmental factors or compartment or even what species is important. If you pass a border 
suddenly a focus is completely changed – even though the environment is exactly the same on both sides of 
the border, so that can be quite interesting.”  

Me: “The border between Norway and Russia, could it be an example?”  

E. c.: “Yeah, that could be an example. We have done some work and I have been involved for several 
years in Canada and it is fascinating the focus that not only the regulators but the public as such, as a 
whole, has on certain species. And it is not always based… or so to speak it is never based on a deep 
understanding of the ecology of the area, it is more like “Yes, the reindeer is important!” and ok there is a 
lot of focus on the reindeer but that is only one of the 20 species of large mammals in the area!”  

Me: Yeah that is an interesting point... why some points are foregrounded, what are the actual reasons for 
that?” 

E. c.: “Exactly. And it’s a good example too because it leads me to state how important basic research is 
for doing the work that we are doing. In this area, in Western Canada, in the province called Alberta, there 
has been a concern for many years that the reindeer population, the caribou which is the local name for 
that species, the number has been declining so the regulators were looking for ways to increase the 
population and they decided that by killing five thousand wolves in this area per year, they would boost the 
population of caribou. Which initially seemed like a good idea, right. But then NorthOil came and for 
several years we have done baseline surveys of caribou based on the scat – or the poo of the animal that we 
collected during the winter [we laugh] – it’s sort of an interesting project and we did DNA analysis of these 
excrements to identify which animal it was. Based on this we could do several artificial mark recapture 
study, which is a very typical way of estimating the size of a population. So first you could say that actually 
in this area the population is much larger than you have thought. So there might be not such a large reason 
for being worried in the first place. And second we can say that by analyzing the wolves’ droppings we 
could say that the wolf is actually not eating that much reindeer. It’s actually eating much more deer. It 
actually doesn’t eat caribou at all. So if you want you can go out and shoot five thousands wolves per year, 
that is totally fine, but you are not going to save the caribou by doing that. You’re probably going to get 
more deer.” 

Me: “And then the ecological balance…” 

E. c.: “The balance between the deer and the reindeer would probably shift in favor of the deer. So that 
would actually put a much larger stress on the caribou rather than helping it.” 

Oil and gas well operations consist of a number of interconnected activities that span 
many decades: exploring for new subsurface reservoirs (years); planning a new field or 
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a new well (few years); drilling a well for exploration or extraction purposes (few days); 
producing oil or natural gas (potentially decades); dismissing and demobilizing the 
exhausted well (few years).  

One of the most delicate activities is drilling a new well, especially when the top-hole 
section is perforated. A notorious example of a drilling operation gone wrong is the 
Macondo blowout in the Gulf of Mexico, where the oil and gas company operating the 
reservoir and its contractors failed to control the huge pressure difference between the 
reservoir and the atmosphere by, among other things, using defective cement on the 
well and failing to operate the valve meant to prevent blowouts (the so-called blowout 
preventer) (OSC 2011). The point I want to emphasize here is the assessment of 
President Obama’s commission which called for a reconsideration of the socio-technical 
system to which the oil and gas industry belongs (ibid, p. 294). This call is interesting in 
that it avoids technological determinism and frames the problem of the environmental 
impact of operations as a holistic one. What follows is an acknowledgement that legal 
and moral responsibilities should be reconfigured to accommodate the evolving 
relationship between human technology and its context, where the natural environment 
is a key stakeholder.  

There are international organizations in charge of setting regulations, defining the 
threshold values to assess environmental pollution, and defining the list of threatened 
marine species. One such organization is the Oslo-Paris (OSPAR) commission, founded 
in 1992 as a referee for the countries in the North Atlantic region6. Balancing the large 
(national or international) scope of normative activities in such organizations and the 
variety of local ecosystems, is nevertheless difficult. Environmental monitoring 
programs are often set at a regional level to look at single aspects of ecological health, 
but they often fail to turn into comprehensive frameworks for ecosystem management 
(Knol 2013), even when attempts to develop integrated approaches in specific areas are 
underway (NME 2011).  

This point is relevant because recent studies estimate that approximately 25-30% of the 
world’s undiscovered resources are buried in the Arctic areas of the world (the High 
North) (Bird et al. 2008). Not only is the Arctic region rich in environmentally sensitive 
flora and fauna, but it is also characterized by harsh and unpredictable weather 
conditions. Another international oil and gas company was denied permission to operate 
in offshore North Alaska in 2012 (DOI 2013). The US Department of the Interior noted 
the company’s deficiencies in managing contractors and stakeholders. In a mindset that 
echoes the assessment report of the Macondo accident – but in a case where an accident 
has not happened yet – the stakeholders were also identified as the local onshore 
communities that would be affected in the case of potential harm to the environment. In 

                                                
6 http://www.ospar.org  
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2015 the company issued a new request for drilling in the Arctic investing one billion 
dollars in the project (Macalister and Carrington 2015); see also Figure 2.   

The bottom line of this introductory section is that the relationship between oil and gas 
activities and the environment unfolds differently in different contexts, depending on 
the entanglement of the technology available, the political and social regime of a 
country, and the natural environment in which operations are conducted (Barry 2013).  

On this premise, I am interested in studying the work to build and sustain infrastructures 
for offshore environmental monitoring and to integrate them with the routine practices 
of oil and gas operations.  

To do so, I will now narrow my focus to one very specific setting: Norway.  

 

 

Figure 5. Areas on the Norwegian continental shelf (Source: The Norwegian Petroleum Directorate). 

 

  “Norway is a special case” 3.2
“It is interesting now to see that many other countries are following closely how 
[subsea environmental monitoring] has been done in Norway and also many 
developing oil and gas nations want to deploy the same system that we have [in 
Norway]. In many countries where oil and gas activities have been going on for several 
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decades already they have chosen a completely different approach, where it is more of 
a fight than a collaboration between the state and the companies. And this is interesting 
to see when we move abroad and we come with our culture and our mindset to for 
example areas like the Gulf of Mexico.” (Environmental chemist, interview, May 2013) 

 

The Obama commission which investigated the Macondo accident proposed Norway as 
a model for development of the American oil and gas business, so as to avoid creating 
the conditions that caused the blowout (OSC 2011).  

Why Norway? 

The abundancy of oil and gas resources in the so-called petro-states has often generated 
little wealth for local inhabitants and the exploitation of local resources by international 
oil and gas corporations. Norway is one country that, although capitalistic, managed to 
turn the income created by the oil and gas business into strong social welfare programs 
(Behrends et al. 2013). As the environmental chemist quoted above implies, Norway is 
indeed a special case7: it is characterized by a historical tradition of collaboration 
between the oil and gas operators and the authorities that is more of an exception than 
the rule elsewhere. As an example, one of my informants – an environmental advisor 
employed by a Norwegian oil and gas company – is also a member of the 
aforementioned North Atlantic OSPAR commission. She told me that other OSPAR 
members from other countries were surprised to hear that Norway would send a 
representative from an oil and gas company to an environmental regulatory 
organization. To her, this dual role was not a paradox, however, as close dialogue and 
exchange with the environmental authorities is common practice in Norway. 

If we look at the political agenda of the Norwegian governments, the picture becomes, 
needless to say, more complex, and it follows the gradual expansion of oil and gas 
activities in Norwegian waters.   

The Norwegian Continental Shelf (NCS) is of significant size, constituting 
approximately one third of the European continental shelf, and encompassing a narrow 
area in the longitudinal direction comprising onshore Norway and its portions of the 
North Sea, the Norwegian Sea, and the Barents Sea in the High North (Figure 5). After 
political and social negotiations, the Norwegian government has become the only 
landowner of the NCS since 1963. The territory is divided into quadrants of 1 degree by 
1 degree, which are assigned through periodic licensing rounds by the Ministry of 
Petroleum and Energy to a consortium of operators for exploration and – if resources 
are found – production (Hasle et al. 2009). There have long been concerns about the 
assignment of blocks into gradually more environmentally sensible offshore areas 

                                                
7 I thank Robin Williams for highlighting this aspect. 
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(Figure 6). For example, between 1965 and 1980 oil and gas companies were only 
allowed to explore for oil and natural gas and to operate below the 62° degree of 
latitude – which is taken as the northern limit of the North Sea. This choice was meant 
to guarantee a moderate pace in the development of a national industry (“Norway’s oil 
history in 5 minutes” 2013). Most likely, it was also dictated by the difficulty of 
operating in the harsh northern weather conditions. In 1980 the northern boundary to 
operations was moved up, and the first production licenses were awarded in the 
Norwegian Sea and the southern Barents Sea. In 1989 and in the 1990s new blocks were 
assigned to operators in the northern part of the Norwegian Sea and into the Barents 
Sea.  

 

 

Figure 6. Main steps of the expansions of oil and gas activities on the NCS. Source: The Norwegian Petroleum 
Directorate. 

 

Environmental activists and organizations such as Bellona8 protested against this 
northwards move, arguing that oil and gas operators are not able to preserve the 
sensitive environment in the Arctic region (Knol 2011). Norwegian governments have 
issued several management plans in the last two decades to guide the preservation of the 
environmental value of sensitive areas (NME 2006, 2011). Importantly, such plans are 
targeted at all industrial activities on the NCS, and therefore not only oil and gas 
activities but also fisheries, tourism, and marine transport. The main areas currently still 
forbidden to oil and gas activities are the seas off north Norway, along the Lofoten 

                                                
8 http://bellona.org 
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Islands, Senja, and the Vesterålen region, identified by the Ministry of the Environment 
as particularly vulnerable after a knowledge gathering process (NME 2011).  

In general, environmental policy is one of the top priorities of Norwegian governments, 
and became visible during the previous laborist government, which pledged to make 
Norway neutral to carbon emissions by 2030. Promises to finance reforestation in 
developing countries were also made in connection to the Kyoto Protocol. As 
underlined by some international media, however, this approach is at apparent odds with 
the fact that the Norwegian state finances the country’s petroleum sector, whose 
revenues are fed into the world’s biggest sovereign Pension Fund9. I will not in this 
thesis provide an insightful analysis of Norwegian politics, but I emphasize that this 
seeming paradox puts pressure on the Norwegian regulators and the oil and gas 
companies to take strong initiatives towards more environmental sustainable activities. 
During the campaign that preceded the latest elections (2013) the debate about whether 
to reduce or stop oil and gas activities in Norway made many newspapers headlines. In 
particular, the possibility of opening the Lofoten-Vesterålen-Senja area to oil and gas 
operations caused harsh debates. These debates increased as a proposal was issued in 
2015 to move the border of the permanent ice barrier as a consequence of the Arctic ice 
melting, before a new licensing round to assign blocks to operators (Koranyi 2015).  

The case studied in this thesis unfolds against the backdrop of these heated debates.  

If we think of the NCS as a stage, I now briefly introduce two of its main actors: the 
natural submarine environment and the oil and gas business. Since all Norwegian oil 
and gas resources are extracted offshore, reference is always to offshore oil or natural 
gas wells. ‘Natural environment’ refers to the marine ecosystem.  

 

3.2.1 The NCS and its natural environment 
Given the length of the NCS, the variety of its submarine life is remarkable. As marine 
biologists have found, for least 9000 years it has been home to the world’s largest 
population of a species of cold-water coral, Lophelia pertusa (Fosså et al. 2002).  

The NCS also has its narrowest point off the Lofoten-Vesterålen-Senja region, an area I 
dub ‘Venus’ for simplicity. On the one hand, seismic explorations in the past have 
shown that Venus hides promising oil and gas resources. On the other hand, the area has 
a unique landscape, is a key spawning and nursery ground for commercially relevant 
fish species such as cod and herring, and hosts the world’s largest known deep-sea coral 
reef (Hauge et al. 2014). The opening of Venus to oil and gas operations is dependent 

                                                
9 The Government Pension Fund of Norway (called ‘The Oil Fund’ until 2006) is a fund where the 
surplus income from oil and gas activities is deposited. Its current market value is almost 7 thousands 
billion NOK (refer to http://www.nbim.no/en/; accessed April 24th, 2015). 
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on the protection of this sensitive environment. Other marine species inhabit the NCS, 
including marine mammals, however, as some of my informants have indicated, they 
have not been the main focus of the law or environmental monitoring activities on the 
NCS. 

Fish and corals are particularly interesting because, upon close scrutiny, they carry signs 
of the complex relationship between the oil and gas sector and the fisheries, the two 
main industries of the country. On the one hand, mass media tend to focus on the 
economic damage to the fishing activities that is caused by oil and gas operations. The 
fisheries of north Norway, for instance, claim that sending seismic signals from the sea 
surface downwards towards the Earth crust to search for oil and gas scares the fish away 
(Vegstein 2014). It has however also been demonstrated that approximately 50% of 
Norwegian coral reefs have been damaged by bottom trawling fishing activity (Fosså et 
al. 2002). On the other hand, a portion of the oil and gas revenues is used to support the 
fisheries, and the Venus area remains closed to oil and gas activities to prevent any 
harm to the reproduction of fish species that are commercially relevant to the fishermen.  

 

3.2.2 The Norwegian oil and gas sector and NorthOil 
The discovery of oil in the NCS is fairly recent, dating back to 1969, when an American 
company found the Ekofisk field – still active today. Since then, through a gradual 
learning process via foreign expertise, a national oil and gas sector comprising 
operators, technology vendors, and consultants has developed to become the leading 
industrial sector in the country: it accounts for more than 20% of the GPD and almost 
50% of total exports (MPE 2014). Even though the production peak seems to be past 
(although the newly discovered Johan Sverdrup field shows that there are still 
undiscovered subsurface reservoirs in the North Sea), today it is estimated that 30% of 
the undiscovered Norwegian oil and gas resources are expected to be in the Barents Sea 
(Hasle et al. 2009).  

To counterbalance the power of the industrial associations related to the oil and gas 
domain (Norwegian Petroleum Directorate, NPD10; Norwegian Oil and Gas11), agencies 
have been established to gather knowledge and set regulations to prevent damage to the 
marine ecosystem (e.g., the Norwegian Environment Agency12 and the Petroleum 
Safety Authority13 (PSA)).  

The regulatory framework for offshore activities has evolved over the last three 
decades. Back in the 1980s, drilling activity relied on polluting oil-based fluids that 

                                                
10 http://www.npd.no  
11 http://www.norskoljeoggass.no  
12 http://www.miljodirektoratet.no 
13 http://www.psa.no 
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were later diffused in the water. In the 1990s however, oil and gas operators began 
instead to adopt water-based drilling fluids, also pushed by stricter discharge regulations 
for example in the North Sea and the Norwegian Sea. After operations were opened to 
areas above latitude 62° north in 1980, a much stricter constraint prevents any type of 
physical discharge outside northern Norway and in the Barents Sea (NME 2011).  

Based on my data I identified a list of key points in the trajectory of the Norwegian oil 
and gas business and environmental concerns (see Table 2). To discuss the development 
of subsea environmental monitoring programs in the Norwegian context, two points in 
its timeline are particularly relevant. These events also indicate the starting date of my 
empirical case. The choice is motivated by the individuation of two pivotal initiatives 
which later became crucial enablers of integrated monitoring programs at the normative 
(point 1), financial (point 2), and technical level (point 2): 

1) 2002 (approximately): The Norwegian PSA publishes the Human, Safety, and 
Environment (HSE) regulations, with a focus on the continuous monitoring of 
the natural environment. 

2) 2004: The Norwegian Oil and Gas Association formally promotes a strategy 
based on ‘Integrated Operations’ and enrolls the oil and gas companies operating 
in Norway. What follows is the gradual installation of fiber-optic cables and the 
adoption of collaborative and videoconference information systems.  

The PSA has begun to set the focus on a more continuous and integrated approach to the 
monitoring of the natural environment, as opposed to sporadic risk assessment rounds. 
The most recent formulation states that “Sufficient information shall be obtained to 
ensure that all pollution caused by own activities is detected, mapped, assessed and 
notified, so that necessary measures can be implemented.”14 A continuous and 
integrated approach to monitoring (Point 1) would not be possible without the 
development of technology and work processes boosted by what the Norwegian Oil and 
Gas Association calls Integrated Operations (Point 2) (Henderson et al. 2013). 
Integrated Operations were motivated by the aftermath of the Enron scandal and in the 
wake of the prediction of a decrease in the worlds’ oil and gas production. They 
emerged as a solution to facilitate accountability, operate short-lived fields, and 
communicate more efficiently between offshore installations and onshore control 
centers. Fiber-optic cables are being installed on the NCS to provide offshore sites with 
faster data transfer and connectivity to the onshore control centers and to enhance 
unmanned operations (Figure 7). Moreover, the gradual installation of cross-
organizational file sharing systems, cross-disciplinary work processes, and 
videoconferencing tools allows faster communication between dispersed personnel (see 
also Paper 4).   

                                                
14 http://www.psa.no/framework-hse/category403.html#p48. Accessed March 16th, 2015. 
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Figure 7. Subsea installations that are equipped with multiple sensors  
(Source: Digital Oil project description, www.doil.no). 

 

NorthOil 
NorthOil was established in the early 1970s with the state as the only stakeholder. 
Today NorthOil is only partly owned by the Norwegian state and is listed on the New 
York Stock Exchange. It currently employs around 23,000 people, with activities in 36 
countries on 4 continents. Historically organized around the geographical site of the oil 
and gas field to take advantage of situated extensive and practical experience, NorthOil 
has evolved into a matrix organization where different business units are responsible for 
specific functions. A great effort in connection with Integrated Operations has been 
made to develop work processes that regulate the activities of different units in a 
standardized manner, regardless of the geographical location of operations. Currently 
more than 30,000 official work processes at variable levels of detail are in use in 
NorthOil to connect the work of, for example, geologists, engineers, and data 
management experts. 

In sum, NorthOil is governed both by internal corporate regulations and by external 
requirements including Norwegian laws; the laws of the countries where operations are 
taking place and where the company is listed in the stock exchange; and the Health, 
Safety, and Environment norms established by national and international bodies.  
 

Table 2. Timeline of facts relevant to the relationship between environmental concerns and oil and gas 
activities. The dotted line indicates the starting point of the case considered in this thesis. 

Year General context Norway NorthOil ICT 

1969 Oil discovered in the 
North Sea    

1972   NorthOil established  
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1980  
Oil and gas operations 
allowed above latitude 
62° north 

  

1982   Lophelia spotted in the 
Barents Sea  

1989  Opening of new areas in 
the Barents Sea   

1992 OSPAR commission 
begins   

Collaborative ICT projects 
initiated at NorthOil (e.g. 
Lotus) 

2002 
(ca)  

HSE regulations shared 
between Petroleum 
Safety Authority and 
Environment Agency 

 

DREAM simulation 
software is 
available  (Reed and 
Hetland, 2002) 

2003 

Lophelia considered 
as a threatened 
species by the 
OSPAR Convention 

   

2004 

Official focus on 
Integrated Operations 
by Norwegian oil and 
gas Association 

  

Installation of fiber-optic 
connections and shared 
collaborative software 
begins as part of 
Integrated Operations 

2006  

Integrated Management 
of the Marine 
Environment of the 
Barents Sea and the Sea 
Areas off the Lofoten 
Islands 

  

2007   

- First joint projects to 
study the corals, e.g. 
with offshore cruises.  

- Development of Peter 
field is started 

 

2008 

Estimation that 25-
30% of oil and 
natural gas 
undiscovered 
resources lie in the 
Arctic region 

 
First ocean observatory 
deployed in Venus. 
GlobalMapping begins 

 

2009  

Integrated Management 
of the Marine 
Environment of the 
Norwegian Sea. 

Environmental 
monitoring in Peter 
begins (autumn) 

 

2010 

Macondo blowout in 
the gulf of Mexico 
(April) 
 

Regulations on 
environmental 
monitoring for the 
petroleum industry on the 
NCS by Environment 
Agency 

Ocean observatory 
deployed in Peter (May) 

 

2011 

Agreement on sea 
borders delimitation 
and collaboration 
with Russia 

First update of the 
Integrated Management 
Plan for the Marine 
Environment of the 
Barents Sea–Lofoten 
Area 
 

- EnviroTime starts 
with Use Case 1 

- Venus financed by 
production and 
development 
department internal 
project 
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2012 Fieldwork begins 
(April) 

QCB issues guideline for 
coral risk assessment to 
the Norwegian oil and 
gas Association 

- Agreement with 
Russian state-owned 
energy company for 
Arctic explorations 

- GlobalMapping is 
closed 

EnviroTime focus on 
developing a data model 
based on semantic 
technologies 

2013   

- EnviroTime Use 
Case 2 begins 
(November) 

- Decision to 
incorporate Venus 
data in EnviroTime 
Use Case 2 

- Venus financed by 
EnviroTime 

- Completion of fiber-
optic cable to connect 
Venus Ocean 
Observatory (June) 

- Venus web portal 
online (September) 

- Presentation of portal to 
the fishermen 
(November) 

2014 

- Drop of oil price 
(December) 

- Fieldwork ends 
(December) 

 

 

- Venus Ocean 
Observatory taken 
onshore for 
maintenance (June) 
and redeployment 
(October) 

- EnviroTime Use 
Case 3 starts 
(September) 

- Decision to focus 
more on Use Case 1 

The Venus web portal is 
offline due to ocean 
observatory maintenance 
(June-October) 

 
 

 Towards an integrated real-time infrastructure for environmental 3.3
monitoring in NorthOil 

This section selectively overviews the constitution of NorthOil’s current environmental 
monitoring capabilities. In the first part of the chapter (3.3.1), I present a general portrait 
of the underwater monitoring practices in the Norwegian context prior to the 
investments in real-time data transfer and visualization technologies. Such practices are 
still widely adopted. The second part of this chapter (from 3.3.2) presents NorthOil’s 
projects, which are embedded units of analysis throughout my PhD project, even though 
not all of them are directly related to environmental monitoring. These projects 
constitute relevant steps in the trajectory towards an integrated and real-time approach 
environmental monitoring in NorthOil. The qualifier ‘integrated’ refers to the 
incorporation of environmental monitoring tasks and systems into the activities of the 
heterogeneous professionals operating an oil or natural gas installation. The change 
towards real-time data transfer technologies is happening on a broader scale in the oil 
and gas sector, in line with the principles of Integrated Operations. As one industry 
leader stated, “[shifting to] real-time operations is the next revolution [in oil and gas].” 
(“Energyworld” 2014) Change is happening as we speak, and its advantages and 
boundaries are still unclear. A vivid example is the adoption of wired drill pipes while 
drilling a new well, where online datasets are sent to operators through fiber-optic 
cables from a borehole. As one of my informants from NorthOil observed:  
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“[I]t takes time to mature. One thing is to just apply the technology, another 
thing is to take advantage of it. That’s probably one of the reasons it’s been a bit 
delayed in NorthOil (…) We need to have a strong business case for it.”  

Framed differently: real-time technologies are available, but the process of their 
integration with the installed base of oil and gas operations is happening now and has 
not yet stabilized. 

Several other companies and institutions are involved in NorthOil’s projects. In Table 3 
is a summary of those relevant to this case study, and their roles. 

 

Table 3. A list of the companies partnering NorthOil's projects considered in this case study. All names are 
anonymized for confidentiality except for the IMR which is an independent research institution.  

QCB Third-party risk assessment and certification body; development of risk assessment methodologies 

O&GSolutions Vendor and expert in both oil and gas and submarine equipment and sensing devices 

ITCorp Provider of business analytics; semantic data modeling; passive acoustics data analysis systems 

MAS Subsea sensor technology vendor; marine acoustics expertise 

IMR Norwegian Institute for Marine Research; experience and development of methodologies in 
various fields of marine biology and oceanography 

 

3.3.1 Traditional environmental monitoring 
Offshore environmental monitoring on the NCS has to date been asynchronous and 
driven by regulations. In general, environmental experts from third-party service 
companies must conduct offshore monitoring campaigns every third year. The common 
practice is to collect samples of the water to measure its pH, of the sediments on the 
seabed, and of the benthic flora and fauna around an installation. The approach used to 
monitor corals is to take pictures and videos of the reefs. Fish are a moving target and 
more difficult to monitor in the wild. One solution is to lower cages holding various fish 
species into the vicinity of the operational point and withdraw them later to measure 
their degree of exposure to pollution. 

Samples, pictures, and measurements are later taken onshore and analyzed, with 
temporal gaps of 9-12 months. The parameters for collection vary depending on the 
availability of detailed guideline from authorities:  

“The parameters to look at [are] variable. For some programs it's very good 
guidelines, and (…) it [hasn’t] changed for many years because it has been 
discussed through experts and documented. Other times, for instance we can 
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decide for ourselves, just that we use a methodology that answers the questions 
the government asks.”  

Along with pressure and temperature, the most common parameters that survey 
companies analyze are the direction and speed of the water currents (to predict the 
dispersion of biomass or drilling discharges); turbidity (the instantaneous concentration 
of particles in the water column); sedimentation (the progressive accumulation of 
particles on the sea bed); visual inspection of given points. These datasets are often fed 
into general-purpose software that models the dispersion in water of the predicted 
discharges produced while drilling. One example is the DREAM software (Rye and 
Ditlevsen 2011) developed in the early 2000s and still widely adopted for environmental 
risk assessment during oil and gas operations (see also Table 2). As described in Paper 
5, this type of software abstracts drilling discharges to generic particles and describes 
their movements through mathematical formulas. The assumptions inscribed in the 
algorithms are such that these modeling tools are seldom capable of accounting for the 
wide variability of drilling operations. Modelling software such as DREAM does not 
distinguish particles in terms of their size, and it cannot therefore be specific about 
particle spread, which depends on their granularity. 

Overall, the side effect of the data collection procedures, and the long period employed 
to analyze the data, is that environmental datasets are stored across several data sources 
in different formats. Videos and pictures on hard disks are, for example, only available 
to those employees or service companies directly in charge of the surveys, and sensor 
readings might be stored in database tables and the spreadsheets in the hands of 
different engineers. As one NorthOil environmental advisor complained during a 
meeting: “Saving the data is not a problem. But we have so much already that we 
should have used but is not accessible!” Admittedly, this fragmentation in 
environmental monitoring approaches is not a specific problem for oil and gas 
companies. It is instead a feature of the discipline of marine biology in general, still 
characterized by poor standardization of the units of measure, a lack of shared best 
practices, and poorly coordinated data collection and analysis. 

 

3.3.2 The first ocean observatories (2007-2013) 
“So then we needed to do something to show… to find out whether these guys [i.e. the 
corals] are sensitive or not for discharges.” (Environmental advisor, interview, July 
2013) 

 

The Venus Ocean Observatory 
‘The Venus Ocean Observatory’ encompasses all the projects conducted by NorthOil in 
the waters of the Venus area with the goal of installing a subsea sensor network to track 
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oceanographic parameters. I identified these projects as significant because, as 
mentioned before, operations have not so far been allowed in Venus.  

The first attempts to deploy a sensor network began, according to my informants, 
around 2007 as part of externally funded projects (e.g., by the EU) in collaboration with 
research institutions, technology vendors, and with NorthOil as the only energy 
company involved. The most important project partners were the IMR and a marine 
technology vendor (MAS).  

Initially several technical breakdowns and malfunctions occurred, due for example to 
the strong winds and currents in the region. After a first phase of trial and error, the 
Venus project reached a turning point in 2011 when its business relevance was 
recognized by the strategic Arctic initiative in NorthOil’s production and development 
department. The leaders of the Arctic initiative decided to finance the installation of a 
permanent observatory and of a fiber-optic cable to connect it to an onshore data center 
(actually a small wooden cabin) on the coast of north Norway. The installation of the 
fiber-optic cable was completed in 2013 – again after some technical accidents – and 
proved to be a good occasion for NorthOil to network with the local communities. The 
company decided to finance the installation of a fiber-optic Internet connection for the 
inhabitants of the village where the onshore data center was located.   

This represented a key moment in the history of environmental monitoring: 
environmental data was now sent to shore in real time from a fixed monitoring station 
managed by an oil and gas company. Environmental monitoring was not yet integrated, 
but it was definitely in real time. Venus was also NorthOil’s first and still functional 
fixed environmental observatory. As I will show later, in 2013 it became part of the 
corporate agenda.   

The possibility of opening the Venus area to operations is a political ‘hot topic’ where 
NorthOil identified the business relevance of obtaining an overview of the 
environmental behavior in the area, in case of future permission to operate in the area. 
When asked about his experience with the Venus observatory, one NorthOil 
environmental advisor comments:  

“The boring – in brackets! – thing with this is that there are no activities, there 
are no discharges. So this is natural. (…) No… for most of the marine 
researchers it’s not boring at all. [But] we need to get some real stuff and some 
real discharges into this equation. But that has to be done in other areas.” 

Triggered by this comment, I asked him whether the company was really using the 
Venus observatory to plan operations in the area. He admitted that NorthOil’s initiative 
is dependent on the agenda of the different political parties. This interview was in fact 
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held a couple of months before the most recent elections in Norway (2013) and gives a 
good overview of the political complexity behind the Venus project:  

“[T]here is of course one reason why we are doing this: it is to gather 
background data for potential future operations. But this depends on a lot of 
things. It’s very much dependent on the elections in Norway. (…) Because the 
situation is that in the government [Labor party] there is a clear majority for 
opening this area or at least to go for an impact assessment in the area for the 
potential opening (…) but then the other two smaller parties are against. (…) 
[A]nd then this will also happen on the other side if they win the elections, 
depending on what is the majority, if they are to bring in those two smaller 
parties (…) they will go for a ban (…) we don’t know… but in the meantime we 
have this observatory and we are going to use it for testing both software and 
also hardware technologies.”  

He then points out how the political issues at stake are smoothed because the project is 
strongly promoted by the IMR. The IMR plays a particularly significant role: on the one 
hand, it has a vast knowledge base of marine biology and oceanography. As a result, it 
is cardinal to NorthOil’s agenda:  

“[The Venus project] is an initiative that is promoted strongly by the [IMR] (…) 
And also because our ambition is that in order to be able to do a good job if it is 
opened, we need to know as much as possible about the natural conditions (…) 
It if is opened it will give us a much better basis to operate safely in the 
area.”(ibid) 

On the other hand, the IMR, driven by a concern about the possible environmental 
consequences of an accident, is making use of the same project to demonstrate that the 
Venus region should not be opened to oil and gas activities. I did not have the chance to 
investigate the IMR’s motivations in depth during my PhD project. I nonetheless note 
that this point is crucial. It makes it clear that the results of the same knowledge 
retrieval practices can be used in several ways, in this case, either to demonstrate that 
the environment in Venus should be preserved, or to demonstrate that it is possible to 
safely operate in it. 
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Figure 8. Timeline of the most significant events for the Venus project. 

 

The Peter Ocean Observatory (Brazil) 
When NorthOil acquired the Peter field in Brazil, the same group of environmental 
experts and the technology vendors (e.g., MAS) that took part in the Venus project 
worked on repurposing the Venus environmental monitoring solution for the Peter area. 
The first offline observatory was installed in 2009.  

The key difference with Venus was that the observatory was set in an operational area, 
in the vicinity of a functioning oil platform. The seafloor in Peter is rich in calcareous 
algae. The goal was thus to detect any harm to the algae caused by the production 
activities. In this case, the monitoring station was not meant to send online data to shore, 
but the sensor measurements were stored on a hard disk located inside the observatory 
and retrieved for data analysis after a few months. The initial idea was to adopt a buoy 
for online satellite data transfer, however, the local fishermen would not respect the 500 
meter safety distance from the oil platform and would use the buoy to anchor their boats 
while fishing. Ultimately, buoy-based online transfer did not prove a viable option. 

In addition to these episodes, as we discuss in Papers 5 and 7, the ‘Peter Ocean 
Observatory’ experienced some technical failures which resulted into unusable results. 
The key reason for the technical failures was later discovered to be the natural 
characteristics of the Brazilian waters. Not only were they warmer than those in 
Norway, but the current was much stronger than environmental experts had expected. 
Upon analysis of one of the failures, the experts noticed that the metallic structure of the 
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observatory and the sensors were being damaged. This meant one thing: the waters were 
very corrosive. If that was a problem for the small monitoring station, it was also for the 
whole oil platform. This finding therefore emphasized the importance of integrating 
environmental indicators in the daily oil and gas activities, because they may reveal 
dangers to the safety of the workers on the platform. Environmental risk thus proved a 
reliable indicator to assess technical and human risk. 

 

3.3.3 Prelude to integration: GlobalMapping (2008-2012) 
The path towards the integration of environmental monitoring practices in NorthOil 
does not begin with an environmentally related project.  

In 2008 NorthOil began a large-scale data management integration endeavor 
(GlobalMapping) in collaboration with ITCorp to develop an integration layer for an 
enterprise-wide access to real-time plant- and equipment-related data. Originally a 
research and development project, it was early turned into a pilot implementation and 
shortly after into product deployment. The core to GlobalMapping was the realization of 
a top-down data model (or ontology) that would serve as a reference to map the data 
collected in all assets owned by NorthOil. The ontology was meant to serve the 
heterogeneous disciplines involved in oil and gas operations which could thus make 
used of a standard vocabulary to refer to or query information regarding operations and 
assets. This goal was not achieved. First of all, according to my informants, there was 
little preliminary experience in NorthOil with this type of project, so the requirement 
specification was not sufficient. Secondly, technical problems emerged early: it proved 
too complex and expensive to map the myriad heterogeneous local pieces of 
information to a top-down model. Thirdly, NorthOil and ITCorp disagreed on the 
maturity level of the GlobalMapping solution. 

GlobalMapping was finally shut in mid-2012. I partly tackled this issue in Paper 1 
(Parmiggiani and Hepsø 2013), but I have not been able to gather additional 
information. Even if it did not deliver the promised results, it represents an important 
step because it sensitized the company to the issue of an integrated approach to data 
management. 

 

3.3.4 The corporate initiative: EnviroTime (2011-2014) 
EnviroTime (November 2011-November 2014; see Figure 9 for a timeline) is a large-
scale research and development project initiated in November 2011 by NorthOil, in 
collaboration with three industrial partners. EnviroTime was advertised in the 
newspapers and received much attention from media and external stakeholders. The 
goal was to develop what the internal documentation called a “flexible monitoring 
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platform,” a framework to meet a comprehensive set of field-specific challenges. It was 
presented as a decision-support solution “to monitor and analyze the environment in 
parallel with daily operations in order to protect sensitive areas and minimize the risk of 
potential negative impact on the environment.” (Internal restricted documentation) It 
was the first corporate project in NorthOil with explicit focus on the management of 
environmental and technical data simultaneously, in real time when possible. This 
approach was mirrored by a conception of environmental monitoring that included not 
only ex-post assessment of the effects on environmental resources, but also the ex-ante 
control of discharges and the detection of leakages. Moreover, explicit attention was 
paid to the continuous nature of monitoring to address all phases of the lifecycle of a 
well: the early planning stages where no technical equipment is in place yet; the 
operational stages (drilling, production) where very old technologies and equipment 
might be available; and the decommissioning phase, where the well has run dry and the 
installation has to be removed completely. 

NorthOil’s industrial partners were organized into a consortium composed of:  

 O&GSolutions, head of the consortium and in charge of providing:  
o information integration layer;  
o sensors and communication technologies;  

 QCB, for:  
o maritime environmental analysis;  
o risk management practices;  
o setting standards in environmental monitoring;  

 ITCorp, to provide business analytics technologies (e.g., hydrophone data 
analysis). 

 

The consortium covered 50% of the expenses of the project. This significant joint 
financial effort demonstrated that integrated environmental monitoring is also a business 
case relevant to other big players in the Norwegian industrial sector.  

The ambition of EnviroTime was to develop integrated environmental monitoring as a 
concept based on the data from a few test locations (e.g., Central Norway; later also 
Venus). Overall, the project treated environmental monitoring as an evolving and open-
ended set of capacities to enable environmental coordinators – an emerging figure in the 
company – to halt operations instantaneously upon the identification of sensible 
resources. At the same time, other professionals also operating a well – such as the 
drilling engineers – must receive real-time updates on the environmental parameters in 
parallel with the well data streams that are part of their duty work. EnviroTime 
comprised the development or adaptation of subsea sensor systems comparable to the 
Venus observatory, integrated modeling software (e.g., based on the DREAM software), 
and organizational work processes.  
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Figure 9. Above: timeline of the EnviroTime project. Below: context, object of monitoring, and, risk type for 
each use case. The arrows overlap to indicate that the discussions of a use case did not end with the initiation 
of the following use case. 

 

The project had a hierarchical structure formalized into two main work packages. The 
first work package had to address the development or adaptation of a subsea sensor 
network into an ocean observatory similar to the Venus observatory. The second work 
package had a more sociotechnical focus. It was meant to develop or adapt software 
tools and integrate them into new work routines to fit daily operations. As discussed in 
the next subsections, the development of new work routines was later formalized as an 
additional independent work package. 

The first work package had to deliver demonstrators of subsea ocean observatories. The 
second work package divided the internal focus into three use cases, identified 
previously as relevant to the company’s business strategy:  

1) Prevention of the dispersion of drill cuttings15 into the cold-water coral reefs; 
                                                
15 Materials of a heterogeneous nature removed from a borehole while drilling a well. 
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2) Long-term monitoring of the cod and herring and their spawning products in 
the Venus region; 

3) The preventive detection of oil and gas leakages. 

The two work packages proceeded in parallel, but my fieldwork focused primarily on 
the second work package (Use Cases 1 and 2).  

As part of Use Case 1, a GIS-based web portal was developed to visualize real-time 
updates of the risk forecast for the coral reefs in the vicinity of an operational area, for 
example when drilling a well off Central Norway (see Figure 10 for an illustration). 
Online parameters sent from subsea sensors described the status of every reef, which 
was also colored in different ways (red, green, yellow) based on its health and contoured 
differently based on its predicted risk level. This web portal was dedicated primarily to 
the environmental coordinators in charge of the environmental monitoring campaigns 
and of assessing the level of environmental risk during the various operational phases 
(Figure 10, left). 

Some of the real-time environmental data were also added to the web portal adopted by 
engineers in charge of a drilling operation along with the real-time trends describing, for 
example, the drilling speed (Figure 10, right). This use case was based on QCB’s 
existing methodology for mapping the risk to cold-water corals based on the predicted 
amount and content of the discharge generated while drilling a well. The main method 
used to represent the risk to a reef was based on a risk matrix (see Figure 10, left). The 
coral risk matrix represented the probability of a coral structure being hit by drilling 
discharges against the predicted consequences on that specific structure (e.g., dead coral 
would suffer no consequence, so the risk would be zero). Such a methodology had, 
however, so far been based on offline sampling and primarily used to predict pollution 
prior to drilling. With EnviroTime, QCB’s ambition was to turn it into a semi-
automatic, real-time algorithm that could also run during the further phases of well 
development. 
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Figure 10. Illustrations of the functionalities of the EnviroTime portal for the environmental coordinators 
(left) and the drilling engineers (right) (source: own drawings). 

 

Use Case 2 was focused on expanding the EnviroTime web portal to the long-term 
monitoring of biomass in the water. The problem changed from that of 2D mapping of 
the sea floor to a 3D description of the distribution and flux of biomass in the water 
column. In the same period, the first online data streams from the Venus Ocean 
Observatory became available. After a number of internal discussions and as a 
consequence of a delay in the EnviroTime schedule, it was decided to adopt Venus as 
the test location. It was at this stage (end of November) that EnviroTime and Venus 
became so entangled that the two projects began to inform each other and discussions 
often took place at the same time. As I will explain in the next section, the project 
manager of EnviroTime agreed to divert some project money for the development of a 
real-time web portal solution specific to the Venus observatory. In turn, the Venus data 
was adopted by EnviroTime and particularly used by QCB to develop the 
‘environmental value’ (refer to Papers 5, 6, and 7). The environmental value represented 
the relative concentration of biomass at a point in the ocean, where ‘relative’ refers to 
the historical average concentration of fish in that point. Taking this as a point of 
departure, QCB began to develop a classification system of the status of the marine 
environment in a specific area. The system was inspired by the coral risk matrix (Paper 
6 and 7).  

The scope of the project saw several adjustments. For example, it suffered from external 
events. During the first semester of the project many human and financial resources 
were dedicated to the development of a shared semantic data model to represent all the 
possible environmental data to be handled during, for example, the drilling phase. As is 
clear from Table 2, this took place simultaneously with GlobalMapping. As the latter 
project was shut down, EnviroTime also went through an internal re-organization.  
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Although broadly concerned with turning the traditional risk assessment procedures into 
an integrated and real-time process, EnviroTime displayed different conceptions of 
‘risk’ based on the use case. As shown in Figure 9, the first use case addressed risk as 
something related both to the environment (mostly the coral reefs) and to the technical 
equipment (the drilling rig). In Use Case 2, circumstances which led to setting the test 
location in Venus turned ‘risk’ into a fully environmental concern related to fish 
migration. Finally, although not directly addressed here, the third and last use case 
adopted a symmetrical approach to ‘risk’, this time only referring to failures of the 
technical equipment. 

 

The data governance and stakeholder management work package 
A strategy oriented to integrated environmental monitoring practices required 
institutionalizing a stricter collaboration between professionals with environmental and 
engineering expertise. The coupling of environmental and technical data in the 
EnviroTime web portal had to be mirrored by integrated work routines that 
encompassed both domains. Due to the strict requirements of reporting and 
accountability associated with oil and gas activities, this effort had to formalize the 
work processes at the corporate level. Consequently, NorthOil initiated a separate work 
package with the explicit target of adapting or implementing cross-disciplinary work 
processes for connecting environmental monitoring tasks to the existing workflows. 
Preliminary to this achievement was the formalization of detailed guidelines for 
governing environmental data; establishing decision rights, accountabilities, and 
methodologies for information management according to agreed-upon models. The 
work package continued in parallel with the main project for its duration and two of the 
EnviroTime participants from NorthOil were responsible for its completion (refer also 
to Paper 4).  

These tasks consisted of much work to explore all the 30,000 official work processes 
adopted by NorthOil’s units and professional disciplines. It became necessary to 
establish a conversation with the representatives of the other sections (e.g., Drilling and 
Well department; environmental coordinators; GIS data managers; Arctic development 
program) with the joint goals of understanding their routines and thus enrolling them as 
stakeholders in the EnviroTime solution.  

I was officially invited to the bi-weekly meetings arranged to discuss the evolution of 
this work package. I consequently had the chance to provide limited feedback on the 
documentation produced and to actively comment on the issues at stake. I was also 
invited to the face-to-face and teleconference meetings with the stakeholders from other 
NorthOil units. Two of the most significant meetings for this thesis took place with the 
Drilling and Well Department and with the Arctic Program, the latter in charge of 
facilitating solutions to improve NorthOil’s operations in the Arctic region.  
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The Drilling and Well Department was reluctant to endorse a change to their work 
processes, because they must comply with strict formal requirements governing the well 
construction process. During the conversation with the EnviroTime participants, the unit 
representatives stressed the importance of assessing the trustworthiness and reliability of 
environmental information as a prerequisite for them to become operational modifiers. 
Another interesting point relates to the focus of EnviroTime Use Case 1 on coral risk 
assessment. The Drilling and Well representatives pointed out that their formal work 
processes had to be applicable to each one of the well operations the company conducts 
around the world. On a global scale, only one fifteenth (sic) of the wells operated are 
close to coral reefs.  

The Arctic Program had a different attitude due to the business relevance of 
environmental monitoring solutions for obtaining permissions to operate in the High 
North. The conversations particularly revolved around the need to define environmental 
data governance to obtain a better understanding of environmental conditions on the ice 
edge. In the words of the program responsible:  

“The [Arctic] initiative wants to position [NorthOil] in the north and in 
particular the ice edge is a very good potato: they need food to position 
[NorthOil] in the North (…) [W]hat is interesting for the [Arctic] initiative is the 
issue of the ice edge, what resources are there, what can be visualized. There 
are many political aspects involved.” 

This statement was made in February 2014. One year later, in January 2015, the 
Norwegian government redefined the edge of the permanent Arctic ice northwards prior 
to launching a new licensing round for oil and gas companies (Brønmo and Kagge 
2015; see also Koranyi 2015). The key argument behind the decision was that ice has 
retreated considerably due to the effects of global warming.   

 

3.3.5 Venus reloaded: The Venus web portal  
As suggested above, during the second half of 2013 the datasets from Venus were 
becoming available online, at the same time as EnviroTime was experiencing delays. 
The EnviroTime managers therefore used project funds to support the development of a 
web portal to display the Venus datasets. The development was conducted by a 
subgroup of environmental and IT experts in NorthOil in collaboration with marine 
acoustic experts from MAS and the IMR, and a consultancy company. The IT advisor 
who was primarily responsible defined it as a “skunk works project,” or an under-the-
radar initiative that was not following the corporate decisional gates and procedures. 
Possibly also for this latter reason, in a few weeks the web portal was published online. 
The portal has a very simple layout (see also Figure 11 for an illustration). It is divided 
into three columns and displays pictures of the coral reef seen by the camera in Venus, a 



61 
 

video of the latest pictures, two chromatograms plotting the concentration of biomass 
(fish, eggs, larvae, and zooplankton) in the water column above the Venus observatory, 
and the values of a few oceanographic parameters measured by the sensors. The online 
publishing of the real-time datasets is however never actually real time, but delayed by 
about four hours. The reason for this choice according to my informants is that the 
acoustic devices in Venus are also able to track the movements of ships and submarines 
of the Norwegian navy during military exercises. Since the datasets are also free to 
download and every ship or submarine has a unique acoustic signature, the online 
availability of the acoustic measurement would allow hackers to track the movements of 
the Norwegian navy in the area.  

The Venus web portal is significant for two reasons.  

Firstly, it represents the intersection of sharply contrasting interests. For NorthOil, the 
web portal is a good commercial tool for presenting the company’s monitoring abilities 
to the authorities and the good will in preserving the environment to the general public. 
The IMR was very involved in the development of the portal, but with the opposite 
agenda of demonstrating that the area should not be open to oil and gas operations.  

Secondly, it also proved a good political tool. As reviewed above, the Venus area is also 
of great interest to the Norwegian fishing industry. The members of the Venus project, 
especially from NorthOil’s end, soon realized the importance of enrolling the fishermen 
as stakeholders in the initiative. It did not matter whether they agreed with an opening in 
Venus, but, as experience with, for example, the IMR showed, persistent disagreement 
was not an obstacle to successful collaboration (see also Paper 1 (Parmiggiani and 
Hepsø 2013) and Paper 6). A workshop was therefore organized in November 2013 to 
present the Venus portal to a community of fishermen in a small town near the location 
of the onshore data center where the Venus data were physically stored. The initiative 
was described by each of my informants as a success. A local newspaper also wrote an 
article about it, stating the web portal was becoming “more popular than the Disney 
Channel” and that “for the fishermen the observatory meant way more knowledge about 
the sea.” (Erlandsen 2013) This event is specifically relevant because the feedback that 
the fishermen gave to the initiative was, maybe unexpectedly, very positive. A local 
representative of the fishermen indeed commented that he wished there were more such 
observatories in the area. 
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Figure 11. A mockup of the Venus web portal for illustrative purposes (source: own creation, with 
www.balsamiq.com; pictures: MAREANO/Institute of Marine Research, Norway). 

 

 Research setting: NorthOil R&D department and the partner 3.4
companies 

Throughout this thesis I use the term ‘project participants’ to mean the employees from 
NorthOil and its partner companies who were directly involved in the design, 
implementation, maintenance, and administration in the projects listed above. 
That said, the primary setting for my research was the NorthOil R&D department, in 
particular the newly established section for environmental modeling and monitoring 
which is part of the division for safe and optimized resource production. 
The professionals I was most in contact with constituted a rather homogeneous group. 
Almost all had been involved in the environmental monitoring projects described above, 
but they had different backgrounds: in addition to environmental experts (educated in 
marine biology or environmental chemistry), I also had daily conversations with 
computer engineers (only some located in the IT department), data management experts, 
and anthropologists. 
NorthOil R&D section was my primary research setting because it was where most of 
the discussion about EnviroTime took place. As a result, whereas I was primarily 
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physically co-located with NorthOil employees, contacts with the employees of the 
other companies sometimes also took place via the videoconferencing system. A few 
weeks after I began my fieldwork I got in touch with the project participants from the 
partner companies. I was engaged in conversations during meetings or setting 
interviews with environmental advisors and data management experts from QCB. I 
travelled a few times to their headquarters, mostly to follow the EnviroTime general 
meetings and once to hold interviews in collaboration with my supervisor. 
On two occasions (once with my supervisor) I visited NorthOil’s Online Support Center 
(OSC) in person, not directly involved in EnviroTime but enrolled as a possible internal 
stakeholder. There I could interview and chat with data management experts and 
computer engineers. 
Unfortunately my access to O&GSolutions and ITCorp was less successful. I was 
nevertheless able to chat with a variety of professionals from those companies during 
the EnviroTime meetings.  
I was finally also interested in getting in touch with the environmental experts from 
MAS, the technology vendor involved in the Venus and Peter projects. I therefore 
contacted the head of the company headquartered in another Norwegian city. I spent one 
day there and was able to interview and chat with the marine acoustic experts. During 
the same trip, I also visited the IMR (also advising NorthOil in the same projects) and 
spoke with two experts in marine acoustics.  
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4 Research methods 
NorthOil’s current projects aim to establish a new capacity for real-time subsea 
environmental monitoring and integrate it with daily operations. As presented in the 
previous chapter, these endeavors serve multiple purposes and consist of adapting, 
developing, and integrating sensor networks, instruments, information systems, and 
organizational work processes. In other words, new infrastructural relations are being 
established and grown. An actor-network theory-informed lens recognizes that these 
efforts leave the boundaries of the new capacity only partly clear and under constant 
evolution. As a result, the main unit of analysis for this thesis is the infrastructuring 
mechanisms, i.e. the constant efforts to establish and maintain new infrastructural 
relations to upgrade NorthOil’s infrastructure by integrating the new environmental 
monitoring capacities.  

The research was conducted as a longitudinal interpretive case study. Case studies have 
been criticized for providing context-dependent and non-generalizable knowledge. As 
Flyvbjerg (2006) demonstrates, however, “[C]oncrete, context-dependent knowledge is 
(…) more valuable than the vain search for predictive theories and universals.” (p. 224) 
Case studies are indeed useful in order to understand complex social phenomena and to 
investigate the holistic and meaningful characteristics of real-life events, such as 
organizational processes (Yin 2009). They can be seen as a form of problematization 
that associates the object of investigation, the motivations, and the research method 
(Beaulieu et al. 2007).  

The purpose of this chapter is to reflect on the evolving relationship between these three 
dimensions. In the next section I describe the process of gaining access to the field site. 
I later present the research approach, the data collection, and the case study definition. I 
subsequently provide an account of the data analysis methodology. To conclude, I 
provide some reflections about conducting ethnographic fieldwork inside an oil and gas 
company. 

 

 Negotiating access 4.1
Access to case studies in the oil and gas business is not straightforward for external 
researchers. Despite the undoubtedly open attitude of Scandinavian organizations, the 
oil and gas business is a secretive setting, driven by the great political and economic 
sensitivity of energy strategies.  

The negotiations to allow my access to the field site began prior to my enrollment on the 
PhD program and were facilitated by the Center for Integrated Operations in the 
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Petroleum Industry (IO Center16), a research-based innovation center supported by the 
Research Council of Norway and several international oil companies, NorthOil 
included. The IO Center also financed the PhD position. My case study is part of the 
Digital Oil project17 headed by my supervisor and funded by the Verdikt program of the 
Research Council of Norway. Digital Oil studies the complex practices of operating 
subsea oil and gas wells over several decades in a safe and sufficient manner when 
activities are conducted through sensor-based information streams. Digital Oil involves 
a number of case studies corresponding to different phases in subsea operations, such as 
the exploration of new reservoirs, the exploitation of new data-transfer technologies 
while drilling, and the monitoring of the marine environment which surrounds a subsea 
operational area (this thesis). 

Digital Oil obtained funds in late 2011. NorthOil also emerged as a relevant setting for 
the case study for pragmatic concerns, as my co-supervisor, who has an established 
connection with my main supervisor, works as a senior researcher in NorthOil. Through 
this collaboration, EnviroTime – which had just been initiated – was identified as a 
suitable case study for my research. Relying on the mediation of my supervisors I got in 
touch with the leader of the department in NorthOil R&D section where most 
EnviroTime participants were located. In April 2012 I was granted a badge and access 
to the department. I was initially allowed to use a shared desk in the hallway of the 
department, not far from the office where six participants in EnviroTime were sitting. 
To get acquainted with the people and the project, I initially followed them to the 
meetings they were attending. Throughout this chapter I will provide better insight into 
how my increasing familiarity with the research setting improved my data collection 
and the framing of my unit of analysis. 

 

 Research approach 4.2
This research adopts an interpretive stance derived from a hermeneutic tradition 
(Frodeman 1995; Klein and Myers 1999; Walsham 1995). Interpretivism in IS research 
assumes that our knowledge of reality is acquired through a process of social 
construction (e.g., shared meanings, tools, artifacts) and tries to understand empirical 
phenomena through the meaning that actors assign to them. In line with hermeneutics, 
interpretivism maintains that human perception of objects is always shaped by the set of 
tools, concepts, and expectations that we use in order to act on and conceive objects 
(Frodeman 1995). 

The fundamental principle of the hermeneutic circle proposed by Klein and Myers 
(1999) is one of the compass points of this thesis. The principle states that “all human 

                                                
16 http://www.iocenter.no 
17 http://www.doil.no 
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understanding is achieved by iterating between considering the interdependent meaning 
of parts and the whole that they form” (p. 72), where “the parts can be the interpretive 
researchers’ and the participants’ preliminary understandings (...) in the study. The 
whole consists of the shared meanings that emerge from the interactions between them.” 
(p. 71) 

Overall, these guidelines have two methodological consequences. First, they influenced 
my approach to the unit of analysis. I indeed understand NorthOil’s environmental 
monitoring projects as more than an issue of developing new technologies (cf. Williams 
and Pollock 2012) but as the development of an infrastructure including new work 
practices and new knowledge. Secondly, I recognize that in my case study, both myself 
(the researcher) and the actors I observed are knowledge workers, tasked with 
producing knowledge objects by balancing subjectivity and objectivity (Schultze 2000). 
A direct result of this close relationship between the actors and the researcher is that 
they constantly appropriate each other’s ideas in the field, as recognized by the principle 
of interaction between the researchers and the subjects (Klein and Myers 1999). This 
aspect, on the one hand, requires a critical reflection of the social construction of data 
(ibid). On the other hand, it blurs the boundaries between researchers and actors. I will 
elaborate more on these two points throughout this chapter.  

 

 Data collection  4.3
Various data collection methods can be used in interpretivist studies. My data collection 
was extensively inspired by ethnography with a fieldwork strategy (Forsythe 1999; Van 
Maanen 1988). Born and raised in anthropology to produce ‘thick descriptions’ of far 
cultures where the ethnographer would immerse herself for a long period, ethnography 
is today also accepted as a means to study modern organizations. Corporations hire 
ethnographers to gather qualitative evidence of the functioning of daily work (Hepsø 
2013). Ethnography is today widely adopted in IS for the study of information systems 
in organizations (Myers 1999; see, e.g., Orlikowski 1991). It is also accepted within 
CSCW as important for highlighting the sociality and the materiality of work 
(Blomberg and Karasti 2013). Schmidt (2011) calls for more workplace-based 
ethnographic studies to gather a better understanding of the often sophisticated forms of 
ordering collaborative work.  
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Table 4. The sources of data collection (period: April 2012-December 2014). *Some NorthOil employees who 
took part in GlobalMapping were later involved in EnviroTime, too. If so, I counted them as EnviroTime 
participants in the table but the interviews covered both projects.  

Source 
 
Observations (3 years) 

 In-office co-location with 5 EnviroTime participants (ca. 3 days a week * 2 years; 
afterwards ca. 1 day a week * 9 months) 

 49 meetings (teleconferences, workshops, seminars, briefing sessions) 
 38 regular briefing sessions on data governance; EnviroTime status. 
 14 events (conferences, seminars, workshops) related to the topics covered in 

EnviroTime but not strictly to NorthOil’s projects. 
 Coffee and lunch breaks (every day spent at NorthOil) 

 
 
Semi-structured interviews (38; average duration 1 hour) 

 17 with NorthOil employees (engineers, environmental experts) participating in 
EnviroTime, Venus, and Peter 

 4 with NorthOil employees participating in GlobalMapping 
 9 with QCB environmental experts participating in EnviroTime 
 1 with an O&GSolutions participant in EnviroTime 
 2 with engineers at NorthOil OSC 
 3 with marine acoustics experts at MAS 
 2 with marine acoustics experts at the IMR 

 
Documents 

 MS SharePoint team sites 
 Email exchanged in EnviroTime 
 Internet-based public information 

 
Software 

 EnviroTime web portal 
 Venus web portal 
 NorthOil Internal GIS system 
 Repository of internal work processes  
 Real-time data visualization portal for drilling engineers 

 

Klein and Myers’ (1999) principle of contextualization of interpretive research invites 
critical reflection on the context that gave birth to the situation under investigation. 
Accordingly, I strived to obtain diverse perspectives by triangulating three main types 
of data sources: participant observations; semi-structured interviews; and document 
analysis. Table 4 includes a summary of the data types and topics covered. This 
approach reflects Bowker and Star’s point (1999; cf. Latour 1993) that it is important to 
look at both what actors say they are doing (e.g., through interviews, official 
documents) and what they are actually doing (e.g., through observations), also to be 
able to account for the way that scientific and political aspects mix in action. 
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Data collection activities began as soon as I was given a badge to the NorthOil R&D 
section in April 2012. Following an ethnographic approach (Myers 1999), the primary 
source of data generation were participant observations while sitting at my desk and 
during different types of meetings, workshops, seminars, in addition to lunch and coffee 
breaks. In the period April 2012-April 2014 I visited NorthOil on average three days a 
week during office hours, filling several pads with field notes. Through an extensive 
presence in the field, I was able to leverage one of the valuable aspects of ethnographic 
research, its potential for depth: “by going ‘where the action is’, the field researcher 
develops an intimate familiarity with the dilemmas, frustrations, routines, relationships, 
and risks that are part of everyday life.” (ibid, p. 5) From April 2014 to December 2014 
I paid less frequent visits to NorthOil (once every one or two weeks) to keep the 
connection and ask follow-up questions to key informants. As I explain later in more 
detail, in November 2012 I began sitting next to some EnviroTime participants. In this 
way, I could follow discussions and conversations as they emerged over the day. I could 
also often join the EnviroTime participants when they travelled to the headquarters of 
the project partner companies in connection with meetings, seminars, project decision 
gates. All events were held in Norwegian. As a non-native speaker I learned the 
language during my first phases of fieldwork. In the first months I had to ask my co-
supervisor (who also holds a position in NorthOil and was involved in the project) for 
clarification about anything I could not understand. Within a few months, I became an 
independent listener and could ask questions during the meetings in English. As my 
knowledge of Norwegian improved, I was later able to ask questions and give 
comments or limited feedback in Norwegian. In total I participated in 47 non-regular 
meetings, 36 regular meetings, and 14 events not directly related to my case study but 
still relevant to the topic of environmental monitoring in the oil and gas context.  

 

 

Figure 12. My field notes (front) and the videoconferencing system used during a video meeting with another 
office of NorthOil. 
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The participant observations generated a snowballing effect that enabled me to identify 
key informants for semi-structured interviews (38 in total). To familiarize with the 
project, I initially held my interviews with NorthOil employees. In total I gathered 23 
interviews with NorthOil employees, 2 of which were with the Online Support Center 
(OSC) in NorthOil’s headquarters in another city. As soon as I became more acquainted 
with employees of the partner companies taking part in EnviroTime, I could schedule 
interviews with them, either via the MS-based videoconferencing system or by 
travelling in person to their offices elsewhere in Norway. Following a suggestion from a 
NorthOil employee I first interviewed the vice-president of O&GSolutions. I then 
contacted EnviroTime participants from QCB and held 9 interviews with them, 7 of 
which were also with my supervisor. In the last period of my PhD I tried to contact 
other EnviroTime members from O&GSolutions, but due to delays in the EnviroTime 
project this did not prove feasible. I then turned my attention to the sensor technology 
vendor (MAS) involved in the Venus project and other environmental monitoring 
programs run by NorthOil. That path proved easier and I managed to hold three 
interviews in MAS and two additional interviews at the IMR, with which MAS and 
NorthOil have ongoing collaborations. I often left the interview guide flexible to adapt 
to the conversation. To gain a better understanding of events prior to my entrance to the 
field site, I often asked my informants to provide a narrative overview of their 
involvement in the environmental monitoring projects, the events they could recall, and 
their perspective on how the various players related to each other.  

Collection of internal (often restricted) documentation was a supporting empirical 
source throughout the whole fieldwork activity. I had access to the internal MS 
SharePoint team sites where all the documentation related to EnviroTime and other 
environmental monitoring programs was uploaded: in particular project deliverables, 
reports, and PowerPoint presentations. Documents were generated by NorthOil and by 
the partnering companies (QCB, O&GSolutions, ITCorp), in addition to technology 
vendors and consultants (e.g., MAS, the IMR). These documents were fundamental to 
understanding the technical details and the reasons for the choices made in every 
project. Documents (e.g., regulations, guidelines, reports) issued by national or 
international authorities were also a resource by which to contextualize NorthOil’s 
strategies. Finally, internal or public documentation available via the NorthOil intranet 
portal was an additional source used to position the company’s activities and business 
strategies. It proved, for example, a valuable tool to keep track of the new reservoir 
discoveries and drilling activities carried out by NorthOil in the High North. All 
documentation was organized in chronological order and classified based on source in 
order to better characterize the temporal unfolding of my case study. Together with the 
interviews it was the source for the generation of the timeline presented in Chapter 3.   
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A secondary but important data source was the ethnography of the software that was 
being developed in EnviroTime and Venus. I could, for instance, access and use the test 
versions of the EnviroTime web portal to visualize the real-time risk to cold-water 
corals and, in the same time, follow online updates from all subsea environmental 
sensors integrated into the portal used by the drilling engineers. By focusing on the 
EnviroTime portal, for example, I became aware of the emergence of the environmental 
coordinator as a powerful figure in oil and gas activities, now sharing the spotlight with 
the drilling engineers. I also made extensive use of the information available on the 
Venus web portal. Its development proved a useful starting point for scheduling 
interviews with the Venus project participants.   

A snapshot from the fieldwork: An example of data triangulation. In November 2013 my supervisor and I 
interviewed two environmental experts at QCB headquarters. Towards the end of the interview we came to 
discuss the Venus project. One of the two interviewees remarked that the Venus acoustic devices are placed 
on the sea floor and this makes it difficult to spot eggs or larvae which are rather small and float close to 
the sea surface. The expert also pointed out “the fish experts… they do not have any experience about 
having the sensors [placed on the seafloor].” To make sure I understood correctly, I asked again: “So 
there is no experience whatsoever of using echo sounders from bottom to top?” And he firmly replied: 
“No.”  
A couple of months later, I was attending a joint seminar in another Norwegian city with all EnviroTime 
participants. One expert in marine acoustics from O&GSolutions gave a speech to explain to the others – 
all with different background expertise – the difficulties of spotting small resources such as eggs or larvae 
from a long distance with the devices available in Venus. He confirmed the statement of the QCB expert. 
Almost one year later I visited the headquarters of MAS, the company that produces the subsea sensors 
used in Venus. The original plan was to obtain a better insight into the function of subsea sensors based on 
their experience. When I introduced my research and some of my findings to them, I also showed a 
PowerPoint slide a summary of the information I had received earlier about eggs and larvae detection. 
When the head the company saw it, he stopped me and commented that it was not true. Their company is 
capable of doing that and also has experience in environmental monitoring with subsea acoustic devices. I 
am puzzled; I was sure I had heard the opposite on other occasions.  
Back in the office, I went through the official documentation delivered by QCB in EnviroTime, where a pool 
of environmental experts explained mathematically why the detection of eggs and larvae is complicated in 
Venus with the devices available to them. I therefore concluded that the reality might lie in the middle. 
Given the long-term business relevance of the EnviroTime solution, the environmental experts involved are 
very cautious about letting me know very much about what they are able to do. Alternatively, more simply, 
this type of expertise is quite new for those in EnviroTime, so they still lack data and experience.  

 

 Between data collection and data analysis: An application of 4.4
infrastructural inversion 

4.4.1 Case framing 
The definition of the unit of analysis evolved during my project and adapted to the 
changes that I encountered during the fieldwork. As presented above, the initial driver 
of my case study was the EnviroTime project. When I began my fieldwork it was 
difficult for me to familiarize myself with the scope of project, however, I soon realized 
that it was unclear to the project participants as well. Initially many resources were in 
fact devolved by NorthOil and its partners to the development of a common ontology, 
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or data model based on semantic technologies and aimed at describing the different data 
types to be handled by the new infrastructure. Accordingly, I focused my case study on 
the process of ontology development. The assumption that this was the right path for 
EnviroTime began to be questioned after the failure in late 2012 of a parallel project 
(GlobalMapping) to develop a global model of production and asset data run with some 
of the same project partners (see Section 3.3.3). This event triggered a change of 
trajectory in EnviroTime. A greater focus was now placed on developing integrated 
environmental monitoring as a concept supported by a few test solutions in, for 
example, North and Central Norway. I therefore began to adapt my case towards that 
which I am presenting in this thesis.  

At almost the same time, another episode enabled me to gain closer insight into the 
activities of EnviroTime. As a consequence of the reduced lack of focus on ontology 
development, one project participant left, and from November 2012 I was able to use his 
desk in the office where my reference persons were located. As my familiarity with 
them improved, I gained access to further information and in mid-2013 I began to 
investigate other environmental monitoring programs run by NorthOil, such as Venus. 
EnviroTime was still an important case, but it was now embedded in a broader picture.  

As a consequence I re-framed my case study as the ongoing evolution of an 
infrastructure for subsea real-time environmental monitoring in NorthOil. This includes 
the development or adaptation of technologies and methods used to collect and visualize 
environmental data. Embedded units of analysis are EnviroTime, Venus, and, to a 
limited extent, Peter and GlobalMapping. 

At this point I was, however, left with two problems. Focusing an infrastructure implies 
that the boundaries of the inquiry (namely what is included and what is left out) remain, 
at best, blurred. Secondly, as noted by Williams and Pollock (2012), empirical studies 
of design and implementation in the IS literature tend to suffer from a number of 
limitations at the level of temporal and spatial framing, identification of key 
intermediary actors, and analysis of actors’ strategies in a technological domain. This 
triggered a methodological issue, because the physical location of the data collection did 
not equal the field site: by sitting mostly in one place for three years, how would it be 
possible to tell a large-scale story spanning a broad temporal scale? I overcame this 
problem by adopting the concept of infrastructural inversion (Bowker 1994; see Chapter 
2), which implies a ‘gestalt switch’ (Bowker and Star 1999) to shift the attention from 
the artifacts and tools with which users interact, to the overall infrastructural work that 
builds and sustains them (Graham and Thrift 2007; Monteiro et al. 2013; cf. Appel 
2012).  

Acknowledging that the researcher ultimately plays an active role in constructing the 
site of inquiry (Blomberg and Karasti 2013), I will now reflect on how I operationalized 
an infrastructural inversion in the temporal and spatial bounding of my case.  



73 
 

The temporal understanding of case studies is not a trivial issue. Within IS for example 
implementation studies tend to be too short to account for the extended time frames of 
technology innovation (Williams and Pollock 2012). As also pointed out within 
anthropology, the field site is better understood as a process of configuration of space 
and time in order to generate new analytical terrain (Dalsgaard and Nielsen 2013). 
When the focus is on networked systems such as infrastructures, the temporal flow is an 
important organizing principle (Beaulieu et al. 2007). Ribes and Finholt (2009) explore 
how infrastructural work unfolds as a set of tensions between the non-overlapping 
temporal scales of infrastructure (institutions; technology enactment; and organizing 
work). The ‘when’ – rather than the ‘what’ – of infrastructure is the question we should 
answer (Star and Ruhleder 1996). As we discuss in Paper 6, to be successful the 
infrastructuring process must also balance the different temporalities of the 
heterogeneous human actors (e.g., the drilling engineers work unfolds in terms of 
seconds) and non-human elements (e.g., environmental cycles span decades). The 
timeline presented in Chapter 3 is an attempt to account for the way that mismatching 
temporal framings are inscribed in the infrastructuring process.  

As far as the spatial framing is concerned, Williams and Pollock (2012) noted that 
implementation studies are often constrained to one or a few specific physical sites and 
therefore tend to black box related settings. The story of real-time environmental 
monitoring infrastructure in NorthOil is not only a long-term one, it is also distributed 
across different sites. The monitoring programs took place in different locations and the 
participants I interviewed were distributed across Norway. A project such as 
EnviroTime was purposefully meant to handle different operational phases in different 
geographical context. I asked myself: Where is the case happening? Studies of 
infrastructure problematize the reliance on physical space to constitute a case study 
(Beaulieu 2010). I realized that the case site equals the infrastructure under 
development. It encompasses the offices where decisions are taken, the offshore sites 
(fish and coral included), and the sensors and data models used to collect and represent 
data from the sea floor. The practical consequence of this, however, is that the place of 
knowledge production and its penetration by the ethnographer are no longer aligned 
(Beaulieu et al. 2007). I add that the same applies to the time of knowledge production.  

I will discuss how I overcame this misalignment in the next paragraph. 

 

4.4.2 Follow the actor, revisited 
I have admittedly benefited from a good relationship with a small group of actors, 
primarily from NorthOil. Williams and Pollock (2012) however warn researchers from 
foregrounding only certain kinds of players and background others – a possible 
consequence of the Latourian “follow the actor” strategy (Latour 1987). In a nutshell, 
“following the actor” is a methodology proposed in actor-network theory (Callon and 
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Latour 1981; Latour 1987, 2005) to trace the movements and activities of the single 
actors in the field and to explore how actor networks are created. One example of the 
usefulness of this approach, according to Latour (1987), is the observation of how 
science is actually done. When observed in their daily practice, scientists are not hidden 
in bunkers ready to defend their claims. They must build and maintain a vast web of 
connections, for instance to obtain funding to conduct their studies. Latour traces the 
itinerary of a laboratory director travelling to the fund providers, convincing them of the 
alignment of their mutual interests, and making his claims public through the media. 
According to Williams and Pollock (2012), however, “this approach has been less 
successful in developing the more complex mappings and understandings that meet the 
above call that these solutions need to be studied over time and across space.” (p. 2) 
Throughout my research, I indeed had to constantly address the scale of infrastructure 
while being, most of the time, a single researcher. Williams and Pollock propose a shift 
of perspective, and instead following the artifacts through space and time. I however 
decided to preserve the inspiration from actor-network theory to operationalize the 
infrastructural inversion. My point of departure is therefore that the “follow the actor” 
approach is still functional – it just needs adaptation. I did so for two reasons. First, 
empirically, given the initially blurred boundaries of NorthOil’s EnviroTime project, it 
proved cumbersome to identify which artifacts to follow. Objects often changed shape. 
One example is the EnviroTime common ontology that would ensure semantic 
interoperability between various datasets. Whereas in the early phases it seemed as 
though the ontology would be one of the key deliverables of EnviroTime, after a few 
months it was no longer under focus in favor of other forms of interoperability, such as 
the guidelines for environmental data governance (see Chapter 3 and Section 4.4.1). The 
“follow the actor” approach also seemed more appropriate in the light of the theoretical 
framework I introduced in Chapter 2, in particular the definition of environmental risk 
(see Section 2.1). If we stick to a conception of risk as the consequence of human 
knowledge, then it might be useful to investigate how humans develop knowledge to 
“recognize and present problems as problems at all, or just not do so.” (Beck 1992, p. 
163) 

According to Kaltenbrunner (2014, p. 4) “infrastructure, we could say, is the 
crystallized accumulation of [the actors’] historical articulation work.” If we take the 
hermeneutic tradition in interpretivism seriously (Frodeman 1995), infrastructure 
becomes both the researcher’s space of inquiry and the space of activities for the actors. 
Consequently, the distinction between the researcher and the actors is also less sharp 
and infrastructural inversion can be seen as a generalization of the concept of 
articulation work (Paper 4; cf. Schmidt and Bannon 1992). In other words, I was in the 
same boat as my informants. I therefore took inspiration from their strategies to tackle 
the infrastructure as a whole. If the case site equals the infrastructure as argued above, 
those characteristics of an infrastructure that make it difficult to frame (distribution; 
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digitalization; long term) are not only the object of investigation but become a resource 
for the fieldworker (Beaulieu 2010; Bowker and Star 1999). Ethnographers can align 
with specific actors – or “infrastructural allies” – to solve problems of scaling and “to 
get access to the backstage of infrastructures.” (Beaulieu 2010, p. 461) With this 
perspective, researchers should ask themselves how the actors in the field address the 
scale of infrastructure:  

“The key insight in this method is the recognition that anytime there is a ‘large’ 
endeavor you will find actors tasked with managing the problems associated 
with its scale.” (Ribes 2014a, p. 158) 

Through extensive observations, I identified a cardinal subset of actors who, as part of 
their daily work, were in charge of answering the same questions I had to answer as part 
of my research.  

One example was the data governance and stakeholder management task conducted in 
EnviroTime (see Section 3.3.4). It would have not been feasible for me, alone, to mine 
all the historically accumulated work processes used in NorthOil, exceeding 30,000, and 
to identify the spokespersons of every department in the company to discuss the 
possible integration of the new routines. Due to the good relationship established with 
several NorthOil employees during the participant observations, I was able to 
‘piggyback’ two of the participants as they mined the work process and identified, 
contacted, and interviewed the representatives of other departments at NorthOil. 

In parallel I also relied on more time consuming and expensive ways of scaling the data 
collection method by travelling by plane to other Norwegian cities to interview 
employees of other offices of NorthOil or other companies (e.g., QCB). The 
establishment of an initial face-to-face contact was subsequently useful in creating a 
‘snowball effect’ and to gain access to information and important meetings and 
workshops. The face-to-face strategy was also important to tackle the last risk identified 
by Williams and Pollock (2012), namely a tendency to black box the sites of technology 
production. Following the suggestion of one important infrastructural ally at NorthOil, I 
obtained the contact information of a reference person inside MAS – the company 
supplying subsea sensors to NorthOil in Venus and in Brazil. I contacted him directly, 
and a week later I spent a day in his company in another city. There I could speak to 
other sensor and software experts, see and touch the sensors used in the Venus Ocean 
Observatory, and obtain an insight into that company’s perspective on NorthOil’s 
projects.   

Before moving on, I would like to reflect on a corollary of infrastructural inversion that 
became clear as I was striving to find methods to scale my research activity. When 
attending events with more than one actor involved I realized that much of the work was 
scientific work, but it was done in a corporate setting. My informants have different 
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backgrounds mostly belonging to the realm of science (e.g., marine biology, 
environmental chemistry, computer science). Their roles have emerged, however, with 
very different nuances, based on where they are employed. They are employed not only 
by research institutions (the IMR), but also by an oil and gas operator and by sensor 
vendors and technology providers (e.g., O&GSolutions and MAS) with defined 
commercial interests. It would be naïve to classify them in separate compartments based 
on their company membership, however, as it would be naïve to discard the science 
done within companies as second-order science. The joint arenas afforded by projects 
such as EnviroTime or Venus make clear that science and commercial enterprise can no 
longer be considered distinct worlds. Rather, scientists meet within corporate arenas and 
bring their educational training with them. It is through this amalgam that infrastructure 
evolution takes place and knowledge is constantly questioned, rethought, and generated. 
Phrased in the words of Bowker (1994), it is the connection between the organizational 
work and the scientific work that allows for infrastructure to emerge and grow.  

Another corollary of my adaptation of the “follow the actor” approach is that I was able 
to address an additional problem identified in the recent literature, for instance within 
sociomateriality: How to account for the performative stance of materiality? Should 
material elements be, for instance, allowed to speak for themselves? (Cecez-
Kecmanovic et al. 2014) NorthOil’s projects emphasized the primary role of, for 
example, cold-water corals, fish, and other non-human elements which were at the 
center of almost all conversations, interviews, and documentation. It makes heuristic 
sense to look at humans and materials as having the same type of agency, but as 
clarified by Callon and Latour (1992) we do not assume that material actors have 
agency. In practice, it is humans who decide what ‘voice’ will be granted to material 
elements (e.g., the corals, the cod) by enrolling a number of spokespersons to generate 
certain claims for consideration inside a collective (e.g., the oil and gas business). 
Importantly however, this point does not imply that materials are puppets for skillful 
puppeteers. As Latour clarifies,  

“When a force manipulates another, it does not mean that it is a cause generating 
effects; it can also be an occasion for other things to start acting. (…) So who is 
pulling the strings? Well, the puppets do in addition to their puppeteers. (…) The 
interesting question at this point is not to decide who is acting and how but to 
shift from a certainty about action to an uncertainty about action – to decide 
what is acting and how.” (Latour 2005, p. 60 emphasis in original)  

By going through what Latour calls a ‘due process’ (Latour 2004), the claims generated 
by spokespersons might be considered useful and accepted as part of a new 
configuration of the collective. Latour’s conception of due process can therefore be 
applied to understanding how stakeholders are excluded or included in securing the 
rights of some subsea creatures. Methodologically, I therefore looked at my 
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infrastructural allies also as spokespersons for the material elements of the 
infrastructure. They are, for example, the engineers and scientists whose daily work is to 
construct and distribute the properties of material elements (Callon and Latour 1992). I 
was thus able to follow the due process granted to Lophelia corals, cods, and calcareous 
algae which went from undifferentiated nature to the object of constant scrutiny and part 
of a sociomaterial entanglement of local political agendas, business needs, scientific 
interests, and technological innovation.  

 

 

Figure 13. A dead portion of calcareous algae (material) on the desk of one of my informants (its 
spokesperson?). 

 

 Reflections on the role of the researcher in the field 4.5
In the three years of my PhD project I spent a considerable amount of time in the field. 
The purpose of this section is therefore to provide a few reflections based on my 
experience inspired by a confessional approach to revealing my role and acknowledging 
my personal experience and subjective engagement (Van Maanen 1988; Schultze 2000). 

 

Dealing with an unknown world  

As I began my field work, I encountered two main challenges: a unknown domain of 
study and a new language.  

The oil and gas domain was in fact completely new to me. This meant that as I was 
encountering technical terms related to petroleum science and engineering (the first one 
being, as I recall, “Christmas tree,” i.e. an assemblage of devices used in wells and that 
look like a tree), I had to ask someone for clarification or look up the terms online and 
search the NorthOil intranet for documentation on the matter. The other domain with 



78 
 

which I had to get acquainted was marine biology, however, since most discussions 
revolved around acoustic measurements, I could make use of my background at high 
school and university levels to understand the basic issues. 

The second and possibly more demanding challenge I encountered was the language. I 
started my fieldwork two months after moving to Norway and after only a few classes 
of Norwegian. I initially had to take interviews in English, but I could not ask to hold 
the meetings I attended to be held in English: that would hamper daily work and would 
not allow professionals to express their ideas as they could do in their mother tongue. 
As a consequence, when strictly necessary I would ask people to repeat a concept, 
otherwise I would ask someone after the meeting to double check that I understood 
enough. As my knowledge of Norwegian improved, my data collection process 
accelerated accordingly. It was also easier to gather important pieces of information 
during coffee breaks or at lunch time. I held the last interviews only in Norwegian.  

 

Improving access 

A snapshot from the fieldwork: Looking like a NorthOil employee. In April 2013 a workshop was 
organized in the headquarters of NorthOil (in another Norwegian city) to discuss the possibilities of setting 
up a collaboration with a number of research institutions on the topic of semantic technologies. A few 
NorthOil employees from the IT department would provide their insights and the company’s experience 
with semantic data modelling. When I was informed about the event, I was eager to participate, given both 
my past experience with semantic technologies and as a valuable data collection source for my PhD. I was 
soon informed, however, that I could not participate because my university was not directly involved in the 
project proposals. I did not give up, and asked one of my infrastructural allies in the IT section – whom I 
knew would take part in the workshop via the videoconference system – if there was any chance I would be 
allowed to participate. He looked at me with a surprised expression, and said: “Of course you can, you 
count as a NorthOil employee!” I did not expect this reply, but thanked him and joined the workshop. 
During the first round of presentations of the participants, he introduced me as one his collaborators.  

A second interesting aspect dealt with the increasing ease I had in doing my fieldwork. 
Due to my frequent presence at NorthOil, people became increasingly friendlier. After a 
short while I had gone from being ‘the external researcher’ to a ‘piece of furniture’ in 
the background. I did not sound threatening to the subjects in the field. Within less than 
a year and a half, and as my knowledge of Norwegian became good enough, I was 
actively enrolled in a number of sub-tasks in EnviroTime, such as setting up new work 
processes for environmental data governance. I could comment on documentation and 
support the person responsible for the specific sub-task.  

As a consequence, I went from being a piece of furniture to something more. I was often 
mistaken for a full-time NorthOil employee by the real employees on the field site. I 
would then have to explain my actual position, but I did not experience a change of 
attitude towards me. My growing resemblance to a normal NorthOil employee and the 
fact that I always joined the general meetings along with NorthOil employees could 
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have had an unwelcome side effect: the employees of the partner companies could have 
felt uncomfortable when sharing their thoughts with me, because I had the possibility to 
reveal everything to NorthOil afterwards. I admit that on a few occasions interviewees 
were uncertain of my role. Once I was directly asked if I would go back and report 
everything to NorthOil. After clarifying my position of researcher from an independent 
institution, however, the interviewees generally felt more comfortable in speaking to me 
(and to my supervisor when he joined me in the interview process).  

 

 Data analysis 4.6
During my research activity I collected a large amount of empirical data in different 
forms. Observations generated handwritten field notes, interviews mostly resulted in 
computer transcriptions, and documents were printed and organized chronologically in 
folders. As my familiarity with NorthOil employees increased, they would provide me 
with documentation and links to websites that were also bookmarked and organized 
chronologically. 

My data analysis process was inspired by Klein and Myers’ (1999; cf. Walsham 1995) 
guidelines to interpretive research. The aforementioned principle of the hermeneutic 
circle allowed me to maintain a degree of openness towards my data. The evolving 
relation between the ‘part’ and the ‘whole’ allowed me to change the unit of analysis for 
given purposes. The ‘part’ could be the engagement with a specific architectural 
element (semantic data model) and the ‘whole’ the information infrastructure the 
element was meant to represent (Paper 1 (Parmiggiani and Hepsø 2013)).  

Also triggered by the process of paper writing and publishing, I constantly alternated 
data collection with data analysis. Data analysis was mostly conducted in three ways: at 
the personal level (in most cases); during conversations with my supervisors, especially 
when they were partly involved in the collection of the data; and during discussions 
with other members of my research group (sporadic), also engaged in case studies in the 
oil and gas domain (even if with different scopes).  

In all cases the data analysis was conducted by interleaving inductive coding moments 
with theoretically driven deductive elements. I will now elaborate first on the inductive 
process and then on the theoretical influence. 

The inductive part of my analysis followed the guidelines by Emerson et al. (2011) for 
coding and writing up ethnographic data.  

The overarching approach to making sense of data – in line with interpretivism – is to 
always try to pursue the actors’ meanings. Accordingly, even if it happens that 
ethnographic writing is filtered by the researcher’s previous experiences and 
commitments, the analysis should be sensitive to local meanings and avoid imposing 
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exogenous categories (e.g., following official rules or norms). This point is crucial and 
easy to forget. For example, during one of my first interviewees with a marine biologist 
at NorthOil, I collected the following statement where she described the current 
approach to handling environmental data during underwater environmental monitoring:  

“Yeah and we have... depending on who did the surveys it is stored in different systems and to some extent 
the videos, they are not stored in any system at all because there is just a link to them... you find them on 
disks... So the more I have worked with the [XYQ] case the more I see we definitely do not have the system 
to get access to all the existing data either... of course those who use these data on a daily basis and those 
who collect this type of data, they know where to find it. But for environmental related issues it's already a 
lot of information that is collected in [NorthOil] but since they are collected for different purposes than 
environmental purposes, then environmental people do not have access to it or it is very hard to get access 
to it because it's hard to get hold of the data because either you need to know people to get access to disks, 
you need to know the system well to access these data. From my point of view as long as data is not easily 
available to different databases that can take all information from other databases then in practice these 
data is not available for the people in the company. I think it's even worse to have data that are not 
accessible than to not have data at all. In that perspective what you are doing is essential, because if we do 
not have a good system to take... to combine information from different databases, then we do not have 
anything to work with.” (Marine biologist, interview, November 2012) 

I initially coded this except as Immature environmental monitoring approach, however, 
while discussing this point with another researcher, I realized that defining the approach 
as “immature” was my own categorization, not the interviewee’s. She was indeed not 
comparing the current state of things with something which would instead be the 
“mature” approach, but rather providing the characterization of a work practice. The 
interview was taped, so I was misled by the frustrated tone of her voice when I made 
this interpretation. As a consequence I changed the open code into “Current 
environmental monitoring work practice.” When I was able to collect data on the new 
approaches to environmental data management I could say that the approach described 
by the biologist was immature. Nonetheless, I had to recognize that this was my own 
construct, not hers.  

Emerson and colleagues (2011) also warn researchers against formulating the actors’ 
meanings as facts, rather than what they are: formulations of (situated) social 
constructions. I came across this issue as I began to follow the work package on data 
governance in the EnviroTime project:  

Interested in seeing who else in NorthOil took similar initiatives, I began to query additional 
documentation on “data governance” in the company intranet, perhaps to see if other departments had 
similar tasks, but I was not able to find much. Later, during one of the biweekly meetings on the topic, the 
person responsible for the task began to type the same query into the intranet. He also could not find 
anything. An IT advisor who took part in the meeting noted that what is called “data governance” in the 
context of EnviroTime normally goes under the name of “information management” in the rest of the 
company and so it was categorized thus on the intranet.  

While acknowledging that the actors’ meanings must be pursued but never considered 
as uncontested facts, it is fundamental to maintain sensitivity to the possible differences 
in interpretations expressed by different actors (the principle of multiple interpretations 
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(Klein and Myers 1999)). During three years of fieldwork, I dealt with various cases 
where different actors – often from different companies – expressed incompatible 
narratives or accounts of particular events or motivations. 

One event, multiple interpretations. Towards the end of 2013 an environmental expert and one IT advisor 
from NorthOil took part in a workshop to present the Venus web portal to a community of fishermen from a 
small town of north Norway close to where the Venus onshore data center was located. Two marine 
acoustics experts from MAS took part in the event. Since I could not join them in person for the workshop, I 
had to rely on their narratives of the event and on an article published in a local newspaper. The 
newspaper article provided an enthusiastic account of the event, presenting the Venus web portal as 
something that was “useful for the local fishermen” to get a better overview of the amount of fish in the 
water column.  
Back in NorthOil, one of those who took part in the workshop reported during a weekly debriefing session 
with his colleagues that the fishermen had commented that the chromatogram displayed on the Venus 
website was difficult to understand (a chromatogram is a graph based on echo sounder reading where fish 
concentration is plotted with reference to time and depth and colored in different ways based on density). I 
duly noted this remark, until during a meeting in MAS one marine acoustics expert who had taken part in 
the Venus web portal workshop told me the opposite: the fishermen quite liked the chromatogram, because 
they usually adopt commercial echo sounders to track fish. At this point I was a little puzzled, as the two 
accounts did not match.  
I therefore asked a NorthOil IT advisor who went to the workshop to give me his personal opinion of what 
happened. He told me that the fishermen did like the chromatogram, however, they found it a little difficult 
to read because they use portable devices to display the echo sounder readings, so the chromatograms they 
generally have to interpret are smaller and visualize narrower areas of the water column which gives a 
more pointed indication of what is fish and what is not fish. Nevertheless, they understand the Venus 
chromatogram as well.  

My conclusion from this example was not to take one of the accounts as the right one. I 
limit myself to recording that ‘truth’ has multiple versions which are reported by actors 
who come from a different organizational (a newspaper, NorthOil, MAS) and 
disciplinary (popular, marine acoustics, IT) backgrounds. 

Inductive analysis was also informed by theoretically driven deductive elements. As 
noted by Klein and Myers (1999, pp. 198–99): “it is misleading to dichotomize data and 
theory as two separate and distinctive entities, as data are never pure but, rather, are 
imbed with, and structured by, concepts in the first place.” The ethnographer has indeed 
prior analytic commitments: “[T]he ethnographer creates, rather than discovers, theory.” 
(Emerson et al. 2011, p. 199) The theoretical interest underpinning my doctoral work 
was made primarily of research on information infrastructures and environmental risk at 
the crossroads between IS, CSCW, and STS (see also Chapter 1). As indicated by 
Eisenhardt (1989; Walsham 1995), theory can serve different purposes in research. In 
some cases, the analysis was iterative, driven by manual coding but with visible 
deductive influence (see Paper 5 for an example). In other cases, the inductive element 
was stronger and theory would be a more visible final product (see Paper 4 for an 
example). Finally, in some cases a theoretical framework drove the initial part of the 
analysis (see Paper 1 (Parmiggiani and Hepsø 2013) for an example).  
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Here follows a detailed summary of the inductive-deductive steps I usually took to 
analyze field notes, interviews, and documents (see Figure 14 for a snapshot from the 
field notes):  

 I embed comments in the text (in the case of interviews, often already while 
transcribing or right after reading the transcription) with the ideas that come into 
my mind. If an excerpt reminds me of something I have read in a book or paper I 
refer to it in the comment – this phase is dependent on inspiration; 

 I underline with different colors key sections that relate to different macro topics 
(e.g. the Venus project rather than the Brazilian project), so that I am visually 
able to find one part of the text quickly afterwards (my transcripts are mostly 
more than 10 pages each); 

 At this point I generally print out the file and begin to go through the text. I 
annotate a summary of the topics covered in the left or right margin. This is a 
habit I have from middle school and I always do it when I read something for 
study or work. I might occasionally code both in English and in my mother 
tongue (Italian); 

 In the same phase I also draw a circle around the keywords, for instance to 
identify periods or dates to build the timeline of my case study (as in Section 3); 

 I then go through the text again to do the open coding. Codes might be acronyms 
(e.g. “II” stands for “Information Infrastructure” and “IB” for “Installed Base”). 
In this case what happens varies greatly. Initially I usually proceed inductively 
and add the codes to the text margin. They are generally in capitals, or in red, or 
anyway easy to distinguish from the other comments;  

 In later moments (e.g., during an additional round of analysis when writing a 
paper) I also proceed more deductively by looking for theoretical constructs 
(e.g., “Bootstrapping”);  

 When I am finished with these steps, I generally compare the results with 
previously coded data to compare and contrast the codes. This process is 
generally supported by discussions with other members of my research group. 
 



83 
 

 

Figure 14. Snapshot of a manually coded interview transcript. 

 

To summarize, theoretical themes might come to the foreground in three ways: 

1) A theory I already know can emerge as I cluster the codes; 
2) As I read a book or a paper I can be struck by a theme that reminds me of my case, 

so I go back to the data and look for it;  
3) As I am discussing things with others, it might be that it emerges from the dialogue. 

This is for instance what happened as I identified the “Creating the laboratory” 
theme (Paper 4). When discussing a transcript with my supervisors, one was 
suddenly reminded of Latour’s work, in particular (Latour and Woolgar 1986). I 
then went back through all my data to look for this construct. 

Table 5 includes an excerpt of the interpretive template from Paper 4 that is the result of 
steps 1-7 listed above. Originally interested in instances of infrastructural inversion, we 
coded the field notes and identified a set of concerns expressed by the interviewees. We 
thus clustered the concepts into constructs that were based on relevant theoretical 
themes (e.g. “Bootstrapping”).  
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Table 5. Example of interpretive template (Paper 4) 

Construct Concerns Excepts 
Bootstrapping Sensor configuration 

 

 

“We had to find something with some sort of living coral reef 
that was flat enough, and we went through a lot of nicer reefs 
(…) But we had to move away from them because we 
couldn’t find any place for the camera.” (Environmental 
advisor 3)

“Another problem about [Venus] is that the fish experts… 
lack experience with reading the [acoustic] sensors from [the 
sea] floor.” (Environmental advisor 4) 

Granularity vs. scope 
“[T]he [ocean observatory]  or the sensors—they can’t see if 
it’s larvae.” (Environmental advisor 4) 

“A big fish or a big swimming bladder will return a bigger 
signal than a smaller one (…)Perhaps that’s why we have 
come up with species with a swimming bladder in this 
project.” (Environmental advisor 4) 

 

It is important to note that data analysis never concludes in one round. As there is a 
constant dialogue between data and theory, it has rather been a process. As Klein and 
Myers’ (1999) fundamental principle of the hermeneutic circle suggests, the relationship 
between the parts and the whole is not fixed. The unit of analysis might indeed vary for 
different purposes. As my understanding of the case evolved, the same data were 
analyzed in different moments sometimes with very different lenses, such as those for 
writing different papers. Data analysis was particularly intense before and during the 
phases of article writing. For example, the data about the deployment of a subsea 
observatory in the vicinity of a coral reef in north Norway were analyzed first as an 
instance of the work required to bootstrap the infrastructure (Paper 4). Later the same 
dataset also emerged as an instance of the infrastructural work to construct 
environmental risk representations (Paper 5). 

In general, the data analysis work was iterative, encompassing several hermeneutic 
circles. The link between theory and data was constantly formed and re-formed through 
coding, triangulation, literature analysis, and discussion with other researchers or actors 
in the field. Sometimes additional rounds of data analysis were triggered by further data 
collection. If I was uncertain about how to make sense of my data, I would contact the 
relevant informants to ask for clarification. It would occasionally happen that the new 
information would trigger a new understanding of some datasets.  
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The generalizations that resulted from the data analysis process produced the 
elaboration of concepts such as infrastructuring (Paper 4 and 6), nested materiality 
(Paper 5), and infrastructural inversion and bootstrapping and enactment (Paper 4). In 
other cases, we also aimed to draw specific implications for design (Paper 3 (Mikalsen 
et al. 2014)) or a better insight into the pragmatic management of collaborative projects 
(Paper 1 (Parmiggiani and Hepsø 2013)). 
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5 Results 
Enclosed in this thesis are the following seven papers: 

Paper 1. Parmiggiani, Elena; Hepsø, Vidar. (2013) Pragmatic Information 
Management for Environmental Monitoring in Oil and Gas. In Proceedings 
of the 21st European Conference on Information Systems (ECIS), Utrecht, 
The Netherlands, June 5-8, 2013, Paper 65 
 

Paper 2. Parmiggiani, Elena; Mikalsen, Marius (2013). The Facets of Sociomateriality: 
A Systematic Mapping of Emerging Concepts and Definitions. In Nordic 
Contributions in IS Research Lecture Notes in Business Information 
Processing, M. Aanestad and T. Bratteteig (eds.), Springer Berlin Heidelberg, 
pp. 87–103 

 
Paper 3. Mikalsen, Marius; Parmiggiani, Elena; Hepsø, Vidar (2014). Sociomaterial 

Capabilities in Integrated Oil and Gas Operations - Implications for Design. 
In Proceedings of the 22nd European Conference on Information Systems 
(ECIS), Tel Aviv, Israel, June 9-11, 2014, Track 20, Paper 3 

 
Paper 8. Parmiggiani, Elena; Monteiro, Eric; Hepsø, Vidar (2015). The Digital Coral: 

Infrastructuring Environmental Monitoring. Submitted to Computer 
Supported Cooperative Work (CSCW) (under review after first round 
revisions) 

 
Paper 4. Parmiggiani, Elena; Monteiro, Eric (2015). The Nested Materiality of 

Environmental Monitoring. Submitted to the Scandinavian Journal of 
Information Systems (under review after second round revisions) 

 
Paper 5. Parmiggiani, Elena; Monteiro, Eric (2014). A Measure of ‘Environmental 

Happiness’: Infrastructuring Environmental Risk in Offshore Oil and Gas 
Operations. Submitted to Science & Technology Studies (under review) 

 
Paper 6. Parmiggiani, Elena; Monteiro, Eric (2015). Environmental Sustainability: 

Implications for Green IS. Submitted to Management of Information Systems 
Quarterly (under review) 

 

In addition, three papers were published and one was submitted during the PhD that are 
not included in this thesis: 
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A. Parmiggiani, Elena (2012). Supporting environmental monitoring in Integrated 
Operations: a preliminary study. In The 35th Information Systems Research 
Seminar in Scandinavia (IRIS 2012): Sigtuna, Sweden, 17-20 August 2012 

B. Parmiggiani, Elena (2014). Of Corals and Web Portals: Towards a Digital 
Representation of Risk for the Cold-Water Corals in the Oil and Gas Sector. 
COOP 2014 - Proceedings of the 11th International Conference on the Design of 
Cooperative Systems, Nice, France 27-30 May, 2014 

C. Parmiggiani, Elena; Monteiro, Eric (2015). Digitized coral reefs. Submitted to 
the digitalSTS Handbook, J. Vertesi, et al. (eds.), http://digitalsts.net/  

The data and results presented in Paper A represent a preliminary study and became part 
of Paper 1. The data and results of Paper B are already included in Paper 4). Paper C is 
instead only partly overlapping with Papers 4 and 6. 

The papers were written throughout the duration of the PhD project but submissions to 
journals were concentrated in the final year. The papers are listed in chronological 
order. Even though I strived to retain a uniform overall theoretical basis, they inevitably 
reflect the evolution of my access to the field site, amount of data collected, and 
analytical thinking. During my PhD I insisted on collaborating with other members of 
my research group and the list of co-authors involved in each article mirrors how the 
cooperative effort has evolved.  

As a whole the articles contribute to the goal of this thesis: to make it easier to 
understand how the initial phases of infrastructure integration unfold in the oil and gas 
domain with reference to environmental concerns. This aim is phrased as follows:  

What characterizes the early dynamics of the integration of an infrastructure for real-
time environmental monitoring within the installed base of an oil and gas organization? 

The research goal is thus split analytically into the following research questions: 

1) How does real-time environmental monitoring emerge as an infrastructure?  
2) How is this process mirrored by a changed representation of environmental risk 

perception in an oil and gas context? 
3) How can such a long-term and large-scale problem be addressed at the 

methodological level? 

Table 6 summarizes the research questions that are answered in each paper and in the 
thesis as a whole. 
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Table 6. List of papers and the research questions they answer. Dots are bracketed if the question is only 
partially addressed in the paper. Under each label is the field of contribution (IS; CSCW; STS). 

 

Paper 1 was written about seven months after the beginning of the fieldwork. It 
analytically identifies the challenges related to the implementation of semantic web-
based solutions in NorthOil. Although it mirrors the strong focus in the EnviroTime 
project on semantic technologies which was later abandoned, the paper refers to an 
information infrastructure theoretical rationale and draws implications for the study of 
integration efforts within infrastructures. Paper 2 is theoretical and aims to clarify the 
status of the research stream on sociomateriality by identifying its core facets for the IS 
field. This paper is a preamble to Paper 3 which extends the findings with two empirical 
cases and draws implications for the design of integrated systems in the oil and gas 
sector.  
Papers 4-7 are journal papers and represent a comprehensive effort to connect my PhD 
work to the literature in CSCW (Paper 4), IS (Paper 5 and 7), and STS (Paper 6). They 
are all empirically grounded. Paper 5 is motivated by the prior work in Papers 2 and 3 
and contributes to the sociomateriality literature by unpacking the role of material 
elements within infrastructures. Papers 4, 6, and 7 explicitly elaborate the concept of 
infrastructuring that is core to this thesis. Paper 4 does so by investigating the constant 
articulation work enacted in infrastructures to balance discrepant targets. This paper is 
the extended version of paper B. Paper 6 unpacks the notion of environmental risk and 
focuses specifically on how the infrastructuring efforts also actively change the 

 
RQ1 

Information infrastructure 
RQ2 

Environmental risk 
RQ3 

Infrastructural inversion 

Paper 1 
[IS] 

●   

Paper 2 
[IS] 

  (●) 

Paper 3 
[IS] 

●   

Paper 4 
[CSCW] 

● ●  

Paper 5 
[IS] 

●   

Paper 6 
[STS] 

● ●  

Paper 7 
[IS] 

● ●  

Thesis ● ● ● 
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perception of environmental risk. Paper 7 elaborates on the relevance of an 
infrastructuring perspective for the field of Green IS.  
To conclude, Papers 4 and 6 contain ideas for addressing empirical studies of 
information infrastructures and operationalizing the concept of infrastructural inversion.  
Table 7 is a summary of the papers included in the thesis, the field where they were 
published or submitted, their empirical and theoretical grounding, and their 
contributions. 

 

Table 7. Overview of empirical and theoretical ground and contribution for each paper included in the thesis. 

Paper Empirical case Theoretical grounding Contribution 

Paper 1 
[IS] 

 EnviroTime (first 
year) 

 GlobalMapping 

 Carlile’s framework 
for knowledge 
management 

 Information 
infrastructures  

 Equifinality 

 Empirically grounded 
identification of the challenges 
related to cross-boundary 
knowledge sharing 

 Analysis of semantic 
technologies through an 
information infrastructure lens  

 Illustration of how sharing can be 
performed equifinally by 
addressing the specificity of the 
technology 

Paper 2 
[IS] 

--  Sociomateriality  Mapping of the concepts and 
features of the sociomateriality 
literature 

 Illustration of the implications for 
the notion of performativity, for 
the design of empirical research, 
and the study of infrastructures 

Paper 3 
[IS] 

 EnviroTime (first 
year and half) 

 NorthOil’s 
exploration 
department 
routines 

 Sociomateriality 
 Information 

infrastructures 
 Capability stack 

framework 
 Convergence 
 Maintenance 

 Conceptualization of two 
sociomaterial capabilities 
(convergence and maintenance) 
to contain local/global and 
rigidity/flexibility tensions in 
infrastructures  

 Derivation of seven infrastructure 
design principles based on the 
capabilities outlined, in particular 
to account for the role of 
materiality and the recursivity of 
infrastructure 

Paper 4 
[CSCW] 

 EnviroTime (first 
year and half) 

 Information 
infrastructures 

 Generalization of articulation 
work in infrastructural inversion 
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 Venus  Articulation 
work/infrastructural 
inversion 

 Infrastructuring 
 Bootstrapping 
 Enactment 

to address infrastructure 
evolution over time 

 Analysis of early-stage 
infrastructuring mechanisms 
through the concepts of 
bootstrapping and enactment 

Paper 5 
[IS] 

 Venus 
 Peter 
 EnviroTime 

(environmental 
value) 

 Environmental 
monitoring 
modeling practices  

 (Socio)materiality 
 Performativity 

 Empirically grounded study of 
the performativity of materiality 

 Definition of the concept of 
nested materiality 

Paper 6 
[STS] 

 Venus 
 NorthOil’s Online 

Support Center 

 Knowledge 
infrastructures 

 Environmental risk 
 Infrastructuring 

 Empirically grounded 
characterization of the 
infrastructuring mechanisms in 
the Venus project 

 Discussion of the temporal, 
spatial, and social dimension of 
infrastructuring 

 Discussion of phenomena and 
infrastructure co-construction 

Paper 7 
[IS] 

 Venus 
 EnviroTime (only 

Use Case 1 and 2) 
 Peter 

 Green IS 
 Performativity 
 Information 

infrastructure 

 Review and classification of the 
Green IS literature. 

 In-depth empirical analysis of 
Green IS solutions within the oil 
and gas domain. 

 Proposal for a performative-turn 
and an infrastructure-turn for the 
Green IS agenda. 

 

In the following sections I discuss the results of each of the articles listed above in light 
of the general case framing and theoretical framework adopted in this thesis.  

 

 Paper 1 – Pragmatic Information Management for Environmental 5.1
Monitoring in Oil and Gas 

Empirically, this paper explores the attempt of the EnviroTime project to develop a 
comprehensive semantic data model to standardize the representation of data related to 
underwater environmental monitoring (environmental parameters, geographical 
information, and sensing equipment). The goal was to solve the chronic fragmentation 
that affects data management not only within operations, but also within marine 
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monitoring practices. We show how the standardization effort emerged as a debate 
about either adopting top-down representations based on formal Semantic Web 
vocabularies or a bottom-up Linked Open Data approach based on community-approved 
vocabularies.  
The realization of the data model was conducted as a collaborative effort among 
members of all companies involved in EnviroTime. We outline the core phases of the 
development through Carlile’s framework (2004) for knowledge management at a 
boundary between different communities. In so doing, the paper demonstrates that it 
was practically impossible to overcome syntactic and semantic barriers due to the 
inherent misalignment of the project partners. Increasing political, business-related, and 
scientific conflicts came to the surface. The installed base of NorthOil also played an 
active role in shaping the outcome of the development effort: the initial proposal to 
adopt highly formal modeling languages was abandoned after the GlobalMapping 
project was closed for failing to apply the same approach.  
Finally, the development of the semantic model was pragmatically turned into a more 
limited effort based on a Linked Open Data approach without solving the discrepancies 
and ambiguities among the participants. 
Theoretically, this paper aims to avoid a tendency to black-box the technology which 
characterizes many organization studies (Orlikowski and Scott 2008). It therefore 
adopts the lens of information infrastructures specifically to conceptualize sematic 
technologies, which we intend as sociotechnical networks resulting from a process of 
translation (Latour 2005) involving the users, the developers, and the installed base they 
seek to represent. This latter point is still underdeveloped in this paper, yet it offers 
future reference for the recursive nature of infrastructure (Jensen and Winthereik 2013), 
where the installed base is itself shaped by integration efforts.  
In sum, the main contribution of this paper to the thesis is two-fold. First, it provides a 
detailed insight into the unfolding of a cross-community ontology development as a 
process of integration. Second, it sheds light on one of the fundamental points of my 
framework, which I labelled equifinal integration. It does so by outlining the integration 
between different environmental datasets and between environmental and operational 
information as a process that is necessarily conducted by relying on sufficient and 
temporary levels of shared understanding (cf. Donnellon et al. 1986).  
 

Contribution: I had the main idea as a result of a conversation with Vidar Hepsø. I 
wrote the paper and Hepsø contributed through discussions, extensive comments, and 
corrections of the paper. 
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 Paper 2 – The Facets of Sociomateriality: A Systematic Mapping of 5.2
Emerging Concepts and Definitions 

This paper presents a mapping of the IS literature on sociomateriality and is a basis for 
future elaborations in Papers 3 and 5. It systematically reviews the literature on this 
increasingly popular theme and outlines three core facets: mutuality (what is a 
sociomaterial assemblage?); performativity (how does it perform?); and 
multidimensionality (when and where does it perform?).  
The key notion of sociomateriality is perhaps performativity, aiming to describe the 
specific enactment of a configuration of reality (Barad 2003). In this view, activities can 
be understood as pragmatic sociomaterial constructs that are drawn in practice. This 
perspective is a compass point of this thesis because it enables a theoretical 
understanding of how the components of a reality evolve and take part in evolving 
relations with other elements dynamically to provide a situated determinacy to a 
phenomenon (ibid). 
An additional aspect of performativity which is important for this thesis is the way it 
shapes the data collection methodology adopted by researchers. We recognize that the 
research design affects how the performativity of a sociomaterial assemblage unfolds. 
Interestingly, we observe that within the sociomaterial research stream new data types 
are being retrieved in addition to ‘traditional’ interviews, observations, and document 
analysis. 
Finally, we note that a sociomaterial perspective could be useful in order to embrace the 
practical, institutional, and organizational scales and different temporal concerns of 
information infrastructures.  
 
Contribution: I and Mikalsen had the idea of conducting the literature review. The 
literature search was split between the two authors. I conducted most of the literature 
analysis and wrote sections 3, 4, and 5. Mikalsen contributed by writing sections 1 and 
2 and through discussions and corrections. 

 

 Paper 3 – Sociomaterial Capabilities in Integrated Oil and Gas 5.3
Operations: Implications for Design 

Empirically, this paper investigates integration in infrastructures by looking at the 
Integrated Operations initiative in NorthOil (see also Chapter 3). It does so by focusing 
on two different case studies conducted in NorthOil by myself and my colleague: 
environmental monitoring and subsurface exploration. Building on the findings of Paper 
2, this paper bridges the theory on information infrastructures and organization studies 
literature (in particular the capability stack by Henderson et al. (2013)) to show how 
‘Operations’ are ‘Integrated’ in practice. 
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We identify two empirically observed capabilities: convergence (cf. Bowker and Star 
1999) – to contain the tensions between global standardization requirements with the 
local and fragmented installed base – and maintenance (cf. Star and Strauss 1999) –  the 
often neglected work to keep practices and systems flexible for the unexpected.   
We propose seven practical information infrastructure design principle based on the 
capabilities observed. Even if not stated explicitly in the paper, the capabilities are an 
attempt to empirically delineate and address the recursivity of infrastructure. They 
demonstrate how tensions between different scales emerge in practice and how they are 
met pragmatically in practice. In particular, we show (see, e.g., Design Principle Two) 
how, in this process, the installed base not only provides a resource for evolution, but 
that, when this happens, it is itself part of the evolution.   
Finally, this paper extends the literature on sociomateriality by noting what is more 
extensively developed in Paper 5: information infrastructure design should account for 
the multiple levels of materiality that are folded into each other in reality (see Design 
Principle Three). Sociomaterial design must therefore encompass not only the 
human/ICT interface, but rather the interfaces between humans, the sensing and 
representational technologies, and the natural elements being monitored.  
 
Contribution: Mikalsen had the main idea for this paper as a consequence of our 
collaboration. Empirical data were made equally available by me and Mikalsen. I 
participated in the analysis and wrote the majority of sections 2 and 3.1. I also wrote 
parts of section 4. Other sections were written by Mikalsen. I proposed the elaboration 
of the concept of convergence, whereas Mikalsen proposed that of maintenance. I also 
contributed to the discussions with Mikalsen and Hepsø. Hepsø contributed to the 
elaboration of the empirical data and input to the context. Hepsø also provided feedback 
and corrections.  
 

 Paper 4 – The Digital Coral: Infrastructuring Environmental 5.4
Monitoring 

This paper addresses the initial stages of infrastructure integration. It does so through 
the concept of infrastructuring, which we define here as the co-evolution of 
infrastructures and work practices. In particular, the paper contributes to infrastructure 
studies and to the CSCW literature by clarifying the dynamics of infrastructuring on the 
empirical and theoretical level. 
Empirically, we detail how the Venus project first and the EnviroTime project later 
began to constitute an information infrastructure for real-time environmental monitoring 
in NorthOil.  
Theoretically, we adopt the lens of infrastructural inversion (Bowker 1994; Bowker and 
Star 1999) and propose it in order to look at the constitutive role of articulation work 
over time. In so doing, we relate our theoretical underpinning to the CSCW literature. 
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We identify two partly overlapping processes of infrastructural inversion from the 
literature (bootstrapping and enactment) and we instantiate them through a rich 
empirical characterization.  
Bootstrapping mechanisms are meant to locally explore the feasibility of the devices 
and methods to set up the new infrastructure. We discuss one dimension of 
bootstrapping in particular, viz. trustworthiness building. Given the political relevance 
of activities related to oil and gas (see also Chapter 3), the bootstrapping phase of 
infrastructuring is characterized by an effort to ensure the legitimization of NorthOil’s 
environmental initiatives in the eyes of internal and external stakeholders. 
Trustworthiness building is important with reference to one of the tenets of this thesis: 
the construction of a perception of environmental risk (see also Paper 6). Even if not 
discussed in depth in the paper, trustworthiness is enacted on at least two levels: by 
quantifying results in particular ways and embedding them in the decision making 
processes and by leveraging the rhetoric appeal of specific environmental resources 
(corals above all). These two aspects exemplify two points of the theoretical framework 
presented in Chapter 2: first, that environmental risk emerges from the infrastructure 
that quantifies it; and secondly, that materiality has socio-political implications. 
Enactment mechanisms increasingly characterize subsequent stages of the infrastructure 
evolution and present stronger degrees of integration of the new approaches with the 
installed base of NorthOil and the oil and gas sector. As part of the work of enactment, 
we front-stage the entwining of scientific work and articulation work in environmental 
risk assessment (a tenet of infrastructural inversion, see Chapter 4). Once again, this 
suggests that environmental risk emerges as an epistemic problem. Its perception co-
evolves with the infrastructure that measures it: as the infrastructure is increasingly 
embedded into oil and gas daily operations, new knowledge is generated, which in turn 
allows new questions to be asked and new methods to be developed (e.g., repurposing a 
sediment trap into a real-time tool).  
  
Contribution: I had the main idea for the paper and proposed elaborating the notion of 
infrastructuring through bootstrapping and enactment. Monteiro had the idea of 
submitting the paper to a CSCW outlet. I had the main responsibility for the data 
collection and the data analysis which was aided by the frequent discussions with 
Monteiro and Hepsø. I wrote most of the paper, Monteiro wrote the majority of sections 
1 and 2 and polished and corrected the article. Hepsø also contributed by providing 
corrections, feedback, and by writing subsections in earlier versions of the manuscript. 

 

 Paper 5 – The Nested Materiality of Environmental Monitoring 5.5
This paper looks into the production of facts in subsea environmental monitoring in 
remote areas. In general, the article focuses on one facet of infrastructural inversion by 
unraveling the move from controversial claims (possibility of operating in 
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environmentally sensible areas) to the establishment of a knowledge base about marine 
ecosystems. We therefore focus on the how facts are materialized with the support of an 
infrastructure-in-the-making (cf. Edwards 2010). 
Empirically, we draw upon the particular moments in NorthOil’s projects that were 
crucial to determining what aspects of the marine environment to select (e.g., corals, 
fish); how to measure them (e.g., how to position the sensors); and how to visualize 
them (e.g., level of granularity). 
Theoretically, we draw on the literature on sociomateriality and particularly on the 
concept of performativity (Barad 2003; Jones 2014) to unearth the way that interacting 
aspects of NorthOil’s infrastructure-in-the-making shape the way facts are produced. 
We leverage the lens of information infrastructure (Jensen and Winthereik 2013; 
Monteiro et al. 2013) to describe how facts emerge from a distributed and 
interconnected network of tools, devices, and human experts, rather than from the 
interface between humans and single artifacts or sensing devices alone. In this way, we 
open the black box of the material circumstances that generate the capacity for 
environmental monitoring.  
As a major contribution to the literature we propose the notion of nested materiality that 
characterizes how facts emerge from the recursive entanglement of nature, the 
distributed infrastructure technologies, and the experience of human experts.  
In sum, nested materiality is meant to demonstrate the performativity of subsea 
environmental monitoring as distributed and interconnected – as opposed to focusing on 
the role of single artifacts – and as constantly interacting – as opposed to a black-boxed 
approach to technology. 

Contribution: I had the main idea for the first version of the paper as a result of frequent 
discussions with Monteiro. The initial version however changed as part of the revision 
process and the current version is based on an idea by Monteiro. I wrote most of the 
paper and Monteiro wrote sections 1 and 2 and provided feedback. He also corrected 
and polished the paper. I had the main responsibility for data collection; data analysis 
was mostly conducted jointly by the two authors.  

 

 Paper 6 – A Measure of ‘Environmental Happiness’: 5.6
Infrastructuring Environmental Risk in Offshore Oil and Gas 
Operations 

This paper investigates the quantification of uncertainty into facts about the 
environmental impact of oil and gas routine operations.  
Empirically we look into the infrastructuring mechanisms of NorthOil to establish a 
knowledge base of the Venus subsea environment against which to assess the impact of 
potential future oil and gas operations. We demonstrate three infrastructuring 
mechanisms: the repurposing of acoustic sensors to detect marine biomass from the 
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seafloor; the validation of the local measurement when there are no baselines; and the 
abstraction of the sensor-based datasets into risk representations such as the 
environmental value and the risk matrix. In the case of validation, we particularly 
followed the way NorthOil took inspiration from the established mechanisms in use at 
the company’s Online Support Center (OSC) to validate drilling-related data. The OSC 
was contacted as part of the data governance and stakeholder management work 
package within the EnviroTime project – in the phase when EnviroTime intersected 
with the Venus project. 
On the theoretical level, given the strong element of knowledge building involved in the 
Venus project, we explain NorthOil’s infrastructure for real-time environmental 
monitoring as a knowledge infrastructure (Edwards et al. 2013). We leverage the 
literature on the sociology of risk and on marine policy (as discussed in Chapter 2) to 
explain that NorthOil is not only infrastructuring new environmental monitoring 
solutions, but also new representations of oil and gas-related environmental risk. In so 
doing, we demonstrate empirically how the phenomena and the knowledge 
infrastructure are co-constructed. We do so by detailing the three mechanisms outlined 
above and by discussing three facets of NorthOil’s infrastructuring approaches in the 
dimensions of time, space, and trust.  
In terms of space, our key finding is that the more infrastructuring approaches attempt 
to be global, the more they are rooted in the local and situated context. In terms of time, 
we observe that NorthOil’s infrastructuring mechanisms are an effort to balance 
contrasting time scales (e.g., minutes for well drilling, centuries for submarine 
ecosystems). These mismatching perspectives must be frozen into representations of 
environmental risk that make sense to heterogeneous audiences, as is the case of the risk 
matrix. NorthOil’s approach to turning environmental monitoring into a real-time task is 
reshuffling the time lag that has given birth to the current approaches to environmental 
risk assessment in the oil and gas industry. Turning environmental risk into a real-time, 
live matter (e.g., the Venus web portal) implies a reconfiguration of the material 
arrangements in the monitoring infrastructure that is generative of new perspectives on 
environmental risk. Finally, we discuss how NorthOil is putting into practice a series of 
mechanisms of social infrastructuring (Bowker 1994), ultimately targeted at creating a 
relationship of mutual trust with the authorities, the general public, and the contractors. 
In sum, through our analysis we emphasize that environmental risk has not only a social 
and political nature (Beck 1992; Douglas 1992; Jasanoff 1999), but is also dependent on 
a process of material enactment within the infrastructure for environmental risk 
assessment (see also the concept of nested materiality, Paper 5) that is characterized by 
a continuous oscillation between different temporal and spatial dimensions. Balance in 
ensured by a careful work of building trust with external stakeholders around NorthOil’s 
means, rather than ends, for real-time environmental monitoring. This finding invites 
researchers to address the way that environmental risk is defined and shaped by the 
infrastructure that makes it possible.   
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Contribution: I had the main idea for the paper and wrote most of it. Monteiro wrote 
section 7 and contributed to structuring the paper. He also participated in discussions 
and provided corrections and feedback. I had also the main responsibility for the data 
collection and analysis. 

 

 Paper 7 –  Environmental Sustainability in Oil and Gas Operations: 5.7
Implications for Green IS 

This paper is a programmatic article that argues in favor of an infrastructure-turn for the 
Green IS agenda.  
Based on a systematic literature review of the Green IS literature we identify two major 
shortcomings of this nascent yet immature research stream: the difficulty of 
incorporating the most recent conceptualizations of the performative interplay of 
technology in organizations (cf. Orlikowski and Scott 2008) and an inability to shift the 
perspective “from artefacts to infrastructures” (cf. Monteiro et al. 2013) to understand 
the ICT-related challenges of environmental sustainability.  
Empirically, we sampled three vignettes from the case study presented in this thesis to 
showcase the way that environmental monitoring is conducted at three points of the 
lifecycle of an oil well: Venus (planning), Peter (production), and EnviroTime (drilling).  
We adopt these scenarios to demonstrate that environmental sustainability is, first of all, 
performative: environmental risk assessment practices do not provide absolute truth 
about nature, but they are meant to turn nature into relevant and meaningful facts for 
various professional audiences to allow them to answer pragmatic questions about the 
sustainability of their activities. We thus describe how, in this process, aspects of the 
subsea environment are selected, for example, by embedding implicit assumptions about 
what deserves the status of ‘relevant’ environmental resources (e.g., the corals, but not 
the marine mammals). These features are then abstracted into seemingly simple risk re-
presentations such as the coral risk matrix. As we also show in Paper 6, the more these 
re-presentations of risk are meant to be global and understandable everywhere, the more 
they are embedded in the local setting. For instance, to interpret a coral risk matrix an 
environmental expert needs situated knowledge of the area where the measurements fed 
into the matrix were taken.  
Second, we elaborate on our argument that the machinery to ensure environmental 
sustainability must be studied as an infrastructure. By definition, information 
infrastructure balances situated needs while also stretching across temporal and 
geographical boundaries (Star and Ruhleder 1996). We show how NorthOil’s 
environmental monitoring systems are interconnected and interactive. These aspects are 
the reason why the information infrastructure lens is useful for unpacking the unfolding 
of environmental monitoring: NorthOil’s tools, sensors, and systems are kept 
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interconnected in time and across geographical areas, yet they interact successfully on 
the pragmatic level in different locations for specific purposes. 
The article closes by providing some reflections around the political meanings 
associated with the Green IS agenda. According to our analysis, what fact about the 
environment is known is tied to how the fact is known (cf. Barad 2003; Østerlie et al. 
2012). NorthOil’s attempts to make the environmental monitoring machinery real-time 
are interesting to study because they are reshuffling how the fact is known. Associated 
with this reconfiguration is a demonstration that controversy is often a necessary part of 
fact construction. In terms of this thesis, I will say that controversy is a constituent part 
of infrastructuring (see also next chapter).  
 
Contribution: The idea for looking into the Green IS field was the result of frequent 
discussions with Monteiro. I conducted the systematic literature review and wrote most 
of the paper. Monteiro wrote section 1 and participated through extensive discussions 
and feedback, in particular on the structure and of sections 6 and 7. I had the main 
responsibility for the data collection and analysis.  





101 
 

6 Implications  

 Contributions to theory 6.1
Integration by infrastructuring is used to describe NorthOil’s efforts to develop or adapt 
solutions to address a problem that is under constant definition such as subsea 
environmental risk. In this process, the professional disciplines and the scientific 
knowledge involved are being (re-)defined together with the infrastructure. 

In the next sections I discuss how this thesis answers the research questions presented in 
Chapter 1 through the theoretical framework proposed in Chapter 2.  

 

6.1.1 The emergence of real-time environmental monitoring as an 
infrastructure 

On the recursivity of infrastructure. NorthOil’s real-time environmental monitoring 
infrastructure is both global and local. Large-scale projects with macro political and 
economic intents such as EnviroTime are constantly in dialogue with very situated 
efforts such as the Peter and the Venus initiatives. The more NorthOil’s infrastructure 
goes global, the more it becomes local (Papers 4 and 6; Almklov et al. 2014). The 
consequence of this observation is a key message for scholarly accounts of 
infrastructure evolution as a process driven either by top-down managerial decisions or 
by bottom-up initiatives. Infrastructure is necessarily always both. It must hinge on both 
high-level support (see the funds to the Venus project provided by NorthOil’s 
management) and on more under-the-radar initiatives (see the decision to develop the 
Venus web portal). These directions depend on each other. Based on NorthOil’s case, it 
would be naïve to tell a story of successful infrastructure integration driven by few 
heroic actors or by illuminated managers. In line with the principles of interpretive 
research (Klein and Myers 1999) and as recognized by a perspective grounded on 
sociomateriality (Orlikowski and Scott 2008), infrastructure evolution is a result of 
everyday practice which is constantly “configured and reconfigured by multiple 
meanings and materialities that are fused together in the engineer’s work.” (ibid, p. 469) 
Drawing upon a recursive understanding of infrastructure’s complexity, therefore, this 
invites researchers to investigate the way that actors are constantly instantiating their 
own scales and evolving relations (Jensen 2007; cf. Callon and Latour 1981). Scales and 
perspectives are always fluid and negotiable, therefore infrastructure evolution can be 
described in terms of how scales and perspectives are deployed in multiple practical and 
material circumstances and how they intertwine and temporarily stabilize (Jensen 2007). 
These interactions have political consequences in terms of a reconfiguration of authority 
and power (Callon and Latour 1981). It is therefore important, from a scholarly point of 
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view, to spell out how these consequences emerge empirically from the interplay 
between infrastructure and its phenomena of interest. In the case of NorthOil, the 
phenomenon is largely undefined: it only exists in terms of the (limited) knowledge 
about it (Beck 1992). NorthOil’s aim to build a sound ‘knowledge base’ about marine 
ecosystems recognizes that knowledge has a strong political significance and, 
consequently, that risk management implies a redistribution of power and authority 
(ibid). I will discuss the co-evolution between risk and infrastructure in more detail in 
the next section. 

On equifinality and the vagueness of infrastructure. Equifinality front-stages the 
temporal dimension of NorthOil’s infrastructuring approaches: they are always both 
short and long term. The crucial nature of an equifinal approach is evident in NorthOil’s 
case where the integration effort has not yet stabilized (it is indeed an infrastructure-in-
the-making). Future possibilities are still open, thus making not only the spatial 
dimension but also the temporal unfolding very visible. In NorthOil’s case, thus, the 
vagueness of the future of the infrastructure is socially and politically strategic to evolve 
in the face of uncertainty. What I am saying by stressing this point is not that NorthOil, 
as an oil and gas company, is being hypocritical towards the political landscape and the 
environmental organizations, but rather, that a strategy that a QCB environmental expert 
called “[to] have the infrastructure ready,” was recognized in other settings such as 
AIDS/HIV research where the same strategy was described with these words: “‘…we 
were ready to handle just about any cause, as long as it wasn’t aliens’.” (Ribes and 
Polk 2015, p. 10) Empirically, we have confirmation that the vagueness of information 
infrastructures is a condition for their workability (Jensen and Winthereik 2013). What 
this point teaches us on a theoretical level is that infrastructure can exist without being 
thoroughly defined: “Sometimes vague definitions are helpful.”18 The same approach is 
behind Bowker’s (1994) concept of bootstrapping: to better understand the unfolding of 
the early stages of infrastructure evolution, we must be ready to see it as a heuristic 
strategy where the local and the global, the long term and the short term are not pre-
given but are often pragmatically performed in practice.  

On the role of the installed base. Thinking of infrastructures as empirically and 
theoretically vague moves their recursivity to the foreground: the non-linearity of the 
infrastructuring process constantly opens new gaps (Jensen and Winthereik 2013; cf. 
Hanseth and Lyytinen 2010). NorthOil’s projects showcase one particular aspect of 
recursivity: the installed base is also part of the infrastructuring cycle19. The 
infrastructure literature, however, has generally overlooked the role of the installed base 
as something that affects infrastructure development but remains relatively stable 
(Ciborra 2000; as referred to by Jensen and Winthereik 2013). Assuming that there is a 
                                                
18 I thank Brit Ross Winthereik for this comment; this point was also inspired by a comment by Eric 
Monteiro in a plenary session at the Innovation in Information Infrastructures workshop at the University 
of Oslo in October 2014. 
19 I thank Brit Ross Winthereik for discussing this point with me. 
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distinction between infrastructure and installed base, some scholars have, for example, 
begun to problematize the relationship with the installed base and its ‘inertia’. (Karasti 
2014; Monteiro and Hanseth 1996; Star and Ruhleder 1994) When the EnviroTime 
project began, it was assumed that the GlobalMapping project would have delivered a 
general ontology of domain and production data in NorthOil, and even more, that it 
would have proven that a general ontology of that sort was possible. When EnviroTime 
was well underway, however, GlobalMapping was closed, triggering a reconfiguration 
process in the foundations of EnviroTime. This demonstrates that the installed base not 
only hinders infrastructure evolution through its inertia; but it instead has an unstable 
role that also evolves with the infrastructure, for instance with remarkable changes to 
the IT foundations. That was also the case when EnviroTime embraced the datasets 
from the Venus project. The participants of EnviroTime initially envisioned the real-
time environmental monitoring infrastructure as able to handle data that were more 
detailed than those collected in Venus. The installed base of the EnviroTime 
infrastructure had to be, however, rearranged to face a reality where the only 
monitorable fish were those with a swim bladder, and fish eggs and larvae were not well 
visible, so solution to incorporate eggs and larvae spreading models had to be sought.  

On the role of materiality. This intrinsic uncertainty is embraced by a performative 
understanding of infrastructure evolution. A vague definition of infrastructure makes it 
clear that infrastructural relations and boundaries are not fixed or pre-given, but emerge 
from practice (Orlikowski and Scott 2008). This is exactly why materiality (or the 
process of enacting material reality) deserves more attention in infrastructure research: 
spelling out the role of materiality brings two benefits. First, it helps to understand why 
some infrastructuring approaches succeed while others fail – again, by overcoming 
dichotomist accounts of knowledgeable managers versus solitary employees. Second, 
understanding the folding of materiality in daily practice helps us to unpack the 
simultaneously local and global nature of infrastructure (Almklov et al. 2014; Star and 
Ruhleder 1996). Appel (2012) has vividly illustrated how the specificities of the local 
operational settings of oil and gas industry become visible as the industry tries to 
modularize its operations throughout the world. In sociomaterial terms, disentanglement 
implies entanglement. NorthOil faced the same problem in Brazil and in Venus: the 
more it tried to modularize its environmental monitoring approach, the more it 
materially entangled with the local communities. While the two ocean observatories 
were initially as similar as possible, the materiality of the settings molded the 
infrastructure very differently. In Venus the company needed a fiber-optic connection, 
so it financed a connection for the onshore community. In so doing, it became locally 
very visible and infrastructural to the local community. In Brazil on the other hand, the 
Peter project had to give up on real-time data transfer because the local fishermen did 
not respect the borders of the oil installation and used the data-transfer buoy to anchor 
their boats.  
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Implications for Green IS 
Although I have largely referred to environmental risk management in this thesis, the 
themes discussed in the previous section are also relevant to environmental 
sustainability in general. In particular, they have direct implications for the nascent but 
immature research stream on Green IS (Paper 7). Despite Watson et al.’s (2008) call for 
an approach to environmental sustainability as more than the relationship between 
artifacts and end users, the field has so far privileged confined studies of the impact of 
specific artifacts or on the almost dichotomist relationship between artifacts and users. 
Even when the intention is to adopt a wider scope (Jenkin et al. 2011), the analytical 
lens is on circumscribed artifacts or practices (e.g., reducing the hours spent travelling, 
videoconferencing systems) rather than on the complex whole that is formed by the 
interrelationship between these elements. I maintain that my analysis is relevant for 
Green IS research on the theoretical and on the empirical level.  

The performativity of Green IS. Theoretically, Green IS research should be addressed as 
a performative accomplishment: we must attend to the daily practice of enacting 
environmental sustainability in organizational realities. NorthOil’s offshore 
environmental monitoring practices are a vivid example of performativity: they enact 
specific materializations of the subsea world (cf. Orlikowski and Scott 2015a). They do 
so relationally because they constantly draw and re-draw connections between natural 
elements, sensing devices, modeling tools, heterogeneous actors, norms, and work 
processes. This lens invites us to look at environmental sustainability as the result of a 
process of practical enactment where its boundaries are drawn temporarily to determine 
a phenomenon (Barad 2003) – e.g., using the environmental value for assessing 
sustainable operations in Venus. On the empirical level, the message for Green IS 
research is to approach environmental sustainability by relying on more in-depth, 
longitudinal empirical studies. Without an empirical understanding of the specificities 
of an industrial setting, it is, I maintain, hard to draw research results that can influence 
industry standards or government policy (Watson et al. 2012). If we consider NorthOil’s 
case, the approach to environmentally sustainable operations emerged differently in 
Brazil and in Norway. This means that a better understanding of the entanglement with 
the local settings (cf. Appel 2012) is also important to design and implement 
information systems for environmental sustainability. 

Towards an infrastructure lens to Green IS. A sociomateriality-grounded approach to 
performativity arguably has shortcomings in analyzing the temporal and spatial 
unfolding of complex organizational arrangements. I believe that we should look at the 
latter as information infrastructures, and thus investigate aspects of interconnectedness, 
distribution, and interaction (see also Paper 5). In particular, infrastructuring is useful as 
a unit of analysis in this respect because it helps researchers to unearth emerging 
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infrastructural relations over time and multiple contexts that would otherwise be ignored 
or taken for granted (Monteiro et al. 2013; Williams and Pollock 2012).  

In sum, from a performative point of view we are better equipped to disclose how 
environmental sustainability co-evolves with the monitoring infrastructures. 

 

6.1.2 The co-evolution of the infrastructure and environmental risk 
perception 

It might be that NorthOil fails to stabilize its information infrastructure for real-time 
environmental monitoring. Projects like EnviroTime, Venus, and Peter are nevertheless 
performative in terms of triggering a changed perception of environmental risk for 
different audiences (e.g., the public accessing the Venus web portal, the fishermen, and 
the drilling engineers)20. This statement is grounded in the idea that infrastructure and 
the perception of phenomena co-evolve (Bowker 2000; Paper 6). To extend Edward’s 
(2010) words, infrastructure and facts support each other. In this sense, then, I suggest 
that environmental risk is infrastructural in nature. This point front-stages a bidirectional 
connection between infrastructure integration efforts and risk definition.  

Risk conceptions evolve because infrastructure integration efforts convey new 
perceptions of risk. In so doing, they are performative on at least three levels. An 
example is the digitalization process of environmental monitoring that underlies the 
Venus project. An apparently simple web portal displaying the updated status of the 
water column surrounding a coral reef enacts the subsea environment as something that 
is close, full of light, and quickly accessible. With newspaper articles presenting the 
portal as “more popular than the Disney Channel,” the environment is almost turned 
into a cartoon with lovely animals.  

The infrastructuring mechanisms put in practice by NorthOil to promote the portal (e.g., 
the visit to the fishermen community, Paper 6) are performative of the idea that the 
company would be able to handle – or even prevent – possible damage to the 
environment caused by its operations. Interestingly, as noted in Chapter 3, the same 
infrastructuring mechanisms around the Venus web portal are used to convey the 
opposite idea for the IMR: such a beautiful environment should not be harmed by oil 
and gas activities.  

Finally, infrastructuring mechanisms are performative of the audiences for whom 
environmental risk during oil and gas operations is relevant. In the case of NorthOil, 
infrastructuring mechanisms speak to the other large-scale industry in Norway – 
fisheries – by, for example, presenting them as the results of the Venus project or by 
assessing risk for the fish species that are commercially relevant for them (cod and 

                                                
20 I thank Marisa Cohn for discussing this point with me. 



106 
 

herring). These mechanisms also speak to the IMR, also entwined in NorthOil’s 
projects, and to various universities (not the least by allowing my access). A project 
such as Peter helped to raise the status of environmental risk for the work of oil and gas 
professionals. It is performative of the idea of environmental risk as very important in 
terms of technical risk, because its assessment is fundamental for the safety of 
equipment and consequently human work and life. To the best of my knowledge, 
however, NorthOil’s infrastructuring mechanisms have not spoken to the environmental 
organizations – not in a visible way, at least. This point is relevant to the infrastructure 
literature because it demonstrates that the issue of risk definition (in the general sense, 
not only environmental risk) is crucial for articulating tensions in infrastructure 
development. In the risk definition process, opinions and experiences are channeled, 
managed, and not necessarily solved but leveraged. This is one fundamental facet of 
infrastructural inversion (see also next section): controversies can be maintained, but 
integration can occur successfully (see also (Barry 2013)).  

The other direction of the infrastructure/risk relationship is less visible in the extant 
literature, but nonetheless, it is a fundamental point for the IS literature on integration. 
As Appel (2012) demonstrated, the oil industry routines are shaped by conceptions of 
risk and safety which are tied to shareholder value and actuarial reason. My case study 
reveals something more, however. If risk is reflexive (Beck 1992), in Latour’s (2003) 
interpretation it generates unexpected networks of heterogeneous elements. Ontological 
(re-)configurations of risk therefore have consequences that reverberate through the 
infrastructure. The process of defining risk then has consequences for infrastructure 
integration. Ribes and Polk (2015) show how research infrastructures can sustain 
technoscientific flexibility in the face of unexpected change through preparatory and 
adaptation work on the key resources and services needed to investigate the research 
objects. NorthOil’s projects present a long sequence of articulation efforts to face the 
ontological change of their objects of interest. As the real-time monitoring infrastructure 
was beginning to take shape, the scope of the risk assessment became clearer. For 
instance, when it was decided that cod spawning activities were a risk object, the 
environmental experts realized that an important indicator of cod spawning is the 
grunting sound they emit. Given the experience of one of the project partners, ITCorp, 
with hydrophone data analysis, the project consortium decided to redirect ITCorp’s role 
from a provider of semantic web technologies to the integration of acoustic analytics in 
the EnviroTime web portal.   

More generally, the EnviroTime project generated a faceted notion of risk by 
discriminating and characterizing different types of risk (environmental risk, technical 
risk; see Figure 9). The influence of this activity on integration was also explicitly noted 
by the O&GSolutions project manager. He pointed out that the different types of risk 
addressed by the project also raised issues of integration with existing infrastructures. 
This happened as part of EnviroTime Use Case 2 (see Chapter 3). Risk was initially 
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defined as something that involved both the technical equipment and the environment. 
Once the project incorporated the Venus data – which had nothing to do with technical 
equipment – risk was turned into risk for the environment only. At the level of 
integration, this redirected the effort towards incorporating externally developed 
environmental data analytics tools (e.g., the adaptation of the environmental value by 
QCB).   

The implication of this analysis for IS research that more attention needs to be paid to 
the temporal unfolding of integration efforts and to the time dimension in general. I say 
this because the two-way dialogue between the ontology of risk and the infrastructuring 
mechanisms in NorthOil’s case is emerging over time (I use the present continuous 
form because this process has by no means stabilized). Upon closer scrutiny, we 
recognized this process reveals competing time scales, generating difficulties in 
stabilizing a perception of risk (Paper 6). Mismatches occur, for instance, between the 
time of technology imposed by oil and gas operations (e.g., seconds and minutes) and 
that of the environment (years, decades, or centuries). Because of this mismatch, 
infrastructuring mechanisms will always lag behind the environment, ultimately because 
the environment cannot be ‘photographed’ in a generic ontology. It can be relationally 
enacted (or performed), but it will never be an uncontested fact. As the environmental 
chemist we quote in Paper 6 comments, “is there such a thing called ecological 
baseline? Is that possible? Because no environment is constantly… constant over the 
whole time.” As I will point out later, this element has implications for the governance 
of infrastructures.  

 

6.1.3 Between method and theory: An application of infrastructural 
inversion  

The first and obvious answer to the question “How can such a long-term and large-
scale problem be addressed at the methodological level?” (RQ3) is: through a 
longitudinal ethnographic study – or at least ethnographically inspired.  
Extending the seminal work of Marcus (1995), a range of scholars in IS and 
organization studies have recently demonstrated that research into infrastructures cannot 
be exhausted by short-lived, situated studies (see Williams and Pollock 2012). The 
theme has become very popular within CSCW as well (Schmidt 2011). 
Research into infrastructures suffers from the same recursivity problem of its object of 
interest: the more it is investigated, the more gaps will be found (Jensen and Winthereik 
2013), however, I also recognize that research activity is bound to research grants, time 
constraints (the duration of a PhD project), and is often a solitary endeavor. 
I have argued earlier on that this thesis represents an operationalization of infrastructural 
inversion. It is an attempt to operate a “gestalt switch” (Goffman 1959) to analyze the 
infrastructure-in-the-making. As I have stressed in Chapters 2 and 4, inversion is like a 
“pair of glasses” that are worn both by the actors in the field and by the researcher. If 
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that is the case, the work of the researchers and that of the observed actors follow 
similar paths. As a single researcher, I had to rely on a few “tricks of the trade” (Star 
1999) to investigate something that is by definition distributed, historically 
accumulated, yet still in-the-making. Sharing the inversion glasses of my informants 
became my main approach to overcoming this issue as I have extensively explained in 
Chapter 4.  
The message for ethnographic studies in IS and CSCW is therefore to gain the most out 
of the relationship by using the informants as ‘scaling tools’ (Ribes 2014a). This 
strategy hides non-trivial complexities, however: if the trajectory of infrastructure 
development can be seen as a due process (cf. Latour 2004; see section 4.2), then the 
ethnographic work conducted by the researcher also follows the trajectory of a due 
process (Hepsø 2009). I will now discuss how this point is relevant in terms of a crucial 
moment of ethnography, the researcher’s access to the key informants who can act as 
‘scaling tools’.   
In general ethnography requires a lot of “backstage” work to access the field, to become 
known by the actors, and, fundamentally, to be trusted by them. The researcher might 
also invest considerable time in following the ‘wrong actors’, informants unable to 
provide help in terms of scalability. On other occasions, access to a specific set of 
scaling actors is prevented for unpredictable practical reasons. That was, for instance, 
the case when my attempts to visit O&GSolutions were ignored. The company 
undoubtedly had a primary role in heading the consortium of NorthOil’s partners in 
EnviroTime. When it became impossible for me to speak to them, I had to quickly 
divert my attention to other companies and other informants – something I was able to 
solve in a matter of a week or two through the efficient suggestions of a NorthOil 
employee with whom I was in good contact. My personal experience with 
O&GSolutions has implications for the research design. First, it means that researchers 
should be prepared to design their research in the face of the unexpected – just as their 
informants must “have the infrastructure ready” to face ontological change. Second, to 
accomplish the study of infrastructure regardless of these events, my experience invites 
researchers to make a significant investment in establishing good social relationships 
with the informants – an application of social networking mechanisms. In a sense, then, 
if I am allowed the parallelism, researchers must deploy infrastructuring mechanisms 
themselves that they will tailor to the specific field site. This applies in particular when 
the time of ethnography is relatively limited (e.g., only three years in a larger window of 
infrastructure evolution) and solutions to access information must be found quickly.  
Seeing ethnography as a due process is relevant in order to assess the criteria for who 
should speak on behalf of the non-human elements (e.g., the corals). We encountered 
this methodological issue when elaborating the concept of nested materiality (Paper 5). 
The problem of how to grant agency to materiality (and therefore recognize its ability to 
“speak for itself” (Cecez-Kecmanovic et al. 2014)) is one of the tenets of the 
sociomateriality discourse, but it builds on long-term discussions in science and 
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technology studies, in particular in actor-network theory – cf. the “Epistemological 
Chicken” debate in (Pickering 1992), about the opportunity to grant a symmetrical 
status to humans and non-humans (Callon and Latour 1992). Even if it helps for 
heuristic reasons to speak of materials as if they had agency, in practice it is the 
researcher who grants them a voice through the spokespersons she finds. This can 
happen only inside a sociomaterial entanglement where spokespersons arrange the 
(imperfect) tools at their disposal and their knowledge and experience to look at what 
matters to them at any given point in time (Callon and Latour 1992; Latour 1987). 
Methodologically we must therefore follow the process of construction of the 
entanglements as a due process and see how the elements which are physically absent 
(e.g., the corals) are made present through the enrolment of stakeholders’ interests and 
the use of technologies to measure and interpret them (Paper 1). 
 

 Reflections on the governance of infrastructures 6.2
The importance of not taking the installed base for granted (see section 6.1.1) is 
relevant for the efficient accomplishment of cross-organizational work to operate an oil 
or natural gas installation. The difficulties encountered in EnviroTime to incorporate 
technologies from the different partners into the web portal underlines the criticality of 
integrating work processes and IT systems that involve the oil and gas company and the 
myriad other operators and contractors of an installation. In the planning phase no 
assumptions can be made about the compatibility of the systems needed, for example, 
the formal work processes of companies like NorthOil might not allow external access 
to their GIS-based map layers. Such problems might introduce delays and consequently 
financial loss from the non-operational days spent solving integration issues.  
 
The previous points lead us to also underline he fundamental role of infrastructuring 
approaches in terms of maintaining a relationship of trust about the subsea 
measurements between the oil and gas company and the contractors and operators 
(Paper 6). In the case of infrastructures where monitoring capabilities are cardinal to 
successful operations, the monitoring activity should not be taken for granted. As 
Yearly (2009) compellingly demonstrated, observations embed a moral and a political 
vein: “…they depend for their convincingness of a context of mutual trust.” (ibid, p. 
158) This comment relates to the politics of stakeholder management in infrastructure 
development and invites managers to invest more in facilitating a context of mutual 
credibility to increase smoother collaboration with external players. 
 
The relational and performative nature of infrastructure also has implications. 
Drawing upon the findings we discuss in Paper 1, if a phenomenon is relationally 
enacted in practice for the purpose at hand, approaches based on top-down modeling 
solutions such as general ontologies are doomed to fail. Given this premise, such 
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approaches cannot account for the temporal and spatial fluidity of work in 
infrastructures. It is too early in NorthOil’s initiatives to say whether a Linked Open 
Data-based approach might be more fruitful, but it is based on a pragmatic way of 
thinking that best suits local practices and the characteristics of operational sites, which 
are never identical due to natural, geological, and historical reasons.  
 
More generally, the discourse on modeling solutions is connected to the role of 
standards for infrastructure governance. The daily work to develop, stabilize, and 
incorporate standards on different levels should be recognized as a fundamental part of 
infrastructuring. In NorthOil’s case, standards have come to the fore on several 
occasions and proved a fundamental backbone for supporting innovation at every level 
of the infrastructure, such as data transfer, data representation, and work processes. In 
terms of data representation, the key example is the adoption and adaptation of QCB’s 
Coral Risk Assessment recommended practices (Papers 5 and 7), which enables the 
linking of large quantities of heterogeneous sensor-based measurements to a universally 
readable representation such as the risk matrix. The cardinal example of work process 
formalization is NorthOil’s investment in a separate work package in EnviroTime to 
develop a data governance standard to make sure that environmental monitoring 
practices become infrastructural to daily oil and gas activities. The insistence on the 
business relevance of environmental monitoring in the Arctic is mirrored by the detailed 
and delicate maneuvering to enroll the interest of other disciplines in NorthOil, and in 
tailoring new formal work processes for them. 
 
My research also has implications in terms of accountability. If we take a sociomaterial 
approach to its full potential, it implies a non-neutral process because it entails a 
(re)distribution of resources (Orlikowski and Scott 2008). As Introna and Nissenbaum 
(2000) demonstrated, web search engines are political in that, in their configuration, 
they grant or deny access (or make it very difficult) to specific categories of people. But 
who is accountable for these effects? Is it the developer? Is it the algorithms? 
Orlikowski and Scott (2015b) show that the agency of the algorithms embedded in 
TripAdvisor becomes entangled, among other elements, with the crowd of users to enact 
choices about what to leave explicit or implicit. In the case of organizational 
infrastructures, this point is relevant because the analysis of material enactments can 
enable the identification of spokespersons and assessments of who or what 
configurations are accountable for risks connected to the organizations’ activities.  
 
What follows from this point is that my research can provide useful input to stakeholder 
management in infrastructure development processes. As we discuss in Paper 6, 
infrastructuring mechanisms can be carefully tailored to contain unavoidable 
controversies among contrasting socio-political-economic interests. These contrasts can 
be leveraged for the purpose of knowledge gathering, such as when an infrastructure 
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project is taking place in a previously unknown setting. This approach requires attention 
to the relational nature of infrastructure. When new stakeholders have to be enrolled, 
information must be presented in terms that make sense in their world view – especially 
when the knowledge creation element is as critical as it is in NorthOil’s case. Attention 
must be paid to the different epistemic practices of each stakeholder group: based on 
different practices, different interpretations of the world make sense (Jirotka et al. 
2005). This point was clear to NorthOil during a workshop arranged to present the 
results of the Venus web portal development to the fishermen of the Venus area. The 
fishermen found it difficult at first to recognize the acoustic measurements of the fish 
population taken from bottom up rather than top down as usual for them. A better 
acquaintance of the world view of a potential stakeholder is also important because it 
might reveal that there might be no contrast in the first place. During the Venus project, 
NorthOil found more common ground with the local fishermen than originally expected. 
Possibly, both parties have very different agendas with reference to the possible opening 
of the Venus area to oil and gas activities. Nonetheless, they have equifinal interest in 
acquiring a better knowledge of the natural conditions of the area. What I called 
integration by infrastructuring thus acknowledges that infrastructure evolution can take 
place whilst maintaining and possibly exploiting controversies (cf. Barry 2013; Edwards 
2010). 
 





113 
 

7 Concluding remarks 
With this thesis I have tried to obtain a better grasp on the blurred intersection of ICT, 
environmental risk, and the oil and gas industry. My work by no means claims to be 
exhaustive, yet, it can be considered, I believe, a step towards understanding a theme 
that is extremely complex on many political, economic, and technological levels. 
I have therefore proposed and elaborated on the notion of infrastructuring to 
characterize the ongoing, ever changing, temporally and spatially unbounded, and 
reflexive nature of this intersection in the specific background of Norway. In particular, 
by answering my research questions, I have provided an analysis of infrastructuring on 
empirical, theoretical, and methodological grounds.  
The empirical insight is, in my opinion, one of the strengths of this thesis due to the 
amount of data collected and to the astonishing level of access from which I benefited in 
NorthOil and in its partner companies. Three years of research have not been enough, 
however, to draw a comprehensive trajectory of the Latourian due process (Latour 
2004) granted to the subsea environment by NorthOil and its partners’ initiatives.  
The theoretical framework I presented in Chapter 2 aims to mirror the dynamic 
intersection I depict empirically and to demonstrate that infrastructuring represents this 
intersection. In particular, in Figure 4 I sketched the relationship among the theoretical 
themes and infrastructuring as three partly overlapping bubbles. In so doing, I assumed 
the themes of environmental risk and information infrastructure to be of similar sizes. In 
terms of theory, it is evident that, this thesis being centered upon information 
infrastructure, the corresponding bubble deserves to be a much larger size. In terms of 
empirical evidence, however, it is still early to predict which of the two bubbles will 
grow larger. Will environmental concerns drive the infrastructure? Or will the 
infrastructure frame a new definition of risk? On the grounds of my theoretical 
framework and empirical analysis, I expect that the answer will be yes to both 
questions.  
Finally, I claimed to make a methodological contribution. To be more precise, it is a 
meta-level contribution at the boundary between method and theory. The IS literature, 
influenced by STS and anthropology, is only recently recognizing that the empirical 
study of infrastructures is not to be underestimated. I hope that my analysis can provide 
future food for thoughts on the necessity of taking the study of large-scale 
interconnected information technologies more seriously, and even more important, to 
dedicate more attention to the ways these arrangements are embedded in specific 
organizational settings. A bundle of systems will never produce the same dynamics in 
an oil and gas company and in a humanitarian organization. The social, economic, and 
political stakes are too different to produce the same outcome. The entanglement of 
these contextual aspects with the information technologies, the norms, and standards 



114 
 

that regulate them, and the people who put them into practice are what constitutes, in 
my opinion, the information infrastructure.  
 

 Limitations and future work 7.1
I recognize that this thesis is affected by some limitations. I believe that the core 
limitation was time. Even though not every researcher is ‘blessed’ with my prolonged 
access to an oil and gas company, three years to investigate an infrastructure-in-the-
making is a short period. I tried to balance this by conducting a historical reconstruction 
and by setting the initial date of my case studies in the early 2000s (as explained in 
section 3.2.2). If we follow the Latourian due process (Latour 2004), I have observed 
the phase of perplexity, where environmental concerns were voiced; I saw the phase of 
consultation, represented by NorthOil’s active attempts to get to know the unknown not 
only by measuring the subsea environment but also by enrolling purposeful allies; I also 
partly witnessed the establishment of a new hierarchy in the parliament of things, one 
where some environmental resources and the corresponding expertise have been 
enrolled and others have been discarded. In the same way, some allies have been 
enrolled, others have been discarded. I had no time, however, to investigate the 
institutionalization of a new collective. I cannot draw conclusions at this stage in terms 
of infrastructure implementation. Hopefully, the implications drawn in the previous 
chapter will indicate some useful future directions.  

Time has also been a limitation in terms of practical data collection. The very first 
months of my data collection were the same months in which I was learning the 
Norwegian language. I might have missed the details of some meetings. I also had to 
hold the first interviews in English. Even if all my informants had a good knowledge of 
English, I realize that no one can fully express their thoughts outside their mother 
tongue.  

Finally, a limitation of my empirical data collection was the lack of time to negotiate 
access to O&GSolutions and ITCorp. I tried to balance this flaw by participating is as 
many meetings as possible with the representatives of those companies and by 
analyzing the documentation they issued in EnviroTime.  

To conclude, the work presented in this thesis leaves room for several streams of future 
research. I would like to describe here those that are the most interesting in my opinion.  

First, with the possibility of investigating the Latourian phase of institutionalization, it 
would be important for the research agenda on information infrastructures to obtain a 
better insight into the role of standards for the success of infrastructure. One example is 
a thorough study of the way technical interoperability standards have been chosen and 
embedded into the EnviroTime project. 
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Another relevant path to pursue could be the actual integration of environmental risk 
analysis systems into the everyday practice of all oil and gas professionals operating a 
well. Projects such as EnviroTime have paved the way, but its results are only now 
beginning to be implemented into NorthOil’s offshore assets on the NCS.  

Finally, a relevant step for infrastructure studies would be to leave NorthOil’s 
perspective and acquire access to one of its project partners, such as QCB, or the IMR. 
This would enrich the definition of the concept of infrastructuring from a different 
perspective which is, after all, still focused on the same goal of becoming infrastructural 
to the process of shaping subsea environmental risk.  
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\?@K@	J?@	AM̂@NJBW@	BH	JA	F@W@CAR	DE	BEJ@GKDJ@F	HACIJBAE	PAK	K@DCVJBQ@	HIMH@D	@EWBKAEQ@EJDC	
QAEBJAKBEGS	]@	BF@EJBPL	J?@	N?DCC@EG@H	J?DJ	@Q@KG@	\?@E	H?DKBEG	[EA\C@FG@	DJ	D	MAIEFDKL	AE	D	
HLEJDNJBNU	H@QDEJBNU	DEF	RKDGQDJBN	C@W@CS	_B̀	>?@	FBPP@K@EJ	MDN[GKAIEFH	AP	J?@	AKGDEBODJBAEH	BEWACW@F	
DEF	_BB̀	J?@	IEK@HACW@F	BHHI@H	DPP@NJBEG	H@QDEJBNVMDH@F	HACIJBAEH	BEPCI@EN@	J?@	RAHHBMBCBJL	AP	K@DN?BEG	D	
H?DK@F	IEF@KHJDEFBEG	DJ	D	HLEJDNJBN	DEF	H@QDEJBN	C@W@CS	]@	AR@E	J?@	MCDN[	MAX	AP	H@QDEJBN	
J@N?EACAGB@H	J?DE[H	JA	DE	BEPAKQDJBAE	BEPKDHJKINJIK@	R@KHR@NJBW@	DEF	NAENCIF@	J?DJ	NACCDMAKDJBAE	NDE	
M@	NDKKB@F	AIJ	AE	D	RKDGQDJBN	C@W@C	ML	DFFK@HHBEG	J?@	BQRCBNDJBAEH	AP	J?@	HR@NBPBN	J@N?EACAGLS		

	

a@L\AKFHb	TEPAKQDJBAE	BEPKDHJKINJIK@HU	Y@QDEJBN	J@N?EACAGB@HU	cEWBKAEQ@EJDC	QAEBJAKBEGU	aEA\C@FG@	
H?DKBEGS	

	

defghhijklm	fn	oph	qrmo	stefuhvk	wfknhehkgh	fk	xknfeyvojfk	z{mohym

|



�� ������	
������

������������������������������������������������������ �!����"�#�����$����������������$������
%�&����������#������������������������'��$#������%�����������������������������(��$'����
�)�����������������������"�'��#��������������������"�#���*����������������+�*�,�����
�-)�������!��-�������!�����)���$������������������$����#��!������������������������������������
�'��.�)����������$��$������������������������������(�/���%)�$������%������������������������0���
����$��-)�������������(��������������������%����������������)��������%���$�������$��)���%�����!�
'$����������.�%�������'�����������������)�������������������$����������"����)����$����
$��������'��(�1�"����!�����)����������������������������������������$���������������2 ����������
�������(�/������#�����������"�#���3������$%�4���������!�5 �����������$����#���������������
)���$�������������*��+�34!�6 �6,(�7������������)��������������������������������%���������"��
���������'��&#��$��!���������%)������������������)����������������"��&�)��������+8�������������
1�)�9!�6 �:,(�;�������������!�%�������%�$�������������#����$������%����������'�������$%$����#�
�����#������'�����+���<=>?@=A,��)������������������������%����������������)������������������������'��
���������������������"��������������%���%�(�������#���������$�������$�������������'�������
��������0�#������������#�����%��������������������#���!�)����������!�����#��#��)�����
'�$�������+1�)�9������(!�6  �,(�������������!��)������������������������������������"������.�-���
"������������������������$���������������$����������"��&���$���������)��"�����+B������������(!�
6 �6!�C������������(!�6 �6,(��

D���%������#��������%�����������%�����$���$���#������������%�������%%��$������)����
�%��#�����%������������)�����%����������������#��������(�D����������!�������%��������%)����
�����������������������������������'.��������������%)�#��(�3������!����%���!�����'���#���������
������))�����������!�������!����������0��!�������"�������%)�����#�)�����.�6�%������+EFGH!�6 ��,(�
D���%��������#��%���'�����I$���������)������������$�����)���$�������������������������������������$��(�
1�"����!����������$��'������)����������)�������)���'���������%��������%�#�����%��$���������
�$�$����������(�/���������0����������������I$���������������������.�����������"������������$�����
����%�����������%����"������������%������������$��$�����������������#����)�������(�7����"����
'�������������"���.����'���������������'���!�����.�%��������%������%������#���)����������$�I$��
�))���$��������������$���������'��������������������������!����.'�����%����������������#�
����%���������%������"�����%����#��'��!����#�����!��������"��&���)�������(��

��%�������������#����%��#�������%)$����������������)��%��#����$�������)��������������0���
�������������������#��������������������.�%��%$��.������������+J$���!�6  �,(�D���������)%�������
��������������#������������.���)��������������.��#��0�������������%���(�G��)������!�����������
�����)���$����������$##������������'�������'��"����������������"���%�������$�������%���#��
����%��������������)����������������������%������������$��$����������$))���(�;�������������!�����
�������#�����$�����������������������������������#$��������%���������������������������������������
�))���������������.'����!���).��"������%�����%�����#����$������������0����������$�������������
���#���������������)���'����+J$���!�6  �!�K�������������(!�6 � ,(�D������))���������������������'��
����$������������.)�������#��0������)��%���#�����������)%�������������)���������(�;������
���������!���"�����������'��#�������)��!���)����'������F�&���;)���4�����������'����)��������
+L0��������(!�6  �,!����������������$�����%%$���.�))����������'$�����������'�#�����I$����������
�����������%����))�������(��

M����������#���"�����%���������������%�������%����#�$��&��"���#������������������&���"����
��������#������������#��������������0�����)�������������$������"�������������.��#��0�������
�����#��������������"����������%%$�������)�������(�G������)�)��!��$���'N�����������)��������
'������$����������#������"������'�����������'����#��0������$���OPQRSRTUV�WOUTRTXY!�(�(!�'�������#�
�����������))��-%��������$������������������������$����������#�+4��������������(!���Z�,(�[����������
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����	ûg	bcd	aebb̀d̀fg	q̂dqc_̀_	glhf	̀fnedcfk̀fght	q̂dqc_̀_	gl̀f	̀fnedcfk̀fght	q̀cqt̀	ac	fcg	lhǹ	
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(36	,(+	-32)4*	4/0	,(+	:4,+1)4*7	,(13.<(	4	;)=0)1+2,)3/4*	/+,631>7	0?/4:)24**?	8+1531:	,3<+,(+1@	A/-,+407	,)*,)/<	

(4-	322.11+07	<)9)/<	:31+	+B8*4/4,31?	836+1	,3	+),(+1	-32)4*	31	:4,+1)4*	4<+/2?7	1+-.*,)/<	)/	C�D���������	
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8@KLKM@	N)/2+	O1*)>36->)	-,41,+0	P.+-,)3/)/<	,(+	-+8414,)3/	;+,6++/	,(+	-32)4*	4/0	:4,+1)4*	FO1*)>36->)	&IIQM7	4	

649+	35	23/,1);.,)3/-	3/	-32)3:4,+1)4*),?	(4-	23:+	FR3/-,4/,)/)0+-	4/0	H411+,,	&IK&M@	A,	)-	/36	-.<<+-,+0	,3	

23/-)0+1	23/,1);.,)3/-	3/	-32)3:4,+1)4*),?	4*3/<	4	23/,)/..:	14/<)/<	513:	C(410E	-32)3:4,+1)4*),?	,3	C-35,E	

-32)3:4,+1)4*),?	422310)/<	,3	(36	,(+?	23/2+8,.4*)-+	,(+	1+*4,)3/-()8	;+,6++/	,(+	-32)4*	4/0	,(+	:4,+1)4*	

FS)>4*-+/	&IKTM@	O/	,(+	(410	+/0	35	,(+	-24*+	6+	5)/0	O1*)>36->)	,?8+	23/,1);.,)3/-7	;.)*0)/<	3/	H4140U-	
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,(+	24842),?	,3	+B+12)-+	4	<1+4,	0+4*	35	5*+B);)*),?	FG+3/410)	&IK&c	b41:)<<)4/)	4/0	S)>4*-+/	&IKXM	)/	,(+	64?	

,(+	):;1)24,)3/-	8*4?	3.,	4/0	41+	8+1531:+0	)/	8142,)2+@	A/	542,7	),	)-	3/*?	,(13.<(	5*+B);*+	):;1)24,)3/-	,(+?	24/	

;+	23/-)0+1+0	������������@	Y()-	;+23:+-	+9)0+/,	4-	6+	9)+6	2484;)*),)+-7	4-	d+/0+1-3/	+,	4*@	F&IKXM	037	+B8*4)/	

2484;)*),)+-	4-	4/	+B,+/-)3/	35	8132+--	,()/>)/<	)/	31<4/)-4,)3/-	,(4,	(4-	;++/	*):),)/<	)/	,+1:-	35	,1?)/<	,3	0+5)/+	

C�������E7	C��	��E	8132+--+-	,(4,	)/	+55+2,	54)*	,3	1+5*+2,	4	23:8*+B	31<4/)-4,)3/4*	4/0	,+2(/)24*	1+4*),?@	A/	310+1	,3	

81+94)*7	8132+--	,()/>)/<	/++0-	,3	4223./,	531	-32)3:4,+1)4*	):;1)24,)3/-	4-	ê ���������	��	��������	�������	

���D������	���	��!�������
	f̂ g	�D�	������	��	�	����������	�������	��	��	�V������	�������	��	����	���D	�D��	

������V���
E	F);)07	8@	_M	R484;)*),)+-	41+	23/5)<.1+0	,3	1+42(	4	0+5)/+0	;.-)/+--	3;h+2,)9+7	+@<@	,3	5)/0	3)*	4/0i31	

/4,.14*	<4-@	Z+?	,3	2484;)*),?	,()/>)/<	)-	,(4,	94*.+	23:+-	513:	,(+	23:;)/4,)3/	35	542,31-7	/3,	,(+	)/0)9)0.4*	

542,31-	4*3/+@	b+38*+7	8132+--+-7	,+2(/3*3<?7	4/0	<39+1/4/2+	F-,14,+<)+-M	41+	23/5)<.1+0	,3	21+4,+	4/	

31<4/)-4,)3/4*	2484;)*),?	4/0	;.-)/+--	94*.+@	̀-	4	23/-+P.+/2+7	0+-)</)/<	)/531:4,)3/	-?-,+:-	,3	;+	4	841,	35	4	

2484;)*),?7	4/0	23/-+P.+/,*?	;.-)/+--	94*.+	1+P.)1+-	4/	./0+1-,4/0)/<	35	,(+	2484;)*),?	23/,+B,	j	,(+	64?	,(3-+	

53.1	+*+:+/,-	41+	23:;)/+0	)/	+B)-,)/<	4/0	/+6	23/5)<.14,)3/-@	A/	,()-	9)+67	,+2(/3*3<?	)-	/3,	0)-:)--+0	4-	

-,4,)2	4/0	5)B+0	1+81+-+/,4,)3/-7	;.,	14,(+1	-3:+,()/<	8+1531:+0@	Y(+	:+4/)/<	4/0	.-+	35	,+2(/3*3<?	)-	/3,	

-3:+,()/<	<)9+/7	;.,	14,(+1	+:+1<+-	)/	8142,)2+@	d.:4/	4/0	:4,+1)4*	4<+/2)+-	)/,+142,	0)1+2,*?7	;.,	,(+?	-,)**	41+	

0)-,)/2,	8(+/3:+/47	,(4,7	4,	2+1,4)/	83)/,-	)/	,):+7	531	4	<)9+/	8.183-+7	;+23:+	):;1)24,+0@	N32)3:4,+1)4*	

2484;)*),)+-		41+	8+38*+	4/0	,+2(/3*3<?	C�����������	��	����������	��k������E	,(4,	24/	C��������	��������	��	

�D����E	13.,)/+-	4/0	,+2(/3*3<?	FG+3/410)	&IKKM@	'+	6)**	-(36	(36	,(+	):;1)24,)9+	531:4,)3/	35	4	2484;)*),?	

03+-	/3,	(488+/	)/	4	942..:7	;.,	)-	14,(+1	,(+	1+-.*,	35	;4*4/2)/<	23/5*)2,)/<	<34*-	4/0	23/,4)/)/<	0?/4:)2	

,+/-)3/-	FN:),(	4/0	G+6)-	&IKKM@	Y()-	;+23:+-	841,)2.*41*?	2*+41	)/	A/,+<14,+0	O8+14,)3/-	4-	,(+	2484;)*),?	

1+42(+-	3.,	35	,(+	*324*	4/0	-),.4,+0	FN.2(:4/	&IILM7	)/,+<14,)/<	-32)4*	4/0	:4,+1)4*	42,31-	4213--	0):+/-)3/-	35	

-842+	4/0	,):+7	+B,+/0)/<	3.1	/3,)3/	4/0	./0+1-,4/0)/<	35	C-),.4,+0E	>/36*+0<+	Fb3**32>	+,	4*@	&IIlM@	

N.22++0)/<	)/	)//394,)/<	4/0	0+-)</)/<	2484;)*),)+-	23/-+P.+/,*?	1+P.)1+	)/-)<(,	)/	,(+	,+/-)3/-	542+07	4/0	

8142,)24*	-,14,+<)+-	488*)+0	)/	2484;)*),)+-	,3	0+4*	6),(	,(+-+	,+/-)3/-@			

Y(+	,63	1+-+412(	P.+-,)3/-	4001+--+0	)/	,()-	41,)2*+	)-	,(+1+531+c	�M	(36	)-	5*+B);)*),?	8+1531:+0	)/	-32)3:4,+1)4*	

):;1)24,)3/-	F531:)/<	2484;)*),)+-Mm	̀/07	53**36)/<	513:	,(+	5)1-,7	��n	6(4,	41+	,(+	):8*)24,)3/-	531	0+-)</)/<	,(+	

)/531:4,)3/	-?-,+:	841,	35	-.2(	4	2484;)*),?m					
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'(	)*+,-.	/0-+-	.-+-).10	23-+/4(*+	)	0(54+/41	1)+-	+/367	(8	/,(	1)9):454/4-+	8.(;	/0-	39+/.-);	(45	)*6	<)+	

4*63+/.7	4+	.-9(./-6=	'0-+-	1)+-+>	1.4/41)5	10).)1/-.4+/41+	;)?-	4/	9)./4135).57	)//.)1/4@-	/(	+/367	/0-	9-.8(.;)/4@4/7	

(8	+(14(;)/-.4)5	1)9):454/4-+=	'0-	(*57	,)7	/0)/	9-(95-	1)*	?*(,	)*7/04*<	):(3/	,0)/	0)99-*+	6--9	6(,*	

+3:+-)	)*6	+3:+3.8)1-	A	,4/0(3/	)1/3)557	9-.8(.;4*<	)*	-B9-*+4@-	)*6	9(/-*/4)557	0)C).6(3+	6.4554*<	A	4+	

����������D	/0.(3<0	+-*+(.	6)/)	:.(3<0/	/(	/0-;	/0.(3<0	4*8(.;)/4(*	+7+/-;+=	E)+-6	(*	/0-+-	6)/)D	9.(8-++4(*)5+	

*--6	/(	;)?-	/0-4.	6-14+4(*+=	F+	4/	(45	6(,*	/0-.-G	H)*	,-	6.455	+)8-57G	'0-	-;94.41)5	+-//4*<	4+	I(./0J45	K)*	

)1.(*7;LD	)	5).<-	4*/-.*)/4(*)5	(45	)*6	<)+	1(;9)*7	/0)/	9-.8-1/57	4553+/.)/-+	/0-	/-*+4(*+	8)14*<	/04+	?4*6	(8	

(9-.)/4(*+D	)*6D	-23)557	4;9(./)*/D	0(,	/0-	/-*+4(*+	).-	1(*/)4*-6=		

'0-	84.+/	1)+-	9.-+-*/+	/-*+4(*+	:-/,--*	/0-	5(1)5	+4/-+	)*6	/0-	<5(:)5	4*8.)+/.31/3.-	4*	)*	4*4/4)/4@-	8(.	

-*@4.(*;-*/)5	;(*4/(.4*<	/0)/	I(./0J45	4+	.3**4*<	63-	/(	/0-	*-1-++4/7	(8	6.4554*<	4*	)*	-*@4.(*;-*/)557	

+3+/)4*):5-	;)**-.D	9)./4135).57	,0-*	;(@4*<	4*/(	64@-.+-	)*6	8.)<45-	:4(5(<41)5	0):4/)/+=	M-	1(*1-4@-	(8	/0-	
1)9):454/7	/(	?--9	/04+	:)5)*1-	:-/,--*	5(1)5	)*6	<5(:)5	)+	���!�������D	)	*(/4(*	(9-*57	6-84*-6	:7	E(,?-.	)*6	

N/).	KOPPPL	)+	/0-	9.(1-++	:7	,0410	4*8.)+/.31/3.-+	)*6	/0-	+(14)5	,(.56	1(;-	/(	84/	/(	-)10	(/0-.=	F/	

0-.;-*-3/41)557	+/.-++-+	/0-	83*6);-*/)5	.(5-	(8	/0-	4;:.41)/4(*	:-/,--*	03;)*+D	/-10*(5(<7	)*6	*)/3.-	)/	/0-	

5(1)5	+4/-	/(	<-*-.)/-	)	<5(:)5	.-+35/=		

'0-	+-1(*6	1)+-	9.-+-*/+	/-*+4(*+	:-/,--*	/0-	*--6	8(.	8(.;)5	9.(1-63.-+	/(	)++3.-	/0-	23)54/7	(8	,(.?	)*6	/0-	

85-B4:454/7	*--6-6	4*	(.6-.	/(	?--9	39	(.	4;9.(@-	9-.8(.;)*1-=	'0-+-	/-*+4(*+	.-+35/	4*	1(*/)4*;-*/	+/.)/-<4-+	4*	

I(./0J45Q+	-B95(.)/4(*	6-9)./;-*/=	M-	1(*1-9/3)54+-	/04+	1(*/)4*;-*/	)+	/0-	1)9):454/7	�����������	KR.)0);	

)*6	'0.48/	STTUL
	V)4*/-*)*1-	4*	/04+	.-<).6	4+	/0-	4*@4+4:5-	K3*/45	:.-)?6(,*L	9.(1-++-+	)*6	/((5+	/0)/	).-	

9-.0)9+	+--;4*<57	;3*6)*-	:3/	4*6--6	*-1-++).7	1(;9(*-*/+	4*	64+1(@-.4*<	(45	)*6	<)+=		

'0-	)./415-	4+	+/.31/3.-6	)+	8(55(,+=	I-B/D	4*	+-1/4(*	SD	,-	4*/.(631-	/0-	1)+-	+/364-+	)/	I(./0J45	)*6	-B95)4*	0(,	

,-	+/367	/0-	+(14(;)/-.4)5	1)9):454/4-+=	F*	+-1/4(*	&	(3.	;)4*	84*64*<+	).-	+9-55-6	(3/	4*	/-.;+	(8	/,(	1-*/.)5	
/-*+4(*+	(:+-.@-6	4*	/0-	-;94.41)5	1)+-+W	/0-	/-*+4(*	:-/,--*	/0-	5(1)5	)*6	/0-	<5(:)5D	)*6	/0-	.4<46	)*6	/0-	

85-B4:5-=	M-	+0(,	0(,	/0-	1(*/)4*;-*/	(8	/0-+-	/-*+4(*+	8(.;+	/,(	+(14(;)/-.4)5	1)9):454/4-+D	���!�������	)*6	

�����������=	F*	/0-	64+13++4(*	+-1/4(*		,-	-B95)4*	+4B	FN	6-+4<*	4;9541)/4(*+	/0)/	/0-	6-+4<*-.+	8(.	+(14(;)/-.4)5	

1)9):454/4-+	4*	(.<)*4C)/4(*+	+0(356	)60-.-	/(W	�L	(9/4*<	8(.	@)53-X6.4@-*	6-+4<*D	��L	3/454C4*<	/0-	4*8(.;)/4(*	

5-<)17D	���L	)11(3*/4*<	8(.	;35/495-	;)/-.4)54/7D	�!L	YFN	K?--9	4/	+4;95-LD	!L	-*+3.4*<	+(14(;)/-.4)5	;(635).4/7	

)*6	8.41/4(*5-++	6)/)	)*6	84*)557D	!�L	4*15364*<	/0-	;)4*/)4*-.	4*	/0-	6-+4<*	9.(1-++=	M-	1(*1536-	:7	6.),4*<	

+(;-	4;9541)/4(*+	8(.	9.)1/41-	)*6	83./0-.	.-+-).10=	

Z	 [\]̂_̀	ab̀	c]d̀e	f_b]\g]		

Zhi	 jklmnmfao	c\]]mbp		

I(./0J45	4+	)*	4*/-.*)/4(*)5	(45	)*6	<)+	1(;9)*7	-+/):54+0-6	4*	/0-	OPUT+	)*6	0-)623)./-.-6	4*	I(./0-.*	q3.(9-D	

13..-*/57	-;95(74*<	(@-.	STTTT	9-(95-	,4/0	)1/4@4/4-+	4*	&r	1(3*/.4-+D	,4/0	)	8(13+	(*	/0-	I(.,-<4)*	

1(*/4*-*/)5	+0-58=	I(./0J45>+	9.4;).7	)1/4@4/4-+	).-	/0-	-B95(.)/4(*	(8	*-,	(45	)*6	<)+	84-56+	)*6	/0-	(9-.)/4(*	

)*6	;)4*/-*)*1-	(8	)	*3;:-.	(8	(88+0(.-	9.(631/4(*	4*+/)55)/4(*+=	M-	/0-(.-/41)557	+);95-6	/,(	1)+-	+4/-+	4*	

I(./0J45D	)5+(	<346-6	:7	9.)<;)/41	1(*1-.*+	(8	)11-++=	J3.	+/367	4+	/0-.-8(.-	)	;35/495-X1)+-	0(54+/41	+/367D	4*	
/0)/	,-	+/364-6	(*-	90-*(;-*(*	4*	-)10	(8	/0-	/,(	1)+-+	Ks4*	STTPL=	'0-	/,(	1)+-+	1)*	:-	6-84*-6	)+	1.4/41)5	

1)+-+D	)+	/0-7	0)@-	+/.)/-<41	4;9(./)*1-	4*	.-5)/4(*	/(	/0-	<-*-.)5	9.(:5-;	Kt57@:u-.<	STTvL=	'0-7	4553+/.)/-	0(,	

1)9):454/4-+	;--/	/-*+4(*+	4*	9.)1/41-	4*	)	6(;)4*	54?-	/0)/	(8	(88+0(.-	(45	)*6	<)+	,0-.-	/0-	(:u-1/+	(8	4*/-.-+/	A	

/0-	+3:+3.8)1-	.-+-.@(4.	)*6	/0-	+3:+-)	(9-.)/4(*)5	).-)	A	).-	(*57	)11-++-6	/0.(3<0	+-*+(.+	)*6	4*8(.;)/4(*	

+7+/-;+=	

F*	/0-	84.+/	1)+-D	,-	5((?	)/	I(./0J45>+	-88(./	/(	6-@-5(9	)*	4*8.)+/.31/3.-	8(.	.-)5X/4;-	+3:+-)	-*@4.(*;-*/)5	

;(*4/(.4*<=	J@-.	vTw	(8	/0-	(45	9.(631/4(*	(*	/0-	I(.,-<4)*	1(*/4*-*/)5	+0-58	1(;-+	8.(;	8)1454/4-+	4*+/)55-6	(*	

/0-	+-)	85((.=	x+	/0-	1(;9)*7Q+	)1/4@4/7	;(@-+	/(,).6+	-*@4.(*;-*/)557	8.)<45-	).-)+	K-=<=	/0-	E).-*/+	N-)LD	

)3/0(.4/4-+	.-234.-	/0-	9.-@-*/4(*	(8	-*@4.(*;-*/)5	6);)<-	1)3+-6	8(.	-B);95-	:7	/0-	9(++4:5-	64+10).<-	(8	6.455	

13//4*<+	63.4*<	6.4554*<D	(.	:7	/0-	6-95(7;-*/	(8	.4<+	)*6	949-54*-+=	'0)/	4;954-+	/0)/	/0-	/.)64/4(*)5	9.-@-*/4@-	

)99.()10-+	4*@(5@4*<	:4X	(.	/.4-**4)5	1);9)4<*+	,0-.-	+049+	<(	(3/	)*6	1(55-1/	6)/)	).-	*(	5(*<-.	+388414-*/=	
M4/0	/0-	/.)64/4(*)5	9.(1-63.-D	6)/)	).-	3+3)557	1(55-1/-6	(88+0(.-	)*6	5)/-.	)*)57+-6	(*+0(.-D	,4/0	/-;9(.)5	<)9+	

(8	PXOS	;(*/0+=	'0-	9.(1-++	(8	;(*4/(.4*<	/0-	;).4*-	-*@4.(*;-*/	4+	/(6)7	3*6-.<(4*<	)	6-@-5(9;-*/	9.(1-++D	
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'(()*+,	'-	.+/	*+01.(2(34+)	5.,	4.*+365*+,	0(225'(65*47+	*((2)8	9+.)(6	.+*/(6:)	*(	;+5)<6+	)+7+652	(=+65*4(.52	

5.,	+.746(.;+.*52	=565;+*+6)	56+	,+=2(-+,	5.,	,5*5	05.	'+	500+))+,	4.	6+52>*4;+	*15.:)	*(	?4'6+>(=*40	05'2+)@	

65,4(	5.,	)5*+224*+	0(;;<.405*4(.8	A(	+.5'2+	5	;(6+	=6(50*47+	5))+));+.*	(?	+.746(.;+.*52	64):@	4.	25*+	BCDD	

(.+	,+=56*;+.*	5*	E(6*1F42G)	6+)+5601	0+.*6+	4.4*45*+,	*1+	H.746(A4;+	I5.	506(.-;J	=6(K+0*	*(	2+7+653+	*1+	

6+0+.*	*+01.(2(34052	4;=6(7+;+.*)	5.,	4.*+365*+	)<')+5	+L<4=;+.*	/4*1	+.746(.;+.*52	(')+675*(64+)	?(6	*1+	

6+52>*4;+	)<67+4225.0+	(?	*1+	;564.+	+0()-)*+;8	

M.	*1+	)+0(.,	05)+@	/+	2((:	5*	*1+	=6(0+))	(?	;54.*54.4.3	*1+	4.?65)*6<0*<6+	?(6	)<==(6*4.3	,5*5	4.*+6=6+*5*4(.	4.	

E(6*1F42G)	+N=2(65*4(.	,+=56*;+.*@	/1+6+	3+(2(34)*)	5.,	3+(=1-)404)*)	IOPQP	=+6)(..+2R	(6	)4;=2-	OPQPRJ	

56+	+))+.*452	*(	4.*+6=6+*	*1+	0(;=5.-G)	75)*	5;(<.*	(?	)<')<6?50+	,5*58	P+(2(34)*)	:.(/	6(0:)	5.,	*1+	

?(6;5*4(.)	*1+-	;5:+	4.	*1+	+56*1	06<)*8	P+(=1-)404)*)	?(0<)	(.	=1-)4052	015650*+64)*40)@	)<01	5)	;53.+*40)	5.,	

36574*5*4(.	*(	5.52-)+	)<')<6?50+	6(0:)	5.,	?(6;5*4(.)8	A(	,(	*14)@	522	575425'2+	,5*5	?6(;	=6+74(<)	5.,	(.>3(4.3	
+N=2(65*4(.	=6(K+0*)	56+	)(<31*	<)+,	4.	(6,+6	*(	+N*65=(25*+	5	;(,+2	(?	*1+	56+5	(?	4.7+)*435*4(.@	5.,	*6-	*(	?4.,	

*1+	=6+)+.0+	(?	1-,6(056'(.)8	S64224.3	4)	*1+	(.2-	)<6+	/5-	*(	?4.,	(<*	4?	(42	5.,	35)	+N4)*	)(;+/1+6+	,(/.	4.	

*1+	+56*1	06<)*8	T(/+7+6@	)4.0+	,64224.3	4)	14312-	+N=+.)47+	5.,	=(*+.*4522-	15U56,(<)@	*1+-	*6-	*(	:++=	,64224.3	*(	

5.	5')(2<*+	;4.4;<;8	M.)*+5,@	*1+-	5==2-	4.?(6;5*4(.	)-)*+;)	0(;'4.+,	/4*1	1<;5.	+N=+6*4)+	*(	;5:+	

4.*+6=6+*5*4(.)	(?	*1+	)<')<6?50+@	*1+6+'-	5**+;=*4.3	*(	=6+,40*@	*(	*1+	'+)*	(?	*1+46	5'424*-@	*1+	=6+)+.0+	(?	

1-,6(056'(.)8			

VWV	 XYZY	[\]]̂[Z_\̀	Ỳa	ỲY]bc_c		

A14)	56*402+	,65/)	(.	*1+	+;=464052	,5*5	*15*	*1+	?46)*	*/(	5<*1(6)	157+	'++.	0(22+0*4.3	5)	=56*	(?	*/(	

+*1.(365=140522-	4.)=46+,	2(.34*<,4.52	05)+	)*<,4+)8	d+	/+6+	365.*+,	500+))	*(	E(6*1F42	6+)+5601	0+.*6+	4.	e=642	
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+/	-5.0.H40.	(	-(/I	'5(0('-.0+>.3	*?	28'.0-(+8-?	(83	'46),.9+-?;	z+0/-	4H	(,,@	28'.0-(+8-+./	0.6(+8	F+-5	0.B(03	-4	
-5.	-.'584,4B?	(83	-5.	648+-40+8B	)0('-+'./	-4	2/.	+8	-5.	,4'(,	*+4,4B+'(,	.'4/?/-.6/;	z40	.9(6),.@	-5.	
<40F.B+(8	'48-+8.8-(,	/5.,H	+/	546.	-4	-5.	F40,3{/	,(0B./-	)4)2,(-+48	4H	'4,3rF(-.0	'40(,/;	K8	ghCC@	<40-5i+,	
).0H406.3	/46.	)0.,+6+8(0?	-./-/	-4	/+62,(-.	-5.	.8=+0486.8-(,	+6)('-	4H	(	8.F	F.,,	48-4	(	)04-.'-.3	'40(,	0..H	
+8	-5.	=+'+8+-?	(83	-4	(//.//	-5.	=+(*+,+-?	4H	-5.	L8=+04J+6.	)04M.'-;	i'.(84B0()5+'	)(0(6.-.0/	7.;B;	F(-.0	
'200.8-/@	)0.//20.@	)(0-+',.	/.3+6.8-(-+48	0(-.:	5(3	-4	*.	648+-40.3	+8	403.0	-4	)0.3+'-	F5.-5.0	3+/'5(0B./	4H	
)(0-+',./	F42,3	*.	-(I.8	',4/.	-4	-5.	'40(,/	*?	-5.	'200.8-;	G/	84	3(-(r-0(8/H.0	'(*,./	F.0.	(=(+,(*,.	+8	-5.	
'54/.8	)4+8-@	(	/20H('.	*24?	5(3	*..8	'488.'-.3	-4	-5.	/.8/40/	48	-5.	/.(*.3	-4	/.83	0.(,r-+6.	3(-(	48/540.	
-5042B5	-4	(	/(-.,,+-.	,+8I;	J5.	0.(,r-+6.	3(-(	-0(8/H.0	F(/	+8+-+(,,?	/2''.//H2,@	*2-	-5.	*24?	F.8-	/233.8,?	,4/-	
(H-.0	(	H.F	3(?/;	<40-5i+,	5(3	-4	),2B	+8	-5+03r)(0-?	/4H-F(0.	-4	643.,	4'.(8+'	'200.8-/	(83	+8H.0	-5.	6+//+8B	
3(-(	-4	)04=+3.	-5.	(2-540+-+./	F+-5	(	/2HH+'+.8-	0.)40-n		

|f4	+8	-5(-	F(?	F.	F.0.	(*,.	-4	H2,H+,	-5.	0.(,r-+6.	.8=+0486.8-(,	643.,,+8B	320+8B	-5+/	F54,.	30+,,+8B	
).0+43;	f4	-5+/	643.,,+8B	F(/	2)3(-.3	.=.0?	5420	/4	F.	'42,3	5(=.	(	8.F	)+'-20.	4H	-5.	'200.8-	
/+-2(-+48	(-	-5.	,4'(-+48@	-5.	'48'.8-0(-+48	4H	)(0-+',./	+8	-5.	F(-.0	'4,268	(-	3+HH.0.8-	'40(,	/-02'-20./	
(83	(,/4	/.3+6.8-(-+48	4H	)(0-+',./	48	-5.	/.(*.3	(-	3+HH.0.8-	,4'(-+48/;	G-	,.(/-	F.	5(=.	-5(-	4=.0=+.F;	
J5+/	F40I.3	=.0?	F.,,	F+-5	-5+/	*('I2)	/4,2-+48	*2-	+8	-5.	H2-20.	4H	'420/.	F.	/542,3	5(=.	+-	(/	'200.8-	
3(-(	-5(-	5(=.	-4	*.	+8	),('.;	7}:	q2-	-5+/	+/	-5.	-?)+'(,	)04*,.6	F.	34	5(=.@	+-	+/	84-	-5.	H+0/-	-+6.@	K	
-5+8I	+-	5(/	5()).8.3	~	40	v	-+6./	*.H40.@	-5+/	5()).8/	*.'(2/.	F.	(0.	/-+,,	F40I+8B	48	5(=+8B	
.12+)6.8-	48	-5.	/.(	-5(-	(0.	04*2/-	.842B5;m		

7L8=+0486.8-(,	(3=+/40@	K8-.0=+.F@	p.'.6*.0	ghCg:	
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'()*	+,-).)/01	*2)--+3	)*	0	4556	+70,-1+	58	3(+	6)88)/913:	35	/523.51	)28.0*3.9/39.+*	0*	-5)23+6	593	;:	<);5..0	
=>???@A	'(+:	0.+	,06+	35	*30260.6)B+	2039.01	5.	*5/)01	-(+25,+20	3(03	0.+	3(+,*+1C+*	92/523.5110;1+A	D	60)1:	
;.)/5104+	E5.F	)*	.+G9).+6	35	/5-+	E)3(	*)3903+6	/52*3.0)23*	026	35	8918)1	35-H65E2	*30260.6)B03)52	.+G9).+,+23*	
;:	)23+4.03)24	3(+	2+E	*:*3+,*	=+A4A	.+01H3),+	6030	/511+/3)52I	E).+1+**	/5,,92)/03)52*@	E)3(	3(+	516	
)28.0*3.9/39.+	=.+01H3),+	/01/9103)52	58	.)*F	E)3(	E+11HF25E2	,56+11)24	*:*3+,*@A	J9;*+0	+2C).52,+2301	
,52)35.)24	(0*	0	-+.85.,03)C+	2039.+A	K3	)*	3(+	.+*913	58	02	+,+.4)24	)23+.15/F+6	*+G9+2/+	58	,03+.)01	+1+,+23*	
=3(+	*+2*5.*L	3(+	,56+11)24	*:*3+,*L	3(+	/5.01*	026	3(+	E03+.	/9..+23*L	3(+	-0.3)/1+*	6)*/(0.4+6	E()1+	6.)11)24@L	
(9,02	F25E1+64+	.+G9).+6	35	)23+.-.+3	3(+	*+2*5.H8)13+.+6	6030L	203)5201	5.	.+4)5201	25.,*	35	;+	8918)11+6L	026	3(+	
+*30;1)*(,+23	5.	060-303)52	58	*30260.6)B+6	E5.F	-.5/+**+*A	D11	3(+*+	+1+,+23*	4+3	),;.)/03+6	35	,0F+	0	
6+/)*)52	.+40.6)24	0	-5**);1+	*303+	58	.)*F	58	0	*-+/)8)/	*9;,0.)2+	0.+0A	K2	-0.3)/910.I	2039.+	-10:*	0	F+:	.51+	)2	
3()*	),;.)/03)52	85.	03	1+0*3	3E5	.+0*52*A	M).*3I	3(+	3+/(2)/01	+G9)-,+23	,9*3	;+	N.5;9*3	+2594(O	040)2*3	3(+	15/01	
E+03(+.	/526)3)52*A	K2	3(+	+7/+.-3	0;5C+I	0	/5,-02:	)23+.201	0**+**,+23	/52/196+6	3(03		3(+	;95:	(06	,5*3	
1)F+1:	;++2	/93	0E0:	;:	C+**+1*	-0**)24	3(+	0.+0	69.)24	;06	E+03(+.A	J+/526I	3(+	3:-+*	58	6030	35	;+	/511+/3+6	
026	,0204+6	6+-+26+6	52	3(+	-.+*+2/+	58	4)C+2	*-+/)+*	58	-.53+/3+6	80920	)2	3(03	*-+/)8)/	0.+0	E(+.+	P5.3(Q)1	
E023+6	35	6.)11	2+E	E+11*I	,0F)24	3(+	,52)35.)24	0/3)C)3)+*	01*5	0	/5,-1+7	E5.FA	<5.01*	0.+	0	*303)/	.+*59./+	026	
/02	;+	)2*-+/3+6	3(.594(	*+2*5.	.0/F*	026	/0,+.0*	8.5,	0	8)7+6	-5*)3)52A	M)*(	)*	)2*3+06	,5.+	92-.+6)/30;1+I	0*	
)3*	,5C+,+23*	(0C+	35	;+	3.0/F+6	253	*),-1:	01524	3(.++	07+*A	D*	)26)/03+6	;:	0	1+06)24	06C)*5.	)2	3(+	
R2C).5'),+	-.5S+/3T	

NJ5	)2	5.6+.	35	;9)16	3(+	/5,-1+7)3:	58	3(+	R2C).5'),+	*5193)52	K	3()2F	)3	)*	),-5.3023	3(03	:59	*+1+/3	0	
6)88+.+23	3:-+	58	.+*59./+	U)2	066)3)52	35V	/5.01*I	K	3()2F	)3	)*	),-5.3023	0	-+104)/	.+*59./+	1)F+	8)*(I	
-102F352I	3(03	1)C+*	)2	3(+	E03+.	,0**+*I	026	)3	(0*	0	W	6),+2*)5201)3:I	253	521:	XA	Y+/09*+	3(+:	(0C+	0	
-5*)3)52I	026	3(+:	0.+	03	0	/+.30)2	6+-3(I	3(+:	(0C+	01*5	0	/52/+23.03)52I	026	03	0	/+.30)2	3),+A	=Z@	[(03	
-0.0,+3+.*	65	:59	2++6	35	/511+/3I	E(03	*(5916	;+	3(+	.+*5193)52	58	3(+	-0.0,+3+.*	:59	/511+/3I	(5E	
,02:	U*9;*+0	*+2*5.	2+3E5.F*V	E)11	:59	2++6	35	4+3	*988)/)+23	0,5923	58	6030	35	-102	:59.	5-+.03)52\	
[)11	:59	2++6	52+	1026+.	15/03)52\	[)11	:59	2++6	]\	̂?\	'5	*0:	*5,+3()24	0;593	3(+	.+*59./+*	)2	3(+*+	
W	6),+2*)52*A	D26	58	/59.*+	3(03	E5916	4)C+	*5,+	/(011+24+	35	3(+	6030	,0204+,+23	;+/09*+	)3_*	0	153	
58	6030I	/5,-1+7	6030I	026	(5E	*(5916	)3	;+	C)*901)B+6O		

=̀+06)24	D6C)*5.I	K23+.C)+EI	>?̂X@	

K3	)*	6)88)/913	35	-.+6)/3	3(+	;+(0C)59.	58	,5C)24	,0.)2+	;)5,0**	5.	3(+).	.+0/3)52	35	3(+	6+C)/+*	9*+6	85.	
)2*-+/3)52A	K2	P5C+,;+.	>?̂X	E+	E+.+	)23+.C)+E)24	02	K'	06C)*5.	)2C51C+6	)2	3(+	6+C+15-,+23	58	0	E+;	-5.301	
35	6)*-10:	.+01H3),+	6030	.+3.)+C+6	;:	0	3+*3	*+2*5.	)2*3011+6	588	3(+	P5.E+4)02	/50*3*	2+73	35	0	/5.01	.++8A	Q2	()*	
/5,-93+.	*/.++2	E0*	3(+	;.5E*+.I	5-+2	52	3(+	E+;	)23+.80/+	6)*-10:)24	3(+	)2/5,)24	.+01H3),+	6030A	D3	52+	-5)23	
3(+	)23+.C)+E++	E0*	6)*3.0/3+6	;:	0	8)*(	/5,)24	593	58	3(+	.++8	026	*35--)24	)2	8.523	58	0	1)C+	/0,+.0	),04+*A	'(+	
8)*(	*35--+6	85.	0	*(5.3	3),+I	026	3(+2	6)*0--+0.+6	040)2A	'(+	K'	06C)*5.	3516	9*	3(03	)3	E0*	253	3(+	8).*3	3),+	3(03	
8)*(	6)6	*5I	026	3(+	0201:*)*	58	3(+	0/59*3)/	6030	)26)/03+6	3(03	)3	01*5	9*+6	35	N*0:O	*5,+3()24T		

ND26	3(03_*	E(03	(0--+2*I	(+	4+3*	.+011:	024.:	*5	(+	*0:*	NJ(*(*(*(*(a	=Z@	Q.	,0:;+	(+	4+3*	0225:+6A	
b0:;+	(+	4+3*	9*+6	35	)3A	D26	3(03_*	01*5	52+	58	3(+	3()24*A	[)11	E+	)2819+2/+I	E)11	3(+	15/01	80920	4+3	
9*+6	35	3(+	*5926*	E(+2	E+	65	3(+	*3988\O		

=K'	06C)*5.I	)23+.C)+EI	P5C+,;+.	>?̂X@	

	

cde	 fghijkhi	lgmnggh	mog	pjqjr	shr	mog	tugvjlug	pgwxjpg	ysjhmghshzg		

'(+	4+5154)*3	026	4+5-(:*)/)*3	={|{@	-+.*522+1	)2	3(+	+7-15.03)52	6+-0.3,+23	,9*3	/5-+	E)3(	+25.,59*	
0,5923*	58	*9;*9.80/+	6030A	'(+	3(.++	,0)2	3:-+*	58	6030	9*+6	;:	{|{	0.+	*+)*,)/	6030I	E+11	6030I	026	
-.569/3)52	6030	8.5,	+7)*3)24	E+11*A	J+)*,)/	6030	0.+	403(+.+6	9*)24	*()-*	+G9)--+6	E)3(	0).	492*	8).)24	0/59*3)/	
-91*+*	65E2	3(.594(	3(+	4.5926A	'(+	+/(5+*	3(03	/5,+	;0/F	*(5E	6)88+.+23	.5/F	10:+.*	026	6+-3(*A	[+11	6030	0.+	
154*	403(+.+6	E()1+	6.)11)24	0	E+11I	*(5E)24	3(+	E+11	/(0.0/3+.)*3)/*A	}.569/3)52	6030	0.+	6030	8.5,	E+11*	3(03	
01.+06:	0.+	)2	-.569/3)52A	'0F+2	354+3(+.	3(+*+	6030	*59./+*	85.,	0	;0*+	58	6030	9-52	E()/(	3(+	{|{	-+.*522+1	
/02	/.+03+	)23+.-.+303)52*A		

'(+	0,5923	58	6030	)*	(94+A	~030	0.+	-.),0.)1:	403(+.+6	8.5,	3E5	,0)2	*59./+*I	3(+	/5.-5.03+	.0E	6030	*35.+	026	
0	203)5201	6030;0*+	E(+.+	011	5)1	026	40*	/5,-02)+*	5-+.03)24	52	3(+	P5.E+4)02	<523)2+2301	J(+18	0.+	.+G9).+6	
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'(	)*+	,-.	)/	0)/1+	-,,	/2	)*+31	0+304356	.+,,6	-78	91/8:5)3/7	8-)-;	<*+	8-)-'-0+	*-0	)*/:0-780	/2	)-',+0	-78	

)*/:0-780	/2	-))13':)+0;	=+7)1-,	8-)-	4-7->+10	?=@A0B	-843730)+1	)*+	5/19/1-)+	8-)-	0)/1+;	CDC	?-78	/)*+1	

37)+191+)+10B	7++8	)/	+E)1-5)	8-)-	)*1/:>*	F:+13+0	)*-)	37G/,G+	H/3737>	IJ	)/	KJ	)-',+0	)*-)	-1+	1:7	/G+173>*);	L7M

*/:0+	L<	09+53-,30)0	?0:5*	-0	+;>;	NCLO	+E9+1)0P	-78	91/H+5)	8-)-	4-7->+10	/1	Q@A0B	-1+	5-,,+8	2/1	37	/18+1	)/	

2/14:,-)+	-78	+E+5:)+	)*+0+	F:+13+0;	<*+0+	+E9+1)0	-1+	5/M,/5-)+8	37	)*+	0-4+	9*(035-,	/2235+	09-5+	-0	)*+	CDC	

9+10/77+,	)/	'+	5,/0+	)/	)*+	+E9,/1-)3/7	/9+1-)3/70;	<*+	>/-,	30	)/	2-53,3)-)+	5//9+1-)3/7	-78	)/	':3,8	R7/.,+8>+	

/2	)*+	./1R	)*-)	)*+	CDC	8/6	37	/18+1	)/	'+))+1	:78+10)-78	.*-)	)*+	CDC	-5):-,,(	7++8;	S7/)*+1	300:+	30	)*+	

7:4'+1	/2	0(0)+40	37G/,G+8;	<*+1+	-1+	KT	8322+1+7)	0(0)+406	1-7>37>	21/4	9+)1/9*(035-,	+G-,:-)3/7	)/	5/19/1-)+	

8-)-	0)/1+0	-78	8-)-	37)+>1-)3/7	)//,0;	L<	+E9+1)0	?37	*/:0+	-78	+E)+17-,B	-1+	7++8+8	37	/18+1	)/	+7-',+	)*+	8-)-	)/	

2,/.	)/	-78	21/4	)*30	+5/0(0)+4	/2	)//,0;				

UG+1-,,6	-78	0349,323+8	2/1	8+05139)3G+	9:19/0+06	)*+	91/5+00	/2	+E9,/137>	-	5+1)-37	>+/>1-9*35	-1+-	5/7030)0	/2	

)*1++	4-37	0)+90;	V310)6	-	7+.	+E9,/1-)3/7	91/H+5)	30	51+-)+8	-78	30	9/9:,-)+8	/2	+E30)37>	8-)-	21/4	)*+	7-)3/7-,	

8-)-'-0+	-78	)*+	5/19/1-)+	8-)-	0)/1+;	Q@A0	-78	L<	09+53-,30)0	-0030)	)*+	CDC	37	)*30	91/5+00;	O+5/786	CDC	

0)-1)	./1R37>	/7	)*+	8-)-6	8/37>	)*+31	37)+191+)-)3/70;	A/1+	8-)-	5-7	'+	5-,,+8	2/16	+;>;	4/1+	/1	7+.	0+30435	

0:1G+(06	-78	8-)-	5-7	2,/.	37)/	)*+	0(0)+4	37	1+-,	)34+6	+;>;	21/4	+E9,/1-)3/7	.+,,0	)*-)	-1+	813,,+8;	<*+0+	8-)-	

-1+	)-R+7	5-1+	/2	'(	Q@A0	-78	5/70:,)-7)0;	V37-,,(6	.*+7	)*+	91/H+5)	30	23730*+8	?2/:78	/3,	/1	7/)B6	8-)-	-1+	)3+8	

:96	F:-,3)(	-00:1+86	-78	+7)+1+8	37)/	)*+	5/19/1-)+	8-)-	0)/1+	2/1	2:):1+	:0+;	<*30	30	-	5/49,+E	91/5+00	37G/,G37>	-	

,/)	/2	8322+1+7)	9+/9,+6	1/,+06	91/5+00+06	-78	)+5*7/,/>(;	<*+1+	30	-	)+703/7	'+).++7	)*+	/'G3/:0	7++8	2/1	

W/1)*U3,	)/	8+237+	91/9+1	91/5+00+0	2/1	)*306	-78	)*+	-5):-,	8(7-4350	/2	)*+	/9+1-)3/7;		

<*+	1-)3/7-,+	2/1	*-G37>	.+,,M8+237+8	91/5+00+0	30	5,+-1	-78	0+703',+;	S	W/1)*U3,	91/5+00	/.7+1	+E9,-370	.*(	

)*+	7++8	30	)*+1+X	

NL2	7/)	3)	./:,8	'+	5*-/0;	<//	4-7(	-99,35-)3/70	-78	0/,:)3/706	3)	./:,8	'+	G+1(	*-18	)/	0:99/1)	-,,	/2	

)*+4;	S,0/6	3)	30	-'/:)	0)-78-183Y-)3/7;	S	9+10/7	0*/:,8	'+	-',+	)/	,+-G+	/7+	':037+00	-1+-	-78	>/	)/	

-7/)*+1	/7+6	-78	)*+7	0)-1)	./1R37>	344+83-)+,(6	.3)*	)*+	0-4+	4-5*37+1(	-78	)//,0	*+	30	:0+8	)/Z		

?Q1/5+00	/.7+16	21/4	23+,8	7/)+0B	

L44+83-)+,(	)*-)	4-R+0	0+70+6	-78	-)	513)35-,	9-1)0	/2	)*+	+E9,/1-)3/7	91/5+00	8+2373)3/70	-1+	378++8	2/,,/.+8;	

U7+	1+-5*+0	2/1	+E-49,+	5+1)-37	8+5303/7	>-)+0	?+;>;	)/	8/	813,,	-7	+E9,/1-)3/7	.+,,B6	.*+1+	/7+	4-R+0	-	8+5303/76	

8/5:4+7)0	)*+	1-)3/7-,+	2/1	)*-)	8+5303/76	-78	0)/1+0	3)	37)/	)*+	8-)-	0)/1+0;	[:)6	37	/18+1	)/	4-R+	3)	./1R6	)*+1+	30	
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+442(	+4	(-)0/,	=40>	84<->	).3	)0/,1<-	3)+)	1.	).3	:-+A--.	+,-(-	(*(+-8(>	1.	-==-/+>	21.C1.@	+,-	;0439/+(	+4@-+,-0>	
-.):21.@	+,-	-((-.+1)2	=24A	4=	3)+)6	N90	=1=+,	3-(1@.	;01./1;2-	HV5	1(	+4	-.(90-	84392)01+*	).3	=29131+*	4=	E(8)22G	
3)+)6	W4392)01+*	1(	0-/4@.1(-3	1.	+,-	1.=0)(+09/+90-	21+-0)+90-	)(	)	C-*	(9//-((	/01+-014.	:-,1.3	+,-	7.+-0.-+X	E���	
������	���	�T�	�����	��	����!�����	��	��������	���	���	�������	�������	������	YZ[
	�T�	��������\�	������	���F��F
���	���T���������	�T��T	����	�T�	]������������\	����	�T�	���	������	T��	���!��	��	��	�	��������	���	���	������!�	
�����T
̂	HO).(-+,	).3	_**+1.-.	'P&P>	;6	&̀5	W4392)01+*>	1.	+,-	3)+)	(-.(->	A4923	-.+)12	+,)+	3)+)	/).	:-	(;21+	
);)0+	).3	+0).(;40+-3	:-+A--.	+,4(-	)/+40(	.--31.@	1+6	a-	(--	+,1(	1.	+,-	-8;101/)2	8)+-01)2	A,-0-	+,-	b7c	
-D;-0+(	09.	cd_	e9-01-(	).3	9(-	f*+,4.	(/01;+(	4.	+,-	0-(92+(	+4	(,);-	+,-	0-(92+(	1.+4	(48-+,1.@	=-)(1:2-	=40	+,-	
bgb	+4	/4.(98-	).3	1.+-0;0-+6	73-)22*	;-0,);(>	)22	3)+)	A4923	:-	/422-/+-3	1.	4.-	@1).+	3)+):)(-	40	(124	+,)+	1(	
-)(12*	1.3-D-3>	e9-01-3	).3	)//-((1:2-	=40	)226	R(	24.@	)(	+,1(	1(	.4+	+,-	/)(->	).3	@1<-.	+,-	.)+90-	4=	=2-D1:2-	
A40C>	)	;0)/+1/)2	(+0)+-@*	1(	+4	-.):2-	1.=408)+14.	+4	=24A	:-+A--.	(*(+-8(	:*	=)/121+)+1.@	+,-	3)+)	84<1.@	).3	
+1.C-01.@	A40C	34.-	:*	+,-	8)1.+)1.-0(	H40	;-0,);(	E:01/42-90(G	+4	9(-	h1:400)i(	+-081.424@*	Hh1:400)	&KKj556	
c+).3)03(	)0-	C-*	+4	(9/,	).	)/,1-<-8-.+>	:9+	(+).3)03(	89(+	)2(4	:-	C-;+	(18;2-	).3	;0)@8)+1/6	M,-	
(+).3)031()+14.	89(+	(+01C-	)	:)2)./-	:-+A--.	:-1.@	2-).	-.49@,	+4	(9;;40+	=2-D1:121+*>	A,12-	(+122	01@13	-.49@,	+4	
)<413	/,)4(	HI04A.	).3	J1(-.,)03+	&KKL56	7./-.+1<-(	89(+	:-	@1<-.>	40	0-e910-8-.+(	(-+>	+4	<-.340(	+4	8)C-	
+,-10	3)+)	1.+-04;-0):2-	).3	-.):2-	3)+)	84<-	=01/+14.2-((	:-+A--.	(*(+-8(6			

_)(+>	:9+	.4+	2-)(+>	+,-	(1D+,	3-(1@.	;01./1;2-	HV75	1(	��	�������	���	��k�����	�����T������	��	�T�	������	�������6	
M44	4=+-.>	;04?-/+(	=)12	:-/)9(-	+,-*	(18;2*	4<-0244C	840-	89.3).-	042-(	).3	+442(>	(9/,	)(	+,-	8)1.+-.)./-	
A40C-0(	40	+,-	f4A-0f41.+	);;21/)+14.>	).3	0)+,-0	=4/9(	4.	).	-.3B9(-0B3-<-24;-0	0-2)+14.(,1;6	M,-	(1D+,	3-(1@.	
;01./1;2-	+,-.	1(	+4	:01.@	+,-	(--81.@2*	89.3).-	).3	-<-0*3)*	1.+4	+,-	218-21@,+6	7+	1(	-((-.+1)2	+4	@-+	).	
9.3-0(+).31.@	4=	+,-	042-	+,-*	;2)*	)(	8-31)+40(	).3	8)1.+)1.-0(	4=	3)+)	).3	1.=408)+14.6	J8-0@-.+	3-(1@.	
;04/-((-(>	(9/,	)(	l-<N;(	H_49C13-(	'P&'5	)0-	-D+-.31.@	+,-	)@12-	84<-8-.+(	/9(+48-0B3-<-24;-0	;)0)31@86	
m922	);;0-/1)+14.	4=	+,-	(4/148)+-01)2	/);):121+*	+,1.C1.@	0-e910-(	-D+-.31.@	+,-	.4+14.	4=	+,-	/9(+48-0>	+4	
1./293-	)22	0-2-<).+	(+)C-,423-0(>	1./2931.@	:9+	.4+	0-(+01/+-3	+4	042-(	(9/,	8)1.+)1.-0(6	7.	).	412	).3	@)(	(-++1.@>	
(9/,	)(	1.	+,-	J.<104M18-	;04?-/+>	4+,-0	(+)C-,423-0(	+,)+	)0-	-)(*	+4	C--;	49+	4=	+,-	3-(1@.	;04/-((	)0-	E(12-.+G	
H.4.B,98).5	(+)C-,423-0(	1.	+-08(	4=	.)+90->	(9/,	)(	/40)2(6			

n	 opqrstuvqw	xyz{x|}		

c9//-((=92	40@).1()+14.(	8).)@-	+4	:)2)./-	+,-	-D;241+)+14.	4=	-D1(+1.@	/);):121+1-(	).3	+,-	3-<-24;8-.+	4=	
1..4<)+1<-	/48;-+-./1-(6	R	/);):121+*	;2)+=408	);;04)/,	(--C(	+4	;04<13-	)	@-.-0)2	=0)8-A40C	+4	)330-((	+,1(	
+)0@-+	:*	-8;,)(1~1.@	+,-	3*.)81/	0-/48:1.)+14.	4=	;-4;2->	@4<-0.)./-	1((9-(>	A40C	;04/-((-(>	).3	
+-/,.424@1-(6	c4/148)+-01)21+*	@1<-(	)	=0)8-A40C	+4	=90+,-0	9.3-0(+).3	,4A	)	/);):121+*	;2)+=408	=40	1..4<)+14.	
;-0=408(	).3	,4A	+4	3-)2	A1+,	).3	3-(1@.	=40	+-.(14.(	+,)+	89(+	:-	4:(-0<-3	A,-.	:91231.@	1.=408)+14.	(*(+-8	
/);):121+1-(	1.	40@).1~)+14.(6	

7.	+,1(	;);-0>	A-	,)<-	4:(-0<-3	+A4	(4/148)+-01)2	/);):121+1-(	1.	+,-	9;(+0-)8	412	).3	@)(	(-/+406	I)(-3	4.	).	
-D+-.(1<-	-8;101/)2	0-(-)0/,	1.	+A4	31==-0-.+	31(/1;21.-(>	(9:(90=)/-	0-(490/-	-D;240)+14.	).3	-.<104.8-.+)2	
84.1+401.@>	A-	49+21.-3	/4.<-0@-./-	).3	8)1.+-.)./-	)(	+A4	(+0)+-@1-(	+4	/4.+)1.	).3	;4((1:2*	4<-0/48-	
@24:)2�24/)2	).3	=408)2�=2-D1:2-	+-.(14.(6	M,-(-	(4/148)+-01)2	/);):121+1-(	(,4923	:-	(--.	)(	+,-	:-@1..1.@	4=	)	
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()*+),-./0+-1	*-2-3+1+.4	21-.5)0,6	/7*),2-((+78	/9)19+78	*)75+8:0-.+)7(	)5	()*+-1	-7;	,-./0+-1	-*.)0(	
2/05)0,+78	-.	;+55/0/7.	(*-1/(<	=0),	.>+(	:7;/0(.-7;+78	?/	;/0+9/;	(+@	;/(+87	20+7*+21/(	;/(+87/0(	(>):1;	.-A/	
+7.)	-**):7.	?>/7	0/-1+B+78	()*+),-./0+-1	*-2-3+1+.+/(	5)0	.>/	)08-7+(-.+)7<		

C>+(	?)0A	+(	-	(./2	.)	30+;8/	*)7*/2.(	.>-.	3/1)78	.)	;+55/0/7.	;+(*+21+7/(<	C>/	7).+)7(	)5	*)79/08/7*/	-7;	
,-+7./7-7*/	-0/	7).	+7	.>/,(/19/(	7)9/1	+7	DEF	>)?/9/06	.>+(	*)7.0+3:.+)7G(	-+,	>-(	3//7	.)	.-A/	-7	-;;+.+)7-1	
(./2	+7.)	.>/	2/05)0,-.+9/	7-.:0/	)5	()*+),-./0+-1	*-2-3+1+.+/(<	D7	()	;)+78	?/	>-9/	;/,)7(.0-./;	>)?	.)	-;)2.	
(:*>	-	1/7(	.)	.>/	7).+)7(	)5	*-2-3+1+.4	21-.5)0,6	.0-;+.+)7-114	2-0.	)5	.>/	(.0-./8+*	,-7-8/,/7.	1+./0-.:0/6	
30+;8+78	+.	?+.>	.>/	DE	1+./0-.:0/<	H0-*.+*-1	+,21+*-.+)7(	*-7	.>/7	3/	;0-?7	5)0	.>/	;/(+87/0(	)5	+75)0,-.+)7	
(4(./,(<	I/	1+(./;	-	(/.	)5	8:+;/1+7/(	.)	-;;0/((	.>/	0/-1+B-.+)7	)5	(4(./,(	.>-.	-+,	.)	3/*),/	-7	+7./80-1	2-0.	)5	
-	2)((+314	>+8>14	*),21/@	+7(.-11/;	3-(/6	)5	?>+*>	.>/	:2(.0/-,	)+1	-7;	8-(	(/*.)0	+(	-	>+8>14	0/20/(/7.-.+9/	*-(/<			

C>/	?)0A	?/	>-9/	20/(/7./;	(>):1;	3/	(//7	-(	-7	)7J8)+78	/,2+0+*-1	-*.+9+.4<	=:.:0/	0/(/-0*>	(>):1;	-7-14(/	
.>/	()*+),-./0+-1	2/05)0,-.+9+.4	)5	.>/	3+.(	)5	+75)0,-.+)7	K	.>/	;-.-	K	.>-.	*)7(.-7.14	51)?	-*0)((	+75)0,-.+)7	
+750-(.0:*.:0/(	-7;	.>:(	*)7(.+.:./	.>/,<	L7).>/0	+7./0/(.+78	;+0/*.+)7	,+8>.	3/	.)	+79/(.+8-./	>)?	;/9/1)2,/7.	
20)*/((	M1+A/	-8+1/	,/.>);(N	5+.	?+.>	.>/	()*+),-./0+-1	+7(+8>.	)5	+75)0,-.+)7	(4(./,	;/(+87<			

OPQPRPSTPU		

L1,A1)9	HV6	W/2(X	Y	MZ[&&N	\/.?//7	-7;	3/4)7;	;-.-]	W)?	-7-1)8:/	5+/1;	/@2/0+/7*/	+75)0,(	.>/	

+7./020/.-.+)7	)5	0/,)./	;-.-	():0*/(	+7	2/.0)1/:,	0/(/09)+0	8/)1)84<	E)*+-1	E.:;+/(	)5	E*+/7*/	

&KZ'<	

L7;/0()7	H	M&̂^̂N	H/0(2/*.+9/]	_),21/@+.4	C>/)04	-7;	̀08-7+B-.+)7	E*+/7*/<	̀08-7+B-.+)7	E*+/7*/	

&[]Z&aKZ'Z<	;)+]	&[<&Zbcd)0(*<&[<'<Z&a	

\-0-;	e	MZ[[cN	f//.+78	.>/	g7+9/0(/	W-15?-4]	h:-7.:,	H>4(+*(	-7;	.>/	i7.-781/,/7.	)5	f-../0	-7;	

f/-7+78<	j:A/	g7+9/0(+.4	H0/((	

\-01/4	Ek	M&̂ [̂N	C>/	L1+87,/7.	)5	C/*>7)1)84	-7;	E.0:*.:0/	.>0):8>	k)1/(	-7;	l/.?)0A(<	

L;,+7+(.0-.+9/	E*+/7*/	h:-0./014	'm]a&<	;)+]	&[<Z'[cdZ'̂'mm&	

\)?A/0	V_6	E.-0	En	M&̂^̂N	E)0.+78	C>+78(	̀:.	J	_1-((+5+*-.+)7	-7;	D.(	_)7(/o:/7*/(<	fDC	H0/((6	

_-,30+;8/6	f-((-*>:(/..(	

\0)?7	En6	i+(/7>-0;.	ef	M&̂ ĉN	C>/	L0.	)5	_)7.+7:):(	_>-78/]	n+7A+78	_),21/@+.4	C>/)04	-7;	

C+,/JH-*/;	i9)1:.+)7	+7	k/1/7.1/((14	E>+5.+78	̀ 08-7+B-.+)7(<	L;,+7+(.0-.+9/	E*+/7*/	
h:-0./014	pZ]&K'p<	;)+]	&[<Z'[cdZ'̂'b[c	

_+3)00-	_	MZ[[[N	=0),	_)7.0)1	.)	j0+5.]	C>/	j47-,+*(	)5	_)02)0-./	D75)0,-.+)7	D75-(.0:*.:0/(<	

@̀5)0;	g7+9/0(+.4	H0/((	

_+3)00-	_g	M&̂ âN	C>/	H1-.5)0,	̀08-7+B-.+)7]	k/*),3+7+78	E.0-./8+/(6	E.0:*.:0/(6	-7;	E:020+(/(<	

0̀8-7+B-.+)7	E*+/7*/	c]&['K&&b<	;)+]	&[<&Zbcd)0(*<c<Z<&['	

_)7(.-7.+7+;/(	H6	\-00/..	f	MZ[&ZN	L	7-00-.+9/	7/.?)0A(	-220)-*>	.)	:7;/0(.-7;+78	*))0;+7-.+)7	
20-*.+*/(	+7	/,/08/7*4	0/(2)7(/<	D75)0,-.+)7	-7;	 0̀8-7+B-.+)7	ZZ]Zc'KẐp<	;)+]	

&[<&[&adq<+75)-7;)08<Z[&Z<[c<[[&	

j+f-88+)	H6	W-08+..-+	i6	l/:,-7	Ik6	k)3+7()7	rH	MZ[[&N	E)*+-1	D,21+*-.+)7(	)5	.>/	D7./07/.<	

L77:-1	k/9+/?	)5	E)*+)1)84	Zc]'[cK''a<	;)+]	&[<&&pad-77:0/9<()*<Zc<&<'[c	

i;?-0;(	Hl	M&̂^̂N	V1)3-1	_1+,-./	E*+/7*/6	g7*/0.-+7.4	-7;	H)1+.+*(]	j-.-J1-;/7	f);/1(6	f);/1J

5+1./0/;	j-.-<	E*+/7*/	-(	_:1.:0/	b]p'cKpcZ<	

i;?-0;(	Hl6	r-*A()7	Er6	\)?A/0	V_6	e7)3/1	_H	MZ[[cN	g7;/0(.-7;+78	D750-(.0:*.:0/]	j47-,+*(6	

C/7(+)7(6	-7;	j/(+87<		

=1493q/08	\	MZ[[aN	=+9/	f+(:7;/0(.-7;+78(	L3):.	_-(/JE.:;4	k/(/-0*><	h:-1+.-.+9/	D7o:+04	&Z]Z&̂K

Zpm<	;)+]	&[<&&ccd&[ccb[[p[mZbp'a'	

V0->-,	E6	C>0+5.	l	MZ[[cN	̀:.	)5	̀0;/0	g7;/0(.-7;+78	k/2-+0	-7;	f-+7./7-7*/<	C>/)04	_:1.:0/	

E)*+/.4	Zp]&KZm<	;)+]	&[<&&ccd[Za'Zcap[c[cm̂mp	
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()*+,-.	/0	122-3*,*	4	567&78	9,+3:*	-.,;<2	=;<	>2*)?3@	@;?AB,C3-2	3*	3*=;<?)-3;*	3*=<)+-<D@-D<,+E	

-.,	@)+,	;=	FD3B>3*:	3*-,<*,-G	H	I*=	J,@.*;B	6KE&L&MG	>;3E	&7G&7KNOH3-G677MG&M	

(,*>,<+;*	H0	(,A+P	Q0	R2>B)*>	S	567&T8	U.)-	3+	)	@)A)F3B3-2	AB)-=;<?	)AA<;)@.	-;	3*-,:<)-,>	

;A,<)-3;*+V	W*	3*-<;>D@-3;*	-;	X,2	@;*@,A-+G	I*-,:<)-,>	/A,<)-3;*+	3*	-.,	/3B	)*>	Y)+	

I*>D+-<2E	ZD+-)3*)F3B3-2	)*>	[)A)F3B3-2	9,\,B;A?,*-		

(,AA	R	5677]8	/*-;B;:3,+E	Z-)-,	;=	-.,	W<-0	̂D+3*,++	_;-,*-3)B0	)*>	Y<)*>	[.)BB,*:,+G	I*E	(,AA	R0	

9,	1,,*.,,<	_0	>,	R;;<	W0	ZD<,	̀	5,>+8	/*-;B;:2	R)*):,?,*-G	ZA<3*:,<0	AA	6KLKN	

(,A+P	Q	5677]8	â;D*>)<2b+A)**3*:c	A<)@-3@,+	)*>	A)<)>;C,+	<,B)-,>	-;	-<D+-	)?;*:	A,;AB,	)*>	

?)@.3*,+	3*	)	.3:.b-,@.	;3B	)*>	:)+	,*\3<;*?,*-G		R)*):,?,*-	_<)@-3@,+	3*	(3:.bJ,@.	

d*\3<;*?,*-+0	9)<3D+e	H,?3,B*3)X	)*>	H,<e2	4;@3)-X3,f3@eG	I>,)	Y<;DAg	(,<+,2	_W0	AA	&L&N	

4)D-e	40	H,*+,*	Ĵ 	567&T8	Z;@3;?)-,<3)B3-2	)-	-.,	<;2)B	@;D<-	;=	IZE	W	h,+-,<i+	?;*;B;:D,G	

I*=;<?)-3;*	)*>	/<:)*3e)-3;*	6TE&KL6NG	>;3E	&7G&7&jOhG3*=;)*>;<:G67&TG7&G77&	

4B,3*	(40	R2,<+	R9	5&MMM8	W	Z,-	;=	_<3*@3AB,+	=;<	[;*>D@-3*:	)*>	d\)BD)-3*:	I*-,<A<,-3\,	Z-D>3,+	

3*	I*=;<?)-3;*	Z2+-,?+G	R3+	kD)<-,<B2	6TEjNLM'G	

1)*:B,2	W	5&MMM8	Z-<)-,:3,+	=;<	-.,;<3e3*:	=<;?	A<;@,++	>)-)G	W@)>,?2	;=	R)*):,?,*-	l,\3,f	

6'EjM&LN&7G	

1)-;D<	̂	5677K8	l,)++,?FB3*:	-.,	+;@3)BE	)*	3*-<;>D@-3;*	-;	W@-;<L*,-f;<X	-.,;<2G	/C=;<>	m*3\,<+3-2	

_<,++0	/C=;<>	

1)f	H0	R;B	W	5&MMK8	n;-,+	;*	?)-,<3)B3-2	)*>	+;@3)B3-2G	J.,	Z;@3;B;:3@)B	l,\3,f	'TE6N'L6M'G	>;3E	

&7G&&&&OhG&'jNbMK'oG&MMKG-F77j7'GC	

1,;*)<>3	_	567&&8	U.,*	pB,C3FB,	l;D-3*,+	R,,-	pB,C3FB,	J,@.*;B;:3,+E		W==;<>)*@,0	[;*+-<)3*-0	)*>	

-.,	I?F<3@)-3;*	;=	(D?)*	)*>	R)-,<3)B	W:,*@3,+G	R)*):,?,*-	I*=;<?)-3;*	Z2+-,?+	

kD)<-,<B2	TKE&'NL&jNG	

1,;*)<>3	_R	567&68	R)-,<3)B3-20	Z;@3;?)-,<3)B3-20	)*>	Z;@3;b-,@.*3@)B	Z2+-,?+E	U.)-	9;	J.,+,	

J,<?+	R,)*V	(;f	W<,	J.,2	93==,<,*-V	9;	U,	n,,>	J.,?V	R)-,<3)B3-2	)*>	/<:)*3e3*:E	

Z;@3)B	I*-,<)@-3;*	3*	)	J,@.*;B;:3@)B	U;<B>	6Kb']E	

1,;*)<>3	_R0	̂)<B,2	Zl	5677]8	R)-,<3)B3-2	)*>	@.)*:,E	[.)BB,*:,+	-;	FD3B>3*:	F,--,<	-.,;<2	)F;D-	
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�*-	%���

%+	%�%)�%1�%+*
����	����'���������	��%+�%*-���+�%�*-	��;)	�*%*��4�	��-��	�*
�%+����-*�*�
�%��

&�
*%��	�-������6������������B ���>qiij�p̂hf̀�̂dgh]ff̂i_�n\]_�oie�liir�à�̀\]�ĝk̀eh]A�
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J̀Ô]QNPM�rQO�NM̀V̂M̀�rJL]�Q�_Q̂LSN�S_�|}�

XYZ�{I<;<�?>�D8�;:H?8D:A�;<:>8D�=<I?D\�HI<�
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"�!����	���	��	���	�� ����!�����	!���������	

���\�"��Z	�'�'~	����	��	����	����������	���	

�����������	����	��	����	��������	���	����	��	���	

�������	���	��	���	��������	����	���	���	

���������	�����	��	���	��������	���	���	��������	

���	����	�����	����	�����	���	���	����������	

��	������	

	

�������"��	������� ��	�#	���	!���������	������!�Z	

�'�'~	����	�������������	����������	��������	

����	���	����	��������	���	���	���	���	���	

���	�������	����������	���	���	��	�������	



��������	�
����

��������������������������

�������������������� �!���"���������

��#������!� �����"������������$��������

�� �!�����"�%����&� '�

�����(�������� ���)!���$����������  *����

+����(������'�

��&""�!�� ��������'�

��,�(��������� � ���������$� ���-�!��

�� �(���� ��'�

��������� ������������������������'�

�

�

�

�

./0123�45�6�7/89:/;/3<�2392373=>?>/@=�@;�>A3�8@7>�/89@2>?=>�9A?737�@;�>A3�@/:�B3::�:/;3CDC:3�

?=<�>A3�389/2/C?:�/=7>?=C37�@;�3=E/2@=83=>?:�8@=/>@2/=0�92373=>3<�/=�>A/7�?2>/C:35�

�

�

�
./0123�F5�G=E/2@=83=>?:�E?:137�@;�>A3�73?�@;;7A@23�H@2>A�H@2B?D�IA?E8/:JK5=@L5�

�



�

�

��������	�
����������������������������������������������������������������� ����!�����

"�#$%$&$�'()#$*+$)'$�,#�-&$.,'/$.�0(&�/1$�'(&"2�#/&+'/+&$�2"3$2$.�456789:�";",)#/�"�#<"22�

�������=����������������������������=���������==���������	�

�

�

�
�������>	�
��������������������������������=���?�!���������=������������������������

��=����������������=���=���������@����������?�������?����������������A����������==����

����������=����������=��������=�������B��������=����������������!����������������

�����=���=���������������@�������������������C��������������A	�D���������������������������

���������=����������	�




























	TK.pdf
	73683_Innmat_02_1_PhDTittelTitleTitelTitre
	73683_Innmat_03_1_PhDTittelTitleTitelTitre




