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Abstract.

BACKGROUND: The division of labour between workers and machines is the motto for the current debate on the future
of work, as the number of tasks that can potentially be automated increases. Despite receiving significant interest, to date,
this debate has focused on forecasts that estimate the potential for machine substitution and thus overshadow the activity
perspective.

OBJECTIVE: This study aims to address the frontiers between human operators and automation in a Portuguese industrial
district and to understand how the embodied know-how of expert workers is used when they face the requirements of
automated machines.

METHODS: A qualitative approach to ergonomic analysis was employed in two cork companies, including exploratory
interviews with managerial staff; work activity observations (combining observations with video recordings); collective
interviews with the workers; and collective meetings to validate our results and conclusions.

RESULTS: The workers revealed operating modes related to sensory aspects to face the cork-related variability and the
limits of automated machines. The human-machine configurations call for the experience of the senses, at the material-
corporeal level, and for the preservation of reference points of the activity, mostly in the operation of seeing the cork
stoppers.

CONCLUSIONS The competent act of seeing the cork stoppers, as an operational expertise layer, enriches the theoretical
allocation of tasks between workers and machines. Future challenges for activity-centred ergonomics and work psychology
fields are identified, drawing attention to the sustainable development of work, i.e., work activities where people may learn
from experience and remain healthy within automated work environments.

Keywords: Human-machine, embodied know-how, activity-centred ergonomics, work psychology, cork industry

1. Introduction

1.1. The new forms of division of labour in the
debate on the future of work
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Automation is not only envisaged to change the mod-
els of productivity and control processes, but also the
nature of work and how workers relate to machines in
the face of new human-machine configurations. Such
transformations are not an entirely new phenomenon
[1, 3-5], but the pace and speed of recent progress of
automation are [1].

Confronted with the quickening tempo of tech-
nological change and ever-growing possibilities for
automation in workplaces, a set of issues has fuelled
adebate on the future of human work [2] in the face of
growing concerns about the apparent obsolescence of
human activity in production [4—7]. Such issues have
to do with the consequences for workers and their
professional activities that could be generated as a
result of new forms of “division of labour”, i.e., the
allocation of tasks between operators and automated
machines, and the real autonomy of workers within
this “division” [7-11]. The frontiers between human
work activity and automation [3] are therefore called
into question.

Whilst the existing literature tries to avoid the
optimistic—pessimistic manicheism of previous tech-
nological waves in work [12], several authors pointed
out that, up to now, the debate has concentrated on
predictions of employment trends using quantitative
projections [8, 11, 13]. Thereto, they assess the poten-
tial for machine substitution, i.e., the number of jobs
that will be lost as a consequence of automation,
which fuels the so-called “substitution myth” [14].
Despite being extensively cited in the literature, these
prospective analyses must be questioned. First, they
miss the sphere of work activity or, at least, they
reduce it to a set of prescribed tasks whose automa-
tion potential depends primarily on technologies [9].
Second, the resulting interpretations tend to be posi-
tioned only at the macro-level of the phenomenon,
focusing on speculative scenarios of work, and thus
contributing to thickening the purported neutrality of
technology.

Here, contributions from ergonomics and work
psychology fields should be addressed since the
reverberations of technological advances are never
neutral [12, 14, 15]. Analysing how automation trans-
forms the work requires paying attention to the
“workplace level”, i.e., the specific and descriptive
level concerning “the worker in a given situation”
[16] to understand the factors that determine the activ-
ity (tasks, multiple demands, constraints, production
goals, technological tools available, rules, norms and
values). This micro-level of analysis has been par-
ticularly developed in the epistemological universe

of work psychology, whose contributions have been
mobilised in the scope of the interdisciplinary action
of activity-oriented approaches to ergonomics [10,
16-18, 37]. Such a perspective aims at providing
a “finer-grained understanding” of the activity by
focusing on the concrete experience in real-life work
situations and understanding the operating modes
developed by workers.

1.2. Reconfiguring the frontiers between workers
and automation: A key moment to discuss
the operating modes

The purpose of this paper is to present an ongo-
ing study that seeks to explore the emerging frontiers
between workers and automated machines [2], based
on the activity approach both work psychology and
ergonomics share. To do so, the first point of the study
deals with the reconfigurations of work occurring in
small-sized cork companies that belong to the main
“industrial cork district” in the world (located in Por-
tugal). The growing number of automated machines
adopted led to the analysis of main changes taking
place, exploring what fractions of work have been
automated.

The second point of the study deals with the
ways workers activate their know-how (as reserves
of expertise) to deal with the constraints within new
human-machine configurations. This know-how is
based on the development of operating modes as a
result of workers’ attempts to reduce the constraints
in work situations. The operating modes represent
“the ways of doing and organising”, which involve
different aspects, such as procedures, tricks of the
trade, possible alternatives, ways of using workplace
equipment, postures, body movements, reformula-
tion of rules or variations in the sequence of actions
[18-20]. For managing the variability in work, work-
ers develop regulation strategies, which reflect how
their ways of doing are adjusted to attain production
and quality goals while protecting health (the preser-
vation of oneself) [18]. Thereby, the operating modes
are adapted to both the variability in working condi-
tions and variations in the person’s condition (e.g.,
the level of fatigue) thanks to these strategies. For
this reason, there is not just one way of doing; rather,
the variability of operating modes represents what
Schwartz [22] called the “reserves of alternatives”,
that is, the field of possibilities developed in practice,
and which characterises expertise.

Studying and understanding these “ways of doing”
acquired and internalised by expert workers is a
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pivotal issue due to the difficulties in verbalising
know-how that is “embodied” [23—-25]. This know-
how, often described as tacit or non-formal, is “easier
done than said” [25], especially when it has become
“second nature”, making experience hard to pin down
[20, 21]. Schwartz [22] drew attention to the diffi-
culty to articulate in verbal form know-how that is
recorded in the body’s intelligence, given the exis-
tence of an indeterminate level comprising synergies,
circuits and regulations, which are specific to a body
in action. Therefore, the formalisation of this know-
how, made possible by “the experience of the body
and senses” [26], is a considerable challenge [20, 21,
27, 28]. Ouellet and Vézina [20, 27] put forward two
main explanations for this difficulty to put into words
“what we know, what we do not know we know,
or what we know without ever having been able to
describe it” [23]: (i) part of the know-how becomes
unspeakable as automatic reflexes are consolidated,
thus freeing resources for planning and anticipating
critical situations; and (ii) lack of opportunities for
workers to discuss, share and formalise their know-
how.

This challenge is even greater at a time when
automation progress, supported by new technologi-
cal options in robotics and artificial intelligence (Al),
holds the promise of divesting all embodied know-
how supposedly by increasing non-manual work [11,
21, 29]. Moricot [30], questioning the place of human
beings within automated systems, flagged up the
new forms of omission of the body brought about
by automatisms in the aviation sector, even though
the embodied know-how was key for the system
performance and reliability. Also, Anichini and Gef-
froy [31], drawing on interviews with radiologists,
unveiled how clinicians used automation tools (e.g.,
an Al software) in different ways when reading
the images, relying on their experiential know-how,
mainly stored in their professional vision.

The demands posed by automation technologies
require workers to know how to use their bodies
and senses. Thereby, the body’s intelligence and how
workers do mobilise it within automated work con-
texts remain as issues that deserve further research
attention [21, 29-31].

This study aims to advance knowledge on these
questions, principally how experienced workers acti-
vate their embodied know-how within the emerging
frontiers between work activity and automation in
the cork industry. By presenting two work situa-
tions, we shed light on how this know-how related
to sensory and proprioceptive mechanisms takes into

account the strengths and limits of automation. The
presented body of knowledge can then support the
construction of a framework for making this work-
ers’ know-how visible, as part of a specific territory
as well as a useful reference tool for training new
workers in the cork sector. In both cases, it is crucial
to make human-machine configurations sustainable
in the future. Thus, from the empirical basis of this
study, we conclude by putting forward some factors
that could threaten the sustainability of work activity
within automated work contexts.

2. Methods
2.1. Research setting

This study is part of a larger research project
[32, 33] led by a team of work psychologists in the
“cork district of Santa Maria da Feira”. That research
projectis carried out from day one in partnership with
the Portuguese employers’ association of the cork
sector (Associacao Portuguesa da Corti¢ca - APCOR)
and the Portuguese centre for professional training in
the cork industry (Centro de Formacao Profissional
da Industria da Cortiga - Cincork).

Cork is an important sector in Portugal since
it is the only one in which the country assumes
leadership worldwide in terms of production, cork
processing and exports [34]. Certain idiosyncrasies
of the Portuguese cork sector grant it such a starring
role. Firstly, following a continuous process of ter-
ritorial agglomeration throughout the 20th century,
Portuguese cork companies are mainly located in
the “industrial cork district of Santa Maria da Feira”
(hereafter referred to as the “cork district of SMF”’) —
acounty in the north of Portugal where the cork indus-
try is centred. Here, the companies form a “cluster”, in
the sense of an “industrial district”. According to Per-
sonnel Records of the Portuguese Ministry of Labour
and Social Solidarity, the cork sector accounts for 640
companies, and 487 of which are concentrated in the
cork district of SMF [34].

Secondly, it stands out by the fact that micro and
small companies are predominant. These companies
present a high level of specialisation in the manufac-
ture of cork stoppers; indeed, the transformation of
cork planks into natural cork stoppers constitutes the
main industrial activity of this region.

Thirdly, over the recent decades, the cork dis-
trict has undergone important technological changes,
mainly in terms of the incorporation of automation
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applications. Despite being considered a “traditional
industry” and whose scale is not generally associated
with automation and technological innovation [35],
there has been a significant technological evolution
through the general increase in automation within the
cork industrial chain.

In partnership with the APCOR and the Cincork, a
research consortium was set up with 10 small-sized
companies located in the cork district of SMF. The
present article refers to data collected in the first two
companies of this consortium. It is actually where our
fieldwork in the cork district began.

Decision-makers from both companies expressed
their interest in the study and provided access to the
field. Company 1 was founded in early 2012 and
employs 12 workers (6 women) in operations. The
average age was 53.6 years (range 27-69) and the
average seniority in the company was 5.5 years. Nev-
ertheless, they had long seniority in the cork district
of SMF (28.4 years). Their work schedule was from
8am to Spm and, on occasion, overtime was requested
to meet production demands. All the workers partic-
ipated in the study.

Company 2 was founded in 1979 and employs 40
workers, of whom 31 are in operations (20 women).
The continuous operation of the company was made
possible through a work schedule based on three
fixed shifts, from Monday to Friday: morning shift
(8am—5pm); afternoon shift (4pm—12am); and night
shift (12am—8am). The company allowed the morn-
ing shift to participate in the study. This choice was
based on the following criteria: (i) in the morning
shift, all production sections were running, unlike
what happened in the afternoon and night shifts; (ii)
consequently, during the morning shift, the company
was able to adjust the staff to allow time off for inter-
views and collective sessions. A meeting was held
with the decision-makers to select the participants,
following the criterion of diversity in terms of senior-
ity. Nine workers were selected (seven women), all of
them working the morning shift, and whose average
seniority in the company was 15.2 years (range 3—40)
and the average seniority in the cork district of SMF
was 20.1 years.

2.2. Study design

In both companies, the methodology was drawn
from a qualitative approach. It encompassed the anal-
ysis of work activity, involving a number of methods
that, once triangulated, support the understanding of
the determinants behind the operating modes. This

“activity approach” is the touchstone in our theo-
retical affiliation, whose epistemological foundations
were detailed by Daniellou [17] or Lacomblez et al.
[37].

Following the approach to ergonomic analysis
[18], the fieldwork had the following data collec-
tion sequence: (i) document analysis; (ii) exploratory
interviews with managerial staff; (iii) work activ-
ity observations (open and systematic observations),
including verbalisations and video recording; (iv)
semi-structured collective interviews with the work-
ers; (v) and collective sessions to return and validate
the results. Table 1 summarises the methods used in
each company and the data collected.

Ethics approval for this study was obtained from
the Ethics Committee of the Faculty of Psychology
and Educational Sciences of the University of Porto.

2.3. Data reduction and analysis

In each company, we observed the activity in all
production sections. The permission for observa-
tions was requested in person to the workers. The
verbalisations collected were then discussed in the
context of collective interviews to explore the inten-
tions guiding particular actions (e.g., the interaction
with the machine), as well as the factors that influ-
ence them (e.g., organisational, technical, material,
or spatiotemporal determinants).

After a period of open observations, the researchers
carried out a stage of systematic observations at the
workstations. To support these observations and their
qualitative analysis, the research team videotaped and
photographed some events. It should be noted that
these procedures took place after the consent of the
workers and the foremen, and all material (video and
photos) were only kept for analysis after the work-
ers’ approval. To select the events to be recorded,
we took into account what the workers identified
as reference situations in their activity, that is, sit-
uations that appeal to the workers’ expertise in the
relationship with the machines (e.g., anticipation of
malfunctions and/or incidents; precision in detect-
ing defective cork stoppers). This stage supported
the analysis of the observable part of the work-
ers’ know-how. At this point, observation-based data
were used to generate chronicles of activity through
ActoGraph® software [38] so as to better illustrate the
operating modes and their temporal organisation. To
this end, each observation treated with ActoGraph®
was structured into a plan encompassing [38]: (i) the
categories of observable facts and/or events (postures,
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Methods and the data collected in the two cork companies

Methods Data

Company 1 Company 2

Document

- Sociodemographic characterisation of the

- Number of workers, gender,

analysis workers age, seniority, and
professional categories
- Work schedules
Exploratory - Characterisation of the company and its - Two interviews with - Two interviews with

interviews with
decision-makers

“position” in the cork district of SMF
- Identification of the milestones of

technological change and their implications

for work and employment

- Identification of tasks that were automated,
and characterisation of the implementation

conditions of such technologies

managerial staff and an managerial staff and two
additional meeting with the additional meetings with the
foreman were held (in a total foreman and the quality

of 4h) manager were held (in a

total of Sh)

Observations in - Open observations of work activity

situ - Systematic observations of human-machine

interaction situations
- Video recordings of the work activity to
support systematic observations

- The work activity was
observed for a total of 30h

- The work activity in the
selection section was video
recorded for a total of 2h
(two 30-minute recordings
for each of the two pairs of
choosers)

- The work activity was
observed for a total of 23 h
(in the morning shift)

- The work activity in the
gluing section was video
recorded for a total of
1h30 min (one 30-minute
recording for each of the
three gluers)

Collective - Characterisation of the workers’ career
interviews with pathways both in the cork district of SMF
workers and in the current company

- Definition of task allocation between
workers and machines
- Characterisation of the human-machine

interactions and in which conditions they

are requested

- Characterisation of the workers’ operating

modes and strategies

- Three interviews with nine
workers participating in the
study. In one of these
meetings, to assist in
verbalisation and collective
reflection, the video
recordings and photos were
used as traces of the activity
[18, 20, 27, 42]. Each
meeting lasted, on average,
1h

- Six interviews (two workers
per interview), lasted each
one, on average, 1h20min

Group sessions - Validation of the results

- One group session™ to return
and validate results of the
observations in situ was held
with the workers, which
lasted 1h

- One final group session to
return and validate results
with 9 workers and 2
decision-makers (1h)

*Two group sessions were scheduled. The first meeting was held in 2020 before the COVID-19 pandemic. Due to the public health crisis,

the second meeting has been postponed.

gestures, movements, sequence of operations; inter-
action with colleagues; places); (ii) the sequence, or
timing of observation; and (iii) the scope of observa-
tion.

The observations and the chronicles of activity
were complemented with collective interviews. In
addition to enabling the validation of our observa-
tions, these interviews aimed to collect data on the
non-observable dimensions of the activity (e.g., con-
trol strategies that are difficult to observe) and to
explore determining factors of the operating modes,
the reasoning behind them and their potential signifi-
cance [20, 39]. As alluded to in Table 1, the interview
guideline addressed four main topics. Some of the
questions asked in these interviews were: (i) What

has changed in the way you do the work since the
introduction of automation? (ii) What do you have
to pay attention to when the machine is working?
(iii) What tells you that the machine is working well
(e.g., auditory and visual controls)? (iv) What is the
machine still not capable to see in the cork stoppers
(e.g., quality defects)? (v) What tells you that a cork
stopper is a good one? And what are your reference
points (e.g., visual, tactile)? (vi) What do you see
first when you are looking at the cork stoppers? (vii)
What do you tell yourself while doing the work (e.g.,
in moments when you have multiple requests; or a
machine is not working as expected).

The collective interviews were done at the com-
panies during working hours. The interviews were



5240 D. Silva and L. Cunha / “Looking for the defect”

transcribed and coded to describe the workers’ view-
points about the operating modes and the strategies
developed by relating to automated machines. As for
the process of coding, patterns in semantic content
(or themes) within data were identified in an induc-
tive (data-driven) approach [40]. The first step of the
analysis was dedicated to generating the initial codes
in our data set. Subsequently, we moved into the sec-
ond step, when the analysis was dedicated to collating
the codes within themes in order to identify determin-
ing factors behind the operating modes, bringing to
light the reference points used by the workers. The
themes were: “technical (machine-related)”, “raw
materials”, or “organisational and production deter-
mining factors”, “references points (visual, tactile,
auditory, olfactory)”, “human-machine interaction
modes”. Verbatim excerpts from interviews describ-
ing some of these themes are provided in the results
section.

3. Results

3.1. Factors behind choices of automation: The
decision-makers’ viewpoints

In both companies, the processes of technologi-
cal change have resulted mainly in the introduction
of automated machines with the following objectives
(1) to increase the speed of production processes; (ii)
to meet the growing quality demands and improve
the quality of cork stoppers; and (iii) to increase the
range of products, beyond cork stoppers for wine.
The need to guarantee the quality of cork stoppers
was mentioned by the managerial staff of the two
companies as a determining factor to invest in tech-
nology. Currently, the most significant challenge that
this sector must face concerns the cork contamina-
tion with trichloroanisole (“TCA”, which is an odour
that can contaminate the wine) [35]. Particularly,
company 1 has invested in technology intending to
prevent the entry of contaminated cork into the pro-
duction chain and/or identify the cork stoppers with
“TCA”.

Such as in other industrial districts, there is an
“anchor company” in the cork district of SMEF, i.e.,
the largest cork company in this region, with more
than 250 workers and control over distribution chan-
nels. The Head of company 1 pointed out the fact that
the technological changes occurring should be inter-
preted in light of the dominant position in the market
of this “anchor company”’:

“We’ve realised that we couldn’t manufacture
just one type of stoppers, and some opportunities
to buy machines to produce stoppers for cham-
pagne have arisen (...). We need to consider
that the market is dominated by the largest com-
pany ... Even though what we produce is a crumb
compared to them, we are an alternative in the
market. We just bought a machine to produce tech-
nical stoppers [stoppers with cork discs glued in
the ends] (.. .) if we don’t sell natural [cork stop-
pers], then we’ll sell technical stoppers” (Head of
company 1).

Another point in which both managers converged
regards one of the main “threats” that the cork district
has recently faced. In the early 2000 s, the sustainabil-
ity of the cork district was challenged by the rising
market share of companies producing plastic stop-
pers:

“The sector faced the so-called wave of plastic
stoppers. They could be produced much faster and
were cheaper too” (Head of company 2).

“In fact, this was a catalyst for us, because it
forced us [the cork district of SMF] fo produce
better, with more quality, to the extent that today
the plastic stoppers fashion has died out” (Head
of company 1).

As a matter of fact, from the managers’ point of
view, the investments in the automated machinery
and other technological tools to detect stoppers with
“TCA” have contributed to raise the competitiveness
of these companies.

3.2. What fractions of work were automated?

The production processes in the two companies
have some similarities, even though company 2 does
not manufacture stoppers from cork strips (the stop-
pers are bought from suppliers and then introduced
into the industrial chain). By contrast, company 1
buys cork planks, which are first hand-cut into cork
strips and then perforated with manual drills to give
rise to the natural cork stoppers. Table 2 describes the
production sections of the two companies.

In each company, the cork stoppers production
chain may be divided into seven stages (see Table 2).
For this study, the analysis was focused on the work
activities in the selection section (company 1) and the
gluing section (company 2). To select these work sit-
uations, we took into account the fact that the work
activity was more distributed between human opera-
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Table 2

Description of the sections in the cork stoppers production chain

Production section Main operation

Company 1 Company 2

Cutting - The cork planks are hand-cut into parallel strips using a knife. .

Punching
to form natural cork stoppers.

- The cork strips are manually punched through a sharp cutting cylinder .

Rectification

- The stoppers are counted (through a pre-sorting machine), polished in . .

the bodies, and rectified in the ends by abrasion. Such processes aim

at guaranteeing the length and diameter conformity of the stoppers.

Selection

- The stoppers are selected - “chosen” - according to quality classes and

defective stoppers are separated. This process could be divided into
two selection moments: the first is an automated selection, and the
second is done manually by workers as the cork stoppers pass on a

conveyor belt.

Washing, bleaching,
and drying
bleaching.

- The stoppers are cleaned from dust and, depending on the customers’ . .
requests, the stoppers are given a lighter colour on the surface by

Printing - The stoppers are marked with the customer brand. This process could . .
be done with ink (in the body of the stoppers) or fire (in the ends of

the stoppers).

Gluing - Caps (of wood, PVC, porcelain, glass, or metal) are placed in the end

of the stoppers (through an automated gluing process) giving rise to
the so-called “capped cork stoppers”. These stoppers are usually used

with liqueur/fortified wines.

Extrusion

*ok

- The stoppers for champagne are produced through the agglomeration .

of cork granules and then the bodies of stoppers are extruded,
resulting in rods to be cut in the desired length.

Expedition

- The cork stoppers are packed in bags, which are injected with sulphur . .

dioxide. Before this, the cork stoppers could be subjected to a final
visual inspection which is done by two workers (this stage only takes

place when the customers demand it).

*Company 1 has recently introduced the gluing section, and it is still in the trial stage. In this section, it will be produced one type of the
so-called “technical stoppers”, by gluing cork discs onto the ends of cork stoppers (e.g., in the case of stoppers for champagne and sparkling
wines). **Company 1 is currently preparing an extrusion section, which is expected to be finished in the last trimester of 2021.

tors and machines. In addition, work activity analyses
were carried out in the remaining sections, and they
were detailed in the context of other studies [32, 33,
36, 41].

In company 1, the selection section is composed
of four automated selecting machines and two man-
ual choosing conveyor belts. Four female employees
work in this section (the “choosers”), who work in
pairs (two workers per conveyor belt). In terms of
role division between workers and machines, the cork
stoppers are firstly selected through the automated
selecting machines according to nine pre-defined
quality classes! and the defective stoppers are sep-
arated (e.g., stoppers with fractures on the surface;
or small holes caused by insects when the cork is
still on the cork oak). Based on machine vision tech-
niques, the stoppers are classified according to the
look of their surface. Then, each basket of cork stop-

'In the cork industry, the stoppers can be discriminated into
nine quality classes. The choosers classify the cork stoppers into a
range of quality that goes from the highest qualities (“flower”,
“extra”, and “superior”) to lower qualities (from “first” up to
“sixth”).

pers classified by the selecting machines is subject
to a manual selection on the conveyor belts. Here,
the two choosers separate the defective stoppers that
were not previously identified by the machines and
discriminate the stoppers that must go to an upper, or
lower, quality class.

According to the observations, apart from perform-
ing the manual selection, the choosers must guarantee
(1) the supervision and the feeding of the automated
machines; and (ii) the management of incidents, such
as stoppers jams and faults in the automated selecting
process. Such operations require a pair of choosers to
move between the conveyor belt (where they usually
work sitting) and the four automated machines. This
pair of choosers — who supervise the machines — was
formed by two experienced workers.

The automated selecting machines have not elim-
inated the manual selection. Rather, the process of
cork stoppers classification is now faster, since one
automated selecting machine can classify up to 12000
stoppers per hour — this process is called “opening
the selection”, in which machines discriminate the
stoppers into the nine quality classes. Afterwards,
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the choosers carry out the manual operation known
as “fine-tuning the class”, which regards the visual
selection of the cork stoppers as they pass on the
manual choosing conveyor belt.

The cork stoppers classified by the machines as
being defective are also checked by the choosers but
at the end of each automated selection process (the
choosers check the “defective basket” to spot good
stoppers). Nonetheless, these stoppers do not pass on
the conveyor belts. This fact is related to what the
choosers referred to as “the worst case”: “It’s worse
to sell a defective stopper than not selling a good one
[which has been wrongly rejected by the machines]”.

In company 2, the gluing section has currently six
automated gluing machines, which are operated by
three female workers (the “gluers”) per shift (two
automated machines per worker). Here, the automa-
tion of the gluing process was introduced in 2012,
with the first machine for placing caps on the end
of stoppers. Automation replaced manual procedure,
in which the workers manually glued the caps one
by one using heated glue, except when some cus-
tomers require capped stoppers to be manually glued
(e.g., in the case of glass caps for premium wines).
Conversely to what happened in the manual method,
the operators now work the entire shift standing up,
and moving constantly between the two automated
machines they are in charge of. The process of gluing
has been speeded, which has led to an increase in the
number of boxes with caps and bags with capped stop-
pers the gluers have to move. Particularly, the heaviest
boxes can weigh up to 30 kg (in the case of wooden
caps), and the gluers have to lift them to shoulder
level to unload the caps into the machines. On the
other hand, by automating, the risk of burns from
hot melt glue has decreased, as workers now handle
small glue pillows (to feed the machines), instead of
directly handling heated glue.

In addition to assure the feeding of the machines
(with cork stoppers, caps, and glue pillows) and the
pre-emptive handling of incidents and malfunctions
during the automated gluing process (e.g., stoppers
from smaller calibres get stuck in the gluing mech-
anism), the workers perform a manual selection of
the stoppers right after they have been glued. This
visual selection not only aims at ensuring the quality
of the gluing but also identifying defective cork stop-
pers that were not separated in downstream stages. In
the collective interviews, the gluers highlighted that
their previous work experience as choosers was cru-
cial for performing this final selection. One of the
gluers described her perception when a researcher

questioned how she identified the defective stoppers
at the end of the gluing process:

“I can’t really explain it..., it’s automatic for
me. I see everything, the bodies [of the cork stop-
persl, the ends, the caps, and the defects show
up. If the stoppers have defects, they’ll appear,
you look at the stoppers and it appears (...). I
was in the selection section for 16 years, so I'm
used to choosing” (Worker in the gluing section).

In fact, company 2 has adopted such a criterion
since the introduction of automation in the gluing sec-
tion. Thus, new gluers hired firstly work as choosers,
at least, for one month, a period during which they
learn the nine quality classes and have the possibility
of doing the manual selection. Through this initial
stage in the selection section, the company tries to
set an opportunity for the (new) gluers to learn from
the experienced choosers. It is crucial for the com-
pany that the choosers and the gluers share, as much
as possible, a “common representation” about each
possible defect in the cork stoppers.

In terms of training, in both work situations anal-
ysed (the selection and the gluing), the workers were
given a short training to work with the machines led
by the machinery suppliers (an initial training was
provided about the mechanisms of the machines).

The introduction of automation has generated new
rhythms for the activities, which are now carried out
under time constraints imposed by the automated
functioning of the machines. Besides the pace of
work, other demands have arisen, according to the
workers’ standpoints. Table 3 describes the sequence
of core operations in each work activity, as well as
the sources of complexity that the workers have to
handle.

These situations entail different causes of trouble
related to the variability in the cork stoppers, and
which the automated machines are unable to deal
with (e.g., different calibre stoppers lead to jams
or incidents). In the face of the lack of conformity
between materials and machine tolerances, the work-
ers’ knowledge of the characteristics of the cork and
their ability to early recognise, prevent, or remedy
incidents in the machines, reduce the gap between
theoretical definitions of work and the real work. In
a particular work environment, which is always par-
tially unanticipated and non-standardised, the work
activity, therefore, defines compromises to manage
different demands (related to the raw materials and
automation operation) and to keep the efficiency and
a sense of a job well done [2].
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Characteristics of the work situations from the workers’ perspective [2]

Section Automated Core operations in the worker activity Sources of complexity
machines
Company 1 Selection Four - Feeds machines’ pockets with stoppers - Cork stoppers jammed in the
automated - Programmes machines for the machines’ pockets
selecting automated selection according to - Cork stoppers jammed in the
machines different quality classes automatic vision cameras of the
- Supervises the automated selection of machines
stoppers and identifies deviations or - Washed cork stoppers cause more
faults machine stoppages
- Manages cork stoppers jams - Deviations and errors in the
- Cleans the automatic vision cameras of automated selection carried out by
the machines (including the chains the machines (compared to the
where the cork stoppers pass) sample of cork stoppers of that
- Fine-tunes the class after the automated quality class. This sample is
selection manually chosen by the most
experienced chooser)
Company 2 Gluing Six automated - Feeds the machine’s pockets with cork - Variability associated with different

gluing stoppers, caps, and glue
- Manages cork stoppers jams in gluing

machines

caps sizes (the machines must be
adjusted and tested for each cap

mechanism of the machines (when the size)

stoppers get stuck in the mechanism)

- Adjusts and tests the automated
machines according to different sizes of
cork stoppers and caps

- Checks the stoppers (after the gluing) to
detect the defective stoppers (defects
that were not previously identified)

- Smaller calibre stoppers lead to
more jams (requiring continuous
vigilance)

Cork stoppers jammed in the gluing
mechanism of the machines (after
clearing, this mechanism must be
manually adjusted)

- Packs the capped cork stoppers

3.3. Setting a good milieu for the machine

To better illustrate the operating modes the work-
ers have developed in their relationship with the
machines, we analysed observation-based data. Here,
we present an excerpt from a chronicle of the activity
treated with ActoGraph®. The chronicle presented
in Fig. 1 refers to the work activity in the selection
section (company 1).

This chronicle was generated from a systematic
observation plan with the structure which follows:
(i) observation of two choosers who are responsible
for the automated selecting machines; (ii) three cate-
gories of observables — tasks, operations (observable
actions in carrying out the tasks), and places; and
(iii) the sequence observed (lasting approximately 2
hours) regards a moment when the choosers were per-
forming the manual selection (“fine-tuning the class”)
on the conveyor belt and the machines were classi-
fying the stoppers into three quality classes (between
“extra”, “superior”, and “first”). In the analysis, the
observation data were complemented with workers’
verbalisations during the observation and interview.

According to Fig. 1, the choosers must face two
main temporal frameworks with different situational
requirements. The first framework refers to the man-

agement of cork stoppers jams (stoppers jammed in
the machine’s pockets or the machine vision area).
Indeed, the variability of cork stoppers (mostly, in
terms of sizes, but also differences in surface treat-
ments) leads to more machine stoppages. In these
circumstances, the choosers’ activity is interrupted
by the need to manage these incidents. The four auto-
mated machines are placed right behind the manual
choosing conveyor belts. Yet, the frequency of jams
requires several movements between the two places,
which in turn has costs in terms of fatigue, as stated by
one of the choosers (when reaching the conveyor belt
after setting free the machine) during the observation:

“I'm already tired . .. Some days they [machines]
Jjam for anything and everything (...) It’s hair-
raising!” (Worker in the selection section).

In the collective interview, one of the choosers also
explained the implications of machine stoppages for
the activity:

“If the machines ain’t running well, we’re always
stopping the conveyor belt to go there, and then
we’re struggling between the two places [the con-
veyor belt and the machines]” (Worker in the
selection section).
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1. Prescribed tasks

Preparing the work for the machines 1+
Supervising the automated machines +
Manual selection (“choosing”) 4

2. Operations

Feeding the machines +

Clearing cork stoppers jams

Unloading baskets with stoppers selected by machines
Controlling the automated selection +
Fine-tuning the class +

Final check of the cork stoppers selected -

3. Places

Time

@ Cork stoppers jammed in the machine pockets (the automated selection stopped)

Supervision of the automated selection (the choosers controlled how automated machines were doing the selection by
seeing the cork stoppers the cork stoppers in each of the baskets, after being selected by the machines)

@ The workers detected faults in the automated selecting machine (according to the workers, cork stoppers of an upper quality
class were being classified in the lower class)

Fig. 1. Chronicle of the activity of two workers (a pair of choosers working in the selection section — company 1).

Faced with these constraints, the choosers
explained how they attempt to set a proper milieu
for the machines, and thus reduce the probability of
stoppages (a flawless and uninterrupted production):

“The machine can stop more often when it’s
dirty with cork dust. We know whether the
machine is selecting unwashed stoppers, it can
Jjam many times (...). Here, we’re always look-
ing at them [machines]. Whenever we go there [to
the machines] we try fo clean it with the air blown
gun” (Worker in the selection section).

The second temporal framework revealed by this
chronicle (see Fig. 1) is related to the operation of
supervising the automated selection. According to the
choosers, this is a core operation in which they check
how the machines are classifying the cork stoppers
in order to identify deviations (e.g., stoppers from an
upper class selected as belonging to a lower class). In
case of faults detected, the choosers may compare the
automated selection with a sample of stoppers. For
each quality class of cork stoppers, the workers have
a “sample” (manually made by the most experienced
chooser), which they use to program the automated
machines according to the workers’ criteria on whatis
a stopper for each class. As illustrated in Fig. 1, there
were three moments in which the choosers detected
deviations in the automated selection, as explained
by one of the choosers during the observation:

“It’s not right, look at the sample [one chooser
says to her colleague], it’s different. (...) The
machine should be taking more stoppers to ‘supe-
rior’ ... There are many stoppers in the basket

of ‘first’ [quality class]” (Worker in the selection
section).

In this case, and after comparing with the sam-
ple and asking the foreman’s opinion, the choosers
decided to stop the machine to calibrate it. In the
interview, the chooser explained that:

“The machines don’t always choose well. (...)
sometimes we have to talk to them [machines], I
mean, ask for taking more stoppers out . .. After
all, the stoppers have to be chosen our way”
(Worker in the selection section).

Hence, the choosers highlighted the importance of
detecting these faults in the automated selection to
then program the machines (“falk to them’) using
their criteria for each class of cork stoppers. It should
be noted that the choosers’ ability to calibrate and
program the selecting machines was learnt, mainly,
by doing (e.g., as workers progressively discovered
the characteristics of the machine).

The choosers also pointed out that there are some
defects that the automated selecting machines cannot
see, and, for this reason, the defective stoppers are
not separated. Here, the choosers’ know-how plays a
crucial role during the manual selection:

“[The machine] doesn’t catch defects in the ends
of the stoppers because the machine vision reads
the bodies [of stoppers] (...). Other defects have
the same colour as cork, and the machine lets the
stoppers pass” (Worker in the selection section).

These stoppers are then manually selected by the
choosers on the manual choosing conveyor belt, in
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a process that appeals to the workers’ expertise. In
fact, the workers’ criteria on quality classes are based
on their knowledge about the cork and the evolution
of its defects, as a “memorised repertoire of defects”
possible by the experience, inasmuch as some defects
are relatively emergent compared to others due to the
recent evolution of cork in the forest.

Finally, another frontier between the work activ-
ity and the automated selecting machines concerns
the operation of “fine-tuning the class”, an opera-
tion in which the customers’ demands intervene, as
mentioned by one of the choosers:

“The boss says: ‘this customer wants the class
to be cleaner’ [i.e., stoppers of that class should
be as homogeneous as possible], and then we
have to remove more stoppers, letting only the
good ones go through. (...) We know some cus-
tomers ... The selecting machines don’t know
this, for them, a stopper seems to have a defect
or not, and it moves forward” (Worker in the
selection section).

Such arbitrations made possible by the choosers’
activity are important for the company, insofar as they
contribute to enhance the quality of cork stoppers
selection, and thus the stability of business relation-
ships. As a matter of fact, that is why this company
has kept the manual selection on the conveyor belts
as fundamental:

“Whether we like it or not, given the defects that
cork presents today, the cork stoppers have to
be passed on the conveyor belts [to be manually
selected]. There are some defects that machines
simply don’t see” (Head of company 1).

3.4. “Finding the sound of my machines”: A
diagnosis in advance

The observations in the gluing section (company
2) revealed the workers’ strategies to reconcile the
demands that the introduction of automated machines
has posed. Here, the workers have to manage over-
lapping temporal frameworks associated with the
automated process of gluing, with the aim of attain-
ing the objectives in terms of quality and quantity. A
worker in this section mentioned in the interview:

“Having two machines means we’re always run-
ning from one side to the other. We supervise the
gluing, feed the machines with stoppers and caps,
do the selection for catching some defect that has
passed [after the gluing], and pack ... It’s really

very demanding. It’s tiring, not only physically,
but also by the attention I have to pay (.. .). If the
machine collaborates, the shift will run better”
(Worker in the gluing section).

The automated machines altered the gluing pro-
cedure, which has led the workers to set up other
strategies to adjust their operating modes. In the col-
lective interview supported by video recordings of
the work activity, the gluers explained an anticipa-
tory strategy that enables to forestall the automated
gluing machines from stopping. More precisely, the
workers revealed how they have developed a sensitiv-
ity to the change in sound relating to their machines,
by collecting and filtering signals, as explained by a
worker while watching a video tape of herself:

“I had to learn to find the sound of my machines
in amidst all the noise from the factory. Without
looking at the screen [positioned on the back of
the machines], you know the problems are coming
(...). When you catch it [the sound], firstly, you’ll
hear the caps in the machine’ s pocket, with a little
slower pace, and shortly after it’s the speed of
the stoppers passing by in the gluing mechanism,
look, it’s different, isn’tit? So, we need to act fast”
(Worker in the gluing section).

Apart from perceiving accurately even the small-
est changes in the background noise, the workers
revealed that, in their “sensory awareness” [21], it is
also decisive the ability to classify and integrate such
changes while they are occurring (e.g., without seeing
the stoppers inside the machines, the gluers can men-
tally visualise the processes occurring). However, in
some cases, due to the multiplicity of demands, it is
not possible to impede the problems or diminish their
importance, and the automated gluing machines stop.
Here, this temporal framework becomes a priority, as
explained by the gluers:

“The priority is always to set the machines free,
ever. We have to have production, if they’re
stopped, we aren’t producing, we can’t simply
glue caps manually”; “My priority is to clear the
Jjam and restart, and only then to see the defects

and pack (...)” (Workers in the gluing section).

Therefore, the anticipations to prevent stoppages
or to rapidly repair the situation by calibrating the
machines constitute important elements of the work-
ers’ expertise. In company 2, a mechanic (a machine
setter) assisted in the calibration and adjustment of the
machines. The gluers pointed out that some tweaks
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performed by them were partially learnt by “peering
over the mechanic’s shoulder”:

“I learnt by watching how the mechanic did it.
Later on, it was by trial and error (...) This
machine isn’t easy to handle. But, at one point,
I got the trick, and finally got calibrated it by
myself. It looks like that, from that moment on,
I have my hands on the gluing mechanism”
(Worker in the gluing section).

Key here is that this embodied expertise is
developed in action, i.e., as the workers elaborate pro-
cedures while appropriating the automated operation
of the gluing machines and constitute representa-
tions — as an operative image — about its functioning.
According to the workers’ views, this know-how is
decisive to confer a sense of control in performing
the activity [2, 36].

4. Discussion

4.1. “The defect shows up”: The expertise of
seeing and choosing

Despite belonging to a traditional industry with
a small scale of technological transformation, the
two cork companies have upgraded their produc-
tive capacity by implementing automated machines,
whose functioning is largely supported by a “heritage
of specialisation” constituted thanks to human work
activity.

We found that, in the analysed work situations, the
main operation of the activity has not been divested
by automation: seeing the cork stoppers to choose
the quality classes and look for the defects. Cork is a
raw material in permanent evolution, whose physical
characteristics are not changeless, and new defects
are emerging linked, for instance, to forest exploita-
tion. Given the variability of defects, and with which
machines vision cannot fully cope, we found that the
choosers’ activity considers the strengths and lim-
its of machines in facing the current demands of
production. The automated selecting machines can
identify the most visible defects (e.g., fractures). Nev-
ertheless, other defects are much more difficult to
detect. For example, the “dry year” is a defect that
may be inferred by the presence of two parallel lines
from the top to the end of a cork stopper. Accord-
ing to the choosers, this is the most difficult defect to
see, and the machines cannot spot it (consequently,
the stoppers are not rejected by the machines). In

these circumstances, when seeing the stoppers on
the conveyor belts, the choosers’ attention and han-
dling dexterity are directed to “see the invisible”.
This dexterity calls on all the senses for handling and
processing the cork stoppers, involving not just pre-
cision (in detecting the defect), but also speed and
rhythmical coordination (between the two choosers).
The act of looking at the stoppers is rooted and
informed by the experience, namely, concerning the
expected configurations of some defects on the sur-
face of the stoppers. For example, the “bug” is a
defect characterised by a small hole caused by an
insect. Unlike the machine vision that may confuse
this defect with cork pores, the choosers mobilise
other criteria for a proper interpretation. By seeing
the stoppers, the choosers usually detect the “bug”
not by the presence of a hole, but by two small holes:
one is the point of entry of the insect in the cork,
and the other is the point of exit. Additionally, other
defects are identified by making use of other forms
of sense perception, such as the smell (e.g., to infer
the presence of TCA) and the touch. For instance, the
“woody” is a defect characterised by the presence
of sharp nodes in the body of the stoppers; in case
of doubt, the choosers detect this defect by passing
their fingers on the rough surface of the stoppers. The
choosers’ know-how is expressed as knowing how to
look at the stoppers, in an embodied expertise wherein
talk (between the two choosers in the pair), touch,
vision, gesture dexterity (involving hand-eye coordi-
nation) and at times the smell are bound up in the act
of interpreting the stoppers. Thus, “there is no seeing
per se”’ [43] detached from other embodied practices,
which imply the preservation of “perceptual-motor
reference points” in carrying out the activity [27].
The “ways of seeing” in professional activities
have been investigated in various contexts from the
anthropological works of Goodwin and Goodwin
[44] on the professional vision and extended in dif-
ferent fields. The work situations investigated range
from the most traditional industries to the most
technological tools-saturated environments, of which
airports [44] and health contexts [31, 43, 45] are
examples. Particularly, Goodwin and Goodwin [44]
illustrated that the competent gaze is always part
of larger courses of activity, and these are indeed
the focus of workers’ attention. The choosers and
the gluers do not see an isolated object with some
attributes (e.g., a cork stopper with one defect);
instead of that, there is a larger framework that is
not extrinsic to the act of seeing, encompassing the
quality classes of cork stoppers; the automated selec-
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tion previously made by the machines; the size of the
stoppers; or the customers’ demands. This contingent
framework establishes the ground and relevance for
the act of seeing and choosing the cork stoppers.

In this vein, according to Tomads et al. [45], by
analysing the constitutive practices of the profes-
sional ways of seeing, it is possible to affirm the
social nature of perception and, more generally, of
cognition. The act of seeing in professional activi-
ties therefore neither occurs in a social vacuum [43]
nor is it an entirely individual process [45]. It means
that the expertise in seeing is weighted by the profes-
sional paths (and even the history of the profession)
in which the workers may be confronted with other
“ways of seeing” when interacting with their pairs,
other customers’ demands, or even other criteria for
each quality class of cork stoppers (depending on the
company they work for).

4.2. Regulations and “anticipations of the body”
in the face of the unexpected

The introduction of automation in the two work sit-
uations has defined new temporal frameworks for the
activity, which are particularly visible when recov-
ering the automated operation, detecting errors in
the automated selection (and mitigating these con-
sequences), and preventing stoppages in the gluing
machines by collecting hearing signals. The workers
play thus an essential role in the system performance
and reliability.

Woods and Dekker [14] summarised a pattern of
reverberations after the deployment of new technol-
ogy in work contexts. Concretely, the authors flagged
new complexities requiring from human operators
sensitive strategies to avoid failures and tailor the
human-machine architectures envisioned so as to
meet the operational and production targets. Also, in
the field of work psychology, Faverge [46], and later
other authors [e.g., 6, 47, 48], pointed out this pivotal
role performed by operators within automated work
systems. More precisely, Faverge [46] highlighted
the regulation strategies made of work experience,
through which workers recover from disturbances, or
unpredictable events, and regain the normal function-
ing of the system. In addition, in his study in a small
company of the food industry, Clot [6] demonstrated
how the work activity involved several recovering
actions towards optimising the conditions of the
machines operation. And the author concluded that
“the work consists in creating a milieu that is some-
what favourable to the operation of the machine given

the permanent variability of raw materials and, more
generally, the instability of the work environment”
[6, p. 32]. This “favourable milieu” was visible in the
chronicle we present in Fig. 1: several movements
between the manual choosing conveyor belt and the
automated selecting machines; actions to recover the
system after successive jams; visual control to prevent
deviations in the automated selection. In the case of
the gluers, the recovery actions are largely grounded
in anticipations that allow not only to identify the pos-
sible causes of trouble but also to integrate them and
to act accordingly, avoiding disruptions. Poizat [29],
reflecting on the role of the body techniques within
automated work settings marked by repetitive tasks,
underlined the complex “anticipations of the body”
that workers set up to deal with the imponderables of
work situations, contributing to the efficiency of the
system.

Yet, acknowledging the positive effects on the sys-
tem made possible by human activity implies, in the
psychological analysis of work, understanding the
conditions under which such successful performance
takes place [48], as well as the new challenges for
work activity (e.g., in terms of job demands and
resources) and the effects on workers’ health [15,
53, 54]. This stance contrasts with who has ventured
the existence of neutrality associated with automation
technologies in work.

4.3. The sustainability of human-machine
configurations: Future challenges for
activity ergonomics and work psychology

In the face of operational constraints, cork-related
variability and machines failures, the workers devel-
oped strategies that are out of the prescribed frontiers
between human activity and automation. While the
machinery is renewed by incremental automation
solutions, these workers in the cork industry have
maintained “sensory reference points” [15, 20] of
their activity. This expertise, as a “body-memorised
feel” [21] for handling and processing the cork
stoppers and all the variations in the work envi-
ronment, rests on interactional and physical/haptic
material bases, linking precision and speed, quality
and quantity. An “operational expertise layer” in the
manufacture of cork stoppers is thus cardinal, enrich-
ing the theoretical allocation of tasks between human
operators and machines.

However, the evolution of industrial systems in
terms of automation raises some issues that challenge
the “durability” of work activity [49], i.e., its future
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sustainability taking into account the constraints and
difficulties posed to the workers within these work
settings and the impacts for occupational health.
Fadier and De La Garza [50] reminded us that a set
of modifications takes place with automation: grow-
ing cognitive constraints related to human-machine
interactions and the need to anticipate incidents;
injunctions to intervene in degraded modes; or dif-
ficulties in understanding how automation works (an
“opaque” work). More recently, Bobillier Chaumon
[15] reflected on the possible effects for workers’
health when in human-machine systems it is the
worker “who is the variable of adjustment and it is
up to him/her to find an acceptable compromise of
functioning” [15, p. 14]. Examples of these effects
are:

e the sense of loss of control over the activity.
For instance, when workers are deprived of the
ability to control their work pace. It happens in
particular with the deployment of automation
technologies whose pace of functioning is quite
distinct from the pace of the human being. Thus,
the pace of human operations and the pace of
machines evolve towards an asynchronous mode
[9].

e anarrow operational leeway to putin practice the
strategies developed with work experience [19],
which can lead to the subordination of workers
to automation and undermine human autonomy
[7, 10].

e the invisibility of activity. When the activity
becomes more distributed between human-
machine systems, workers may find difficulties
to assess what their contribution to work is.
In these circumstances, it is the meaning of
work that is at issue [6, 42], since the workers
could experience difficulties in carrying out a
work in which they recognise themselves and
for which they are recognised [15]. This profes-
sional recognition plays an important role in the
construction of health.

Faced with these implications, the question is:
how could the renewal of human-machine interac-
tion modes brought about by technological progress
support sustainable work situations in the future?
Here, sustainability should be understood over the
life course, a work where people may remain healthy,
integrated, and efficient throughout their career paths
[51]. According to Thatcher et al. [52], this implies
considering the forms of work organisation, the
physical environment, the social environment, the

work intensification, or the learning opportunities.
The theoretical and practical challenges ahead for
ergonomics and work psychology communities are
therefore related to the analysis of how automation
technologies are integrated into professional activi-
ties, how they constitute resources and constraints for
work activities and, finally, how workers can healthily
construct an effective experience with these technolo-
gies.

4.4. Further research perspectives

This study has limitations with respect to the
scarcity of data on the evolution of risks factors and
the workers’ health. These issues should be consid-
ered systematically in future research. In the case of
the gluing section, the risk of burns from glue has
decreased by automating the process. However, our
study enabled us to collect initial data regarding other
risks with consequences in terms of occupational
health [36, 41]. In both work situations, the work-
ers are exposed to cork dust, which is even greater
in the case of the choosers (frequently, these work-
ers have to smell the stoppers to detect the presence
of TCA). Also, by automating, the number of bags
with cork stoppers and boxes with caps the workers
have to move per day has increased. Even though
the weight of these loads might vary (according to
the stoppers calibres, or the type of caps — of plastic,
glass, metal, or wood), the workers revealed health
complaints related to back and shoulder pains. In the
case of the choosers [41], these complaints are aggra-
vated by the postures required at the conveyor belts.
Here, the main health complaints have to do with pain
in the cervical spine, tendonitis (arms and shoulder
area), and pain in the wrists.

As well as that, the automated machines have
imposed periods of continuous cognitive demands
associated with the need to supervise these automated
processes, to “see the invisible”, and to anticipate
stoppages (e.g., to mitigate the consequences for pro-
duction, but also to protect one’s health, since a
machine stoppage requires the gluers to remove all
the stoppers and caps from the machine, which is
physically demanding).

These factors can help with the understanding of
work sustainability. Therefore, as future work, we
intend to orientate the study in this direction. This
choice finds support on the systemic approach imple-
mented since the beginning of the larger research
project in which this study is framed — involving
the participation of all stakeholders in the cork dis-
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trict of SMF: workers, companies’ decision-makers,
the union for the cork sector, the APCOR and the
Cincork.

5. Conclusions

This study aimed to shed light on the emerging
frontiers between work activity and machines, at a
time when automation seems to be a resource for
the cork companies in order to face some challenges
in this Portuguese cork district. In the macroscopic
inquiries, while some reveal a general tone of opti-
mism asserting that new complementarities between
human operators and automation will emerge, oth-
ers foresee “dystopic” scenarios by announcing the
complete substitution of human work (a “workless”
future). Our goal was not to formulate a refutation of
such theses, but rather investigate the phenomenon
from its micro-level, without decoupling it from
a larger sectorial context (an industrial district),
though. From the activity level, this study reveals
how experienced workers, in their relationship with
automated machines, mobilise embodied reference
points of know-how, which are inscribed in the expe-
rience of the senses. Nonetheless, the possibilities to
make such know-how visible are infrequently, not
only by the nature of this expertise (that goes unsaid)
but also due to the lack of opportunities for work-
ers to exchange, demonstrate and discuss their ways
of doing. This takes time, different mediations [55]
(e.g., formative mediations provided by experienced
workers who guide learners as they do the work) and
opportunities for doing the work in concrete situa-
tions. However, these assumptions are operationally
conditioned in these small-sized companies in the
cork district, given the time pressure to finish the
orders and the little margin to hold training sessions to
address content representative of the real work activ-
ity [e.g., 20] without interfering with the production
levels. In both companies, the workers’ own learn-
ing is done by doing the job and much less through
formal training. By trying to describe and understand
the multiple components of these two work activities,
our research findings could provide important clues
to develop a reference tool for training new work-
ers in the cork industry. This possibility should be
further explored with the actors of the APCOR and
the Cincork.

Finally, we sketched some future research avenues
on the factors that can affect the sustainability of
work activities. This way of analysis could be useful

by challenging those very deterministic approaches
that dictate a neutral “mutualisation” of the activity
between humans and machines.
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