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ABSTRACT

In the current framework of Industry 4.0 technological transformations, the viewpoint
of those who integrate the workplaces being transformed is frequently dismissed.
Therefore, this paper explores decision-makers’ views concerning such changes and
their impacts, considering they also have the power to act on how these processes
are employed. The study was developed at an automotive manufacturer in Portugal,
through 26 semi-structured interviews. Our findings come to show the decision-
makers’ perspectives regarding how work is organized, their own operational leeway
to manage new work demands stemming from the human-technology interaction,
and the perceived impacts of technological change. These results shed light on how
technological introduction interacts with the daily conflict to manage productivity and
quality demands with health and well-being at work. This will support the next phases
of the research, which will include workers from different areas of the company.
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INTRODUCTION

While projections are frequently made about technological change as being a
health and well-being potentiator (Cimini et al., 2020), other studies indicate
that the real work in interaction with technology makes new risks visible
(e.g., Costantino et al., 2021). Yet, the continued perception of technology as
neutral regarding those who use it, perpetuated by the predominant techno-
centered perspectives, still fails in revealing the risks workers are exposed to
(Barcellini, 2019). Adding to this issue, the shortage of studies which consider
(i) the importance of how the demands are dealt with by workers daily, and
(ii) how the previous professional experience shapes the use of Industry 4.0
(I4.0) technologies at work, further perpetuates the lack of access to the real
impacts technology can hold for workers (e.g., Cunha et al., 2022a).

In contexts marked by strong time constraints – partially enforced
by machinery – and the so-called “pull-production” models, where the
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automotive industry was a pioneer, such as the context where this study
was developed, old issues seem reinforced in the context of technological
implementation. Though there is a preoccupation with maintaining workers’
health and well-being in typically challenging industries such as automotive
manufacturing (Spallek et al., 2010) - a central concern for the sustai-
nability of work and the functioning of these work systems -, this often
clashes with the high production and quality requirements, and the need
to remain competitive (ILO, 2022). For decision-makers in management or
middle-management positions, having to deal with these conflicting roles is
inherently part of the job (e.g., Parker, 2004). In the case of first-line mana-
gers in factory settings, responsible for the performance of the operational
lines, such constraints can appear in the confluence between broader orga-
nizational strategies (which also frequently include divergent expectations
held by superior managers) and specificities of the operational process (e.g.,
technical demands, the management of members of the work group), often
further restricted by their lack of participation in decision-making processes
(Hales, 2007). In terms of I4.0-specific studies, divergences in the adoption
and implementation of technologies have also been described in interviews
with workers in management positions, but the focus mainly resides on pra-
ctical techno-centered issues (e.g., the pressure to implement technology to
maintain the business competitive, but a lack of infrastructural resources to
do so, or issues related to the political framework) (Mayer and Oosthuizen,
2022). These examples serve as a basis to point out how certain limitations
do not become clear if not understood from a territorial and activity point
of view, and highlight the necessity of involving several hierarchical levels
in a participatory approach (Bellemare et al. 2001) for the development and
implementation of technology, as well as the monitoring of their impacts for
workers and the improvement of their working conditions.

Contrary to the literature focused on projections of what the future of
work will or can look like, this study focuses on how these changes are lived
on a day-to-day basis - a key assumption in work psychology and activity
ergonomics (e.g., Lacomblez et al. 2007). The research was developed in the
context of a pioneering and emblematic industry in terms of I4.0 technologi-
cal development (Deloitte, 2020): an automotive manufacturer. Specifically,
this article addresses the decision-makers’ views concerning technological
transformation and its impacts for those whose activity is reconfigured, also
regarding their greater involvement and power to act on how these processes
are implemented. It places into perspective the difficulties for the manage-
ment of frequently contradictory work demands, such as production and
quality criteria, but also explores how the workers’ previous experiences con-
flict with the new forms of work organization instigated by technological
transformations.

METHODOLOGY

Participants and Context

The study herein presented takes place at a large-sized automotive manufa-
cturer in Portugal which is strongly marked by technological transformation.
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Our sample consisted of a total of twenty-six participants, of whom one was
female: seven managers, three coordinators, 11 supervisors, and five team
leaders.

Procedure

The methodology consisted of the development of individual semi-structured
interviews, followed by 10 hours of open observations. The 26 semi-
structured interviews were conducted using an interview guide, aimed at
exploring the work processes which participants consider more or less prone
to automation; drivers and obstacles for technological implementation; and
the perceived impacts regarding (i) work organization, (ii) operative modes,
and (iii) on occupational health and safety. The interviews were recorded,
transcribed, and then coded and analyzed using the NVivo 12 software,
following a data-driven approach.

RESULTS AND DISCUSSION

From the content analysis which was developed, four main themes emerged.
Firstly, “An infantry of robots” which emphasizes the principal organizatio-
nal changes found, stemming from the mass introduction of technology (e.g.,
new tools, number of workers/team, increased production and quality stan-
dards). The second theme, “New forms of work supervision”, addresses the
new mechanisms of supervising work boosted by technology (e.g., quality-
controlling robots), and the changes in work content. Thirdly, in contrast to
the fast technological introduction, the time constraints leading to fewer trai-
ning opportunities, as well as how new changes are managed are discussed in
the theme “No time for training”. Lastly, even though technological change is
frequently perceived as a source of prestige, this has also led to work intensi-
fication and new demands (e.g., the establishment of new work shifts). Thus,
the theme “More propitious to younger minds and bodies” portrays how
such reconfigurations impose other “uses of oneself” (Schwartz, 2020), with
consequences for decision-makers’ and operators’ health.

An Infantry of Robots

The context under analysis is strongly marked by technological introduction,
intensified by the recent wave of emerging I4.0 technologies (e.g., digital tech-
nologies, cobots, cyber-physical and intelligent systems, 3D printing). The
adoption of such technologies (described by one of our interviewees as “an
infantry of robots”, considering the number of robots introduced in some
areas) was triggered by themanufacture of a new carmodel. Such investments
are consistent with the expected number of cars produced, and resulted in
changes in the whole factory’s work organization: “With the introduction
of the [new model’s name] (…) the production lines come with a degree of
automation... it’s very high, it’s very high”, as mentioned by a supervisor.

These technology-induced changes are not standard, and significant dif-
ferences were found within the factory in different areas (e.g., a larger or
smaller reduction of workplaces, impacting the number of workers per team).
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Still, the interviewees highlighted some common benefits. Namely, new state-
of-the-art machinery with less downtime, the acceleration of the production
processes, increased product quality, the possibility of monitoring producti-
vity and tracking down what was done by each worker in the production
lines (e.g., “Everyone in real time can see what the line is producing, what
the operators are delivering”), the capacity of detecting issues in a faster man-
ner, and the reduction of the physical efforts done by workers (e.g., “It is time
that was gained, of course, for the organization, and for the person too. For
the well-being of the person that would take 8 hours to perform the same task
and now it only takes 6 or 5 hours.”), even if this did not mean a reduction
of the person’s working time. While the reduction of manual workstations in
several areas of the factory implied significant changes in their teams, it did
not necessarily lead to the overall reduction of the number of workers, due to
new supervising activities and new shifts: “shorter and shorter cycle times or
production times force people to also… also increasing the capacity people
have for developing this work”, as mentioned by a manager. It did, however,
reconfigure how work is organized and done.

New Forms of Work Supervision and Standardization

A team leader mentioned that technological changes have obliged them to
“pay more attention to certain things that were previously uncontrolled” as
“there are more supervisory tasks, there are more controls to check... because
we now have 3 robots ahead of us evaluating our work, right? And in the past,
this work was evaluated only at our [internal] supplier, later. The supplier
was the one who evaluated our work... the way the cars got there. Not now.
Now, our work is evaluated at the end of our line”. The increased pressure
to produce flawless cars is felt within the whole factory, a challenge to be
managed with the intensification of work: more products, no space for flaws,
less time per operation, new operative modes imposed by technology, and an
in-real-time supervision of everything that is being done. Some operations,
however, remained manual - either due to the know-how necessary to do a
job well done, or due to the economic investment needed to automate certain
repetitive tasks (e.g., “The fitters’ work (...) so, aligning the cars, is all manual,
they do not have any equipment, nor robots, to do it in some stations” as
mentioned by a team leader).

The limits of both the machine and the human body become visible during
such moments of interaction, but also in the human-machine conflicts which
arise from it. So, while technology is praised for making processes faster -
a key factor in production chains -, the attempts made by workers to anti-
cipate work and gain some extra time in semi-automatic workstations are
negatively perceived: “We always have to remind people: ‘You cannot leave
these marks. This is your workstation’. Because of this, sometimes people
have a tendency, and we always try to fight that. (…) They start anticipating
their work. And we try to avoid that, because it’s not even good for peo-
ple, as they’re working at a higher pace than what is necessary, and they’re
failing to comply with the process that has been defined”, a supervisor tells
us. The situations mentioned by the supervisor are examples of regulation
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strategies, developed by workers to regain control over their work so that
a balance between their own well-being and work demands can be achieved
(Leplat, 1997; Faverge, 1972). As mentioned by Amalberti (1996), such devi-
ations from the prescribed work happen when workers consider that these
‘mistakes’ do not pose real threats to the organization nor themselves, and
due to the process of ‘fixating the thought’ (Clot, 2006)- also in line with the
idea that work refers to a permanent effort to redefine work-regulating rules
(Schwartz, 2021).

While a manager mentioned that “We are systematically looking for situa-
tions where we can replace employees with automatic systems, because they
allow us to have more productivity”, and even though the company’s policy
has been that of reconverting workplaces and upskilling workers, technology
also has fragilities. Such fragilities become especially visible in the face of vari-
ability and non-predicted situations. In thesemoments, it is the operators who
are called to compensate for such limitations, being able to identify when ‘the
machine makes mistakes’, and make the necessary adjustments. For instance,
when the lines experience slight changes in the positioning of certain pieces,
this requires changes in the machine’s programming, also called “to make a
correlation”: “The programs for each piece are made once. Then, sometimes,
from production to production, even when one of those parts comes in, there
might be some difference. (…) It can be just 1mm higher and it can no longer
take the part out of the press”, as mentioned by a team leader. A paradox
is thus generated: owing to their experience gained prior to the introduction
of new technology, human workers are called to supervise and fix machines’
flaws; however, the introduction of new technology gradually reduces their
opportunities to build the kind of human knowledge that will be needed to
oversee future technology (Wurhofer et al., 2018).

No Time for Training

The introduction of new technological machinery, tools, or software entails
the adjustments of the operative modes and the development of appropria-
tion processes by those who will work with them. This allows the ‘tailoring’
of the artefacts to human needs at work on the one hand, as well as the infor-
mal adaptation of human activities to what these artefacts allow on the other
(Rabardel, 2003). Considering such introductions can threaten the strategies
workers develop to preserve their health and well-being at work (see, for
instance, Cunha et al. 2022b), the expression of signs of discomfort is percei-
ved as ‘resistance to change’ by some interviewees, and as a natural reaction
to the fear of losing their jobs due to automation by others. Some of the
interviewees mentioned the importance of the involvement of workers in the
decision-making process as a key factor to overcome such tension moments
and manage to create successful technological implementations: “We started
to see with people, the people from [name of the area], the technicians who
are going to use the software, why they use it, what their needs were to make
it easy for everyone. For them not to think ‘Oh, it’s [coordinator’s name]
who wants a software’. No. (…)We started to fill the needs in, we started to
change and with that we are now able to have a software that people use”).
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However, it was also mentioned how this is not always possible, due to their
own resource restraints: “Sometimes they would like to participate more in
the decisions. (…) is a planning team responsible for installing the equipment
that goes and asks in the production line if there is anything they want to
suggest or improve, but of course, we can’t involve all the workers there from
the line”.

The factory had its operational capacity expanded, especially taking into
account that robots do not have psychological limits. Now, production lines
work 24/7, in 19 different shifts. Notwithstanding the benefits the interview-
ees mentioned for workers’ health (such as the reduction of musculoskeletal
disorders), the changes described throughout this discussion also brought
about new challenges for those who have the responsibility of managing
teams. Due to work demands, such as the increased pace of work, the long
working hours, and the obligation to fulfill production requirements while
working at a factory which ‘never stops’, these participatory moments, inclu-
ding moments for training, become limited and create irregularities within
the teams: “[the factory] works 24 hours a day. It is sometimes difficult to
program the training sessions. And we used to have training for a week, (…)
with time to create problems, to solve them, to learn, to ask questions. And
now the training that is provided is someone from the department or some-
one from outside, from outsourcing, coming to explain that there was this
technology that was put in the system, that that’s how it works, during 1
or 2 hours (…) Then there are some people who learn easily and there are
others who take longer or, as they don’t use it that often, it’s not so easy to
learn”. The lack of opportunities for workers’ expression (enhanced by the
lack of workplace training moments) limits the discussion of technology’s
possibilities, developed from work activity in the management of everyday
demands (Bobillier Chaumon et al. 2019). Considering knowledge of how
work systems function has been flagged as a factor which contributes to
workers’ well-being and performance (Kadir and Broberg, 2020), and that
the learning process of managing work variability contributes to the deve-
lopment of health regulation strategies, the reduction of these moments also
poses a threat in the exposure of workers to new unpredicted risks for health
and well-being (Barcellini, 2019; Cunha et al. 2022a).

More Propitious to Younger Minds and Bodies

In spite of the attempt to reduce the physical workload experienced by wor-
kers in the production lines, many assembly stations still involve repetitive
and straining movements. This is a central concern for decision-makers, who
mention some attempts done to minimize workers’ health risks, without
jeopardizing production (e.g., “In terms of well-being, we organizationally
increased the breaks we have during shifts from seven to ten minutes (…)
without prejudice to the operation. That’s a good point that’s been made”, as
mentioned by a manager). However, an ageing workforce, largely made up of
male workers who were exposed to hazardous working conditions from this
point of view, gradually turned into a risk to the functioning of these wor-
king systems as they are more likely to be reported with less work ability, due
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to work. The interviewees mentioned the need to, on the one hand, comply
with the production objectives their jobs require (which implies reformula-
ting their teams in order to have enough available personnel to get the job
done), but also, on the other hand, manage the suffering of those who become
less able to work in these systems: “But a person who has worked a lifetime as
a [name of the workers function] is at a level of... here we call him an expert
technician, you know? He’s an expert in what he does. At this moment, he
practically can’t move... There are colleagues of ours who can’t even hold 2
kg. (…) It’s hard to reconvert someone who has been a [name of the workers
function] his whole life into another profession, isn’t it?”, as mentioned by
a coordinator. From this issue, a second one emerges. To find appropriate
workstations to place these workers with medical restrictions, they face the
struggle of those who will see their workplaces taken over when replaced by
these workers: “Sometimes it’s difficult to explain to people that ‘you have
been working here for 7 or 8 years, but now a person who has never worked
here, but cannot lift weights anymore, weights over 5 kg, is going to take your
place, and you have to go do some tough work’. Sometimes this happens. It
hasn’t been easy”, as mentioned by a supervisor. For them, the reconfigura-
tion of teams - when members are reallocated to other parts of the factory -
with whom they have strong interpersonal relationships is a ‘cost’ of techno-
logy, and a constraint of the activity they carry out. One supervisor mentions:
“The difficulty at the moment is that we create bonds with people (…) with
the optimizations that are being done, the main group, which has been there
for better and for worse, will have to lose members”.

The management of both their own and others’ suffering intensified with
the implementation of the 19 production shifts. As these are rotating shifts,
known to be hazardous for health (e.g., Bara and Arber, 2009; Kecklund and
Axelsson, 2016), some of them imply working for 5 nights in a row: “The
5 nights are very complicated. It’s very complicated, especially the first few
nights. There are other more favorable shift regimes here in the company, but
they do not apply to the production teams”. However, both nighttime and
daytime timetables make the balance of work with life outside of it fragile,
and the impacts of not being present at home are intensely felt: “Some shifts,
we are working during the whole weekend and our families are at home and
we, when we have our own weekend, in this case, this week it was Monday
and Tuesday (…) our families aren’t there. Our kids are at school. It’s not
easy. But then we have, on the other hand, the night shift, which is not easy
either. People either have difficulty sleeping or wake up in the middle of the
night”, as mentioned by a team leader; “All of this has had a huge impact
on all of us, on our families, on the entire factory. (…) 25 years ago, it would
have been very easy, and I didn’t care. Now, at 50 years old, it costs me a lot,
especially the nights. And the weekends. We go practically whole weekends
without seeing our family”, as mentioned by a supervisor.

Young and recently trained workers are frequently perceived as more able
to work with new technological equipment (e.g., “Some new, some people
28/30 years old... People who have another... able to see the problems more in
terms of computers, mobile phones, bits and bytes, PLCs”). On the one hand,
one manager told us that the areas which became mixed in terms of age are
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an opportunity for the exchange of experiences and to complement different
competences, as older workers have expertise which was built through the use
of more traditional equipment (e.g., “We have an older portion [of workers],
who are more used to using a screwdriver and a hammer”). Specifically, he
tells us: “In fact, workers, both old and new, are, shall we say, on average,
really good, but with clearly demarked skills. We had a lot of people here,
concerning heavy mechanics, let’s say, people here with a lot of experience
(…) This type of expertise, this type of knowledge is fundamental with the
introduction of these robots of ours (…) what we find is that, I don’t know…
picking up a robot console, programming a robot, for a robot tomove the way
we want, the older people walk around almost with their tongues hanging
out, you know? And the new ones grab it as if it were a spontaneous thing.”.
On the other hand, the replacement of manual workstations can be read as
a fragility for older, more experienced workers, as their long professional
history at the factory suddenly becomes maladjusted to the new working
conditions. The physical restrictions this older population already faces and
the new uses of oneself these workplace reconfigurations demand (Schwartz,
2021) also add to this conflict: “the younger ones compensate a little bit for
that... breakage or weakness, let’s say, of the older ones, in order to create a
homogeneous force”, as mentioned by one manager.

CONCLUSION

If, on the one hand, technological change is associated with the automation of
workstations and perceived as a sign of optimization and operational excel-
lence, supported by the increase in production and revenue enhancement;
on the other hand, this transformation also led to the increase in working
times to maintain the factory running for 19 out of 21 possible shifts per
week and the need to deal with new challenges for the management of teams,
including expert workers with health restrictions and whose workstations
seized to exist. Even though the sector’s main health impacts (e.g., muscu-
loskeletal disorders) are, in some cases, minimized with the automation of
previously straining workstations, those impacts do not disappear as the
new forms of interaction with the machines impose intense working rhythms,
redefine the workers’ leeway, and are at the origin of less visible psychosocial
risks.

These findings show how the decision-makers’ viewpoints are not limited
to human-technology relationships in the strict sense, but rather are inscri-
bed in a given workplace, with specific resources and constraints. Thus,
they go beyond what workers actually do and include all non-realized possi-
bilities (e.g., what technology prevents workers from doing, or what they
have tried without succeeding) (Clot, 2006); work organization options
assumed and their perceived impacts; and the conflict between producti-
vity/quality demands, and health preservation. This conflict is at the core
of these actors’ activity, but also that of the operators working in this
context.

Technological change must not be perceived as a mere resource for work
without being supported by a real reflection on the impacts these bring for
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those in the work situations. This issue is vital for workers to be able to per-
form quality work, supporting the construction of healthy professional paths,
performance, and skill development (Barcellini, 2019). Notwithstanding, in
light of the work psychology and ergonomic scientific tradition, there is
incommensurability when it comes to work activity perspectives – they are
dependent on the place occupied in the company, the employment status,
and the history of their professional path in the company. It means that
managers and operators “belong to two different worlds and if they are
different that is, first of all, because the solutions (...) that they propose
to the problems posed are a function of the different place that each one
occupies both in the company and in society” (Oddone et al. 1981, p. 200).
Thus, the next stage of the project will be dedicated to the analysis of the
workers’ points of view, in view of developing a shared representation of
technical artifacts, work organization options and the impacts of work on
health.
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