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Abstract.
BACKGROUND: Industry 4.0 generates risks renewing stakes for design projects integrating work activities, as can be done
in activity centred ergonomics and participatory ergonomics.
OBJECTIVE: This article aims to show the contribution of using typical situations to define requirements for Industry 4.0
design projects from a case study supporting a design project for a plant of the future assembling additive metal manufacturing
processes (SLM type) in aeronautics.
METHOD: The method is based on construction of the approach, the identification of typical exposure or action situations
(through video and measurement) on four different company sites, three collective confrontation interviews (using typical
situations) similar to reflexive and constructive simulations, and the setting of requirements.
RESULTS: Results highlights specific exposure situations during the work, which the collective confrontation interviews
made it possible to understand, enabling to collectively debate organisational, technical or social determinants, in order to
define requirements from the point of view of the work, within the framework of the design project.
CONCLUSION: Discussion of exposure situation allows an initial framework to discuss way to implement the work
differently as a first step to transform the current situations during the design process. The observation of the possible use
of requirements in project management can then be carried out. This exploratory work makes it possible to observe the
contribution of the use of typical exposure situations as a complement to typical action situations in order to specify exposure
situations and identify transformation perspectives.
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1. Introduction

The Industry of the future induces automation and
digitalization of the means of production, leading
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inexorably to radical transformations of human work.
In this context, workers are going to be exposed
to emerging hazards. For instance, in the frame-
work of metal additive manufacturing production,
unprecedented innovation related to micro and nan-
otechnologies, workers are exposed to micro and
nanoparticles with known health effects such as can-
cer [1]. These technological and societal innovations
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bring new challenges to which ergonomics can pro-
vide answers.

Today, some safe by design and prevention
approaches seek to make innovations (such as those
related to nanotechnologies) safer by focusing mostly
on the technical dimensions. This technocentric
approach are mainly focused on technical and expen-
sive solutions where the actual work and associated
potential exposures are sufficiently not taken into
account. This approach doesn’t provide an appropri-
ate answer to workers’ real needs [2]. In this context,
it seems important to develop an activity-centred
ergonomics approach to contribute to better consid-
eration of work activities in design projects. So, the
challenge is to promote safe working conditions by
taking action as early as possible in the design stages
of projects, which will lead to decisions that integrate
health issues.

Thus, Industry 4.0 and societal circumstances
reshape design projects and the opportunity to
strengthen worker participation. Previous seminal
works have begun to highlight these links [3]. How-
ever, it appears as if Industry 4.0 stays driven by
technological innovation in practice and during its
deployment, limiting anthropocentric design [4]. An
interest of the work presented here is to foster
the reflection on how to make participatory design
projects and safer Industry 4.0 by integrating real
work.

The preliminary results of this article are based
on an Industry of the future design project in aero-
nautics. This design project of the company aims at
gathering metal additive manufacturing production
equipment in a single plant to print aircraft engine
parts in 3D. Worker interventions on these processes
lead to potential exposures to micro and nanoparti-
cles. The theoretical framework used in this article is
founded on the work carried out over the last 30 years
in design ergonomics, to take into account real work
situations (typical action/exposure situations and set-
tings of usage) in order to define requirements for
design projects [5–10]. More precisely, typical action
situation (TAS) is turned in typical exposure situation
(TES) to describe how this analysis unit of exposing
work activities can help to develop prevention. In this
way, the method developed in this article is based
on the knowledge of activity-centred ergonomics
[11, 12] and ergotoxicology [8, 13, 14] in particu-
lar. It seems important to recall that ergotoxicology
is deeply embedded in ergonomics by the theories
and methods mobilised, by being more specifically
focused on exposure situations. In this light, this

project and the practice of ergotoxicology are based
on multidisciplinary approaches (e.g. ergonomics,
metrology, prevention, occupational medicine and
industrial hygiene).

The objective of this article is to present a case
study on the support of the design project of a metal
additive manufacturing Industry 4.0 based on the
identification of typical exposure situations in order to
set up requirements for Industry 4.0 design projects.

2. Theoretical framework

2.1. Use of typical action situation in design
projects

The literature review carried out is based on work
in activity ergonomics, highlighting work analysis
units for design. The sources consulted were scien-
tific articles, books and thesis in ergonomics, starting
in 1987. The scientific journals Applied Ergonomics,
Work, Activités, PISTES, Theoretical Issues in
Ergonomics Science, Ergonomics, International
Journal of Industrial Ergonomics, International Jour-
nal of Occupational Safety and Ergonomics, were
consulted with the keywords “typical action situa-
tion setting usage reference”. 2631 documents were
identified across the bibliographic resources. After a
selection, 10 references were retained for an in-depth
analysis. More precisely, the cumulative selection cri-
teria were: ergonomics study presenting work activity
analysis for design, theoretical or methodological or
empirical article building new knowledges or under-
pinning previous observations, proposed definition of
TASs and presentation of their use.

The objective of this literature review was to use
these findings to mobilise the typical situations in
the context of design projects for the Industry of the
future with the potential presence of exposing work
situations.

This work on design is part of participa-
tory ergonomics [15–19]. The intervention of the
ergonomist in the design thus questions the co-
constructed methodology, as well as the spaces [20],
the key players and the forms of objects mobilised to
support this process.

About the design, Béguin [21] notes that “on the
one hand, it is impossible to completely anticipate
the work activity: it is therefore necessary to leave
the worker the possibility of adapting to the circum-
stances, and even give him the possibility of finishing
the design. But on the other hand, anticipation is
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a resource”. It is with this in mind that the use of
TASs has developed in the accompaniment of design
projects in ergonomics in order to “foresee the space
of possible forms of future activity” [5, 22].

2.1.1. Typical action situations (TASs): What is
that?

The literature review shows that TASs are com-
monly defined [5, 6, 22–25] by: the tasks to be carried
out; the associated criteria and constraints related
to the achievement of these objectives; the work-
ers involved; the sources of information, means and
tools needed; the internal or external factors that may
influence the achievement of these objectives.

These TASs, based on a global understanding of
current work, should help to develop requirements
for those involved in design projects [5, 7]. These
authors point out that the requirements determined
may be technical, organisational or human [26]. In
this way, the consideration of TASs is a way of over-
coming technical criteria that are far removed from
the needs of the work. For other authors, the TASs
help to identify operators’ strategies and the future
skills needed by future operators [27]. In all these
cases, the analysis of the TASs helps to identify
critical points (variabilities, etc.), as well as the cor-
responding room of manoeuvre needed by operators
[7, 22, 28].

2.1.2. How to characterise typical action
situations (TASs)?

For Daniellou [22], reference situations will be
identified in contexts that are close to the future work
to be designed. Based on these reference situations,
TASs will be described. The set of TASs specified
forms a library of TASs that will support the design
project [29].

These TASs are identified in similar work sit-
uations and specified collectively based on the
knowledge of the actors encountered in the work
environments. Usual ergonomics methods are used:
interviews and observations during visits with work-
ers and management to identify problematic work
situations in relation to working conditions or their
effectiveness. In-depth analyses of these situations,
including typical actions to develop TASs, can be
carried out in order to specify the structuring of these
activities and their determinants, as well as the way
in which the operators organise these activities.

Garrigou [23] illustrates the approach with the fol-
lowing example:

1) In a working group, ergonomists introduce the
context by offering descriptions of the current
situation.

2) Then the TASs are returned. The working group
clarifies, specifies and develops new TASs
based on the ergonomist’s questions. These
TASs are gradually developed with the involve-
ment of operators and designers. Ergonomists
can identify TASs before the company’s players
help to specify them.

3) These TASs are then projected by reconstruct-
ing the future action by following a temporal
sequence and identifying the constraints and
resources that appear (e.g. information process-
ing, collaboration modalities, physiological
strain).

2.1.3. What uses of typical action situations
(TASs) in ergonomics?

These TASs feed into the design projects to enrich
and clarify requirements at the beginning of the
projects. The TASs can follow each other over time
or run in parallel. Then, the TASs are assembled
into scenarii used to support the simulation of future
work [7, 22, 23, 30]. Furthermore, the use of the
TASs (during a simulation, in a working group, from
a library of TASs, etc.) will contribute to the con-
struction of requirements integrated by the designers.
These requirements can be “descriptive” by formu-
lating needs based on the TASs and the variabilities
highlighted, “prescriptive” when they are based on
recognised knowledge (anthropometry, toxicology
[28]. . . ), or “procedural” when they relate to the
method to be followed (stages, key players and tools
to be mobilised during the design process) [22].

Among the variabilities described by the TASs,
chemical exposure is rarely discussed. Attention is
drawn to the importance of taking into account the
potential presence of dust [28], or exposures from
truck exhaust fumes [5], such as health and safety
issues discussed in working groups [23].

2.2. From the typical action situation (TAS) to
the typical exposure situation (TES):
definition and use of typical exposure
situations (TESs) for prevention-integrated
design projects

TESs are defined by the work activities performed,
the nature of the exposures and their determinants.
The objective is to make visible the TASs leading to
exposing work activities.
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To formalize TESs, work activities can be
described through operating modes, logic of action,
temporal continuity and occurrence, event and inci-
dent, normal or degraded mode, information sought
(formal and informal), contacts and contamination
(direct and indirect), respiratory track distance, phys-
ical strain, resources and constraints during the
activity. The determinants can be for their part char-
acterised through the following dimensions [8]:

- Organizational: objective (task to be done), tem-
poral frame, work organisation, collaborations,
standard, regulation and procedure, variabilities
(seasonality, team, production planning, . . . ).

- Human: representations, beliefs and fears,
knowledges, perceptions (smells, sensa-
tion, . . . ), know how, training, skills and
career path, work commitment, social patterns,
variabilities (inter and intra individual).

- Technical: products (manufactured or unin-
tentionally produced), devices used (tools,
equipments and technologies), protective equip-
ment, workplace characteristics, atmospheric
conditions, industrial variabilities (raw mate-
rial, . . . ).

The notion of TAS makes a definite contribu-
tion in the context of projects aimed at developing
future work situations. In the framework of expo-
sure to chemical products, the TASs appear to be a
unit of analysis [21] appropriate for both understand-
ing exposure and establishing requirements for the
transformation of current work situations. One of the
particularities of the TASs that can be defined with
several levels of detail [24] is a resource for finding a
suitable scale for the analysis of exposure situations.

In this context, several contributions of ergotoxi-
cology to formalise the TESs should be highlighted:

- Knowledge related to exposure conditions,
exposing activities and activity determinants is
generated by the ergotoxicology method.

- TESs are potentially more complex to establish
than TASs because the conditions of exposure of
workers to hazardous substances are sometimes
enigmas [31].

- The specification of TESs in comparison to
TASs involves both objective (exposure, work
demands, etc.) and subjective (representation,
etc.) measures.

One particularity between TESs and TASs is that
TESs can be applied to current situations instead
of future situations, thus partly reducing the para-

dox of design ergonomics which seeks to transpose
partly unique current situations into the future. In
this case, we will characterise exposure situations and
their determinants when implementing the following
method, in the form of TESs, as a unit of analysis of
exposing activities.

3. Design method developed and
implemented in the aeronautic industry

The research was carried out in an aeronautics
company as part of a project to design a 10,000 m2 site
comprising 50 Sintering Laser Melting (SLM) type
metal additive manufacturing machines. The com-
pany’s objective is to gather and mutualize the group’s
production means spread over five sites in France (15
machines in operation).

The company’s request initially focused on the
understanding of exposure situations on a metal
additive manufacturing pilot workstation to develop
prevention strategy. In the course of the action
research, it appeared that the results could make it
possible to define preventive actions for similar work-
stations in other factories of the group as well as
within the framework of a project for the design of a
4.0 plant integrating means of production for metal
additive manufacturing.

The method implemented in the company relies
on participative ergonomics approaches [15, 16, 32]
applied to 4.0 design projects.

Figure 1 describes the three steps implemented in
the company:

1- After construction of the approach [14] with
the company’s stakeholders, reference situa-
tions were analysed at four of the group’s sites.
Reference situations (site 1), one with a SLM
type machine EOS M280 and another with a
SLM280, were analysed with the use of videos
of the work activity and real time aerosol expo-
sure measurement [33, 34] during the stages
of human work on the additive manufacturing
machine. The duration of these work activity
observations and exposure measurement was
8 h, involving 2 workers.
Complementary reference situations (site 2, 3
and site in design) made it possible to identify
similar potentially exposing actions on additive
manufacturing machines of the same manu-
facturer and process (EOS M290) based on
observations. The duration of these work activ-
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Fig. 1. Method implemented in an aeronautics company to design a metal additive manufacturing plant using typical exposure situations
(TESs).

Table 1
Typical action situations (TASs) and typical exposure situations (TESs) identified in

the reference situations

Category of TASs TASs TESs

Powder sieving Sieving of metal powder Sifts powders
Machine preparation Entering settings at the control station

Adjusting and checking on the condition
of the fusion chamber components

Machine loading Loading the tray
Powder loading Transfers powders

manually
Supervision Supervising the operation of the machine
Unloading and cleaning
machine

Powder recycling Recovers powders from
the printer

Vacuuming of waste
Manually recovering of powders Collects powders in a

bucket
Removing the part tray

Cleaning part/tray Cleaning of the part tray assembly Uses a blower to remove
powders

ity observations was 21 h, involving 6 workers.
A detailed presentation of the exposure
measurement method is available [34]. The syn-
chronization of real-time aerosol measurements
with videos of the work activity [35] allowed the
identification of several TESs [8]. Variations in
exposure could be associated with the workers’
actions.

2- Then, collective confrontation interviews were
conducted with the management (2h09 min),
the health and safety committee (1 h), and
the workers (1h46 min) of the site 1. These
interviews consisted in presenting to company
stakeholders excerpts describing TESs based on
videos of the work activity and exposure mea-
surements.
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Fig. 2. Typical exposure situations identified during metal additive manufacturing operations.

Fig. 3. Formalisation of a specified typical exposure situation when a worker transfers the powders with a scoop.

All interviews were recorded and transcribed.
The analysis of the interview data focused
on the verbatims dealing with the specifica-
tion of TESs, and the nature of the resulting
design requirements. The excerpted sections

from interviews presented in this article have
been translated from French to English.

3- Building and transfer of design requirements
into the design project of the new company
site are constructed. A presentation of TESs



L. Galey et al. / Industry 4.0 design project based on exposure situations S229

specified has been done with the project team
designing the new factory. While a part of
confrontation interviews was focused on the
understanding of exposure situations, another
part was similar to “reflexive and constructive”
simulations [36].

The aim of these simulations was also to collec-
tively build design requirements for the choice of
future machines and the organization of future work
situations. In other words, this step contributes to the
genesis of the development of requirements.

4. Results

4.1. Characterisation of TESs through
measurement and work activity

TESs have been identified within these reference
situations and among the TASs. These situations are
detailed in Table 1 according to the TASs observed.

The main TESs identified in this aerospace com-
pany occur when the operator recovers powders from
the printer by dropping them through an opening
inside the printer, collects powders from the powder
pots into a bucket, sifts the powders by opening a win-
dow to observe the sieving, and manually transfers
the sieved powders into the machine’s main tank to
reload the machine, uses a blower to remove residual
powders under a fume hood (see Fig. 2).

Similar situations have been identified in other
work contexts as highlighted by a recent literature
review [37].

4.2. Specification of TES during confrontation
interviews

Confrontation interviews based on these TESs
helped to understand several determinants of
these exposure situations. These determinants are
notably associated with the choice of machines
and their techno-centric design, the organization
of work, and the perceptions and representations
of risks by operators leading to exposing work
activities.

The confrontation interview with the operators
allows understanding of the operating mode chosen
by another operator in order to save time when reload-
ing the machine, resulting in the TESs “transfers the
powders with a scoop” and “transfers the powders
with a bucket”. Removing the printer cover allows

Worker: [. . . ] To make the piece to be produced from A to Z, but
how long will it take? I don’t know.
Researcher: Yeah, because today it’s not the case.
Worker: For the moment it’s a cleaning lady. . . That’s how we
feel [. . . ] But there will always be that powder thing that will
hold it back.
Researcher: Yes? You think. . .
Worker: Yeah yeah yeah. That coverall [protective equipment]
is scary. We were again talking about it with the guys this
morning. Because they know that at some point they’re going to
take me off. So they’re all asking themselves the question:
“Who’s going to go, who’s going to go? And this morning, they
said: “this bloody powder”.
[. . . ]
Yeah, then be careful: I think. Be careful, as I told you, I
realized that since July, I’ve been there once, I don’t have them
[chapping]. So . . . This winter, I didn’t worry, for me, it was the
cold . . . Then come June, July . . . Some chapping . . . Then it
hurt! It was open, just a little bit like this, there. And the same
thing, the next day I wake up, chapping from . . . from there to
there!

90 kg of powder to be reloaded directly instead of
reloading from 10 kg sealed pots. This advice on
the operating procedure leading to these TESs was
exchanged with the manufacturer of the additive man-
ufacturing machine (SLM 280HL).

Researcher: This is how it loads.
Worker: Because he doesn’t put 10 kg by 10 kg, he fills it up.
Because the capacity of the thing must be at least 30 or 40 kg
[90kg]. Oh no, he shovels even like that. He dismantles the
plate where the canister [pot] is supposed to be hung and he
fills it directly. Ah well, on the one hand it’s not stupid. In this
way, he doesn’t kill himself because he uses the trolley to. . . So
no, that’s fine. No, I think it’s not bad to do it like that. He did it
in one go. I do the same to load mine, I don’t know if you
remember, except that we’re not high up.
Researcher: Can there be no exposure for you there?
Worker: Yes, of course, automatically, as the powder falls, it
makes a little cloud, but then it’s gone. You have to see the
particles and then you can tell us. Because for me, the particles
don’t contaminate the face, but the fine particles I don’t know
how they behave. That’s exactly where it would be interesting to
know. It’s good to do it like that, I think it’s the easiest way. In
any case, I would do it like that. In terms of posture, he’s not too
bad, he doesn’t hurt himself when he’s carrying loads. If I had
to load 90 kg I think I’d do it like that too.

All the data collected (interviews, measurements
and observations) allow us to specify the TESs.
An example is detailed in Fig. 3, where the oper-
ator transfers the powders with a scoop. The work
activity is described in the centre of the figure, sup-
plemented by technical, human and organisational
determinants.
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4.3. Design requirements

At this stage of the design project, several require-
ments for the future plant have been collaboratively
constructed during these collective confrontation
interviews, as illustrated by these verbatim statements
by the initial site risk prevention officer.

The risk prevention officer explains the choice to
replace the serial additive manufacturing machine
with a machine with an option to automate the sieving
of powders in order to control an exposure situation.

“Then it’s the [serial additive manufacturing machine] that will
change, with more capacity, I think. From memory, from
memory, we were told that there would be an automatic
sifting. . . But from memory we will have more, when we reload,
we won’t have to compact the powder as we used to do.”

Then, the exposure situations presented are high-
lighted as having to be carried out with the
recommended PPE. This transmission of require-
ments through rules and practices to be implemented
in the design project for new work situations based
on the understanding of exposure situations is part of
a process of developing occupational safety.

Group toxicology manager: Ah well, you can’t put the tap in the
room, that’s it. . .
Risk prevention officer site 4: So, a washbasin outside [. . . ] A
computer inside and a computer. . . We thought of a computer
outside as well to manage, to avoid going inside all the time. . .
Risk prevention officer site 1: PPE outside, that’s clear. . . .
There’s dressing and undressing. . .
Risk prevention officer site 4: Yeah, well, the correct practice
says that you have to dress in the exposure phases during. . . but
it’s not described [precisely when].

This interview with the management is a space for
discussion on the safety practices developed by the
company’s stakeholders to control the risk linked to
the new additive manufacturing process in the con-
text of the factory of the future. The presentation of
results, supported by intermediate objects describing
the identified exposure situations, becomes a support
for the construction of prevention, both for the site 1
of the company and at a more global level, through
the transfer of design requirements.

A final type of prevention requirement developed
concerns the transformation of current situations
by their design based on the material available in
site 1 of the company, which served as a reference
situation.

Company ergonomist: No, but it’s mainly that manufacturers
today offer the solution. . . they free themselves from this kind of
activity. . .
Group toxicology manager: Of course, of course, but today you
have. . . you have the equipment today [extractor hood. . . ].
Risk prevention officer site 1: So it’s that [prototype operator]
does his little operations, we can see that despite
everything. . . Well, you are more exposed because of the design
of the machine [. . . ].

Regarding the lack of interest in these activities,
several development perspectives are discussed dur-
ing the interviews:

Quality Manager: They do the cleaning, they do the cleaning
and they do the handling, all in suits [protective coveralls].
Group toxicology manager: Oh yeah, right.
Quality Manager: The future is to automate, it’s not, the
process. . .
Company HSE Manager: You won’t find many people telling
you that it’s interesting today [. . . ].
Researcher: Oh no, but it’s out there, at each interview and the
person who remains [a series additive manufacturing worker],
he also has the question of being able to increase his skills, he
has visions of progressing on the. . . the management of this type
of position. . .
Risk prevention officer site 1: So, after [additive manufacturing
project manager], who is the project manager on this line of the
future, it won’t be a 100% robotic line, it will be a line where
we have additive manufacturing, a line where we have a wire
cutting machine next to it, a line where we have a MMT which
will probe, etc., a line where we have. . . and a machine where
we have a grinding machine to rectify the trays. So the operator
will have his. . . his own U-shaped line where he will intervene,
he will not just be cleaning his additive manufacturing
machine. . .

In summary, these requirements concern the choice
of additive manufacturing machines to automate
stages of the work activity leading to exposure; the
separation of production areas; or the involvement of
operators in the design of the plant and in training
courses for this new profession, as well as organiza-
tional matters in relation to work. The installation of
sensors in the future plant to monitor in real time
variations in particle concentrations has also been
discussed.

The project in progress does not yet allow obser-
vation of the final impact on the work of the
integration of the design requirements into the overall
plant construction project. However, we observe that
the exposure situations were made visible and the
development of associated requirements have been
transferred from the reference situations to the man-
agement team of the new plant design project. More
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Fig. 4. Process of designing prevention or new work situations.

generally, we note that the Industry of the future will
lead to the disappearance of certain machining trades
(turners, millers) and the appearance of new trades
(additive manufacturing technician).

5. Discussion

The theoretical and methodological lessons of this
action research for design ergonomics can be sum-
marised in several points. First, it is necessary to start
from existing work situations in order to define typ-
ical situations. By making these situations and their
determinants visible through exchanges with oper-
ators, it becomes possible to specify these typical
situations. This process is based on a confrontation
with real exposure situations. Then, reflexive prac-
tices (simulations, confrontation interviews, debate
spaces, etc.) are the basis for understanding expo-
sure situations, the comparison of situations, the
projection of the work activity, and design choices.
The temporal dimensions are mobilised by these
approaches [38]. The discussion of current situations
reveals past work situations, perceived exposures,
and their determinants, influencing current situa-
tions and future projections according to the subjects.
Prospects for re-constituting past situations appear.
Following this, a projection into future work activ-
ity is promoted, based on the characteristics of the
project and the nature of current work activities. The
future activity is mainly based on the discussions of
the transformation of current determinants and asso-
ciated design choices. Finally, it will be necessary to
accompany the work of the designers, the implemen-

tation by the project management, the start and the
design in the use of these work situations whose deter-
minants may still be brought to evolve (see Fig. 4).
The transformation of determinants is symbolised by
the mathematical symbol of the derivative in Fig. 4.

This kind of methodology is also the occasion
to identify the determinants which are designed by
remote stakeholders of the work situation. It is also a
way to anticipate the actions to be taken by these
actors. Indeed, the understanding of all the deter-
minants involved in the situations of exposure to
chemical substances is essential in order to con-
sider more global transformations of work situations.
Moreover, these transformations must be addressed
with all the actors concerned by work situations,
including those who are spatially and temporally dis-
tant from these.

This contribution is based on the proposals of pre-
cursors concerning the conduct of design projects in
ergonomics [5, 7] and applies the foundations of par-
ticipatory approaches as the nine dimensions of the
participatory ergonomics framework [15].

The transformations brought about by Industry 4.0
have consequences on both the work of operators and
the nature of the work of ergonomists. In addition to
exploring the how and the why [39], it seems that
Industry 4.0 is an opportunity to question the where
and the when of work activities.

5.1. Limitations

This notion of typical situation raises a question:
when does a situation become typical? The litera-
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ture does not address this point much. According
to the original understanding of the TASs, the term
“typical” implies that the situation: is reproduced
several times with certain common characteristics
allowing a generalization [29], retains characteristics
that are transferable when applied to a new system
[22], allows an abstraction of the parameters of this
situation [5], and results from a typical action [23].
With regard to chemical exposures, situations can be
considered typical when they occur or are likely to
occur, exceptionally or regularly, and can be identi-
fied by measurement or observation. The use of the
term “typical” in this literature is also conditioned
by the addition of circumstantial information on the
context of the action. Thus, the mere description of
an action by reference to the operating mode is not
sufficient to make it a typical situation.

Limitation of this work is that it relies on the qual-
itative approach, implying a small sample. In order
to reinforce consideration of real work, new work
observations in diversified reference situations, as
well as simulations with the design project stakehold-
ers, should be carried out. Due to the potentially rapid
evolution of metal additive manufacturing processes,
it is important to consider the models observed in this
study.

On the other hand, this work makes it possible to
better define the typical situations on the basis of pre-
vious work and to develop the use of TESs when
occupational exposures occur, complementing TASs.

5.2. Perspectives

With regard to TESs, their use could be appropri-
ate to characterise all the work situations that may
expose workers to various hazards during their work
activities in order to take preventive or design action.
Various types of hazards could then be considered:
exposure to toxic products, electromagnetic radia-
tion, noise, awkward postures or physically intense
activity [8], shift work, accidental situations, psycho-
logical strain, impossibility to act, loss of meaning
of work for example. In addition, understanding the
complexity of workplace exposures and their deter-
minants is a step toward describing an occupational
exposome [40–42].

In this case, the use of these situations can serve as
a development of the activity by taking into account
the diachronic or historical-cultural dimensions of the
activity. These spaces of development of the activity
could be defined in intermediate spaces of prevention
[14] or by seeking to investigate controversies about

the quality of work, for example [43]. What these
methods have in common is that they draw on the real
work activity to build resources to contribute to the
development of safe and sustainable work activities.

In this sense, when specifying the TESs, it seems
important to describe the resources in addition to the
determinants of these situations in order to make them
visible to the project actors.

In addition, the development of prevention project
management using TESs is a way of taking work
activities into account. TESs could help to develop
homogeneous exposure groups, which are frequently
used in chemical risk prevention approaches in par-
ticular [44, 45] or more globally [46].

One perspective of this work is to deepen the
understanding of the elaboration of the TESs and
their formalisation and integration into the design
projects. It remains to be understood how the preven-
tion requirements developed during the interviews,
which are similar to simulations, are actually for-
malised into choices integrated into the specifications
and implementation of design projects.

The use of TESs is also an opportunity to promote
the articulation between technocentric and anthro-
pocentric approaches so that the solutions proposed
during design projects are both in line with techni-
cal requirements and the real needs of workers. At
this level, the design of work situations should be
seen as an opportunity to take account of the real
activity of workers, by integrating the possibilities
of developing this activity. Taking this activity into
account must involve the mobilisation of inventive-
ness and creativity in a participatory logic [47]. In
this context, simulations with (and without) expo-
sure measurements in new work situations could be
carried out.

6. Conclusion

This study shows the challenge of pursuing a better
integration of real work in the Industry of the future
design projects. Indeed, risk situations that did not
exist before the advent of the industry 4.0 may be
generated, requiring discussion and mobilization of
specific stakeholders in design projects. However, the
automation and real-time monitoring of work envi-
ronment characteristics opens new perspectives for
the development of favourable working conditions.
A better consideration of real work can therefore be
achieved using new exposure characterization tech-
niques, without forgetting to systematically involve
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stakeholders with knowledge of real work in the
project.

The challenge is to make the work situations
involving exposing activities visible, their deter-
minants and their resources. The work on the
development of the notion of TES constitutes a contri-
bution to understanding exposures and designing new
work situations without exposure. Including these
TESs should form the basis for the development of
future safe work situations where exposures are con-
trolled. In addition to supporting design processes,
the underlying issues of these methods are those of
developing work activities and safe work. This action
research, which will be complemented by other work
in progress, is a step towards a global representa-
tion of the design process of Industries 4.0, in which
design choices can contribute to generating or acting
on causes of occupational risks.
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