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Abstract

In this paper, we broaden the discussion on work
digitalization beyond the confines of the traditional
office setting and knowledge work at the center of
recent 1S and organizational research. As pervasive
digitalization and computing are increasingly present
in what are typically referred to as ‘blue-collar’
industries such as agriculture, construction, or
maintenance, understanding the sociomaterial
particularities of work in these settings becomes
crucial for integral theories of digital work and
organizing.  Referencing  findings  from  an
ethnographic study on the digital journey of district
heating maintenance workers in Denmark, we bring to
the fore the importance of bodies, materiality and
‘messy’ sites in how digital mediation impacts the
embodied performance of skilled work. We discuss
how the digitalization of maintenance practices gives
rise to a hybrid class of skilled workers by expanding
occupational knowledge and boundaries and creating
new work specializations, thus blurring the
boundaries between white-collar and blue-collar
work.

Keywords: Digitalization, work practice, blue-collar,
upskill, proactivity

1. Introduction

The emergence of ubiquitous computing
technologies continues to make profound changes to
work practices and forms of organizing by
fundamentally altering the way practitioners engage
with their work. For example, by leveraging
immersive and remote sensing technologies, surgeons
can now operate on patients remotely (Sergeeva et al.,
2020), engineers in the petroleum industry can control
offshore processes at a distance (Jsterlie & Monteiro,
2020) and city planners can model geospatial data to
aid decision making in the design and development of
urban landscapes (Neuville et al., 2019). Similarly,
remote space exploration missions and safe evaluation
of critical aeronautical systems are now possible
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through the use of complex technology assemblages
such as digital twins (Bachelor et al., 2019; Glaessgen
& Stargel, 2012; Jiang et al., 2021). Overall, by being
able to sense, predict, and directly interact with the
physical world, this new class of immersive and
‘smart’ technologies increasingly aid doctors,
engineers, architects, and other knowledge workers
beyond the traditional data input, analysis, and output
methods (Autio et al., 2021; Yoo, 2010; Zhang et al.,
2021).

Yet, the use of ‘smart’ technologies outside of
knowledge-intensive occupations is also rapidly
growing. Professionals such as factory shop-floor
operators use augmented reality and digital libraries to
gather relevant information and execute production
orders with reduced error; plumbers use high-
definition cameras and remote sensors to detect
obstructions in sewage pipes; district heating workers
use geographical information systems (GIS), remote
sensors and thermographic imagery to accurately
identify leakages in piping networks; technicians use
drones to conduct repairs in high-risk areas such as
powerline or wind turbine maintenance. Yet, despite
the rapid (and consequential) uptake of ‘smart’
technologies in these settings, the focus in the
organizational and IS literatures on the traditional
office setting and knowledge-intensive occupations
has left considerations of blue-collar work
digitalization by the wayside. Beyond the recognition
that the third wave of technological innovation (i.e.,
Industry 3.0) has optimized production lines in
manufacturing systems by substituting much human
labor with numerically controlled machines and
robotic welders, little has been discussed on how
interconnected and immersive ‘in-situ’ technologies
(Autio et al., 2021) impact skilled workers in jobs
traditionally far removed from the office setting.

To address this limitation, the present paper
makes an attempt to broaden the discussion on
digitalization of work to include what are typically
referred to as ‘blue-collar’ occupations. Such an
endeavor necessarily invites the question of how
digitalization of work is different in such occupations
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when compared to ones that ‘trade’ predominantly
with knowledge. By referencing findings from an
ongoing ethnographic case study on the use of remote
sensing technologies for leakage detection in
Denmark, this paper makes an attempt at answering
the following research question: How do digital in-situ
technologies become implicated in embodied, tactile
and skill-based work and what are the implications for
blue collar occupations?

Considering  that  recent  technological
advancements can directly interact with the physical
world (Autio et al., 2021; Yoo, 2010; Zhang et al.,
2021), overcome the physiological limitations of the
human body, and enable perceptions and
manipulations that were not previously possible
(Sergeeva et al., 2020), we adopt a performativist
approach in exploring how digitally mediated leakage
detection differs from previous reliance on vigilant
citizens and workers’ first-hand experience. Such an
approach allows us to ‘take materiality seriously’
(Orlikowski & Scott, 2015) by bringing to the fore the
importance of bodies, leaky pipes and ‘messy’
networks in how remote sensing technologies impact
the performance of skilled maintenance work. The rest
of the paper unfolds as follows: first, we discuss
literature on the impact of technology for work
practices and organizing (section 2); then, we unfold
our performativist approach to exploring the digital
journey of district heating workers in Denmark
(section 3); the fourth section discusses the research
setting and methodology, while section five unfolds
the case study insights. The last two sections are set
aside for discussion and concluding remarks,
respectively.

2. Technology ‘matters’, but so does the
collar

Due to their generativity re-programmability,
communicability and modularity (Autio et al., 2021;
Yoo, 2010; Yoo et al., 2012), digital technologies
continue to change the way practitioners across
industries engage with their work. This inextricable
relationship between technology, work and organizing
has been a core topic in organizational and
Information Systems (IS) literatures for over four
decades. Studies in this line of inquiry have shown that
technologies can significantly reshape organizational
activities and roles (Barley, 1986; Karacic et al., 2023;
Leonardi, 2011; Zhang et al, 2021), redefine
occupational boundaries (Barley, 1986; Barrett et al.,
2012; Beane & Orlikowski, 2015), and challenge
professional control and forms of expertise (Kellogg
et al., 2006; Pachidi et al., 2021). Additionally,
technologies may even create new forms of networked

organizing that better support teamwork and
distributed collaboration (Autio et al., 2021; Zammuto
et al., 2007). Indeed, the properties of technologies —
such as modularity, combinability, and distributed
nature — not only offer innovative ways for
organizational individuals to utilize technology in
accomplishing existing tasks, but also redefine tasks
and work content by, for example, automating routine
or repetitive tasks originally accomplished by workers
(Lyytinen et al., 2023; Pentland & Feldman, 2007).
However, technologies can also play an important role
in establishing and upholding organizational routines,
as their use becomes embedded in specific
organizational practices (Baptista et al., 2020; Robey
et al.,, 2013). Overall, these studies emphasize the
dynamic interplay between social and technical
elements in the workplace, suggesting that
technologies ‘matter’ in that they are “neither fixed
nor independent” (Orlikowski & Scott, 2008), but they
co-exist and co-evolve with ongoing human social
practices.

The sustained scholarly interest in the
transformation of work practices with technology in
different settings and across ‘waves’ of technological
innovation attests to the idea that what work practice
digitalization ~means varies widely. Although
organizational scholars have given -considerable
attention to studying ‘digital work’, ‘virtual work’ or
‘technology-mediated work’, they have yet to grapple
with whether and how the resulting insights apply to
work outside of the traditional office — a setting that
has been the focus of most empirical studies in this
area. As we argue in this paper, the implications of
digitalization for work and organizing are likely to
vary with the kind of work and environment that the
technology aims to digitize. In particular, considering
that skilled manual work is historically tightly coupled
with physical objects and can be enacted in varied sites
(i.e., workers are typically not stationed at a desk), we
argue that the sociomaterial particularities of blue-
collar environments may have important implications
for the use and social outcomes of technology. For
example, it may well be that digitizing work practices
can be more challenging due to the numerous variables
introduced by the distributed materiality of work sites,
but also because manual skilled work involves
abilities, bodily movements and material engagements
that are deeply ingrained in the physical and sensory
experiences of the individual. This is in sharp contrast
to the so-called ‘knowledge work’, which has emerged
precisely from the need to engage with data and
conceptual knowledge, as economies shifted from
industrial production to service-oriented and
knowledge-based sectors (Drucker, 1993). The point
above is particularly important because work
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digitalization typically implies working with digital
representations or augmentations of the physical
world, rather than with physical objects — a shift that
can fundamentally alter the nature of work
engagement in occupations typically defined as blue-
collar.

3. A performative approach to studying
technology in a ‘messy’ world

Adopting a performative approach to studying the
digitalization of work practices is important because,
as argued above, technologies are fundamentally
entangled with the sociomaterial settings in which they
are embedded. In a performativist view, humans and
technologies do not merely interact in order to produce
organizational phenomena, but rather are themselves
continuously reproduced in emergent relational
performances. Thus, adopting a performative stance in
studying technology, work and organizing implies a
move away from an  epistemology  of
representationalism (Boell & Cecez-Kecmanovic,
2011). While proponents of the representational idiom
assume that we can uncover and describe the world
without affecting it — thus rendering objective
descriptions possible, proponents of the performative
idiom place emphasis on the sociomaterial
entanglement that characterizes human observing,
action, and the scientific enterprise (Jensen, 2004).
Therefore, rather than assuming that human agents are
detached from their surroundings and able to describe
their aspects hereof in a seemingly rational or
objectifying manner, performativists recognize the
fundamentally entangled way in which agents and
their environments exist and intra-relate.

Moreover, as Butler (1990) argues, performative
actions are constitutive of sociomaterial practices. But
they do more than simply reproduce the already
existing structures, patterns, rules, and agential
relations. Performances and the heterogeneous
patterns they catalyze are open-ended, meaning that
they always run the possibility of either a breakdown
or a novelty introduced into the practices they
constitute (Licoppe, 2010). Such novelties are brough
about by the unique combinations of agents, objects,
procedures, techniques, and other heterogeneous
elements of practical activity.

As part of the performativist agenda, there is also
an explicit focus on the heterogeneity of phenomena.
Performativists recognize that the world is messy and
that homogeneity and seeming stability are mere
illusions. Thus, on the view of performativists,
“technological systems are heterogeneous ensembles
of people, artifacts, infrastructures, research, cultural
categories, norms and laws, and natural resources”

(Hess & Sovacool, 2020, p. 3). Moreover, the view
also places emphasis on the ‘distributed agency and
the agency of things’. What this entails is that humans
are no longer privileged when compared to other
actors. This is also a key point of Latour’s (2005)
Actor Network Theory, namely that even inert objects
or flows can act upon the world. Thus, the classical
directionality of humanist approaches is superseded,
since it is no longer simply the human who
intentionally acts upon technology but, equally so, the
technology acts on the human or the organization, as
digital representations of work actually get woven into
everyday work practices and become ‘organizationally
real’ (@sterlie & Monteiro, 2020). In terms of
distributed agency, it is the case that “in technological
systems, humans can delegate to material objects the
capacity to produce causes and effects within the
network or socio-technical system” (Hess & Sovacool,
2020, p. 3; see also Gunderson et al., 2023).

The performativist insight that “relations and
boundaries between humans and technologies are not
pre-given or fixed, but enacted in practice”
(Orlikowski & Scott, 2008, p. 426) has profound
implications for the kind of sensitivities a researcher
must have when studying technology in organizations.
In a performative account, “attention is not primarily
paid to what actors do, think, or say, but rather to that
which provides them with their actions and
intentionality, namely ways of acting that are already
assumed to be appropriate and legitimate by the
circulating flow of agency through material-discursive
practices.” (Hultin, 2019, p. 93). Thus, organizational
and IS studies adopting a performative stance move
beyond dichotomous views of structure — agency,
human — material, etc., and instead study technologies
as part of performative relational entanglements that
grants them their practical-material significance.

4. Research context and method

To explore the consequences of digitalization on
skilled work and organizing, we conducted an in-depth
field study of work practices at the district heating
Maintenance Department (MD) of Denmark’s largest
utility company. The fieldwork reported here is part of
a larger ongoing research project that explores
emergent organizing dynamics that arise as
organizations respond to changes in their environment
(e.g., technology implementations).

The study follows the digital transformation
journey of district heating maintenance workers in
Denmark, whose work is progressively augmented by
remote sensors and extensive leakage data that renders
underground pipe leakages ‘visible’.
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4.1. Research setting

The MD in our study is part of a large municipally
owned utility company in Denmark that provides
essential infrastructure services, including water
supply, sewerage, gas, district cooling, and district
heating to both private and business consumers.
Operating as a non-profit organization, the district
heating division is legally prohibited from making a
profit, making financial metrics less central to its
performance compared to profit-driven organizations.
Nevertheless, the company must deliver value for
money to its customers, who are required to use district
heating services within the covered area.

This study focuses on the MD within the district
heating division, which is responsible for keeping the
heating network operational (especially during peak
demand). While a separate department handles grid
expansion and renovation projects, the MD’s role is to
ensure the proper functioning of the existing network
by performing “one-to-one” replacements of faulty
components like pipes or valves. This involves
identifying leakages or broken parts within around
3000 km of pipes, prioritizing these based on the
severity of grid loss they cause, and conducting
repairs. These repairs typically require external
contractors for tasks such as excavation, welding, and
pipe insulation.

There are approximately forty employees at the
department, formally organized into three teams, with
each team leader responsible for overseeing specific
areas of maintenance and repair operations, such as
pipe replacement, valves, or electrical installations.
However, the work of individual team members is not
confined to their designated teams. Instead, employees
collaborate on similar tasks across different leakage
cases, primarily based on their expertise and
professional interests. Each team comprises
individuals with diverse skillsets and competencies,
including technical skills, interpersonal skills,
software manipulation skills and practical knowledge
and experience, and tasks are usually carried out based
on professional competencies and interests rather than
on formal roles or team membership.

In terms of work volume, the department manages
anywhere from approximately sixty to one hundred
active leakage cases in any given week. Until recently,
leakages were identified by relying solely on
maintenance workers on scheduled duty or on vigilant
citizens reporting the sight of green water (a chemical
tracer is added by the utility company to make it
distinguishable) on the streets or in building
basements. In recent years, however, the MD has
adopted two remote sensing technologies: drone-
operated thermographic cameras and underground

wire sensors. The wire sensors deliver real-time
leakage data via an internet-based monitoring system
(PGWeb), while thermographic data collected by
drones is processed via an interactive orthomaps
software  (TeraPlan). With these technology
assemblages, the MD has now access to an
unprecedented amount of data on potential and actual
leakages throughout the network.

Since the introduction of remote sensing
technologies in the daily operation of the MD, a new
repair practice is gradually taking shape as district
heating workers must now integrate large volumes of
thermographic and active surveillance data into their
daily operations. This shift necessitates new expertise
and skillsets, such as software operation, specialized
knowledge, and adaptation to different perceptual
environments, consequently altering ‘ways of doing
things’ and the nature of workers’ engagement with
their work.

4.2. Data collection and analysis

The data for this study were collected between 2022
and 2024, and, in line with a performativist approach
to studying technology in the workplace, the focus was
on capturing the material engagement of practitioners
that conditions the practical significance of human and
non-human actants (Hultin, 2019). This involved
observing contractor meetings, internal discussions,
leakage site visits, and office activities. The data
collection process was exploratory in nature, and it
involved conducting ethnographic observations and
interviews where we aimed to get sufficiently intimate
with the unfolding leakage detection practice at the
department so that we can uncover its material and
embodied nature (Table 1 summarizes the fieldwork
and provides an overview of the data sources).

The interviews were conducted with various MD
employees across the three teams, including team
leaders, operations foremen, and technicians who had
taken on responsibilities for coordinating leakage
repairs with contractors (only 9 out of a total of 40
employees have case coordination responsibilities). A
total of 12 in-depth interviews (including follow-up
interviews with some of the respondents, where
needed) averaging 80 minutes were carried out. We
aimed to conduct the interviews ‘in situ’, so that the
participants would not be detached from their material
engagements with the work. For example, interviews
were conducted in conjunction with materially
engaging with leakage case files, broken pipes, tools,
software. The interviews took place in meetings
rooms, near boiler watch rooms and sometimes during
digging site visits. The incorporation of material
objects and work sites in the interviews allowed us to
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better understand the everyday, mundane practices of
district heating workers, and how these objects and
places ‘matter’ for the way in which heterogeneous
elements are (re)produced and granted practical
significance in emergent relational enactments.

In addition to scheduled interviews, we also
conducted informal interviews during observations,
focusing on the activities at hand and emerging issues.

The observations included shadowing operations
foremen and technicians during both site visits and
office work, attending ‘Operations’ meetings between
team leaders and operations foremen, and sitting in on
weekly ‘Damage’ meetings with contractor
representatives where ongoing cases were discussed
and updated. During these ‘Damage’ meetings,
provisional weekly plans were created for each case
through joint discussions and ad-hoc responsibility
assignments, allowing all parties to raise issues and
seek clarification. The focus of the observations was
on the interactions between the district heating
workers with each other and with other stakeholders,
and on how materialities such as pipes, tools, software
and computers were used in their daily work.

Table 1. Overview of data collection and materials

Data type Site/Type Materials
Observations  Leakage site Ethnographic field
visits notes (58 typed
Contractor pages 1.5 line
meetings spacing, Times New
Internal meetings  Roman, 12)
Office work
Interviews Formal semi- 12 formal
structured interviews (80
interviews minutes on average)
Informal 7 informal
interviews, during  interviews
observations (anywhere between
15 minutes and 3
hours)
Other Documentary Weekly contractor

material covering  meeting reports

the observation with overview of

period open cases (88
reports)
Photo and video
material from site
visits
Case-specific
printouts from GIS,
PGWeb and
Teraplan.

In terms of analytical approach, we aimed to
engage with the collected data relationally rather than
categorically, as suggested by sociomaterial
researchers of organizational phenomena (Hultin,

2019). Put in a different way, we kept away from
categorizing social and material actors, but rather we
engaged with the data in an ongoing, open-ended
exercise by attending to all of the details in our
fieldwork engagement and aiming to understand the
kind of novel relations and objects that might emerge
from such engagements.

The first step in the analytical process involved
reflecting on our respective experiences with being in
the field and discussing our emergent perspectives on
‘what is going on’ or ‘what is interesting’ at the district
heating maintenance department. In doing so, the
contrast between the blue-collar and white-collar
elements of maintenance work became prevalent in
our minds — precisely due to the very conspicuous
mélange of disjunctive sociomaterial elements
signifying (from a categorical perspective) either blue-
collar or white-collar work.

The insights that emerged from this analytical-
creative process were then formalized (in the second
analytical step) by breaking down the data and
engaging in open coding (Strauss & Corbin, 1990).
From the ethnographic field notes, transcribed
interviews, and secondary data, we grouped text
segments to form codes. In this way, we were able to
identify and label changes in leakage detection
practices at the department, such as bodily movements
implicated in leakage detection with and without
sensor technology, different levels of engagement with
physical and digital artifacts, but also differences in
routines, priorities, relations, and embodied skills. For
example, we observed that the use of remote sensing
technologies required significantly more office work,
detaching the technicians and foremen from their work
sites during the leakage detection phase of each case.
We coded this theme under the label ‘ways of noticing
leakages’, with second-order themes such as ‘non-
mediated visual perception’, ‘haptic perception’,
‘concept-based perception’, ‘data manipulation’ or
‘technology-mediated sensorial information’. We
further wanted to understand the occupational
implications of technicians working with remote
sensing technology and sensor data. Here, we
identified themes such as ‘visual upskill’, ‘knowledge
upskill’,  ‘digital upskill’, ‘interpersonal  skill
development’, ‘increased work specialization’ or ‘loss
of hands-on skills’, conveying that the ‘datafication’
of leakage detection implies increased interpersonal
and resource coordination, conceptual reasoning,
software manipulation and specialized knowledge, but
decreased need for hands-on skills and craftsmanship
historically valued in this occupation.

During the analytical process, we also realized that
while some aspects of the leakage repair practices are
prone to shifting with the introduction of remote
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sensing technologies, other are not. This, we noticed,
is due to the constraints imposed by the physical
materiality of the district heating infrastructure, which
prevents the complete substitution of physical labor
and hands-on human practices. Indeed, while we
observed a new leakage detection practice emerging at
the MD, the practices surrounding leakage repair
remain much the same, regardless of the ways in which
leakages are identified. Against this backdrop, we
developed the argument that while district heating
maintenance practices can be digitally augmented to
the point where the boundaries between blue-collar
and white-collar work are fading, skillful human
practice in blue-collar environments is yet to be
rendered obsolete by current technological
advancements. These insights are discussed in the
following section, where we unfold the (continuous)
digital journey of district heating workers.

5. Messy networks, embodied skills and
remote sensing in tackling leaky pipes

In this section, we consider the open-ended and
evolutionary interplay between established ‘ways of
doing things’ at the MD and the emergent action
possibilities introduced by remote sensing data. We
discuss the importance heterogeneous materiality and
‘messy’ sites in how the new technologies came to be
entangled with the maintenance practice at the
department, and their impact on the embodied skillful
work performance of district heating workers.

5.1. Sensor technology for material
heterogeneity

The district heating workers in our study are tasked
with caring for a heterogeneous and complex network
of thousands of kilometers of pipes made of different
materials, having varied lengths, diameters, technical
specifications, arranged at different angles and depths
and crossing public and private domains. Additionally,
because the network has been developed ongoingly
since the early 1900’s, the pipes are at different stages
of their life cycle, with a great number of pipes
reaching the end of their lifetime. As one of the team
leaders at the department points out:

“We have one of the oldest nets in the whole world,
but our net is very different. We have areas that are
only a few years old, and we have ones that are
close to 100 years old now, or more actually.”
(Team Leader, MD)

This heterogeneous configuration of the network
has many implications for how the leakage repair and

maintenance interventions unfold, since different
kinds of technologies, materials, relations, and
geographies are at play, and each socio-technical
constellation entails different risks, uncertainties,
operations, and adjustments. Due to this
heterogeneous physical configuration, different
sections of the network require different approaches
for identifying leakages remotely. For example, wire
sensors can only be placed on standardized pre-
insulated iron pipes before these are laid in the ground.
However, because this technology is considerably
newer than most parts of the network, it is only grid
extensions in new urban developments and renovated
network sections that are equipped with wire sensors.

Considering that large parts of the network cannot
be monitored using underground wire sensors (due to
factors such as pipe materials, size or age), the MD
initiated a partnership with a drone technology firm
specializing in thermographic surveillance. This
collaboration enables them to identify leakages in
areas where wire sensors cannot reach, utilizing drone-
operated thermographic cameras to detect abnormal
heat radiation coming from copper pipelines buried
close to ground level. The thermographic images are
subsequently coded and embedded in the Teraplan
software (by the contractor), which allows for the
visualization of leakages in the form of thermal
imprints on the area map. Yet, despite its utility in
providing thermographic data on thousands of
actionable leakages, the drone system often provides
only temporary solutions due to the age and condition
of the pipes it can surveil:

“And this is where the drones come in. And for
most [drone-detected] leakages we end up fixing
the pipes the best possible way without doing it the
right way because the technology is old, and we are
bound to making a one-to-one exchange. Because
when we have to renew the piping, we actually need
the Project Department from our headquarters to do
the calculations, dig it all up, remove it... let's say
it's a few hundred meters, and put new piping and
technology in the same route. So, we [the MD] have
to make something temporarily, in between, in
order to satisfy the citizens’ needs.” (Team Leader,
MD)

Despite their shortcomings in relation to the
heterogeneous materiality of the pipeline network,
both technologies have become crucial epistemic tools
within the department, as they enable new ways of
noticing and acting upon previously ‘hidden’ leakages.
Such new ways of working underscore the emergence
of a new, proactive leakage-handling practice that
evolves through mutual interference with remedial and
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reactive approaches traditionally employed by district
heating workers. We elaborate on these below.

5.2. Remedial approach through workers’
first-hand experience

When relying on worker or citizen reports of
leaked green water, leakages are identified only after
the water has surfaced on the streets or has flooded
building basements. This implies that the detected pipe
fractures are typically old and have progressed to a
critical stage, resulting in significant water loss and
extensive material damage. Furthermore, such an
approach to leakage detection requires extensive
evidence gathering efforts after the damage has been
identified, since “the damage is usually not where the
water leaks” (Operations foreman, MD). This implies
on-site visits, often crawling through tight and narrow
spaces, ‘breaking in’ private building basement or
doing ‘trial diggings’ to identify the extent and nature
of the problem. Such engagements with the leakage
site require the practitioner to engage with the leakage
by way of non-mediated visual perception (e.g.,
identifying green water or dry asphalt on a rainy day)
and tactile perception (sensing water temperature or
humidity levels in enclosed spaces). Figure 1 below
illustrates the remedial approach to leakage detection,
which necessitates practical know-how and evidence
gathering by way of site visit.

Figure 1. On-site leakage detection

Oftentimes however, immediate temporary
solutions are required to deal with the situation at
hand: “Now! Water is coming in in somebody's
basement!” (Operations foreman, MD). Under such
circumstances, detailed planning and preemptive
coordination are not an option, as evident in the way
one of the participants described the traditional
approach to leakage detection and repair:

“We plan a whole little, we do a whole lot”
(Operations foreman, MD)

While such a reactive approach leakage detection
and repair allows the organization to maintain the
network operational and match demand with supply, it
comes at a significant cost to end-users and the
environment, due to the inherent inefficiencies of a
remedial approach to maintenance.

5.3. Preventive approach through remote
sensing

When relying on underground and above-ground
remote sensing technologies, district heating workers
are able to identify leakages when water is still in the
ground or in the insulation of the pipes. While
extensive issues can be uncovered, leakages identified
by either underground sensors or drone flyovers are
usually minor:

“We can wait because it’s not coming up. It's not
turning into something that we can't stop [...] It's
not acute, you don't have to fix it right here and
now.” (Operations foreman, MD)

While the leakages identified are not a priority
(according to our respondents), the introduced remote
sensing technologies provide a comprehensive
overview of the network’s condition, and allow for
the identification of leakages before they cause
extensive damage to nearby structures. This enhanced
visibility enables district heating workers to adopt a
proactive and preventive approach to network
maintenance, since they can now leverage abundant
remote sensing data on thousands of leakages to plan
repairs and take preventive actions.

However, these technologies were not necessarily
implemented with proactivity and prevention as the
ultimate goals for the MD. Rather, they were (and still
are) perceived as mere add-ons to existing network
maintenance operations. Since data-driven leakage
detection was designed and implemented as a
separate process, there were no major concerns about
reorganizing current practices. In many respects
however, changes in how traditional cases (i.e., from
citizen or worker referrals) are being handled are also
emerging as district heating professionals are now
organizing in specialized working groups (e.g., Drone
group, or Alarm wire group, Referral group) to
manage the increased number of known leakages
requiring attention and the growing complexity of
their work. Other important changes relate to
planning leakage repairs in clusters, better allocating
resources such as on-site excavators and manpower,
and enhancing digging precision:
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“So back to something that I said earlier that we do
not plan ahead a whole lot. But [the employee
responsible for drone-identified leakages] is
actually the only one planning ahead a whole lot,
because he knows he has to share the diggers, and
he has to share the welders with us, so he has to
plan, and mark areas where he maybe takes two As
and a B [leakages identified by drones are ranked
based on severity of water loss, where A is the most
severe] and say: 'These three are in close proximity
to each other, please go and dig all three up’. That’s
what we've been working with the last year, that's
what we are working towards” (Operations
foreman, MD).

As such, the data provided by remote sensing
technologies became ‘organizationally real’(cf.
Osterlie & Monteiro, 2020) at the MD as these got
slowly interwoven with the existing practices of
district heating workers. Yet, over time, the integration
of advanced perceptual and data manipulation
technologies within the maintenance practice has
facilitated the emergence of a new sub-practice:
proactive leakage detection based on remote sensing
technologies (Figure 2).

CABLESCOUT

Figure 2. Remote leakage detection

Given that the utility company previously lacked
a systematic practice for detecting leakages, it appears
that the use of remote sensors coupled with advanced
visualization software is not simply enhancing or
replacing an existing practice, but rather, it is creating
a new hybrid practice altogether, augmenting the
epistemic world of district heating technicians, but
also increasing the complexity of their work and
required skills.

6. Discussion

The findings of our exploratory study illustrate,
fist and foremost, that ‘knowledge work’ is no longer
confined to the boundaries of white-collar
environments. In our case, the emergence of a new

leakage detection sub-practice required district heating
workers to develop skillsets traditionally associated
with white-collar roles. Specifically, workers had to
become proficient in using screening software with
various functions and categories for suspected
leakages, which are regularly updated by the
contractor. This shift required workers to master both
handling of advanced software such as Teraplan and
PGWeb, and the practical know-how related to the
technical and embodied aspects of their work. The
workers' tacit knowledge and extensive experience
with the physical infrastructure are crucial for making
accurate assessments and informed judgments when
using complex software, as evidenced by the practice
of proactive leakage detection being firmly anchored
in traditional blue-collar methods. This is because
although digital technologies present a detached and
disembodied representation of the world, they
nevertheless require the development of competencies
in users, allowing the represented information to
interrelate with their practical know-how of physical
work. This interrelation can be explicit, through
articulated comparisons and written communication,
or implicit, guided by the worker's intuition or 'gut-
feeling'.

Overall, our paper demonstrates that the
integration of advanced computing and immersive
technologies have significant implications for skilled
workers in traditionally blue-collar environments.
Firstly, it requires them to develop new skill sets,
including the ability to operate software, interpret
complex data patterns, and integrate these insights into
their traditional practices. This shift represents a move
from primarily hands-on, physical work to a more
hybrid role that combines technical knowledge with
digital literacy and increased context-detached (i.e.,
office) work. The reliance on real-time data and
advanced technologies also changes the nature of their
engagement with the work, making it more proactive
and data driven. Furthermore, as evidence in our case
study, skilled workers must now adapt to a new
working environment where technology enhances but
also complicates their roles, necessitating continuous
learning and adaptation. This digital transition
underscores the evolving nature of skilled work in the
face of continuous technological advancement,
highlighting the need for blurring the historical
boundaries between blue-collar and white-collar work.

Our findings have some implications theories of
digital work and organizing (Autio et al., 2021;
Baptista et al., 2020; Faraj et al., 2018; Karacic et al.,
2023; Zhang et al., 2021). Unlike knowledge work
settings, digitizing work practices in blue-collar
settings may poses more challenges due to the
distributed nature of physical work sites, which
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introduces a wide range of variables — such as differing
layouts, materials, relations, and geographies. In
contrast to most office-based knowledge work where
tasks can often be centralized and streamlined with
software, blue-collar tasks occur in diverse, sometimes
unpredictable, physical spaces that may resist
digitalization efforts. Additionally, manual skilled
labor relies heavily on embodied knowledge — skills
that are deeply embedded in the worker's physical
movements, sensory perception, and hands-on
interaction with materials. These abilities, developed
through years of practice, may not easily captured or
replicated by digital technologies and work systems.
In many cases, the intuitive, experience-based
decision-making that workers use to handle complex,
tactile tasks is difficult to translate into algorithms or
automation. The physical and sensory dimensions of
blue-collar work — feeling the tension in a tool,
gauging the weight of materials, or making real-time
adjustments — are integral to the work itself and are
less suited to digital mediation compared to the more
abstract, cognitive tasks that are common in
knowledge work.

Under the above considerations, it may well be that
digital technologies can augment work in blue-collar
environments insofar as they provide some reflection
or representation of the physical materiality implicated
in skillful task performance. It seems unlikely,
however, that digital technologies can shape (or
replace altogether) the physical reality of blue-collar
workers to the same extent that they alter ‘digital first’
environments (cf. Baskerville et al.,, 2020). This
insight can be considered a caveat to the "ontological
reversal" concept in IS research, which argues that the
classical view of technologies as the digital version of
existing physical objects and processes is becoming
outdated (Baskerville et al., 2020). In the “digital first’
paradigm, digital versions of objects or processes are
created first, and the physical versions follow. This
change, the authors argue, has profound implications
for how we understand the relationship between
humans, technology, and work practices, as digital
technologies now create rather than merely support or
augment work environments. In a digital-first world,
the design, execution, and management of tasks
increasingly depend on digital systems, which
determine how the physical work is carried out. For
instance, in knowledge work, digital tools are not just
aids but become central to the creation and
management of work itself, automating tasks,
generating outputs, and guiding decisions — or even
deciding. In a ‘physical-first world’, such as that of
district heating workers and the 3000 km of pipes they
must care for, it appears that the execution of tasks
remains much dependent not only the technological

complexities, but also the deep connection between
workers and their material environments (Sergeeva et
al., 2020), as well as the tacit, sensory knowledge that
underpins their expertise.

7. Conclusion

This paper demonstrates that the integration of
advanced technologies in blue-collar environments
creates new practices that blend traditional skills with
new technological competencies. This hybridization
enriches the workers' expertise, enabling them to
effectively utilize both their hands-on experience and
new perceptual and data processing technologies in
their work. By referencing our study of a Danish
utilities company, we reveal how the adoption of
advanced digital technologies has transformed (and
continues to transform) blue-collar work practices. In
our case, the introduction of remote sensors and
sophisticated software has not only facilitated a
proactive leakage detection, but has also dictated the
need for visual and knowledge upskill, increased work
complexity, new specializations and interest groups in
the organizations, as well as the need for more
interpersonal skills, due to the increased sociomaterial
complexity of district heating maintenance work.
These changes, we argue, underscore a symbiotic
relationship between technologies and the practical
knowledge required in embodied skilled work, which
enhances workers' ability to interpret data effectively
against their physical counterparts.
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