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ABSTRACT
The article explores the relationship between humans and other
animals, technology, and engineering practices in a project testing
Intelligent Transport Systems (ITS) in the arctic. Generally, roads are
engineered to promote efficiency and predictability for transport.
However, in the arctic northern region of Norway, animals some-
times challenge these virtues. Using Goffman’s notion of frames and
Callon’s concept of overflow as theoretical starting points, the arti-
cle explores how transport engineers develop intelligent transport
infrastructure and envisionways of including animals and other non-
humans in the engineers’ framing of the road. The engineers first and
foremost implement new technological artefacts, which allow them
to survey the road in a manner which makes nature’s overflows onto
the road more manageable. However, these artefacts do not merely
contain nature in the engineers’ frame—the engineers also envision
humans, in this case,motorists, to change their practices. As such, the
engineers’ attempts to contain animals in a particular frame entail
using technology to assemble a new relationship between nature
and culture. Taking nature into account when planning and devel-
oping infrastructure means reassembling a particular nature-culture
relationship. Thus, the article points out that in order to engineer
nature, it is also necessary to engineer culture.
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1. Introduction

Modern transport systems are increasingly made up of a combination of physical and digi-
tal infrastructures, in configurations often referred to as Intelligent Transport Systems (ITS).
Proponents of ITS argue that combined physical-digital infrastructures might help reorga-
nize the transport sector in a manner which makes roads safer, more efficient, and more
predictable. The emergence of sociotechnical systems such as ITS represents an opportu-
nity tounderstandhowengineers attempt to construct future societies, includingparticular
conceptions of how humans and non-humans might coexist.1 The role of technology in
shaping society and vice versa has long been a central concern within Science and Tech-
nology Studies (STS).2 However, despite the observation that humans have not separated
nature from culture, relatively little attention has been paid to the role of non-humans in
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the construction of sociotechnical futures.3 This is noteworthy, considering the fact that
the development of the built environment and associated infrastructures cuts through
and alters animal habitats, threatens biodiversity, and decimates invaluable landscapes.4

As such, there is a need to consider how technologies and technologists—such as engi-
neers—deal with nature and its critters.5

In this article we look at how transportation engineers’ practices take animals and
other non-humans into account when developing and testing an ITS. Do engineers con-
sider how animals will or might interact with roads, now and in the future, or are these
interactions simply left to chance? This question is crucial to consider: while roads (and,
in the case of ITS, associated technologies) are engineered to facilitate human activities,
humans are not the only beings who traverse the road. Roads are also part of envi-
ronments where animals cross, graze, find shelter, and are transported. Hence, in order
to create sustainable environments, it is crucial to take animal-human interdependence
seriously.6 Cross-disciplinary thinking between STS, environmental history, and animal
studies can provide fertile ground for epistemological inquiries into the role experts have
in constructing boundaries between the environment and human-built infrastructures.7

While road infrastructure relies heavily on the knowledge, skills, and expertise of engi-
neers, transport planning practices have often ignored or overlooked animals, or rele-
gated them to some less important domain.8 However, the current development and
implementation of ITS (including sensors, communication systems, and new materials) is
giving rise to new epistemic practices in which there might also be carved a place for
animals.

Transportation systems can be conceptualized in a multitude of ways.9 Through the
emergence of telecommunications in the 1990s, a newunderstanding of transport systems
arose, allowing for viewing transport systems ‘as the combination of physical and infor-
mational inputs that allow a transport activity to take place.’10 ITS may be considered an
extension of this development. By pairing remote sensing with information and communi-
cations technologies, new opportunities for surveying and controlling traffic flows arose.11

As the cost and size of computer hardware and sensors continue to decrease, engineers can
developnew tools for chartingmovementwithin cities or alonghighways. By extension, the
amount of data collected provides both newopportunities formodeling transport and new
tools for surveying and controlling movement.

The development and implementation of ITS is also postulated to be a prerequisite for
the realizing of autonomous vehicles (AVs). While recent narratives on AVs have tended
to focus on vehicles rather than infrastructures, there is reason to believe that it will be
necessary to develop both physical and digital road infrastructures to accommodate such
vehicles.12 AVs are posited to havewide-ranging implications for society, including aspects
such as safety, environment, urban development, and transport planning.13 As such, ITS are
tied to a development which at least is posited to initiate comprehensive sociotechnical
transformations.14

Development and implementation of new technologies is often associated with both
unintended and unwanted consequences, and therefore warrants critical scrutiny.15 In
this article, we study one such project, where the Norwegian Public Roads Administration
(NPRA) installed ITS technologies on a road located in the arctic reaches of Northern Nor-
way. Aswewill show, amultitude of human andnon-human actors shape and are impacted
by the development of such new transportation systems. However, engineering is often
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conceived of as a purely technical practice, which ignores or downplays the social aspects
of the profession.16 Even less attention has been given to the more-than-social aspects of
engineering, such as the place of (other-than-human) animals. This is our concern in this
article. Engineers play an important role in defining what a road should be, how it is sup-
posed to be used, and by whom. In doing so, engineers employ a set of methods which
embody aparticular approach to knowledgeproduction. This outlook impacts the extent to
which animals are considered when practicing engineering—for example, when develop-
ing road infrastructure. Hence, a closer look at themethods and epistemology of engineers
is warranted.

1.1. Engineering knowledge

The engineering profession is curiously hard to define. This is evident not least when
attempting to articulate the profession’s epistemological basis.17 Whereas engineering
often involves the application of scientific knowledge, as reflected by the oft-used label-
ing of engineering as ‘applied science,’ engineers are generally not scientists.18 Still, much
of modern science relies upon the operation and interpretation of technological appara-
tuses, which often results in technical and scientific competences being collapsed into a
more general techno-scientific epistemology.19 This comes with an associated bracketing
of the epistemological particularities of the engineering profession, as well as engineering
knowledge as a distinct kind of knowledge.20 Whereas the above implies a close relation-
ship between science and engineering, there are some aspects where the two approaches
visibly diverge.

Kant and Kerr argue that engineering should be considered separate from the sciences
as engineering methods ‘are not the product of disinterested inquiry.’21 Unlike scientists,
who ostensibly embark on a quest for answers regarding the nature of reality itself, engi-
neers are expected toproduce satisfactory solutions, often from incomplete knowledge and
in the face of limited resources.22 Whereas the perceived universality of science stems from
its frequent disengagement from the context of its production, engineering happens in an
explicitly sociotechnical context.23 Engineering work is both conducted within sociotech-
nical systems and geared towards the construction or modification of such systems. As
such, engineers are faced with demands regarding funding from employers—such as gov-
ernments, the military and large companies—and expectations from society at large.24

Because of these constraints, engineers strive to make the best from available resources
and knowledge in a given timespan—with the quality of the chosen solution depending
on these factors. Accordingly, ‘engineering methods do not attempt to produce accu-
rate . . . models of the phenomena they study.’25 Rather, engineers only describe reality to
the extent that is necessary for solving the problem at hand.26

Transport systems engineering processes are situated in complex networks of knowl-
edge, involving multiple disciplines, like geography and economics.27 With engineering
knowledge being built on shifting sands, engineers are concerned with ‘knowing when or
why to search for new knowledge or update existing knowledge.’28 This, we argue, also
means that engineers are concerned with what aspects of the world may be reliably iden-
tified at any given time. As existing technologies are improved or new technologies are
introduced, new aspects of the world can—or may need to be—surveyed. Consequently,
engineers are both given and produce new tools for knowing. If we consider engineering
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tools to be tools that both describe and shape society, the emergence of new tools might
have social impacts, as they facilitate new ways of organizing the world through engineer-
ingmethods. Thismay have ramifications beyond the social: as human activities intrude on
animal habitats, engineering tools are sometimes used to manage the reciprocal intrusion
of nature into the realm of the sociotechnical.29 This warrants an exploration of the rela-
tionship between the social and the natural, and the role of technology in constituting this
relationship.30

1.2. Technology, nature and culture

Although transport engineering thematizes nature and wildlife, it is often as an
afterthought.31 The way in which animals are considered when developing technology-
based infrastructure is seldom spelled out or problematized. Generally, animals are seen
as something that can be dealt with, as external to the road localization. In this article, we
question this perspective and seek to explore how animals are taken into account when
developing ITS.

Examples of animals being affected by human activities are numerous, as reflected by
numbers indicatingworld-widebiodiversity loss.32 Anoften-citedexampleof technological
activities affecting animals is the industrial melanismobserved in industrial England.Moths
with darkwings blended better against smog-blackened trees andwere thus eaten less fre-
quently than their paler siblings. Over time, this shifted themoth population toward darker
colors, meaning that coal-fired industry affected natural selection.33 Norwegian reindeer
provide a grimmer example of animals being affected by technology. Through their lichen
diet, Norwegian reindeer are still exposed to radiation stemming from the 1986 Chernobyl
nuclear accident. Consequently, the radioactivity levels in reindeer meat may still exceed
the levels permitted within the European Union.34

However, animals are not only inadvertently affected by human technological activ-
ity. They are also regularly and actively made part of human affairs. For example,
fish have generally been placed at the nature side of the nature-culture divide, per-
haps due to the ‘difficulties of building affective relations with fish.’35 However, with
the advent of gene-editing in the 1980s, the introduction of salmon infused with
a human growth gene launched a heated debate in Norway, with the acceptability
of particular nature-culture relations being discussed and (re)defined at the national
level.36

The salmon population of the Deatnu River in Northern Norway provides another exam-
ple of how nature-culture relations might differ within the nation state. The dwindling
salmonpopulationof theDeatnuhas beenmade anobject of national regulation and recip-
ient of governmental care. Overfishing has been diagnosed as the cause of the population’s
decline; as a result, strict regulations have been put in place to conserve the population. 37

However, the Sámi people living by the Deatnu have contested the state’s actions, as the
regulations ‘prevent them from fishing in the same ways that they have for generations.’38

To the Sámi, care for the salmon is closely connected to care for the continuation of Sámi
culture near the Deatnu. Such an expression of care emerges from a less pronounced
nature-culture divide than that of the state: rather than being part of nature, the Sámi con-
sider the salmon part of their culture. The state’s expression of care, on the other hand,
sees (a monolithic conception of) human culture disturbing the fragile balance of nature,
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necessitating state intervention. This showshowdifferentgroups construct the relationship
between nature and culture in their own distinct manner.

The above examples show how human actions do not merely affect animals or take
them into account, but also shape and reshape both nature and culture in a manner which
makes the stark nature-culture divide of modernism hard to uphold.39 While human activ-
ities affect and are inextricably linked to non-human actors, these actors are to a varying
degree considered and/or incorporated into new and emerging sociotechnical systems. In
this article,we aim tounderstandhowengineers takenon-humanactors into accountwhen
planning or developing transport infrastructures and bywhichmeans animals are included
in their framing of the road.

2. Framing and overflowing

If the primary task of engineers is to establish satisfactory solutions, it stands to reason they
need to actively demarcate the situation at hand: what is the problem, what is the desirable
outcome, and what aspects are necessary to take into account in order to produce a satis-
factory solution?With this as a starting point, we find the concepts of framing and overflow
to be helpful in elucidating our case study.40

The concept of framing originates with Erwing Goffman and refers to the (usually
implicit) rules of interaction in particular situations.41 Goffman distinguished between two
primary frameworks: natural and social.42 When assessing a situation, a person first tries to
ascertain whether the situation is the result of guided or unguided doings. Consider a truck
grinding to a stop on an icy slope. The truck would be subject to the unguided doings of
nature: weather, temperature, and downpour have conspired to bring the truck to a halt.
However, to the subsequent motorists for whom the truck is blocking the road, the frame
changes: the situation is now subject to social standards and human judgement. Thewhole
situation might even depend on whether weather conditions or the truck driver are con-
sidered to be at fault.43 In its most general sense, the concept of frames refers to the social
frameworkwe interpret a situation in light of, regardless ofwhether the situation originates
with guided or unguided doings.

Whereas Goffman distinguished between natural and social frames, his writings dealt
almost exclusively with social frames.44 These are characterized by an (again, usually
implicit) agreement or mutual understanding of the proper ways of interacting. Upon
approaching a situation, people mobilize their cognitive resources and past experiences
in order to interact without having to think twice about the situation. However, cogni-
tive resources and past experiences are only part of what allows for frictionless interaction:
frames are also profoundly shaped by thematerial and organizational devices surrounding
a situation. Upon entering an art museum, for example, one will act and interact differ-
ently than when entering a shopping mall. However, as most of our daily interaction takes
placewithin surroundingswhere known elements are assembled into familiar patterns, the
familiarity allows us to bracket our links to the surroundings and act unencumbered.45

While a frame structures interaction, the frame is not total. Frames depend on themate-
rial and organizational surroundings as well as a mutual understanding of the situation at
hand. Frames can also bemisinterpreted, intruded upon by external actors, or even actively
challenged. Even thougha frameallows for the surroundingworld tobebracketed, the links
to the surroundings are not severed. Thus, there is ample room for (guided or unguided)
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doings to intrude on the frame. Michel Callon termed such instances ‘overflows.’46 In many
instances, overflows can be adapted to without substantially altering the frame in ques-
tion. However, the existence of overflows raises questions regarding the completeness of
frames andwhether overflows are the exceptionor thenorm. If overflows are the exception,
this implies that framing is an outcome that is easily achieved. If overflows are the norm,
this suggests that framing takes a considerable effort. Callon suggested that the latter is
the case: establishing andmaintaining framings requires substantial and often continuous
effort. Upon inventing new (material or organizational) devices for establishingmore com-
plete framings, ‘each of these elements, at the very same time as it is helping to structure
and frame the interaction of which it more or less forms the substance, is simultaneously
a conduit for overflows.’47 Attempts at containing overflow only serve to introduce further
linkages to the world outside the framing.

Transport infrastructures such as the road may be seen as a frame encompassing both
formalized and informal elements. Road conduct is governed by the traffic code and its
associated infrastructures (for example, signs, road markings, traffic lights).48 Further, the
road is associated with certain norms and assumptions, such as being predictable, safe,
and efficient—all aspects dealing with guided doings. However, the road which is the sub-
ject of this article is a site where multiple overflows originate in the (ostensibly) unguided
doings of animals and weather.49 One could argue that the road is a site where the natural
and the social meet, but this would suggest that the natural-social distinction can easily be
made.50 This is not the case. As pointed out previously, the nature-culture distinction differs
between groups.51 As such, the exact character of this distinction will depend on the iden-
tities of the involved actors.52 This also applies to professional identity, which profoundly
shapes the framing of a situation.53 Hence, rather than positing any pre-existing distinc-
tion or relationship between the social and natural elements, our analysis focuses on how
engineers reassemble a particular nature-culture divide in relation to the road.

3. Method

This article explores the Borealis project, an ITS project initiated by the Norwegian Pub-
lic Roads Administration. The origin of Borealis can be traced to 2016, when the Finnish
Transport Agency (FTA) initiated the Aurora project. In Aurora, the FTA equipped a 10
km stretch of the E8 road with digital infrastructures. The NPRA was inspired to conduct
a complementary project on the Norwegian side of the Norwegian-Finnish border and
struck up a partnership with the FTA. The Norwegian project was initiated in 2017 and
was named Borealis. Together, the two projects spell aurora borealis, Latin for the north-
ern lights. For Borealis, a 40 kilometer long stretch of public road was designated as the
test area. The stretch reached from Skibotndalen in Troms and Finnmark County to the
Norwegian-Finnish border (see Figure 1). After enlisting a group of nine partner companies
and institutions, a 10-kilometer section of the E8was equippedwith electricity and commu-
nications infrastructure and a variety of technologies, with testing of these commencing in
March 2019.54

The E8 was chosen as test site both due to the combination of demanding weather con-
ditions and its socioeconomic importance. In terms of climate, most of Northern Norway is
located in the arctic region, characterized by long, snowy winters that are mild in coastal
areas but cold inland. The E8 starts in Tromsø, where the coastal climate is relatively mild,
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Figure 1. Location of the Borealis project. a: The location of the Borealis site in Northern Europe. b: The
location of the Borealis project in relation to the regional capital Tromsø. (© Kartverket under a CC BY 4.0
license, modified by the authors.).

runs along fjords, before turning inland towards the Finnish border. Hence, the E8 is char-
acterized by a relatively broad range of climatic conditions, especially in the winter. The
socioeconomic importance of the E8 is also related to its coastal proximity, in particular fish,
which is Norway’s third largest export good (approx. EUR 9,500million/year) after crude oil
(approx. EUR 25,700million/year) and natural gas (approx. EUR 26,200million/year). The E8
acts as a transport corridor for freight trucks carrying fish from the coast ofNorthernNorway
to airports in Finland, where the fish is flown to European and Asian markets.55 The grow-
ing market for Norwegian fish has led to a significant increase in heavy transport along the
E8 (according to the NPRA’s websites, a 70% increase since 2010), with freight trucks now
making up 26% of the road’s total traffic. In order for the fish to reach European and Asian
markets, trucks first need to safely carry the highly valuable but often time-sensitive cargo
along a road where temperature and weather conditions change rapidly, from relatively
temperate coastal climates to freezing inland temperatures.

Whereas the E8 is increasingly trafficked by fish-carrying freight trucks, these are not the
only denizens of the road. The road is also populated by private motorists, public trans-
port, tourist buses, and local fauna, as well as herds of semi-domesticated reindeer. These
four-hoofed mammals are bred by the indigenous Sámi people within Sápmi, the cultural
region of Fennoscandia traditionally inhabited by the Sámi. As with the aforementioned
Deatnu salmon, reindeer are a central part of Sámi culture, as well as an important means
of economic sustenance for the Sámi population.56 Given that the reindeer herds graze
over a considerable area, domesticated reindeer frequently interact with transportation
infrastructure. Figure 2 shows reindeer suddenly emerging on the E8 aswe approached the
Borealis test site for our fieldwork. Thus, the E8 is a site where vehicles meet both animals
and weather, elements that make the road prone to overflows.

Our analysis is based on observations and qualitative interviews with stakeholders and
participants in the Borealis project, mostly conducted on site. We conducted 11 interviews
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Figure 2. Reindeer emerging on the road. (© The authors under a CC BY 4.0 license.).

with key stakeholders involved in the Borealis project, including representatives of the
Norwegian Public Roads Administration (including civil engineers and project managers),
technology developers whose products were being trialed, regional politicians, and indus-
try actors from transportation and goods procurement. The interviewees were selected as
they held key roles in the shaping of the new ITS systems and the road. The interviews
were recorded, anonymized, and transcribed verbatim.We also draw on policy documents,
white papers and gray literature. Our collective data material was inspired by a Grounded
Theory approach, allowing the empirical basis to shape the direction of the research.57 The
combination of open-ended interviews and an analytical approachwhere the central actors
were not defined beforehand allowed us to identify a variety of actors as implicated in the
Borealis project—including reindeer and fish. These unexpected actors emerged during
our coding process, piquing our interest: as these actors seldom show up in scholarly dis-
cussions regarding ITS, they seemed to offer an interesting entry point for studying the
relationship between animals, technology, and engineering practices.

4. Analysis: nature, technologies and ways of knowing

The engineers working in the Borealis project argued that in order to solve problems, one
needs to understand both the available technology and the local culture. Hence, when
preparing the Borealis project, the NPRA sought out the views of local actors such as pub-
lic transport companies, the customs office, road maintenance companies, and the fishing
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industry, as to identify particular challenges facing the E8 road and possible ways of solving
them. In terms of perspectives, however, this list had some notable gaps: reindeer herders
and Storfjord Municipality, the municipality hosting the Borealis project, were merely kept
informed, rather than being consulted. The list, then, suggests a particular focus: the NPRA
appears to primarily have sought out the perspectives of those whose business and/or
logistics rely upon an efficient and predictable road, rather than actors whose connection
to the road was less obvious—including other-than-human animals, such as reindeer and
fish.58

The NPRA’s elicitation of local perspectives, however partial, was grounded in a belief
that the problems of the road might be solved by other means than technology. Whereas
the funding and development of Borealis relied upon the construction of technology-
informed visions, the NPRA did not believe technology to be the sole solution to the
problems they had identified: cultural change might be another option.59 As one engi-
neer put it, by way of analogy: ‘you cannot ask the French to stop drinking alcohol and
driving afterwards—but it would be more cost-efficient for society if people quit driv-
ing when drunk than to invent cars that allow people to drink and drive.’ The engineer’s
statement suggests adistinctionbetweencultural and technological change, inwhich tech-
nology is seemingly a neutral (though expensive) means of solving problems, whereas
changes in culture might be more efficient but harder to achieve. The distinction between
technological and cultural change lacks precision, though, as the implementation of new
technology often requires an associated change in culture and, in our particular case, even
the reconfiguration (or reengineering) of the nature-culture relationship.

4.1. Fish and timing

One example of overflow stems from the Norwegian fishing industry. The E8 road where
the Borealis project was located is a route used for the transportation of fish from the coast
of NorthernNorway to Finnish airports, where the cargo is flown to Euro-Asianmarkets. This
cargo is time-sensitive, especially when the fish has not been frozen. However, a common
problem in the winter is freight trucks grinding to a halt on slippery uphill slopes, block-
ing traffic. One of the NPRA’s partners attempted to mitigate this problem by equipping
the road with repurposed parking sensors capable of identifying themagnetic signature of
trucks coming to a stop:

It’s a challenge that large trucks filled with fish have problems in slippery slopes, stopping
everything behind them. The alternative route is extremely long in comparison, so that’s it for
the cargo, the value is lost. Now, we are testing the detection of trucks driving up this problem
hill, which send out warnings if [a truck] slows down or stops. We then send warnings to the
road central, and alternatively also to the smart signs. (Interview, technology developer)

Upon identifying a truck experiencing difficulties, the sensors would alert the traf-
fic authorities through a dedicated communications infrastructure. This would allow the
authorities to rapidly deal with the situation and re-open the road. Paired with an alert sent
to the smart signs in the region, the sensors would also be able to communicate to truck
drivers, allowing them to choose a different route long before reaching the blocked road.
The sensors, if working properly, would helpmake the roadmore predictable and decrease
the chances of a spoilt cargo. The importance of efficiency and predictability along the E8
was also stressed by an NPRA engineer:



ENGINEERING STUDIES 59

You’ve got 18 h to get to Helsinki, with maximum two hours to spare. If loading is slow at
Skjervøy, you lose one hour, you use 45 min for installing and removing snow chains, which
leaves you 15 min to spare. If someone gets stuck in a slope, then, your cargo is spoiled, you’ll
miss the flight to Asia from Helsinki, and lose the ‘rigor mortis’ in the sushi. Alternatively, you
could freeze the cargo and lose 75% of the value. (Interview, engineer)

Due to its specific biological composition, fish is a highly perishable good. The combination
of perishability and the E8′s unpredictability means that the fishing industry is faced with
a choice: either transport fresh fish and risk losing the cargo in case of unforeseen events
or freeze the fish and lower its retail value in order to avoid this risk.60 However, by equip-
ping the road with ITS technologies, the Borealis partners sought to improve predictability
and ease time-management, thus possibly reducing the need to deal with a specific animal
characteristic of fish, namely its perishability. By establishing an overview of when, where,
and what goods and people are on the road, overflows would become more immediately
identifiable and thus also quickly manageable. Curiously, reducing the need to freeze the
fishwould possibly also alleviate an already existing overflow in the engineers’ frame of the
road, which we turn to next.

4.2. Reindeer on the road

The semi-domesticated reindeer of the Sámi can often be seen walking leisurely on the
roads of Northern Norway, where they run the risk of being hit by motorists. This prob-
lem has been exacerbated by the fishing industry: during transport, frozen fish sees a slight
temperature increase, which causes ice to melt and spill saline fish water onto the road. As
reindeer seek nutrition in thewinter, the salt bringsmore reindeer to the road. In neighbor-
ing Finland, motorists deal with reindeer through the mobile application (app) Porokello
(Finnish for ‘reindeer bell’). The app allows drivers to report real-time reindeer observations
via their smartphones. When other app users approach the same area, they are alerted by a
sound notification. However, Norway is more restrictive than Finland regarding the use of
mobile phones in cars, precluding the implementation of such an app. The implementation
of an ITS, however, could help manage the reindeer.

One NPRA engineer suggested that by equipping reindeer with GPS trackers, one could
reduce the number of such reindeer being killed by drivers.61 Using data from GPS track-
ers, it would be possible to communicate the presence of reindeer on the road to cars in
the area through dedicated communications infrastructure—so-called infrastructure-to-
vehicle (I2V) communications. For example, the vehicle could play back a pre-recorded
voice message warning the driver that there are reindeer ahead. However, the engineer
expressed some concerns regarding the prospect of drivers taking the necessary care after
being alerted:

You can begin to alert vehicles. Not necessarily the driver . . . In a car, the weakest link sits
between the steering wheel and the seat . . . But if we can communicate with the car and
have it act differently, if the navigational system communicates that there are reindeer ahead,
rather than merely alerting the driver with a reindeer icon. Or if the driver is routed around
[the reindeer], without even knowing that there was trouble on that road. They are merely
recommended an alternative route or to lower their speed. (Interview, engineer)

Rather than merely ‘alerting the driver with a reindeer icon,’ the engineer suggested that
upon receiving a reindeer alert, the car’s functionality could change. One of the engineer’s
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suggestions was to have the car’s navigational system redirect the current route as to avoid
the reindeer altogether. Another suggestionwas to have the car’s systemchange the inflec-
tion point of the gas pedal. Such a change would cause the car to decelerate, forcing the
driver to apply more pressure to the pedal to maintain the (too high) speed. Through this
functionality, the driver would have to make a conscious decision to continue to drive at a
high speed after being alerted to the presence of reindeer. These suggestions demand the
driver to exert different degrees of agency and show how the inclusion of reindeer in the
frame of the road demands a certain control over the agency of motorists. In this case, the
engineer envisioned changes in the relationship between the driver and the car.

The Borealis project also tested pole-mounted LiDARs pointed toward the road. This
technology uses laser pulses to measure distance and was implemented to assess whether
it could be used to identify trucks coming to a stand-still in steep uphill slopes. One NPRA
engineer, however, envisioned a possible alternative use. He suggested that pole-mounted
LiDARs might also be used for identifying quadrupeds on the road and subsequently com-
municating their presence to cars in the vicinity. However, he argued, moose do not ‘walk
like a catwalk model in front of you’: they move unpredictably, which makes it compli-
cated to produce a useable LiDAR signature. However, the engineer suggested, a potential
solution would be to place a LiDAR device at a farm and use horses to produce a LiDAR
signature for large quadrupeds. Rather than correctly identifying the species of quadruped,
this signature would allow the LiDAR to identify the presence of any large quadruped on
the road. This reflects the practical approach characterizing engineering methods: rather
than correctly identifying the quadruped, the aim was to reduce its chances of becoming
roadkill.

4.3. Newways of knowing, new overflows

In our last example, we no longer deal explicitly with animals. However, the example still
warrants inclusion because it succinctly illustrates the problem of constructing a compre-
hensive sociotechnical system to contain overflows, regardless of whether they originate
from nature or culture. Also, the example still relates to the nature-culture divide, with the
northern lights representing nature. The previous examples we have discussed show how
the engineers dealt with known problems. However, their attempts at dealing with the
known problems also revealed new, hitherto unknown problems. One such problem orig-
inated with the northern lights. Since the late 2000s, Northern Norway has seen a steady
increase of so-called northern light tourists, lured by the prospect of seeing the northern
lights, going reindeer and dog sledding, and feasting on salmon, reindeer, and other local
delicacies. To properly be able to see the northern lights, tourists seek out areas without
light pollution, such as the rural stretches of the E8. This, it turns out, has unexpected rami-
fications for road safety. In Borealis, the NPRA installed cameras to survey certain stretches
of road. To their surprise, the cameras showed tourists stopping their vehicles and laying
down in themiddle of the road to better take in the viewof the northern lights. This practice
could obviously lead to dangerous situations, should a loaded truck pass by at the wrong
moment. Whereas the engineers did not present any specific solution for addressing the
problem, the example still illustrates how technologies not only create new overflows, as in
the example of saline fishwater, butmay also expose existing, thoughpreviously unknown,
overflows.
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While the NPRA engineers sought to use technology in order to create a comprehensive
frame for the road, technologies may also expose existing overflows, as exemplified by the
novel practice of stargazing in themiddle of the road.While the practice leaves fewmaterial
traces, it became knowable (and known) through technological means. The implementa-
tion of new artifacts did not only allow for the inclusion of new elements in the engineers’
frame, it also gave the engineers new knowledge of the road, which introduced them to
a new overflow. Whereas engineers need to decide when and where to search for new
knowledge, this example shows how new knowledgemight also be the by-product of new
engineering practices.62 Through the engineers’ attempt to contain overflows, the camera
technology produced a new overflow by making a novel, chiefly immaterial socio-cultural
practice known and thus eligible for inclusion in a future expansion of the engineers’ frame.
Whereas this example does not deal with animals per se, it still demonstrates the challenge
of using technologies to establish control: these technologies produce newknowledge and
may thus also introduce new actors, human or non-human, that have to be dealt with in
order to retain control over the road.

The above examples show how the engineers invested significant resources in attempt-
ing to contain known overflows. Whether through repurposed parking sensors and smart
signs or I2V communications and GPS-tracked reindeer, the Borealis partners envisioned
a future in which technology would help contain an ever-increasing number of actors in
their framing of the road. Reindeer, for example, were thought of as just another variable.
By providing the road with the possibility of sensing them, they could also become man-
ageable. Still, the examples also show how attempts to contain certain overflows demand
further expansions of the current framing in order to contain new overflows. For example,
the attempt at engineering away risk by freezing fish resulted in saline fish water attract-
ing reindeer that subsequently have to be managed. The risk associated with transporting
fresh fish, on the other hand, necessitates another kind of engineering where time con-
straints are negated through the establishment of a predictable, controlled road. In both
these instances, new technological solutions are envisioned or added to contain any cur-
rently unmanageable elements. As the introduction of new elements also introduces new
links to the world outside the frame in question, the engineers’ frame extends far beyond
the fishing industry and reindeer herds, possibly even influencing motorists’ control over
their own car. Simultaneously, the expansion of the frame through technological artefacts
revealed new overflows. However, the new problems (for example, stargazers) might be
negligible compared to the ones that have been (prospectively) contained. This suggests
that rather than solving problems, frame expansions changewhat problems are present, for
better or worse.

5. Discussion: engineering nature, engineering culture

Through Borealis, the NPRA engineers sought to take stock of what ITS technologies
currently existed and how mature these technologies were. The engineers emphasized
that they were not invested in any particular technology.63 Rather, they sought to assess
whether the technologies they tested might help solve the transport challenges facing
the region. In terms of framing, the NPRA engineers held a position where both framing
and overflow was the norm: framing was the desirable norm, but overflows were statisti-
cally predominant.64 The epistemic culture of the NPRA engineers was characterized by a
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problem-solvingmentality: wherever therewas overflow, therewas an associated prospect
of concocting a technological artefact which might contain it.

Engineers ‘use knowledgeprimarily to design, produce, andoperate artefacts.’65 In Bore-
alis, the engineers and developers sought to create new or deploy extant technological
artefacts capable of containing known overflows.66 Some of the technologies were tailor-
made for Borealis, while others were simply adapted from previous uses, pointing to a
certain interpretative flexibility in terms of area of application.67 Whether tailor-made or
repurposed, the technologies in question were tested due to their potential for render-
ing the world surrounding the road knowable: in order to reliably contain overflows, the
technologies would have to be (sufficiently) adept at identifying their surroundings. As
such, the engineers used Borealis to explore how new artefacts might allow new elements,
among them animals, to be surveyed through an ITS and, by extension, to be included in
the engineers’ framing of the road.

The E8 road acts as a meeting place for animal species that do not ‘naturally’ intermin-
gle. The NPRA chose the E8 as a test site due to its socioeconomic importance, not least
for the fishing industry. The NPRA and the fishing industry shared similar concerns regard-
ing the efficiency and predictability of the road. The current lack of predictability led some
industry actors to freeze fish in order to reduce the economic risk posed by overflows such
as reindeer or weather-bound trucks. When frozen, the perishability of the goods—itself a
characteristic of the fish’s biological composition—is reduced, but its value as a commod-
ity can bemore easily controlled. However, even after being slaughtered and commodified,
the fish are still a source of overflow: trucks carrying frozen fish drip saline fish water onto
the motorway, water that attracts reindeer which then risk being hit by other vehicles. The
engineers saw the reindeer as a problem to bemanaged,whether through a Finnishmobile
app or a future I2V system encompassing tracking devices, LiDAR, smart signs, and com-
munications devices in cars. Through such a technological system, the reindeer could be
contained within the engineers’ framing, which would help them uphold the virtues of the
road: freedom of movement, efficiency of time and cost, and predictability. However, as
exemplified by the northern light tourists stargazing in the middle of the road, the imple-
mentation of new technologiesmay alsomake newoverflows visible, thus highlighting the
challenge of using technologies to establish control.

Terje Finstad has argued the importance of ‘investigating the ways in which animals are
integrated into society.’68 Adding to this, one should also ask why—for what reasons and
by what means are animals brought into which cultures? Consider the NPRA engineers’
work to help reindeer and salmon migrate from nature to culture: the same animals have
been an integral part of Sámi culture for centuries.69 In the case of Borealis, the engineers
seek to make fish and reindeer part of culture for particular purposes, whether it is the fish
being frozen tomitigate the risk of spoilt cargo due to unforeseen events (overflows) or the
prospect of integrating reindeer into an ITS to make the E8 more predictable.

To contain nature is to change culture. Whereas the NPRA engineers sought to contain
overflows originating from fish and reindeer, such containment would often rely upon the
reconfiguration of culture. Consider the reindeer alerts. The engineers envisioned differ-
ent concepts: voice alerts urging the driver to slow down, the GPS suggesting a different
route to avoid problem areas, and changing the inflection point of the gas pedal. All three
concepts rely upon changing driving practices, whether by having drivers comply with
technology (the two former) or actively counteract it (the latter). As such, the engineers
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presupposed that humans will accept to have their actions controlled or at least influ-
enced by technology. Hence, the prospect of including reindeer in the ITS also constructs
a frame where guided and unguided doings are entangled—through an ITS, the unguided
doings of reindeer are quite clearly transposed into guided doings by (ideally) influencing
the actions of motorists.70 The successful containment of reindeer in the engineers’ frame
depended entirely upon changing the overall culture surrounding the road.

The NPRA engineers are but the latest in a long line of actors seeking to facilitate
co-existence through controllability. Similar efforts have been exerted by city physicians
toward pests, local governments toward pigs, and nation-states toward salmon.71 In our
case, the engineers’ efforts to facilitate co-existence focused on the construction of an
expansive ITS consisting of technologies that were capable of knowing the world (to the
extent that the world needed to be reliably knowable in order to solve known problems).
This suggests that theNPRAengineers did notmerely solve problems: they concocted com-
prehensive systems that would make the world knowable in a certain manner, in order to
make it manageable or, ideally, solvable. Accordingly, one could argue that the engineers
in question only took nature into consideration insofar as it could bemade predictable, and
thus ignored views of nature which consider it to bemore than just something to be folded
into culture in service of predictability, controllability, and (perhaps inadvertently) profit.

John Law has argued that no unified reality exists. However, through the establishment
of standards and procedures for measuring and identifying certain aspects (or concepts) of
the world, one reality is given privilege. This reality is further institutionalized through the
use of technologies that survey the world in specific scientific terms.72 While this descrip-
tion appears to mirror the practices of our engineers, we argue that it is something quite
different to survey the world in engineering terms. Rather than attempting to establish the
strict unity and exclusivity often associated with and strived for in science, our engineers
appearedmoreopen tomultiplicity.73 The engineers constructed a frameof the roadwhere
their frame was at the top of a hierarchy, rather than being the only one: the engineers’
frame could co-exist with other nature-culture configurations, as long as the doings of (for
example) reindeer and drivers did not actively challenge it.

To our engineers, co-existence was a question of animals’ submitting to a technological
worldview. The engineers’ worldview emphasized controllability, although not the strict
controllability yearned for by science. There was room for uncertainty: as long as an over-
flowwas readily identifiable as such, it did notmatter if itwas ahorse, amoose, or a reindeer.
Our engineers were adept at coming up with concepts for containing overflows. However,
these concepts often entailed reconfiguring both nature and culture. Hence, the prospect
of successfully implementingor expanding theengineers’ framingof the roaddependedon
both humans and animals accepting to first and foremost become denizens of engineering
culture upon entering the road.74

An issue remains: if animals are expected to submit to the engineers’ technologies, do
the proposed concepts help facilitate a meaningful mode of co-existence? While the con-
cepts entailed a reconfiguring of the nature-culture relationship, possibly including human
agency over their vehicle, nature was generally given the short end of the stick: animals
were first and foremost expected to adapt to the needs of human society. Whereas the
implementation of new technologiesmight render the presence of animalsmore tolerable,
the accompanying reconfiguration of the nature-culture divide still promoted a mode of
co-existence which skewed toward culture rather than nature. While the engineers left
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room for other understandings of the nature-culture relationship, their worldview still
implies a future in which humans retain dominion over the animals. However, our study
still offers hope: if the relationship between nature and culture can be reengineered,
there exists a possibility of constructing nature-culture relationships which emphasize
co-existence over subjection.

6. Conclusions

In Euro-American thought there is a ‘foundational division of nature from culture.’75 How-
ever, we are all entangled in nature, even in what appear to be explicitly human endeav-
ors—for example, road development.76 In this article, we have explored howengineers had
to consider animals—bothdead and alive—when implementing, developing, and testing a
combination of physical and digital infrastructures in a so-called Intelligent Transport Sys-
tem. In their attempt to frame the road as a predictable, efficient, and safe environment,
the engineers in our study had to deal with overflows such as reindeer and fish. Rather than
treating these actors as external to the road itself, the engineers sought to make them part
of society. By concocting and implementing a variety of technological artefacts for survey-
ing and knowing the road and its surroundings, the engineers sought to retain control of
the road. These artefacts would give the engineers new ways of surveying and knowing
the road and its denizens, and possibly newmethods for controlling or managing the rela-
tionship betweenmotorists, technologies, infrastructure, and animals. However, it is worth
noting that these new ways of knowing did not require a fully accurate representation of
the road and the events surrounding it. Rather, the engineers exhibited a certain pragma-
tism, in which the containment of overflows trumped an accurate representation of reality:
whether the animal on the road is a horse or a reindeer did not matter, the identification
of some quadruped was sufficient. This suggests that the engineers’ overall priority was to
render nature manageable or controllable.

Whereas the engineers envisionedor sought to implement artefacts throughwhichnon-
human actors would become manageable, the inclusion of actors such as reindeer in the
ITS would also entail changing the relationship between motorists and reindeer. Digital
infrastructures capable of sensing reindeer and alerting vehicles of their presencewould be
of little use if motorists do not act accordingly. Hence, the engineers also sought to influ-
ence themotorists, either by having themadapt their driving practices or by rerouting their
vehicles upon being alerted to the presence of reindeer, or by changing the gas pedal’s
inflection point, thus forcing motorists to actively counteract the vehicle’s technology if
they do not want to take the alert into account. To use Goffman’s terms: as the presence of
reindeer is communicated through the ITS, the reindeer’s unguided doings would (ideally)
be turned into guided doings on the part of the motorist, with the ITS essentially transpos-
ing a natural frame into a social one. Hence, the engineers did not merely seek to contain
particular elements of nature in their frame of the road. Rather, they sought to constitute
a new relationship between nature and culture. Whereas the engineers’ frame left room
for cultures with a different conception of the nature-culture relationship (for example, the
Sámi), subjection to technology (that is, the engineers’ frame)was considered aprerequisite
for human and non-human co-existence on the road.

A final, very different examplemay remindus that engineers, likemost humans, regularly
must consider animals. Upon our visit to the Borealis site, the NPRA engineers recounted
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how it is crucial to seal the base of ITS control centers: if left unsealed, mice will intrude and
gnaw away at electrical insulation, causing short-circuits. Thismundane example, in combi-
nationwith the ones elaborated upon throughout this article, suggests that engineers deal
with animals more often than one would expect. The intersection between engineering
studies andanimal studies is currently under-exploredbut as this article shows, the twomay
be combined fruitfully. As engineers direct their problem-solving capabilities toward com-
binations of technologies (broadly defined) and animals, they often come up with novel
configurations of natural and social elements. Hence, inquiries into howengineers take ani-
mals into account are also inquiries into the (historical, actual, or future) reconfiguration of
nature and culture.77

Engineers seek to produce workable solutions with limited resources andwithin a given
timespan.78 As such, their profession is characterized by problem-centered frames, prag-
matic choices and a continually evolving knowledge base. This sets engineering apart from
the rigidity of science ‘proper.’ Still, engineering appears to prioritize sorting nature and
culture in ways that make the resulting world manageable. Considering engineering’s flex-
ibility toward other frames, however, a control-focused, technology-enabled frame might
not be the only frame in which guided and unguided doings can productively coexist.
To engineer nature, one also needs to engineer culture: within this observation lies the
prospect of constructing new ways of relating to the so-called natural world.

Notes

1. Finstad, “Naked Gene Salmon”; Haraway, Staying with the Trouble.
2. Bijker, Hughes, and Pinch, Social Construction; Callon, “Society in the Making”; Mackenzie and

Wajcman, Social Shaping of Technology; Jasanoff and Kim, Dreamscapes of Modernity.
3. Latour,WeHave Never BeenModern; although consider, e.g., Haraway, Staying with the Trouble.
4. Jasanoff, The Ethics of Invention; Pimm et al., “Biodiversity of Species.”
5. Haraway, Staying with the Trouble; Jørgensen, “Rethinking Rewilding.”
6. Brown, “Animal-Human (Co)Agency.”
7. Jørgensen, “Rethinking Rewilding.”
8. Andrews, Priya, and Riley, Roads and Ecological Infrastructure.
9. Button and Hensher, “Introduction.”

10. Ibid., 3.
11. Rodrigue, Comtois, and Slack, The Geography of Transport Systems, 241ff.
12. On the recent narrative of autonomous driving, see Stilgoe, “Machine Learning, Social Learn-

ing.” However, historically, infrastructures have played an important role in visions of vehicular
automation, see for exampleWetmore, “Driving theDream”andKröger, “AutomatedDriving.” For
recent studies discussing AVs and infrastructure, see Stilgoe, “Seeing Like a Tesla” and Haugland,
“Changing Oil.”

13. Milakis, van Arem, and vanWee, “Policy and Society Related Implications of Automated Driving”;
Legacy et al., “Planning the Driverless City.”

14. Haugland and Skjølsvold, “Promise of the Obsolete.”
15. Stilgoe, Owen, and Macnaghten, “Framework for Responsible Innovation.”
16. Trevelyan, “Reconstructing Engineering from Practice,” 175.
17. Grimson and Murphy, “Epistemological Basis of Engineering,” 161.
18. Indeed, historically, the notion of applied science has played a particular role in drawing up the

boundaries between science and engineering; see Gieryn, “Boundary-Work,” 791.
19. Latour, Science in Action; Layton, “Conditions of Technological Development.”
20. Kant and Kerr, “Taking Stock,” 690.
21. Ibid., 716.



66 B. T. HAUGLAND ET AL.

22. Merton, “The Normative Structure of Science.”
23. On the universality of science, see, for example, Knorr-Cetina, The Manufacture of Knowledge;

Traweek, Beamtimes and Lifetimes.
24. Kant and Kerr, “Taking Stock,” 715.
25. Ibid., 715–6.
26. Simon, Sciences of the Articifial.
27. Cvetinovic, Nedovic-Budic, and Bulay, “Decoding Urban Development Dynamics”; Eräranta and

Mladenović, “Networked Dynamics of Knowledge Integration.”
28. Grimson and Murphy, “Epistemological Basis of Engineering,” 176.
29. Kant and Kerr, “Taking Stock.”
30. Latour,WeHave Never BeenModern.
31. See for example Glista, DeVault, andDeWoody, “MitigationMeasures”; Rytwinski et al., “Reducing

Road-Kill.”
32. Pimm et al., “Biodiversity of Species.”
33. Knorr-Cetina, “Evolutionary Epistemology.”
34. Skuterud et al., “Chernobyl Radioactivity Persists in Reindeer”; see also Wynne, “May the Sheep

Safely Graze?” for a different perspective on animals, radioactivity, and risk.
35. Finstad, “Naked Gene Salmon,” 98.
36. Ibid.
37. Joks and Law, “Sámi Salmon, State Salmon.”
38. Ibid., 163.
39. Latour,WeHave Never BeenModern; Haraway, Companion Species Manifesto.
40. Goffman, Frame Analysis; Callon, “Framing and Overflowing.”
41. Goffman, Frame Analysis.
42. Ibid., 20f.
43. Brewster and Bell, “The Environmental Goffman,” 51f.
44. Ibid., 48.
45. Here, we draw upon the language of Latour, Reassembling the Social as well as Goffman, Frame

Analysis.
46. Callon, “Framing and Overflowing”; see also Goffman, Frame Analysis, 26.
47. Callon, “Framing and Overflowing,” 254.
48. However, road conduct is not exclusively shaped by the formalized rules, it is also shaped by

(more or less) shared outlooks onwhat rules are permissible to bend or break; e.g., Haugland and
Skjølsvold, “Promise of the Obsolete,” 42.

49. On the question of agency in animals, Goffman supports ‘some perceivedly basic distinctions
within the social sphere, such as that between human and animal purposiveness.’ In our inter-
pretation, this suggests that Goffman relegates animals to the realmof the natural, meaning their
doings are considered unguided; Goffman, Frame Analysis, 23.

50. Such dualisms are not uncommon in engineering practice, see, e.g., Faulkner, “Dualisms, Hierar-
chies and Gender.” However, we contend that situations generally are hybrid, that is, made up of
combinationsof social andnatural elementswhich cannot easily beuntangled; Callon, “Sociology
of Translation.” Indeed, often we deal with natural fabrications, that is, ‘deliberate attempt[s] at
making a contrived event or environment appear natural’; Brewster and Bell, “The Environmental
Goffman,” 53.

51. Joks and Law, “Sámi Salmon, State Salmon”; Finstad, “Naked Gene Salmon.”
52. E.g., van Hulst and Yanow, “From Policy ‘Frames’ to ‘Framing,’” 102–3.
53. Fyhn, Søraa and Solli, “Energy Retrofitting”; Lagesen and Sørensen, “Walking the Line?”
54. For an in-depth look at the technopolitical aspects of the Borealis project, see Haugland, “Chang-

ing oil.”
55. Because of the limited capacity of nearby Norwegian airports, fish cargo is often carried by trucks

to Finland and then flown from airports there.
56. Joks and Law, “Sámi Salmon, State Salmon.”
57. Charmaz, Constructing Grounded Theory.



ENGINEERING STUDIES 67

58. For another example of the NPRA’s ambivalent treatment of local expertise, see Solli and
Ryghaug, “Assembling Climate Knowledge.”

59. For example, the NPRA has been relatively successful in striving toward realizing Vision Zero;
Elvebakk and Steiro, “First Principles, Second Hand.” On the use of visions in Borealis, see
Haugland, “Changing oil.”

60. On the construction of value-chains for frozen fish and the establishment of Norway’s domestic
frozen fish industry, see Finstad, “Familiarizing Food.”

61. One example of active geo-fencing using virtual herding technology can be seen in the case
of Norwegian goats; Søraa and Vik, “Boundaryless Boundary-objects.” However, the technology
being used for goats is still being tested, and, as of writing, testing on reindeer has not been
approved in Norway.

62. Grimson and Murphy, “Epistemological Basis of Engineering.”
63. For example, the NPRA used A/B testing of both different technologies and variants of the same

technology; for an in-depth description, see Haugland, “Changing Oil,” 6.
64. Here, we paraphrase Callon, “Framing and Overflowing,” 250.
65. Vincenti,What Engineers Know, 226.
66. On the relationship between technology and engineering knowledge, see Kant and Kerr, “Taking

Stock,” 706ff.
67. Bijker, Hughes, and Pinch, Social Construction.
68. Finstad, “Naked Gene Salmon,” 116.
69. Joks and Law, “Sámi Salmon, State Salmon.”
70. On the question of whether animal doings should be considered unguided, see note 49.
71. Finstad, “Rottereiret”; Jørgensen, “Running Amuck?”; Joks and Law, “Sámi Salmon, State Salmon.”
72. Law refers to this process as routinization; Law, After Method, 33.
73. Here,we refer to theoverarching ideal of science, rather than theheterogenouswork takingplace

within disciplines and subdisciplines; see Kant andKerr, ‘Taking Stock,’, 686, 691ff. As previous STS
studies have shown, there is considerable work involved in making scientific knowledge claims
generalizable; e.g., Knorr-Cetina, TheManufacture of Knowledge.

74. The geo-fenced goats referenced in note 61, for example, would actively challenge the perimeter
defined by the technology; Søraa and Vik, “Boundaryless boundary-objects.”

75. Lien and Law, “Emergent Aliens,” 65; Latour, We Have Never Been Modern; Haraway, Companion
Species Manifesto.

76. Haraway, Staying with the Trouble; Latour,WeHave Never BeenModern; Law, After Method.
77. There exists a considerable literature dealing (implicitly or explicitly) with the construction of ani-

mals as natural or cultural subjects: Jørgensen, “RunningAmuck?”, Finstad, “NakedGene Salmon”
and Lien and Law, “Emergent Aliens” are merely some of the examples. However, less attention
has been paid to how engineers deal with animals—and, not least, how animals deal with engi-
neers. For recent studies of how animals deal with technology, see Finstad, Aune, and Egseth,
“Domestication Triangle” and Søraa and Vik, “Boundaryless Boundary-objects.”

78. Grimson and Murphy, “Epistemological Basis of Engineering,” 176.

Acknowledgements

We would like to thank Vivian Anette Lagesen, Miloš N. Mladenović, and Wiebe Bijker for comment-
ing on drafts of this article. We are also grateful for the constructive comments from two anonymous
reviewers and the journal editor, which greatly contributed to the improvement of the paper. Finally,
we would like to thank the professionals who gave us their time and thoughts during our data
collection.

Disclosure statement

No potential conflict of interest was reported by the author(s).



68 B. T. HAUGLAND ET AL.

Funding

This project was funded by the Norwegian Research Council, under grant no. 283354.

ORCID

Bård Torvetjønn Haugland http://orcid.org/0000-0002-2385-416X
Marianne Ryghaug http://orcid.org/0000-0003-3942-6810
Roger Andre Søraa http://orcid.org/0000-0001-6800-0558

References

Andrews, Kimberly A., Nanjappa Priya, and Seth P. D. Riley, eds. Roads and Ecological Infrastructure:
Concepts and Applications for Small Animals. Baltimore: Johns Hopkins University Press, 2015.

Bijker, Wiebe E., Thomas P. Hughes, and Trevor Pinch, eds. The Social Construction of Technological
Systems: NewDirections in the Sociology and History of Technology. Cambridge: The MIT Press, 1987.

Brewster, Bradley H., and Michael Mayerfeld Bell. “The Environmental Goffman: Toward an Envi-
ronmental Sociology of Everyday Life.” Society and Natural Resources 23, no. 1 (2009): 45–57.
doi:10.1080/08941920802653505.

Brown, KatrinaMyrvang. “TakingAnimal-Human (Co)Agency Seriously: Lessons fromEverydayActs of
Conservation.” Paper presented at theNordic Environment Social Science Conference 2015, Trond-
heim, Norway, June 11 2015. http://ness2015.rural.no/wp-content/uploads/2013/11/Katrina-M-
Brown-Taking-animal-human-coagency-seriously.pdf.

Brox, Ottar. Hva skjer i Nord-Norge? En studie i norsk utkantpolitikk [What is Happening in Northern
Norway? A Study of Norwegian Regional Politics]. Oslo: Pax, 1966.

Button, Kenneth J., and David A. Hensher. “Introduction.” InHandbook of Transport Systems and Traffic
Control, edited by Kenneth J. Button, and David A. Hensher, 1–8. Bingley: Emerald Group, 2001.

Callon, Michel. “Some Elements of a Sociology of Translation: Domestication of the Scallops and the
Fishermen of St. Brieuc Bay.” The Sociological Review 32, no. 1_suppl (1984): 196–233.

Callon, Michel. “Society in the Making: The Study of Technology as a Tool for Sociological Analysis.”
In The Social Construction of Technological Systems: New Directions in the Sociology and History of
Technology, edited by Wiebe E. Bijker, Thomas P. Hughes, and Trevor Pinch, 83–103. Cambridge:
The MIT Press, 1987.

Callon,Michel. “AnEssayonFramingandOverflowing: Economic Externalities RevisitedbySociology.”
The Sociological Review 46, no. 1_suppl (1998): 244–269. doi:10.1111/j.1467-954X.1998.tb03477.x.

Charmaz, Kathy. ConstructingGroundedTheory: A Practical Guide ThroughQualitativeAnalysis. London:
Sage, 2006.

Cvetinovic, Marija, Zorica Nedovic-Budic, and Jean-Claude Bolay. “Decoding Urban Development
Dynamics Through Actor-Network Methodological Approach.” Geoforum 82 (2017): 141–157.
doi:10.1016/j.geoforum.2017.03.010.

Elvebakk, Beate, and Trygve Steiro. “First Principles,: Second Hand: Perceptions and Interpretations of
Vision Zero in Norway.” Safety Science 47, no. 7 (2009): 958–966. doi:10.1016/j.ssci.2008.10.005.

Eräranta, Susa, and Miloš N. Mladenović. “Networked Dynamics of Knowledge Integration in Strate-
gic Spatial Planning Processes: A Social Network Approach.” Regional Studies (2020): 1–13.
doi:10.1080/00343404.2020.1739637.

Faulkner, Wendy. “Dualisms,: Hierarchies and Gender in Engineering.” Social Studies of Science 30, no.
5 (2000): 759–792.

Finstad, Terje. “Familiarizing Food: Frozen Food Chains, Technology, and Consumer Trust, Norway
1940–1970.” Food and Foodways 21, no. 1 (2013): 22–45. doi:10.1080/07409710.2013.764786.

Finstad, Terje. “Rottereieret. Beretninger omutøy i Trondheim i første halvdel av 1900-tallet. [The Rat’s
Nest. Accounts of Pests in Trondheim During the First Half of the 19th Century].” Historisk tidsskrift
92, no. 1 (2013): 35–61.

Finstad, Terje. “Naked Gene Salmon: Debating Fish,: Genes, and the Politics of Science in the ‘Age of
Publics’.” Technology and Culture 58, no. 1 (2017): 97–120. doi:10.1353/tech.2017.0003.

http://orcid.org/0000-0002-2385-416X
http://orcid.org/0000-0003-3942-6810
http://orcid.org/0000-0001-6800-0558
https://doi.org/10.1080/08941920802653505
http://ness2015.rural.no/wp-content/uploads/2013/11/Katrina-M-Brown-Taking-animal-human-coagency-seriously.pdf
https://doi.org/10.1111/j.1467-954X.1998.tb03477.x
https://doi.org/10.1016/j.geoforum.2017.03.010
https://doi.org/10.1016/j.ssci.2008.10.005
https://doi.org/10.1080/00343404.2020.1739637
https://doi.org/10.1080/07409710.2013.764786
https://doi.org/10.1353/tech.2017.0003


ENGINEERING STUDIES 69

Finstad, Terje, Margrethe Aune, and Kine Ariela Egseth. “The Domestication Triangle: How Humans,
Animals and Technology Shape Each Other – The Case of Automated Milking Systems.” Journal of
Rural Studies 84 (2021): 211–220. doi:10.1016/j.jrurstud.2021.03.006.

Gieryn, Thomas F. “Boundary-Work and the Demarcation of Science from Non-Science: Strains and
Interests in Professional Ideologies of Scientists.” American Sociological Review 48, no. 6 (1983):
781–795. doi:10.2307/2095325.

Glista, David J., Travis L. DeVault, and J. Andrew DeWoody. “A Review of Mitigation Measures for
Reducing Wildlife Mortality on Roadways.” Landscape and Urban Planning 91, no. 1 (2009): 1–7.
doi:10.1016/j.landurbplan.2008.11.001.

Goffmann, Erving. Frame Analysis: An Essay on the Organization of Experience. Cambridge: Harvard
University Press, 1974.

Grimson, William, and Mike Murphy. “The Epistemological Basis of Engineering, and its Reflection in
theModern Engineering Curriculum.” In Engineering Identities, Epistemologies andValues, edited by
Steen Hyldgaard Christensen, Christelle Didier, Andrew Jamison, Martin Meganck, Carl Mitcham,
and Byron Newberry, 161–178. Cham: Springer, 2015. doi:10.1007/978-3-319-16172-3_9.

Haraway, Donna J. Staying with the Trouble: Making Kin in the Chthulucene. Durham: Duke University
Press, 2016.

Harway, Donna J. The Companion Species Manifesto: Dogs, People and Significant Otherness. Chicago:
The University of Chicago Press, 2003.

Haugland, Bård Torvetjønn. “Changing Oil: Self-Driving Vehicles and the Norwegian State.” Humani-
ties and Social Sciences Communications 7 (2020): article 180. doi:10.1057/s41599-020-00667-9.

Haugland, Bård Torvetjønn, and Tomas Moe Skjølsvold. “Promise of the Obsolete: Expectations for
and Experiences with Self-Driving Vehicles in Norway.” Sustainability: Science, Practice and Policy
16, no. 1 (2020): 37–47. doi:10.1080/15487733.2020.1765677.

Jasanoff, Sheila. The Ethics of Invention: Technology and the Human Future. New York: W. W. Norton,
2016.

Jasanoff, Sheila, and Sung-Yun Kim, eds.Dreamscapes ofModernity. Sociotechnical Imaginaries and the
Fabrication of Power. Chicago: Chicago University Press, 2015.

Joks, Solveig, and John Law. “Sámi Salmon,: State Salmon: TEK, Technoscience and Care.” The Socio-
logical Review 65, no. 2_suppl (2017): 150–171. doi:10.1177/0081176917710428.

Jørgensen,Dolly. “RunningAmuck?UrbanSwineManagement in LateMedieval England.”Agricultural
History 87, no. 4 (2013): 429–451.

Jørgensen, Dolly. “Rethinking Rewilding.” Geoforum 65 (2015): 482–488.
Kant, Vivek, and Eric Kerr. “Taking Stock of Engineering Epistemology: Multidisciplinary Perspectives.”

Philosophy & Technology 32, no. 4 (2019): 685–726. doi:10.1007/s13347-018-0331-5.
Knorr-Cetina, Karin D. The Manufacture of Knowledge: An Essay on the Constructivist and Contextual

Nature of Science. Oxford: Pergamon Press, 1981.
Knorr-Cetina, Karin. “Evolutionary Epistemology and Sociology of Science.” In Evolutionary Epistemol-

ogy: A Multiparadigm Program, edited by Werner Callebaut, and Rik Pinxten, 179–201. Dordrecht:
Springer, 1987. doi:10.1007/978-94-009-3967-7_8.

Kröger, Fabian. “AutomatedDriving in its Social, Historical andCultural Contexts.” InAutonomousDriv-
ing. Technical, Legal and Social Aspects, edited by Markus Maurer, J. Christian Gerdes, Barbara Lenz,
and Hermann Winner, 41–68. Berlin: Springer Open, 2016.

Lagesen, Vivian Anette, and Knut H. Sørensen. “Walking the Line? The Enactment of the
Social/Technical Binary in Software Engineering.” Engineering Studies 1, no. 2 (2009): 129–149.
doi:10.1080/19378620902911584.

Latour, Bruno. Science in Action: How to Follow Scientists and Engineers Through Society. Cambridge:
Harvard University Press, 1987.

Latour, Bruno.WeHave Never BeenModern. Cambridge: Harvard University Press, 1993.
Latour, Bruno. Reassembling the Social: An Introduction to Actor-Network Theory. Oxford: Oxford Uni-

versity Press, 2005.
Law, John. After Method: Mess in Social Science Research. New York: Routledge, 2004.

https://doi.org/10.1016/j.jrurstud.2021.03.006
https://doi.org/10.2307/2095325
https://doi.org/10.1016/j.landurbplan.2008.11.001
https://doi.org/10.1007/978-3-319-16172-3_9
https://doi.org/10.1057/s41599-020-00667-9
https://doi.org/10.1080/15487733.2020.1765677
https://doi.org/10.1177/0081176917710428
https://doi.org/10.1007/s13347-018-0331-5
https://doi.org/10.1007/978-94-009-3967-7_8
https://doi.org/10.1080/19378620902911584


70 B. T. HAUGLAND ET AL.

Layton, Edward. “Conditions of Technological Development.” In Science, Technology, and Society:
A Cross-Disciplinary Perspective, edited by Ina Rösing, and Derek John de Solla Price, 197–222.
Thousand Oaks: Sage, 1977.

Legacy, Crystal, David Ashmore, Jan Scheurer, John Stone, and Carey Curtis. “Planning the Driverless
City.” Transport Reviews 39, no. 1 (2019): 84–102. doi:10.1080/01441647.2018.1466835.

Lien, Marianne Elisabeth, and John Law. “‘Emergent Aliens’: On Salmon,: Nature, and Their Enact-
ment.” Ethnos 76, no. 1 (2011): 65–87. doi:10.1080/00141844.2010.549946.

MacKenzie, Donald, and Judy Wajcman, eds. The Social Shaping of Technology. Buckingham: Open
University Press, 1999.

Merton, Robert K. “The Normative Structure of Science.” In The Sociology of Science: Theoretical and
Empirical Investigations, editedbyNormanW.Storer, 267–280. Chicago:University ofChicagoPress,
1973.

Milakis, Dimitris, Bart van Arem, and Bert van Wee. “Policy and Society Related Implications of Auto-
mated Driving: A Review of Literature and Directions for Future Research.” Journal of Intelligent
Transportation Systems 21, no. 4 (2017): 324–348. doi:10.1080/15472450.2017.1291351.

Pimm, Stuart L., Clinton N. Jenkins, Robin Abell, ThomasM. Brooks, John L. Gittleman, Lucas N. Joppa,
Peter H. Raven, Callum M. Roberts, and Joseph O. Sexton. “The Biodiversity of Species and Their
Rates of Extinction, Distribution and Protection.” Science 344, no. 6187 (2014): article 1246752.
doi:10.1126/science.1246752.

Rodrigue, Jean-Paul, Claude Comtois, and Brian Slack. The Geography of Transport Systems. New York:
Routledge, 2006.

Rytwinski, Trina, Kylie Soanes, Jochen A. G. Jaeger, Lenore Fahrig, C. Scott Findlay, Jeff Houlahan, Rod-
ney vander Ree, and Edgar A. vanderGrift. “HowEffective is RoadMitigation at ReducingRoad-Kill?
A Meta-Analysis.” PloS ONE 11, no. 11 (2016): e0166941. doi:10.1371/journal.pone.0166941.

Simon, Herbert A. The Sciences of the Articifial. 3rd ed. Cambridge: The MIT Press, 1996.
Skuterud, Lavrans, Eldar Gaare, IngerMargrethe Eikelmann, Knut Hove, and Eiliv Steinnes. “Chernobyl

Radioactivity Persists in Reindeer.” Journal of Environmental Radioactivity 83, no. 2 (2005): 231–252.
doi:10.1016/j.jenvrad.2005.04.008.

Solli, Jøran, and Marianne Ryghaug. “Assembling Climate Knowledge: The Role of Local Expertise.”
Nordic Journal of Science and Technology Studies 2, no. 2 (2014): 18–28. doi:10.5324/njsts.v2i2.2151.

Søraa, Roger Andre, and Jostein Vik. “Boundaryless Boundary-Objects: Digital Fencing of the Cybor-
Goat in Rural Norway.” Journal of Rural Studies 87 (2021): 23–31. doi:10.1016/j.jrurstud.2021.08.015.

Stilgoe, Jack. “Seeing Like a Tesla: How Can We Anticipate Self-Driving Worlds?” Glocalism: Journal of
Culture, Politics and Innovation 3 (2017): article 2. doi:10.12893/gjcpi.2017.3.2.

Stilgoe, Jack. “Machine Learning,: Social Learning and the Governance of Self-Driving Cars.” Social
Studies of Science 48, no. 1 (2018): 25–56. doi:10.1177/0306312717741687.

Stilgoe, Jack, Richard Owen, and Phil Macnaghten. “Developing a Framework for Responsible Innova-
tion.” Research Policy 42, no. 9 (2013): 1568–1580. doi:10.1016/j.respol.2013.05.008.

Traweek, Sharon. Beamtimes and Lifetimes: The World of High Energy Physics. Cambridge: Harvard
University Press, 1988.

Trevelyan, James. “Reconstructing Engineering from Practice.” Engineering Studies 2, no. 3 (2010):
175–195. doi:10.1080/19378629.2010.520135.

van Hulst, Merlijn, and Dvora Yanow. “From Policy ‘Frames’ to ‘Framing’: Theorizing a More Dynamic,
Political Approach.” The American Review of Public Administration 46, no. 1 (2016): 92–112.
doi:10.1177/0275074014533142.

Vincenti, Walter Guido.What Engineers Know and How They Know It: Analytical Studies fromAeronauti-
cal History. Baltimore: Johns Hopkins University Press, 1990.

Wetmore, Jameson M. “Driving the Dream – The History and Motivations Behind 60 Years of Auto-
mated Highway Systems in America.” Automative History Review 3 (2003): 4–19.

Wynne, Brian. “May the Sheep Safely Graze? A Reflexive View of the Expert-Lay Knowledge Divide.” In
Risk, Environment andModernity: Towards a New Ecology, edited by Scott Lash, Bronislaw Szerszyn-
ski, and Brian Wynne, 44–83. London: Sage, 1996.

https://doi.org/10.1080/01441647.2018.1466835
https://doi.org/10.1080/00141844.2010.549946
https://doi.org/10.1080/15472450.2017.1291351
https://doi.org/10.1126/science.1246752
https://doi.org/10.1371/journal.pone.0166941
https://doi.org/10.1016/j.jenvrad.2005.04.008
https://doi.org/10.5324/njsts.v2i2.2151
https://doi.org/10.1016/j.jrurstud.2021.08.015
https://doi.org/10.12893/gjcpi.2017.3.2
https://doi.org/10.1177/0306312717741687
https://doi.org/10.1016/j.respol.2013.05.008
https://doi.org/10.1080/19378629.2010.520135
https://doi.org/10.1177/0275074014533142

	1. Introduction
	1.1. Engineering knowledge
	1.2. Technology, nature and culture

	2. Framing and overflowing
	3. Method
	4. Analysis: nature, technologies and ways of knowing
	4.1. Fish and timing
	4.2. Reindeer on the road
	4.3. New ways of knowing, new overflows

	5. Discussion: engineering nature, engineering culture
	6. Conclusions
	Notes
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [493.483 703.304]
>> setpagedevice


