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Preface

The International Ergonomics Association (IEA) is the organization that unites
Human Factors and Ergonomics (HF/E) associations around the world. The mission
of the IEA is “to elaborate and advance ergonomics science and practice, and to
expand its scope of application and contribution to society to improve the quality of
life, working closely with its constituent societies and related international orga-
nizations” (IEA, 2021). The IEA hosts a world congress every three years creating
the single most important opportunity to exchange knowledge and ideas in the
discipline with practitioners and researchers from across the planet. Like other IEA
congresses, IEA2021 included an exciting range of research and professional
practice cases in the broadest range of Human Factors and Ergonomics (HF/E)
applications imaginable. While the conference was not able to host an in-person
meeting in Vancouver, Canada, as planned by the host Association of Canadian
Ergonomists/Association canadienne d’ergonomie, it still featured over 875 pre-
sentations and special events with the latest research and most innovative thinkers.
For this congress, authors could prepare a chapter for publication, and 60% chose to
do so. The breadth and quality of the work available at IEA2021 are second to
none—and the research of all authors who prepared their publication for this
congress is made available through the five volumes of these proceedings.

The International Ergonomics Association defines Human Factors and
Ergonomics (HF/E) synonymously as being:

the scientific discipline concerned with the understanding of interactions among humans
and other elements of a system, and the profession that applies theory, principles, data and
methods to design in order to optimize human well-being and overall system performance.

Practitioners of ergonomics and ergonomists contribute to the design and evaluation of
tasks, jobs, products, environments and systems in order to make them compatible with the
needs, abilities and limitations of people.

Ergonomics helps harmonize things that interact with people in terms of people’s needs,
abilities and limitations. (https://iea.cc/definition-and-domains-of-ergonomics/)
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The breadth of issues and disciplines suggested by this definition gives one
pause for thought: what aspect in our lives is not in some way affected by the design
and application of HF/E? For designers and managers around the world, a similar
realization is growing: every decision made in the design and application of
technology has implications for the humans that will interact with that system
across its lifecycle. While this can be daunting, the researchers and professionals
who participated in IEA2021 understand that, by working together across our
disciplines and roles, we can achieve these lofty ambitions. This is especially
relevant as we continue our collective journey into an increasingly “interconnected
world”—the theme for the 21st IEA Congress. With the rise of a myriad of tech-
nologies as promulgated by Industry 4.0 proponents, we need now, more than ever,
the skills and knowledge of HF/E researchers and practitioners to ensure that these
tools are applied in a human-centric way towards resilient and sustainable systems
that provide an enduring and sustainable road to prosperity—as advocated in the
new Industry 5.0 Paradigm (Breque et al. 2021). Where the trend of Industry 4.0
aims primarily at encouraging technology purchasing and application, Industry 5.0
includes goals of resiliency and sustainability for both humans and our planet.
These proceedings provide examples of research and development projects that
illustrate how this brighter, human-centred future can be pursued through
“Ergonomie 4.0, as stated in the French theme of the Congress.

While the theme of the Congress concerns human interactions within a rapidly
evolving cyber-physical world, the devastating impact of the COVID-19 pandemic
has given an added dimension to the Congress theme and its delivery model. As the
pandemic began to engulf the world, the traditional in-person Congress became
increasingly less viable and gave way to the creation of a hybrid model as a means
to enhance international participation. In early 2021, it became clear that holding an
in-person event would not be possible; hence, the Congress was converted to a fully
virtual event. The uncertainty, mounting challenges and turbulent progression
actually created new possibilities to engage the global HF/E community in ways
that were never previously explored by the IEA. Indeed, one of the scientific tracks
of the congress focuses explicitly on HF/E contributions to cope with COVID-19,
and readers will find some submissions to other tracks similarly focus on what HF/E
practitioners and researchers bring to the world during this pandemic period. This
journey epitomizes broader transformative patterns now underway in society at
large and accentuates the urgency for resilience, sustainability, and healthy work-
places. No doubt, the notion of globalization will be redefined in the wake of the
pandemic and will have far-reaching implications for the connected world and for
future society, and with new paradigms emerge a host of new human factors
challenges. The breadth of topics and issues addressed in the proceedings suggests
that the HF/E community is already mobilizing and rising to these emerging
challenges in this, our connected world.

IEA2021 proceedings includes papers from 31 scientific tracks and includes
participants from 74 countries across 5 continents. The proceedings of the 21st
triennial congress of the IEA—IEA2021—exemplify the diversity of HF/E, and
of the association, in terms of geography, disciplines represented, application
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domains, and aspects of human life cycle and capability being considered. Our
diversity mirrors the diversity of humans generally and is a strength as we learn to
weave our knowledge, methods, and ideas together to create a more resilient and
stronger approach to design than is achievable individually. This is the strength
of the IEA congresses, in the past, in the current pandemic-affected 21st occasion,
and in the future. There is no other meeting like it.

A substantial number of works were submitted for publication across the
Scientific Tracks at IEA2021. This gave us the happy opportunity to group contents
by common threads. Each volume presents contents in sections with papers within
the track’s section presented in alphabetical order by the first author’s last name.
These proceedings are divided into five volumes as follows:

VOLUME 1: SYSTEMS AND MACROERGONOMICS (ISBN
978-3-030-74601-8)

Activity Theories for Work Analysis and Design (ATWAD)
Systems HF/E

Ergonomic Work Analysis and Training (EWAT)

HF/E Education and Professional Certification Development
Organisation Design and Management (ODAM)

VOLUME 2: INCLUSIVE AND SUSTAINABLE DESIGN (ISBN
978-3-030-74604-9)

Ageing and Work

Ergonomics for children and Educational Environments
Ergonomics in Design for All

Gender and Work

Human Factors and Sustainable Development

Slips Trips and Falls

Visual Ergonomics

VOLUME 3: SECTOR BASED ERGONOMICS (ISBN 978-3-030-74607-0)

Practitioner Case Studies

Aerospace Ergonomics

Agricultural Ergonomics

Building and Construction Ergonomics
Ergonomics in Manufacturing

HF/E in Supply Chain Design and Management
Transport Ergonomics and Human Factors

VOLUME 4: HEALTHCARE AND HEALTHY WORK (ISBN
978-3-030-74610-0)

Health and Safety
Healthcare Ergonomics
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HF/E Contribution to Cope with Covid-19
Musculoskeletal Disorders

VOLUME 5: METHODS & APPROACHES (ISBN 978-3-030-74613-1)

Advanced Imaging

Affective Design

Anthropometry

Biomechanics

Human Factors in Robotics
Human Modelling and Simulation
Neuroergonomics

Working with Computer Systems

These volumes are the result of many hours of work, for authors, Scientific
Track Managers and their reviewer teams, student volunteers, and editors. We are
grateful to Springer for making it available to you in book form and are confident
you will find these works informative and useful in your own efforts to create a
better, more human-centred future.
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Abstract. This communication aimed at identifying the different classes of
microproject, a specific type of situated design performed by users facing an unpre-
dictable situation of great uncertainty. Our hypothesis is that microprojects work
differently, depending on the heterogenous actors and the intermediary objects
involved. The research presented three case studies carried out on oil extraction
platforms in Brazil, focusing on cargo-handling work. Each case presented unique
characteristics, which were analyzed and compared in order to understand the sit-
uated design process comprehensively. It was observed that the situated design
process has different characteristics depending on the level of interdependence of
actors involved in solving the problem. The greater the distance between the realms
of the actors involved in the design, the greater the need for formal decision pro-
cedures and the use of intermediary objects in situated design. Therefore, design
must provide material (equipment, zones, routes) and immaterial (competences,
intermediary objects) resources for action and for the situated design.

Keywords: Microproject - Situated design - Design ergonomics - Design in use

1 Introduction

Design does not end when an artifact “leaves” the project office. On the contrary, situated
design is observed during the operation [1]. Usually, it is considered that design continues
inuse due to a lack of understanding of the work process by the designers. While working,
users define how to fill the gaps left by designers for the needs of their activities [2—4].

Situated design, however, cannot be seen as one thing. The characteristics, methods,
and motivations of situated design can lead to different interpretations of the nature and
relevance of the design and work processes.

This communication is centered on “Microprojects,” defined by Gotteland-Agostini
et al. [5] as a specific type of situated design in which users face an unpredictable situ-
ation of great uncertainty. In these situations, the prescribed tasks are usually far from
the actual work since the action to be taken depends on the context. The authors under-
stand the design of such tasks as occurring in the form of microprojects, whose central
characteristics are a short duration of time and an execution that is guaranteed by the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
N. L. Black et al. (Eds.): IEA 2021, LNNS 219, pp. 3-11, 2021.
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person in charge of the task, designing the users’ tasks according to local circumstances.
Microprojects, in this sense, incorporate the main dimensions of the traditional design
process, but the tasks are designed by the users in the operational context.

Abracado [6] argues that microprojects have three main characteristics: (a) the design
emerges from the situation, (b) it has an intentional and original character, and (c) it is
ephemeral. It does not deal with the incorporation of new technology by the system. On
the contrary, this design category is part of a problem that emerges from the field and
requires the mobilization of the constructive dimension of activity to develop a solution
[1].

The microproject is also essentially original and intentional. When faced with a
problem, users design a new task through their skills and experience. Because of the
high uncertainty, microprojects take on original forms. Many tasks of this nature are
not anticipated by the designers, and others are carried out in ways completely different
from those designed.

Finally, microprojects are ephemeral and contingent by nature. They are developed to
solve a specific problem, with unique applications in time and space. If the same problem
occurs again, the experience gained while developing the previous microproject might be
reused, but all stages of implementation should be reconsidered, because local conditions
affect use.

Under these circumstances, a work project should provide resources for action that
can be used openly in different situations. In addition, one can think of resources for
microprojects, such as drawings, schemes, sketches, plans, and reports [7].

This means that constructive activity may require mediation to be understood and
validated, especially when dealing with microprojects involving heterogeneous actors.
These resources can facilitate dialog with the situation [8], thus supporting reflection
on the problem and development of a solution. Alternatively, the resources act as inter-
mediary objects, facilitating the dialog of heterogeneous actors on the representation
of situations and translation of knowledge [9, 10], especially with actors from different
professional worlds [13].

Our study aimed at better identifying the different classes of microproject, under-
standing the dynamic of these situated design processes, and identifying the resources
that users need. Our hypothesis is that microprojects work differently, depending on the
diversity of actors involved in the process and their shared knowledge.

2 Method

The research was carried out on oil extraction platforms in Brazil, focusing on cargo-
handling work. The method implemented follows the six steps explained by Yin [11]
(i.e., plan, design, preparation, evidence collection, evidence analysis, and reporting),
described in the subsections below.

With regard to the first step, the case study method is appropriate for identifying the
different characteristics of microprojects developed on-site and to understand how they
differ from each other. Since task design dynamics are based on interactions of workers
in the field, the combination of observation and other evidence becomes a central feature
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of this research when the case studies provide an opportunity to pose “how’ questions
about a contemporary phenomenon outside experimental control [11].

The design step embraces the combination of a microproject background and iden-
tification of theoretical references related to situated design and intermediary objects, as
described in the Introduction section.

The preparation step defined the procedures for the direct observations, followed
by open interviews with users [12]. The purpose was to analyze typical work situations
and identify the classes and characteristics of the microprojects undertaken in order to
solve a situational problem. Interviews were guided by decisions made by operators in
the field. Important actions undertaken by a supervisor or assistant had its motivations
questioned in order to understand non-observable activity aspects [14].

The evidence collection considered 18 real situations at an oil production company
to understand the nature of cargo-handling work conducted on an offshore platform.
From these, the current research presents two typical work situations to illustrate the
characteristics of microprojects in cargo-handling activities. In addition, one situation
observed on a visit to an oil platform in a shipyard was used.

The cargo-handling team responds to a marine coordinator and is led by a logistics
technician, who is responsible for inspecting the cargo-handling work and for tracking
and controlling cargo arriving and leaving the oil platform. The logistics technician also
participates in the design of risky and critical tasks. The crane operator is the only one
responsible for crane usage, which is the main cargo-handling resource in the field.
He participates in all cargo entry and exit and in internal maneuvers using this device.
Assistants, led by a supervisor, are responsible for the entry and exit of cargo and for
any internal handling that weighs over 25 kg. They perform services for all platform
teams but the main demands arise from the maintenance team because capital-intensive
production warrants automated processes (see Fig. 1).

Platform
Manager
—_— )

.| Production " Marine
Team Coordinator

.| Maintenance Marine
Team Operators
A

+  Hotel Staff R Logistics !
o Technician !
1

[ Cargo Handiing
Supervisor

Assistants

°

T » Crane Operator .

Fig. 1. Formal organization

The evidence analysis adopted a simultaneous deductive and inductive method as
discussion elements were based on pattern matching. For Yin [11], this is a technique
based on the comparison of an empirically based pattern and a predicted pattern gen-
erated before the data collection. The technique involves the development of different
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theoretical propositions articulated in operational terms, and the identification of inde-
pendent variables. In this study, two main variables were identified in the literature: (1)
number of heterogenous actors and (2) intermediary objects used. These variables were
analyzed within a context of microproject development. This comparison resulted in the
classification of microprojects according to these variables.

The reporting is observed within this paper.

3 Results

3.1 Moving a Flange to a Process plant’s First Floor

The team received a flow meter about 4 m long and moved the equipment to the instal-
lation site. Initially the maneuver was performed with a trolley, but to reach the final
destination it was necessary to overcome a floor elevation, a maneuver for which no
resources were available.

The supervisor and assistants examined the environment, seeking resources for
action, and verbally discussed possible solutions. They used (1) a beam that passed
over the installation site to tie two straps with mobile hoists, one for each side of the
flow meter, and (2) two pilasters to roll cables, one for each hoist (Fig. 2). The idea was
to develop a system in which, while the load was lifted by the hoists, the operators would
loosen the cables, thus avoiding the pendular movement of the load. The maneuver was
carried out in this manner, with intense mobilization of the operators, making manual
adjustments during the operation, eventually managing to place the load in its place of
installation.

‘ quli/h P
r 1

Fig. 2. Moving a flowmeter to its installation point

3.2 Moving a Trolley to a Process plant’s First Floor

This case deals with the movement of a trolley (2000 kg) on rails, used for the removal
of the beam from heat exchangers during a maintenance campaign. After performing
an inspection in a heat exchanger on the top floor of a process plant module, it was
necessary to descend with the trolley. The trolley tracks gave access to a hatch, which
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was accessed from a high-capacity fixed hoist. The certification of the hoist, however,
had expired, so it could not be used.

Because of this restriction and the high risk of the operation, a new task was designed.
A broad dialog was established, involving team leaders, maintenance, safety, the platform
manager, and some engineers who were on board for the campaign. The actors used
resources, such as plans and technical specifications, to discuss technical issues related
to the structural capacity of the beams, the safety of the maneuver, and the operational
risks. The result of this discussion was the design of a more elaborate plan, with the
drawing of an outline, involving risk analysis and a safety plan.

The plan could be divided into three main parts: (1) a pulley installed in a beam in
the central area of the hatch to lower the equipment using a manual lever hoist, (2) a
second pulley with a crane used as safety system in case of breakage of the main cable,
and (3) an auxiliary hoist used to give stability to the load, avoiding strong pendular
movements (see Fig. 3).

Hoist operator; ?

[Peverhois]

Fig. 3. Representation of the system composed of a lever hoist and pulleys

The system was assembled by industrial climbers, and the task was developed by
the cargo-handling team itself. Six workers were allocated to manipulate the lever hoist,
taking turns in groups of three, to allow for rest periods. The activity was adjusted over
time. The use of guide cables to avoid shocks to structures, for example, helped the
equipment pass through different locations.

3.3 Removing a Diesel Engine from the Generator Room

This work situation also occurred at the shipyard during the integration stage of platform
P-R1. The emergency generator room consisted of three main pieces of equipment: a
generator, a diesel engine, and a radiator. During the construction period at the shipyard,
the emergency generator engine had to be replaced.

The shipyard team of engineers developed a plan for the removal from the stern
through the air outlet duct, taking advantage of the existing resources. The aim was to
perform the removal through the following steps:

1) Removal of the air outlet duct from the generator room: The cover had to be cut and
removed to allow the equipment to pass through.
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2) Removal of the radiator: The generator engine could only be removed after the
radiator had been removed. The radiator was a large piece of equipment and had
sensitive parts, which made it difficult to perform the maneuvers.

3) Removal of the engine: After removal of the radiator, the engine could be removed
through the air outlet.

Access through the outlet duct was restricted. The duct was located immediately
below the helipad, making direct access with a crane impossible. Thus, the entire process
was developed using two cranes from the shipyard, which worked in tandem. The main
crane was responsible for carrying a scale (see Fig. 4), which was used to allow access
to the air outlet, even though the crane cable was located beyond the reach of the helipad
structure. The plan made it possible to balance the weight of the removed equipment
with a counterweight, ensuring the balance of loads during the process. However, for this
process to work, a second crane was required to ensure the stability of the scale on the
counterweight side. Because the weight was never the same, the second crane generated
a force in the same or in the opposite direction of the load, ensuring system stability.
Moreover, the auxiliary crane ensured that the scale remained stable, even without a load
on the opposite side of the counterweight.

This system allowed the generation room equipment to be removed with a secondary
cable on a different axis from the one holding the scale, thus avoiding any kind of contact
with the helipad. All distances were measured first and put on paper for conference and
discussion between the different disciplines to avoid any kind of failure in the process.
The fall of the engine (8.8 t) could have meant major damage to the structure of the
platform and cranes, ultimately resulting in accidents involving operators.

The equipment was removed from the generation room with hoists installed in eye-
bolts, lever hoists, and skateboards to bring the equipment to the base of the air outlet so
that it could then be removed with the crane. The new equipment was placed in reverse
order.

MAIN CRANE

Auxiliary,
J¥ Crane Cable

AUXILIARY P

T SCALE
COUNTERWEIGHT |
i | =
D il

RADIATOR ~ MOTOR ~ GENERATOR

Fig. 4. Moving the generator room cargo using a scale with a counterweight
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3.4 Analysis of Cases

The cases presented show task microprojects developed to respond to uncertain work
situations. Working in this context requires a high level of inventiveness, competence,
and autonomy on the part of the operators, who design solutions for each demand that
arises. The performance depends on the continuous development of expertise among
workers, who learn new combinations of resources for solving problems.

In the first case, task definition was the responsibility of the cargo-handling team.
The operators analyzed the local conditions, identified resources and possible solutions,
and developed an original task based on their previous experiences.

In the second case, the task design involved members of other teams because of
the risks involved. The expansion of the number of actors from different knowledge
domains required the formulation of a plan and the use of intermediate objects for
discussion during task design. The actors mainly used a sketch of the maneuver to be
performed, which was continuously transformed during the discussion.

In the third case, the discussion involved a maneuver based on an engineering project.
The maneuver was of such difficulty that the risks involved required precise calculations
and the participation of different project disciplines. In this case, different intermediate
objects were used for discussion, such as design plans, specifications, and maneuver
sketches. The plan was formalized as a technical specification and was approved and
agreed upon by the leaders involved.

These cases show tasks that required different microproject processes depending
on the level of interdependence between the teams required to solve the problem. The
more the task requires the participation of heterogeneous actors, the more the decisions
are procedurals, and the number of intermediate objects grows. In the tasks that the
cargo-handling team designed alone, all decisions were made verbally.

Some cases go through a design process in loco, with no formal procedures, whereas
others, which involve greater difficulty, require resources and expertise that are beyond
the capabilities of the workers in the field and therefore require the integrated partic-
ipation of other teams. As a consequence, the use of intermediary objects and formal
decision procedures are needed.

On the basis of these observations, three classes of microprojects can be identified,
according to the degree of interdependence of heterogeneous actors.

e Low: Tasks that a professional design without the need for intermediary objects. These
require the use of different load-handling equipment (e.g., installation and operation of
hoists) and coordination between operators. They may require the intermittent support
of other operating teams (e.g., scaffolding construction).

e Medium: Tasks that require prior planning by the operation team and that can integrate
other teams of the platform during task design. These require a careful study of
the working environment, the restrictions on the execution of the maneuver, and a
formal plan, validated internally. Execution generally requires extensive coordination
between the operators involved.

e High: Tasks that require a detailed engineering project. In addition to having a high
degree of difficulty and risk or demanding high precision in maneuvers, their execution
may require special services, such as the cut of structures and the use of specific
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handling equipment. These tasks require the participation of teams from outside the
operation or even the hiring of specialized companies.

The intermediate objects used for the design and the degree of decision procedural-
ization of the project depend directly on the actors involved. As distance between the
professional worlds [13] becomes greater, the need for resources and the risks involved
in action grows.

4 Conclusion

All the presented cases show that situated design in highly uncertain situations, repre-
sented by the development of microprojects, preserves the three central characteristics
presented by Abracado et al. [6]: (a) emergence from the situation, (b) an intentional
and original character, and (c) ephemerality.

However, microprojects can also assume different forms depending on the degree
of interdependence between heterogeneous actors. This study has demonstrated that the
greater the distance between the actors’ realms, the greater the need for formal decision
procedures and the use of intermediary objects, demonstrating the main characteristics
of different microproject classes.

Designing for microproject activity thus demands more than static prescriptions.
Design must provide material (equipment, zones, routes) and immaterial (competences,
intermediary objects) resources for action and design. As tasks from different classes
have different requirements, experience must be constructed from the early stages of the
design process so that the design can meet operational needs.
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Abstract. Given the specificity and complexity of activities related to the Inte-
grated Operations (I0) in well interventions, many studies focused on the develop-
ment and use of information and communication technologies, with fewer inves-
tigations addressing the human and organizational factors related to the actual
work of its different actors. To overcome this gap this manuscript present and
analyze data that demonstrates the main characteristics of well intervention team
meetings and aspects that facilitate or hinder 10 work. The strength of this study
refers to the generate knowledge about actual work situations related to discussion
spaces that bring together different specialists around well intervention projects.
The lack of another published research focusing on the sharing of information and
the exchange of experience in 1O at drilling operations reinforces the relevance of
the results of this paper for Ergonomics.

Keywords: Ergonomics - Well construction - Drilling - Integrated Operations -
Team meetings

1 Background

Operational Integration (IO) refers to a type of work organization characterized by
the sharing of data in real-time and communication between professionals from dif-
ferent specialties located in different geographical areas and organizational environ-
ments. In most companies, 10 is operationalized through the implementation of shared
workspaces, where onshore and offshore personnel cooperate through the integration of
work processes, and technology [1].

Concerning drilling wells the development of technology for real-time data transfer
has enabled remote monitoring and support for interventions in offshore wells, providing
faster access to onshore information, reducing personnel on board, and costs of this
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type of operation [1]. Given this, we observed an increase in studies that focused on
the development and use of information technologies that favor 10 [2, 4]. However,
because of the specificity and complexity of activities related to drilling, construction, and
maintenance of wells, remote monitoring and operational support encounter challenges
related to human and organizational factors that still need to be more investigated [1, 2].

Hence, since 2019, a team of researchers has been working on the study entitled. The
operational support onshore in wells interventions: integrating performance and safety,
which aims to increase the knowledge about the human factors linked to the work in this
context.

In this realm, this article highlights the daily well intervention team meetings which
are a pillar for collective work that supports IO. The objective is then to present and
analyze data that demonstrates the main characteristics of these meetings and aspects
that facilitate or hinder IO work.

2 Methods

This study was a qualitative investigation, and its procedures for collecting and analyzing
data were guided by the theoretical framework of Activity Ergonomics (AE), which
includes the following research stages: 1. demand analysis; 2. organizational, technical,
economic, and social environment analysis; 3. Activity analysis and 4. A review of the
results, a validation of the study, and formulation of recommendations to improve the
work [5].

As mentioned in the previous section, this article presents some results of the project
entitled The operational support onshore in wells interventions: integrating performance
and safety. This research was carried out during the period from May 2019 until January
2021 and the first stages of ergonomic analysis (demand analysis, analysis of the technical
and social environment and analysis of tasks, validation of the partial report) occurred
between the months of May to December 2019.

Data and analysis specifically related to well intervention team meetings come from
the time period between july and december of 2020. The data collection strategies were
concentrated on non-participant observation of the Daily Meetings and on interviews
held with professionals from different hierarchical levels who work in support of offshore
well drilling operations.

Thus, 55 meetings were systematically monitored remotely, using the Teams® appli-
cation, during the months of August to November 2020, comprising 68 h of observation.
To validate the information collected by the researchers a remote meeting with the team
leader and the Directional Engineer took place in december of 2020.

3 Results and Discussion

The results of this paper are presented from two perspectives: the first describes the well
intervention team meetings context and organization and the second presents data from
the observations of meetings that demonstrate, through actual work situations, aspects
which facilitate or hinder IO work.
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3.1 Well Intervention Team Meetings: Context and Organization

The well intervention team meetings are held daily and have an average duration of 1 h
30 min. The participants of these meetings are located in different onshore spaces and
on the rigs as shown in Fig. 1.
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Fig. 1. The participants of these meetings.

In addition to the supervisors, who are located in the rigs, and the onshore operational
support team, professionals who design the well interventions projects and specialists
in different disciplines related to the field (i.e. cementation, fluids, logistics, safety, etc.)
also participate in those meetings.

A member of the Decision Support Center (DSC) assumes the role of meeting coor-
dinator. In general, there are three distinct moments in each meeting. The first takes about
five minutes and consists of a presentation related to Health and Safety Management
issues aiming to disseminate the safety culture.

The second moment of the meeting is the longest, as it focuses on the operational
situation of all the rigs operating in a given field. In this stage, the whole team is presented
with what has happened in each rig in the following sequence a) expose a summary of
what happened in the operation from the last meeting to the present moment; b) address
issues related to logistics, which may include the activity of support vessels, the need for
material or equipment, among others; and c) if applicable, address the schedule regarding
the embarkation and disembarkation of supervisors in the rig.

The final moment is reserved for general announcements, announcements about
courses, disclosure of the day’s meeting agenda, and other administrative reports.
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3.2 Aspects Which Facilitate or Hinder the IO Which Were Observed Through
Well Intervention Team Meetings

Regarding the role of this meeting for the IO work, the researchers identified that par-
ticipation in these meetings favor a panoramic view of what happens in each rig. Since,
outside business hours, only DSC members continue to monitor field operations. There-
fore, the daily meeting allows the entire support team to become aware of what each
rig faced the previous day (challenges faced, solutions found), what is happening at the
moment, and the next steps of the operation.

This dimension of the meeting can be demonstrated by the discussion of a prob-
lem with a coring operation, that went unheard for an hour during the night. At the
risk of compromising the sample or leaving equipment at the bottom of the well, the
professionals opted to interrupt the operation and restart the maneuver.

The presentation of this situation at the well intervention team meetings allowed all
members of the onshore support team to become aware of the challenges faced during
the night, as well as of the decisions that were made. Also, it was possible to think about
the consequences of the delay in the operation and to plan future actions to support the
progression of operations concerning this rig.

The work analysis of the professionals involved in onshore support for well drilling
operations, carried out in the first stages of the research, showed that the experience of
these workers is fundamental to guarantee the safety and performance of interventions
in wells.

In this scenario, the well intervention team meetings became a privileged stage for
exchanging experiences, as professionals from different specialties and experiences, in
different scenarios, come together to identify problems and build solutions for situations
that cannot be fully anticipated.

To illustrate this dimension, we take the case of a rig that had problems in one of the
stages of completion. During the presentation of this situation at the meeting, the support
team initiated a debate to find hypotheses that would justify the reported difficulties, as
well as the identification of possible risks and alternatives to face the problems. Previous
events with similar characteristics were discussed and difficulties, that could increase
the cost of that operation, were also listed.

The operational support work in well interventions deals with situations of high
risks, high costs, and considerable uncertainty. Given this, it is often necessary to create
discussion groups to deal with more complex situations. It was observed that during the
well intervention team meetings, these complex situations are identified, as well as the
planning of specific workgroups to address them is carried out.

Aspects observed in this research that can restrict the IO work in well intervention
team meetings are related to the time restriction of the meeting and the volume or
complexity of the cases discussed.

About the time restriction, it was found that the structure of the meetings does not
allow in-depth discussions about the cases under analysis. This limit is imposed by the
structure of the meeting, which establishes an average duration.

Although this barrier is mitigated by the possibility of creating new discussion
groups, it should be noted that this resource reduces the group, restricting integration to
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a small fraction of the team, in addition to being subject to the availability of the actors
for meetings at other times of the workday.

Another barrier to IO work identified in the well intervention team meeting analysis
occurs as the number of rigs to be presented at the meeting begins to increase. Since
the greater the volume of rigs the shorter the time allocated for the presentation and
discussion of each case. It is worth showing out the number of complex cases to be
addressed at the meeting, which may aggravate this limiting factor, further reducing the
sharing time of the other rigs.

4 Conclusions

This research aimed to present and analyze data that demonstrates the main character-
istics of well intervention team meetings and aspects that facilitate or hinder IO work
in these encounters. The strength of this study refers to the generate knowledge about
actual work situations related to discussion spaces that bring together different special-
ists around well intervention projects. The lack of another published research focusing
on the sharing of information and the exchange of experience in 10 at drilling operations
reinforces the relevance of the results of this paper for Ergonomics.
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Abstract. The notions of human ecology and ergonomics were linked by Pierre
Cazamian, one of our discipline founders [4]. The concept of sustainable develop-
ment leads us to consider nature as part of the environment that conditions human
work, but also as one of the dimensions of environment affected by human work.
The aim of this communication is to discuss the ways future work will guarantee
the survival of life within work systems and between layers of the overall ecosys-
tem [6]. We start from our experiences of two types of interventions: reactive
and requirement based classical ergonomic approaches, pulled by industrial and
market needs, and prospective ergonomics based on people’s needs approaches
[10], inspired by the evolution of human activities in ecovillages and in socio-
environmental projects. We find some trends in both contexts related to design,
management and field activities and the need to guarantee life in all the ecosystem
layers.

Keywords: Human ecology - Prospective ergonomics - Work - Life

1 Introduction

According to different Ergonomics Systemic frameworks that we have described some
years ago [1] life could be described as the effect of work but also as a property of
work itself. Indeed, life means health, safety, wellbeing and absence of stress, fatigue,
harassment, etc. These are all the consequences of having “a good job”, as we say. As the
System’s ergonomics view states that a working situation includes five main elements:
external conditions, worker or internal conditions, activity, effects of activity and results
of activity [8]. Amongst worker’s activity and its effects on worker’s health we find other
ways to describe life in the whole system. Wellbeing and Performance (reliability) are
therefore the two main aspects on which we should intervene to improve the chances of
preserving life in our working sociotechnical systems. This presentation explains a little
bit how we have proceeded until now and how we could proceed in futur interventions.

2 Life, Present in Different Ways in the Analyzed and Designed
System

2.1 Life as the Consequence of Reliability

Life could be present in activity results, when the work process affects potentially the
environment, other people and nature. In this case, we talk about human or organizational
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reliability impacting sustainability of the safety critical system. A larger description of
the whole ecosystem in terms of sustainable development leads us to identify layers and
stakeholders that need to cooperate to maintain life at each layer level [6].

2.2 Life in Interventions ‘“Pulled”” by Industry: Safety Critical Systems

Our experience of ergonomic interventions happened in systems that potentially lead to
death, where design, management and operational teams think about preserving life in
a special way: preventing accidents and only sometimes improving comfort in work-
stations. We experienced Safety critical systems like aviation, nuclear, railway, con-
certs/shows and medical industry. In all of them the design is supposed to be human
centered and ergonomists should intervene, but in the real world the situation is very
different. Life is not taken into account as we would expect.

In all these systems life is little evoked in design stages, and each layer of the whole
ecosystem reasons independently one from another. The overall emergent life is not
imagined. It is only after starting manufacturing stages than life emerges as an issue, as
an incident, an accident, a complaint, a disease, etc. The workers daily working life is not
understood nor included in the scenarios of the simulations done by the project leaders.
Future work is not well anticipated nor protected. Life is a little bit preserved in some
extreme scenarios like the worse ones, for which some of the solutions are planned and
take into account operators needs (accessibility, workload, etc. in case of emergencies
for instance). In all other scenarios of daily life very basic errors are being done by
designers, simply because the design is not centered in workers needs at that stage.

2.3 Life in Prospective Ergonomists Driven Interventions

Our experience of ergonomics interventions in these new contexts are few but enough
to extract some learnings from them. Indeed, we have shared in Argentina, France and
Spain different projects where the main goal was protecting life in a wide way: 1)
environment-friendly projects as ecovillages developments, 2) NGO’s networks prevent-
ing governments and companies from poisoning our lands and oceans and 3) assemblies
of self-organized citizens acting at their neighborhood level to defend different causes
linked to pollution of waters, rivers modifications and wetlands alterations. These experi-
ences showed us that life is present in all the activities as a main goal, since the collective
motivation is focusing the environmental challenges as a society.

For the moment Ergonomics is not present in all these changing and challenging
worlds. Our colleague’s findings [2] in these contexts arrive to a similar conclusion: “hu-
man work has tended to be overshadowed by the environmental and economic dimen-
sions, and one could argue that work is the great forgotten dimension of sustainable
development”.

We believe at least through Permaculture concept we can be sure very soon sustain-
able development will be focusing on the need to improve the quality of life in a global
sense as stated by Cazamian [4], in 24 h a day activity. This is our goal, to little by little
enter these worlds and bring our knowledge about designing workplaces to be able to
design future working situations the best way possible. Besides country-side activities, in
transportation system, other colleagues point out the need to be proactive [7]: “There is
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a fundamental need for HFE professionals to be more vocal and active in infrastructure
upgrade projects in IDCs”.

Even if the population that leads these interesting and life-prone projects don’t know
us ergonomists nor usually contact ergonomists or other experts to enhance their working
conditions, it is worth it to pull these communities and convince them to work together.

2.4 Ergonomics at the Crossroad of Health and Performance

We have certainly encountered the “generation unity” mentioned by Pueyo [10] quoting
Mannheim: “when socio-cultural upheavals impose a pace that accelerates the change
of attitudes to the point that the latent and continuous change of traditional forms of lived
experience, of thought and of shaping is no longer possible, then new points of rupture
crystallize somewhere forming a new impulse and a new structuring unity”. In these
contexts, sometimes “solidarity and cooperation economy”’ model is present, sometimes
not. The stake is ergonomists can help hold together life and economic stakes at once, in
an ecological and sustainable human work approach. Ergonomics also turns out to be full
of hopes and expectations for correcting work situations to design products and uses, and
also to define needs and innovations that do not yet exist. We used to say “Ergonomists
rarely initiate projects” [3] but this is changing. We have worked in Argentina recently
in the design of a tool enabling to transport seedlings easier, with a team of Industrial
Designers. It is possible, now it has to become the rule. The new sustainable development
goals (ONU’s ODS) are a good context, as described by our colleagues [6]: “In an
economy convinced of the challenge of Sustainable Development and of the opportunity
that it opens in developing Service based dynamic, the strategic question concerns the
desindexation of volume/value and the promotion of the “performance of use” concept:
coping with this challenge require the recognition of the centrality of work in economic
innovation and the centrality of the subjectivity in the activity”.

3 Conditions for Prospective Ergonomics Interventions

In our experience, the economic aspect of the intervention is the main issue, with the
absence of knowledge about our existence as design professionals. Sometimes we can
intervene but not get paid fairly for our service, and sometimes we are totally absent in
projects because people don’t know our potential work. This has to change in sustainable
projects.

Asremarqued by Hutchings [7], sustainable transportation’s design principles need to
integrate ergonomics in industrially developing countries: “HFE professionals, through
their knowledge and understanding of design principles and system optimization, should
play a more active role in designing safer and accessible transportation systems. In the
railway industry, this could be for both passengers and train drivers, and may include
secure station design, ergonomics of the train driver’s cabin, and the implementation
of communication systems both auditory and visual that can ease commuter frustration
and improve train services.”

Moore [9] observations can also lead us to some reflective thoughts in terms of
required evolution of our intervention skills: “HFE practitioners to a degree, and HFE
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researchers almost inevitably, can be prone to hiding behind the iterative process and
standing back while others make the first design decisions, after which we happily step
in and critique. HFE advertises itself as being part of the design community, and yet too
often in practice, we are reactive in the way medical doctors wait for patients — and our
tools and methods currently reflect that. We need to be involved at the beginning because
some critical strategic decisions in sustainable development projects are made then”.

4 Conclusions

The stake has been making ourselves as ergonomists identified by other designers and
remaining available during projects lifecycles as one of the professionals who can gen-
erate a positive change in people’s life. We did this in the “regular industry” where
the challenges are safety and operational reliability. We didn’t succeed much. Life is
still far away from the priorities in the effective design work. The design process is too
taylorized and parcelized. Therefore, coping with the needs of future workers becomes
almost impossible. Ergonomists are not present in the desing process at the necessary
levels, therefore “life” is always at risk. The new scenario of sustainable projects is
hopefully a good one, pulled by people who want to respect life. Guimaraes [5] went
even further detecting the sustainability needs of a town in Brazil to reduce its ecological
footprint. The stake is to be able to design working conditions to enable life in those
contexts. We need to go on working on this direction.

References

1. Aslanides, M.: «Modelo», Laboreal 11 N°2 (2015). https://doi.org/10.4000/1aboreal.3832.
https://journals.openedition.org/laboreal/3832

2. Béguin, P, Duarte, F.: Work and sustainable development. Work 57(3), 311-313 (2017)

3. Brangier, E. (2013). https://www.canalu.tv/video/universite_de_lorraine/histoire_s_de_1_erg
onomie_7_7_prospective_perspectives_sur_le_futur_de_l_ergonomie.11586

4. Cazamian, P.: Entretien avec Antoine Laville (2000). https://ergonomie-self.org/wp-content/
uploads/2016/06/Pierre-Cazamian.pdf

5. Guimaries, L.B.M.: Sustainability and cities: a proposal for implementation of a sustainable
town. Work 41, 2160-2168 (2012)

6. Hubault, F., De Gasparo, S., Du Tertre, Ch.: Sustainable development arguments for an imma-
terial ergonomics. In: Bagnara, S., et al. (eds.) IEA 2018, AISC, vol. 825, pp. 702-706
(2019)

7. Hutchings, J.: Transport system in industrially developing countries (IDCs) — the role of
human factors and ergonomics (HFE). In: Fischer, K., Thatcher, A., Zink, K. (eds.) Human
Factors for Sustainability: Theoretical Perspectives and Global Applications (2021)

8. Leplat, J.: L’analyse psychologique de 1’activité en ergonomie. Apercu sur son évolution, ses
modeles et ses méthodes. Octares Editions, Toulouse (2000)

9. Moore, D., Tedestedt George, C., Qadir, J.: HFE practice within complex teams. what we bring.
In: Fischer, K., Thatcher, A., Zink, K. (eds.) Human Factors for Sustainability: Theoretical
Perspectives and Global Applications (2021)

10. Pueyo, V.: Pour une Prospective du Travail. Les mutations et transitions du travail a hauteur
(2020)


https://doi.org/10.4000/laboreal.3832
https://journals.openedition.org/laboreal/3832
https://www.canalu.tv/video/universite_de_lorraine/histoire_s_de_l_ergonomie_7_7_prospective_perspectives_sur_le_futur_de_l_ergonomie.11586
https://ergonomie-self.org/wp-content/uploads/2016/06/Pierre-Cazamian.pdf

®

Check for
updates

Emancipation and Work: An Outmoded
Ambition?

Pascal Béguin®™

Institut d’Etude du Travail de Lyon, UMR 5600 EVS, Labex IMU, Lyon, France
pascal.beguin@univ-lyon2.fr

Abstract. The notion of emancipation belongs to a long social tradition, but it
is curiously absent from the HF/E community as if it is an outdated ambition.
Starting from the idea that emancipation is a heuristic notion for discussing the
purposes and mobiles of HF/E, the aim of this communication is to discuss the
relationships between emancipation and work. Two main focuses are well identi-
fied: emancipation from and within work. But a third focus, still to happen, could
be named emancipation by work.
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1 Problem Statement

The notion of emancipation is part of a long social tradition, and has been central for the
development of the workers’ movements that emerged in the first half of the 19th century
[1]. Indeed, this notion was at the center of the first international workers’ organization
(the “International Workingmen’s Association”, often called “the First International”)
founded on September 28, 1864 in London, whose objective was to unite proletarians
of all countries “in the struggle they waged for their social emancipation, beyond the
artificial divisions created by the borders of nation-states”. But to my knowledge, the
notion of emancipation is far to be a reference for the HF/E community. Probably the
reason comes from it appears as an outdated ambition (although other reasons may
explain this absence: assumed divergence, too strong political anchorage for a scientific
discipline, etc.). But anyway, the analysis of this “omission” would be difficult, as that
idea of emancipation seems to be a blind spot of our discipline.

However, this notion has never disappeared, and emancipation stays an active idea
concerning work. It is still used by the International Labor Organization, concerning
social rights at work for oppressed peoples (home workers, rural workers, etc.), and in
relation to contemporary issues (gender, decolonization). Moreover that notion makes a
still timid, but assumed occurrence in recent publications in the ergonomics of activity.
Guérin and Coll. [2] for example, argued that the aim of the discipline should be to
“contribute to the making of the work we want, by pursuing a goal of emancipation
of human activities”. But it should be noted that, in a curious reversal, the idea of
emancipation at work is also claimed as an aim by the financial world, by confusing
work and employment in a context of increased deregulation of the Labor market [3].
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The notion of emancipation remains contemporary, and disputed. And there is the need
to clearer the purpose.

Starting with the idea that emancipation may be a heuristic topic for discussing the
purposes and mobiles of ergonomics, the aim of this communication is to initiate a debate
within the HF/E community on the relationships between emancipation and work. It is
by no means a question of saying the last word, but rather of proposing some ideas on that
issue in the renewed context of the beginning of the 21st century. It will be argued that
three different outcomes need to be identified: emancipation from work, emancipation
within work and emancipation by work. Emancipation from work is an historic, but still
actual focus of the social movement. Emancipation within work can be understood as
a central topic for activity-centered ergonomics approach. However the third focus, so
call emancipation by work, is still to better define. But in order to facilitate my point, I
will begin in introducing a difference between “labor” on the one hand, and “activity”
on the other hand.

2 Work as Labor and as Activity

As the IEA website asserts, the word ergonomics means “science of work” (and it is
assuming that HF and Ergonomics are used interchangeably). However, the daily notion
of work is not without ambiguities. Between the men and women who go to work for
having money, and the baker who works the dough for human consumption, it is not at
all the same thing. On the one hand, work as a historically constructed productive regime
(namely “labor”), and on the other hand, work as a finalized human action names an
“activity” [4].

Contemporary forms of Labor result of a socio-historical construction, which began
in pre-modern times but which spread nowadays over a large part of the planet due to
the hegemony of the capitalist system. It is not the purpose of this text to make the
history of Labor. We will only point out that from the 17th century, labor has been
understood as a factor of production that needs to be rationalized. In this context, John
Locke will consider work as the main principle for creating value, and he considers it
is thanks to the existence of money we can measure this value. So, workers exchange
their “labor power” for money, which becomes a commodity. And Adam Smith will
defend the virtues of the division of labor, reducing in the same movement the social
to a contract and to its commercial corollaries (a point questioning issues related to the
fair distribution of the wealth). It is in that context that questions about subordination
will emerge. And as a result of capital and division of labor, the dominant form of
“labor relations” is established: wage earning and employment (and its corollaries: the
employment contract, working time, etc.), as well as hierarchical links and constraints
(wage-earning being the provision of one’s labor force by the employee during a given
period of time). From the 19th century onwards, these “labor relations” will gave the
birth to a whole set of regulations (and particularly work laws), deemed necessary to
deal with the very unbalanced relations of subordination between the holders of capital
and the workers, who held their labor force alone. This evocation is too brief (see
[5] for a extended debate). But it makes possible to draw structuring dimensions of
current production situations that cannot be avoided by ergonomists, such as “division
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of labor”, “wastefulness” (central to lean production), or “prescription” for giving only
few examples.

Quite different is speaking of work understood as an Activity. According to this
acceptance, human activity is characterized by the relationship that human beings have
with an environment in order to satisfy their needs of life: food, health care, clothing, etc.
This is the main sense of activity in the cultural-historical activity theory approaches [6,
7]. During activity, humans are acting “through” instruments (i.e. material and immate-
rial historico-cultural resources) in order to give form to an object (the dough that the
baker kneads, the plant that the peasant cultivates) in order to satisfy needs and to serve
collective purposes.

Understood in that sense, an activity is before all an anthropological question, and
for the people at work a human experience in the sense that something essential to life
in society is performed. But each activity at work is situated in an historical and social
context of labor. The current forms of labor are then obviously questioned, given that
they either may support or, on the contrary, undermine and finally alienate the workers
and the human life in all its anthropological dimensions.

3 Emancipation from Work

It is to the extent that labor is alienating for proletarians that emancipation has histori-
cally appeared as a goal to be achieved in workers’ and trade unions movements. This
conceptual couple emancipation/alienation being a key point of Marx’s works [8], it is
usefull to come back on Marx’s meaning of alienation in order to define this first issue:
emancipation from work.

To grasp Marx’s understanding of alienation, it is necessary to start from the place he
gives to activity, since it is in the socio-historical metamorphoses of labor that capitalism
imposes alienation on activity. As with the cultural-historical approaches to the activity
discussed above, Marx starts from the idea that an activity is aimed at satisfying needs
that are useful to life. To work is to implement means to satisfy other needs. Activity here
refers to the production of an (material or immaterial) object with use value in relation
to life. Marx names that process an objectification.

But the capitalist form of labor doubly dispossesses the workers of their activities.
On the one hand, the workers are dispossessed of the result of their activity (Marx speak
of an “objective alienation”). But it is above all a “subjective alienation” that Marx
insisted on in 1844. The workers are dispossessed of their activity because the concrete
activities carried out by the workers are goods that belong to others. It is then a loss of
oneself, which is akin to alienation in act, insofar as it is no longer what is done that
counts, but the productive act itself that is counted and measured. Workers then maintain
a relation of externality to their own activity. And accordingly to Marx, this “subjective
alienation” must be understood as a loss of humanity. A human being whose whole life
is spent to carry out a small number of simple operations, whose effects are always the
same, has no need to develop his intelligence none to exercise his imagination. Labor
causes a withdrawal from what constitutes the specificity of human life, and ultimately
intended the human to fulfill “animal functions”. It is finally in the context of this analysis
that the notion of emancipation must be understood. Emancipation consists in an act of
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re-appropriation of the human world, which the organization through labor faces to the
worker as an autonomous power, which turns against him.

It is on that bases that emancipation will be widely included in workers’ and trade
unions movements. In France, the charter of Amiens (1906) defined its program as
improving working conditions on the one hand, and preparing a “full emancipation” of
the workers on the other hand. The main idea (which joins that made by Marx-Engels in
Volume III of The Capital [9]) is that activity, whatever efforts will be made, is within
the “domain of the necessity”. And as such, working conditions must be improved. But it
is mainly outside of work settings, i.e. within “the domain of liberty” that humans being
flourish. In other words, emancipation resides in an appropriation of the production
tool, which will ultimately be intended to allow the reduction of working time. A fair
redistribution of the wealth produced will make it possible to reduce working time, and
will offer free time for the service of all, and for everyone’s fulfillment.

The focus is clearly emancipation from work. Work activity is understood as a neces-
sity (inevitably defined by its constraints). And emancipation means fair redistribution
of wealth, offering the possibility for the workers to access free time which is leisure,
and also “higher” human activity.

4 Emancipation Within Work

The reduction of weekly working hours is a central struggle in the history of labor and
trade unionism. And the point here is not to question its relevance. However, defining the
challenge of emancipation outside of work setting avoids important questions about work
understood as an activity. Such an understanding reduces work activity to elementary
operations realized under constraints.

However, activity at work question anthropological dimension. Having an activity is
to make an experience in which something essential to human life is played out regardless
of its social and historical forms. This position is known as the idea of a human centrality
of activity at work. And in order to present it, one can situate the difference made below
between labor and activity within a work setting.

In a given work setting, what has been called above « the labor» will be implemented
in the form of a “prescribed task”. The task is an actualization in a given setting of a
certain “regime” of work, a labor (for speaking quickly, the regime of the globalized
industrial dynamics under the domination of market finance, particularly in the case of
industry 4.0). But the gap between the task and “real” work (i.e. activity), so important
for activity-centered ergonomics approach, testifies that, in their activity, the worker(s)
question, redefine and renormalize prescribed work based on their own understanding,
perception and norms of life [10]. In so doing, the workers implement something from
themselves in making a labor. And the analysis shows that such an implementation refers
to three dimensions.

First of all, work is a specific place of socialization where human beings are engaged
in shared activities that produce specific intellectual, moral and emotional effects. A
positive work experience is an irreplaceable developmental factor. Conversely, when
labor does not offer this potential, it becomes a disruptive factor, causes psychological
dysfunctions and leads to the formation of pathological complexes in the cognitive,
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social and affective life. Secondly, activity is finalized. It is an action within the human
world. The usefulness, the meaning and value of what is done are always questionning.
Third, to work understood as a finalized activity inevitably questions the contribution
made to the community, and the place occupied among others.

Labor, especially in its capitalist form, exploits the human activity; it dispossesses the
protagonists of their activity and sometimes abuses them. But under no circumstances
does the contemporary form of labor eradicate human life. The gap between prescribed
work and real work bears witness to this expression of humanity at work. It testifies that,
in their activity, the worker(s) question, redefine and renormalize prescribed work based
on their own living experiences. From that point of view, work settings and labor are
arenas in which debates on living norms are conducted.

Emancipation within work designates such a process of appropriation and renormal-
ization. The aim of ergonomics intervention, as it has been developed in activity-centered
ergonomics approach, may be understood as the process which support this emancipa-
tion [2], knowing that the space left for these renormalizations within labor is often too
narrow to be fully deployed. The appropriation of the task in the activity is obviously not
free, it comes up against relations of subordination (because of the wage relationship, or
even more pernicious forms where the wage relationship is replaced by a market form)
according to which: “your activity does not belong to you!”. Intervening in this context
means tooling, supporting and promoting the possibilities of a renormalization process
of labor by the workers.

5 Emancipation by Work

The previous idea of an emancipation within work may nevertheless seems insufficient.
To argue that humans renormalize labor in their activity, does not eliminate an anx-
ious concern about the socio-historical evolutions of Labor. Never any company has
abandoned the principles of line work on the basis of such an observation. This concern
reaches a paroxysm in the face of technical prospective, which promises us a future with-
out human work, where everything would be carried out by automata called “artificial
intelligence”. Everyone feel that such a “progress” is in fact very far from bringing about
any improvements, due to the centrality of the work mentioned above. Faced with this
dystopian future, the sole possibility is to assume the historical necessity in which we
stand to contribute to the writing and definition of Labor. The ILO centenary initiative
“the future of work we want: a global dialogue” is a manifestation of such an ambition,
which is far from being limited to the countries of the South. But it raises considerable
questions, and the idea of emancipation by work can help us to better define the stake at
hand.

To introduce this third orientation, one can come back to the definition of work as an
“objectification process” and to the idea of “objective alienation” pointed out by Marx.
As previously seen, Marx’s notion of alienation mainly focused on the dispossession
of their own activity by the workers (what he named the “subjective alienation”). But
he also pointed an “objective alienation”: the workers are dispossessed of the results
and values of their own activity. The central idea is that work is characterized by the
relationship that man has with nature to satisfy the needs for life.



26 P. Béguin

In fact, the place given by Marx to this “objective alienation” will evolved in his
work. He argued in 1844 that work is “the first need of life” and that the “objectification
of work” is positive for the human being. But in volume III of the Capital, the process
of objectification is finally apprehended as a necessity quite distinct from “the realm of
freedom”, which is situated outside the sphere of work. In doing so, Marx falls in line
with a dualism whose the origin goes back to Greek philosophy [11], where work tends
to be reduced to a servile activity and a chore, which socially valued activities must get
rid of.

However, work, understood as a “finalized instrumental” activity, can convey aes-
thetic and moral values, as well as dimensions of intelligent experimentation, freedom
and self-expression [12]. It is in fact the socio-historical conditions of work (i.e. the
labor) that alter this possibility. The division of labor in fact decomposes any finalized
activity into elemental operations without meaning [13], and makes opaque the finali-
ties pursued insofar as it becomes impossible for the protagonists to perceive the ends
and mobiles of their activity. Activity then appears as a means at the service of ends
over which those who work have no influence, and do not even have the perception.
This loss of the finalized instrumental dimension of activity was already very present in
taylorism. And it increases in post-Taylorian organizations, where mediation chains are
more and more longer (especially due to information and communication technologies).
The perception of the goals pursued is made even more opaque. The workers are then
alienated, in the sense that they are dispossessed of the instrumental purposes of their
activities, its meaning and value. But as the UNDP points out, “Human development

. is about creating an environment in which people can develop their full potential
and lead productive, creative lives in accord with their needs and interests.” (www.und
p.org).

To speak of emancipation by work then consists to understand work activity in that
it constitutes a “useful contribution to the world” in the words of Valérie Pueyo [14].
Emancipation by work may then be understood as the process of re-appropriation not
only of the working process, but also of work as a resource for creating environments and
utilities that contribute to a useful and sustainable life. Such a focus needs to a change
of our paradigm. The question is less to adapt labor in order to make it viable, than
to redefine our current development trajectory of labor (deeply marked by globalized
industrial forms under the domination of market finance) in order to contribute to the
definition of another work “regime”, capable of responding to societal and environmental
challenges we are facing.

6 Discussion

The aim of that paper is by no means a question of saying the last word, but to initiate
a debate on the relationships between emancipation and work, starting from the idea
that emancipation may be a heuristic topic for discussing contemporaries’ purposes and
mobiles of HF/E. On that basis, three positions have been identified.

The first one, emancipation from work, questions the dialectic of working time and
free time. The second one, emancipation within work, designates a process of labor
renormalization by the workers and through their activity, which need to be supported
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during intervention. The third one, emancipation by work, concerns activity as a resource
for creating environments and utilities that contribute to a useful and sustainable life.

However, this third orientation is still to happen. The categories from which we
can develop such a program are barely defined, and the task is huge. From my point
of view, three fields are questioned. The first, which I have already mentioned above,
consists in redefining philosophical categories about work that we have inherited from
the ancient Greeks, but which continue to be active in our ways of thinking. The second
field consists in resuming the analysis of the economic infrastructure from which labor
developed, starting from a reflection on the notion of value. Our entire economic edifice
is centrally based on exchange value. But what counts for life, i.e. the usage value, is
far more important and far more extensive than what could be counted in monetary
terms [15]. Approaches centered on the servicing dimensions of work activity have
already opened this second field [16]. The third one concerns the links between work
and environmental sustainability. Human beings interact with a natural environment, and
societies are based on the metabolism of human and nature, whose the operator is work.
We are linked, and dependent on a nature that is being destroyed by labor understood
as a contemporary forms of work: deforestation and urbanization, destruction of animal
environments, production of poison, toxics and pollutants, spread on a large scale in the
natural environment. Everyone still confusedly perceives that what we do on and with the
world is inseparable from what we do to ourselves. Damage to our natural environment
is in fact a new form of alienation.

The scientific integration of these dimensions is a hard job. But ergonomics is a
discipline at the crossroads [17]. We need to carrefully meet the challenges of integrating
economic and environmental dimensions.
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Abstract. This communication discusses the resulting changes in the field of
design project management generated by the industry of the future and its
promises, with a special focus on collaborative robotics. Among the guiding issues
of this work, we will focus on the importance of including such an intention to
cobotize some or all of the tasks initially assigned to human operators, during the
strategic stakes of the design process and to instruct and support it by the potential
contributions of a bottum up approach centered on the real activities, mobilized
and deployed during the realization of the tasks which are objects of cobotization.
This discussion is based on an industrial case study, aimed at assisting a finishing
workstation (the last stage of a production process) for fragile mechanical parts
used in the manufacture of metal parts for the aeronautics sector.

Keywords: Industry of the future - Collaborative robotics - Design project
management

1 Introduction and Methodology

1.1 Introduction

The emergence of new technologies presents a major challenge to the transformation of
the work and activity of human operators. These technologies once again raise questions
about the place of humans in the new work organizations, and about their potential
impact on the work and activity of operators [1, 2].

The appearance of robots that can share the same workspace with human operators
(cobot(s)) [3] generates multidisciplinary discussions related to the multi-stakeholder
aspect of these new technological devices [4], including the nature of the new forms
of human - cobot(s) interactions, called collaborative interactions, and the health and
safety of users [5], the transformation of their work [6], its organization, the relationship
to work and the collective, the new skills to be acquired and developed as well as the
profitability of these investments (impact on the quality and productivity of the existing
system) [7, 8].

In this sense and in order to contribute to the new classes of problems and debates
raised by these emerging technologies, we present in this paper a brief feedback of a
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research-intervention study conducted in a French SME, interested in these new techno-
logical devices (cobots), with the aim of assisting manual finishing stations for fragile
mechanical parts intended for the manufacture of technical devices in the aeronautical
and other sectors.

This research and development involve a multidisciplinary team of engineers and
ergonomists with the main objective of carrying out a feasibility study to answer the
following questions: how could the use of industrial cobotics provide a relevant, realistic
and feasible response to the strategic issues of improving production performance, health
(MSD risks) and working conditions? In which way does a mobilization and involvement
approach of the operators concerned by the cobotization project, in particular through
the analysis of their actual activities, represent an essential condition to succeed the
design project?

1.2 Methodology

To address the issues and objectives outlined above, we have conducted an action-
research project with a French SME. This project aimed to integrate a collaborative
robotics solution for the refining workstations used to manufacture mechanical parts for
the aeronautics sector with high quality, reliability and safety standards.

During this project, we sought to:

e Understand and analyze the strategic issues of the different stakeholders of the design
projectin order to contextualize the choice of this technology as an answer and solution
to the issues of customer retention, the perspectives of modernization of the manu-
facturing equipments, a more efficient performance by reducing rejects, prevention
of MSD risks and global work conditions improvement, etc.;

e To mobilize and involve the concerned operators, in particular by the precise analysis
of the gestural refining activities, to model the operations of manipulation and refining
of the cores; to investigate the possibilities of cobotisation of the refining operations
to support the gestural activity and to reduce the hardship of these workstations.

All these steps are part of a mobilization process of the involved design project
participants, including the refining operators, and required the setting up of a strategic
monitoring group of the project.

2 Analysis and Modeling of the Refining Activity

2.1 Analysis of the Refining Activity

Initially, the team focused on understanding the issues related to the finishing activity
targeted by the cobotization project. The exploratory interviews conducted with members
of management, local managers and finishing agents highlighted the following strategic
dimensions:

— The strategic stakes of winning new shares of the product market, higher reliability
of the produced products answering more and more strict specifications, etc.;
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— The strategic stakes of increasing product market share, greater reliability of the
produced products in response to the more and more demanding specifications, etc.;

— Quality and reliability requirements: A high product rejection rate is observed in the
manufacturing process. This is due to customers’ strict standards for aviation safety
reasons.

— Dimensions related to the employment, training and hiring of finishing operators, their
overall cost and the insecurity of retaining them;

2.2 Modeling of the Refining Activity

After the strategic analysis phase, the team focused on the analysis of finishing activities.
Observation campaigns equipped with audio and video tools were organized following
a schedule consisting in observing the finishing activity of parts of different complexity
(parts qualified by the workshop manager from complex to simple) by operators with
different levels of experience (4 months, 5 years, 10 years and 17 years of experience).

These observation campaigns were followed by exchanges and explanatory inter-
views with the observed operators, with the aim of understanding and analyzing their
finishing activity. This phase made it possible to propose and validate (by the finishing
operators) a characterization of the finishing gestural activity according to a view of
the professional gestures not only from a biomechanical and physical point of view but
extended to a greater complexity mobilizing the cognitive, collective and psychic dimen-
sions. Such a conception of the professional gesture will make it possible to enrich the
reflection and the choice of the technological solutions in the perspective of an allocation
of the functions between the human and the cobot. An allocation of functions that takes
into account the usefulness of the cobot and its integration in the course of the actions
of the operators concerned, its participation in reducing the risks of Musculoskeletal
disorders (MSD) related to the manipulation of parts and to preserve, or even develop
new forms of efficient activities that produce meaning and recognition for the final users.

In order to go more deeply into this characterization, and inspired by the work
of Chassaing [9] and Benchekroun et al. [10, 11], gestural activity would be located,
invested, constructed and developing:

— Situated as long as the gesture is permanently inscribed in changing and evolving
contexts on the organizational, technological, spatio-temporal, historical, social and
cultural levels;

— The invested character of the gestural activity refers to its subjective dimension of
the moment that it is singular and that everyone attaches values and meaning to it.
The invested character of the gestural activity refers to its subjective dimension of the
moment that it is singular and that each person attaches values and meaning to it. The
gesture is not reduced to what is realized, it is also this activity that cannot be done
and that risks being prevented;

— The constructed and developmental character of gestural activity refers to the pro-
cesses of training and learning on both the individual and collective levels. In these
processes of construction and development, Weill-Fassina [12] gives an important
place to reflexive activities which, according to her, can be spontaneously made by
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the subject, develop in the work group or be provoked by various forms of questioning
or interviews.

On the basis of this characterization of the gestural activities of the finishing
operators, we come to represent them according to the following model (Fig. 1):

Situated gesture of the finishing operator: from a The gesture is being built and developed
historical, cultural and organizational point of
view * Training ;
* Apprenticeship ;

+ Difficult employment pool ; * Mutual support ;
* Availability of a technical know-how that can « Different levels of expertise ;

adapt and evolve in the production of the SME. * The use of interim.

Composed gesture of the finishing operator : Invested gesture of the finishing operator:

* Perceptual-cognitive: Knowledge of the parts, its |+ The quality of the parts ;
different parts, knowledge of the material, tools, * "Loving" the parts: beauty and appearance ;

knowledge of the organization (objectives, * The recognition by the pairs;
strategic issues related to the parts, etc.) etc. ; * The quality qualified at times as Over-quality (form of
Visual perception and tactile perception (the non-recognition, time invested for nothing, etc.);
touch), etc.;  Conflicts between quantity requirements/quality
* Biomechanics: carrying the parts; requirements/fragility and risk of breakage of the parts;
» Skills (automatism) ; . Risk of quality actions obstructed;

Fig. 1. The 4 squares scheme for the analyzed activity

This type of analysis made it possible to broaden the discussions and to develop
the project on dimensions that had not been questioned until then, with a projection of
the finishing operators on the part of their activity to be assisted possibly by a cobotic
solution. If the right hand fulfils the essential role of finishing the part by filing, sanding,
filling, using different finishing tools, operations considered to be the key role of the
finishing operator, which valorize them and give a recognized brand image of the SME;
the role of the left hand remains essential as long as it carries the piece, manipulates it
to prepare and anticipate the actions of the right hand, but capitalizes on the complaints
of all finishing operators in terms of pain, discomfort and potential risk of Musculo-
skeletal disorders (MSD). They unanimously believe that if their work is to be helped
and relieved, it must be through a solution to reduce the discomfort felt in the left hand
and left shoulder (see Fig. 2 which details the distribution of operations between the
right and left hands).

This diagram shows the following dimensions:

— Finishing work mobilizes knowledge about products, their destination, their complex-
ity, their sensitivity, the different kind of methods and used tools, gestural finishing
skills mobilizing precision, accuracy, detection of imperfections, caution not to break
the products; the different uses made of the light source to support and anticipate the
lighting and its quality on the different treatment areas, etc.;

— The left hand has an essential role in preparing the operations of the right hand and
protecting the pieces -which are very fragile- from breakage by continuously adapting
their position according to the operations to be carried out by the right hand, the
orientation in relation to the light source, the effort exerted by the right hand, etc.
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Perceptive and Cognitive Mobilization
- Initial inspection of the workpiece;
- Continuous control of the progress of the finishing operations on the different areas of the part;
- Choice of the appropriate tool according to the step and the finishing zone (sandpaper, file,
blower, binocular).
- Coordinate operations of both hands;
- Maintain product quality requirements ;
- Meet the assigned time;

- Protect the part;
Left Hand Right Hand
- Carry the workpiece; - Remove the burrs ;
- Preparing right hand operations ; - Polishing the worked surface;
- Present the workpiece; - Blow to clear the material ( blower/mouth);
- Anticipate right hand operations; - Turn the workpiece;
- Protect the workpiece against damage; - Caution not to break or damage the worked part;

Fig. 2. Schematization of the finishing gesture activity targeted by the cobotization project

— Dimensions related to the health and hardship of the work: observation of significant
solicitations of the upper limbs, in particular the hands, fingers and wrists. These
solicitations are described as painful by the operators, particularly those of the left
hand, which seems, to an outside observer, “not to be strongly solicited”, etc.

Par un travail systématique d’observation, de traitement et d’analyse, nous avons
identifié différents « patterns » de port et de manipulation des pieces par la main gauche.
Ces patterns présentent les pieces a la lumiere selon des plans longitudinaux et sagittaux
rendant possible les opérations précisent, rapides et délicates de la main droite.

3 Discussion and Perspectives

The analysis of the finishing activity in this case study has made it possible to direct the
reflection of the finishing station’ assistance (the objective of this case study) towards a
more precise objective which is the assistance of the left hand (the hand that carries the
parts during the finishing activity).

In fact, the analyses and modeling carried out have shown, on the one hand, that it
is this part of the gestural activity that causes the most pain to the finishing operators,
especially if the parts are heavy or too small. On the other hand, the perceptive-cognitive
activity mobilized and the skills developed by the finishing operators constitute the
central part of the finishing activity, and any intervention on this part will transform the
central part of the finishing activity. With regard to the gestural activity of the right hand
that performs the intervention on the parts to be finished (burr removal, polishing, drilling,
turning the parts to be finished, etc.), the great variability of the operations performed
makes it difficult to think about technological assistance paths. This assistance track
was subsequently discussed with the finishing operators who expressed their curiosity
and interest in seeing what a solution of this kind could look like, and that they were in
favour of testing a prototype of this technological solution.

Based on the analyses carried out, the design team pointed out that a few constraints
must be considered in this potential future system in order to ensure its goal of providing
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assistance without compromising too much on the quality and scrap rate of the manu-
factured parts, the productivity of the finishing department and the sense of this activity.
These constraints are formalized below (see Table 1).

Table 1. Table of necessary constraints the future system must consider

Constraint reference Example

Constraint 1 Ensuring parts carrying

Constraint 2 Allow to carry a variety of parts

Constraint 3 Allowing parts to be rotated and inclined smoothly

Constraint 4 Allow to feel the forces applied on the parts (force feedback)
Constraint 5 Do not damage or break the carried parts

Constraint 6 Allows parts to be assembled and disassembled quickly and easily
Constraint 7 Ensuring user safety & CE conformity (Machinery Directive)

Currently a feasibility study is underway to propose technological directions that
would be able to meet all the constraints related to the activity to be assisted. As the strate-
gic analysis and activity analysis stages, this phase is conducted by a multidisciplinary
team of robotics engineers and ergonomists. Potential technological approaches will be
discussed with the finishing operators and the piloting committee to decide whether to
go further in this assistance track or iterate to specify or modify the constraints to be
fulfilled by the assistance system.

4 Conclusion

The development of collaborative robotics and the emergence of new technologies more
generally will continue to transform production systems and the activities of human
operators. These new technologies, although they present significant potential for the
future, must be thought out and implemented with great caution. In fact, what is supposed
to improve performance or improve working conditions represents at the same time a risk
of disturbing the existing system, degrading productivity [9] or even placing additional
constraints on human operators [10].

To avoid undertaking unnecessary investments, it is necessary to verify the need
in terms of these technologies and the presence of a real potential added value for the
existing system (increased productivity, improved quality, reduced effort and hardship).
A preliminary analysis of the strategic challenges and the real activity targeted is essen-
tial before starting the technical feasibility study of any new technology, especially
technologies with high interactivity with humans, such as collaborative robotics.

Even after the emergence of potential technical solutions, they must be tested and
evaluated to ensure their adequacy with the requirements of the activity being trans-
formed. This transformation must not downgrade the activity of human operators; the
dimensions related to the perception of this transformation, its acceptability and the
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meaning of the work of human operators must be at the heart of the design, evaluation
and deployment processes of potential technological solutions.
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Abstract. The article’s purpose is to analyze the psychosocial risks involved in
the Live Line Electricians (LLE) work and the collective risk management strate-
gies. The research was carried out with workers who perform electrical structures
maintenance in an advanced power station belonging to a private sector electric
company, located in the countryside of Sdo Paulo/Brazil. For this, it was used as
a methodological resource the first stages application of Ergonomic Analysis of
Work (AET). Psychosocial risks, also called invisible risk, which generates fear
and anxiety, are associated with a job when a large tasks volume are involved,
an intensified and dangerous routine, thermal constraints, repetitive movements,
great cognitive load for the planning and replanning execution, action synchronic-
ity between the team(s) and assertive and safe decision-making for the preservation
of life.

Keywords: Work - Risk - Electricians - Ergonomics

1 Problem

The work performed by electricians is considered dangerous to the worker’s life and
physical integrity, especially due to the subject’s exposure to risks of different orders.

According to the National Electric Energy Agency (ANEEL), in Brazil (2020), there
were 28 deaths in the electric sector due to work accidents, adding own and outsourced
employees.

Unlike other electrician’s categories linked to electric power companies, Live Line
Electricians (LLE) have characteristics that confer even more risks to the worker’s safety,
health and life. This is because the LLEs operate through the contact method in energized
medium voltage networks (13.8 kV or more), using trucks with aerial baskets.

In addition to the shocks, fires, explosions risks, directly related to electrical hazard,
the electricians work is also associated with thermal risks, which added to own clothing
and other Personal Protective Equipment (PPE) can cause dehydration (Scopinho 2002).
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Other risks must also be considered, such as falling from a height and falling
materials on workers (Hembecker 2010), physical risks due to repetitive stress such
as Work-Related Musculoskeletal Disorders (WMSDs) and Repetitive Stress Injuries
(RSI) (Moriguchi et al. 2008), risk of poison animals in vegetation pruning activities,
exposure to noise from urban workplaces and vibrations related to the truck that attaches
the aerial basket, and also vibrations derived from tools (Gongalves 2019).

In addition to the risks described above, the electricians work includes psychosocial
risks (Nogueira 1999; Martinez and Latorre, 2009, Souza et al. 2010). The psychosocial
risks related to work derive from the interactions between the individual, the environment
and work, where factors related to the work’s content, organizational conditions and
capacities, worker’s needs and other individual and family characteristics (ILO, 1986).

According to the European Agency for Safety and Health at Work, psychosocial risks
are subjective perceptions that the worker has about the work organization. Contained in
the psychosocial risks’ idea, are the emotional, interpersonal stressors and those linked
to the work organization (Heloani; Barreto, 2018).

In accordance to Nogueira (1999), the psychosocial risks associated with working in
the electricity sector are related to pressure for deadlines and responsibilities, workload,
problem solving and decision making, need to adapt to new technologies, pressure from
managers, customers and others. Due to the dangerous context and the stressors present
at work, the research by Souza et al. (2011) found that the prevalence of common mental
disorders in electricians was similar to that found in civil police.

Because it is a worker constituent subjectivity element, the psychosocial risks seen
in the electrical sector are named by Salvagni and Veronesi (2017) as invisible risks,
responsible for psychological suffering at work.

Therefore, the objective is to analyze the psychosocial risks involved in the Live
Line Electricians work and the collective risk management in a private sector electric
power company, located in the countryside of Sao Paulo/Brazil.

2 Methodology

This research presents partial data from the Research and Development Project (R&D)
“Ergonomics, biomechanics and cybernetics - Technologies for the future electrician:
Continuous increase of productivity with Health, Safety and Quality of Life improve-
ment”, carried out from the partnership established between the School of Applied Sci-
ences (University of Campinas), the CPFL Energy Group and Restart Brazil, a company
focused on the development and production of tools and equipment for the electrical
sector.

The research was conducted on an advanced power station located in the countryside
of Sdo Paulo/Brazil.

In order to know the real work and the risks related to the tasks performed by twelve
LLE energy’s distribution maintenance, company’s own employees, the methodology
used was Ergonomic Analysis of Work in your first stages application (Guérin et al.
2001).

As a result of the demand, terms and objectives defined in the R&D, the Ergonomic
Analysis of Work first stages were applied. For this, global and open observations,
individual and collective interviews were performed with the 12 LLEs.
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Individual interviews were also carried out with professionals related to safety, health,
engineering and human resources, besides interviews with local company managers.

The electrician’s activity was also studied through visits to the workplace, both at the
electric company and at the addresses for carrying out LLE tasks (streets and avenues),
where conversations and data validation were possible.

The survey data were recorded using field notebooks, tape recorders, camcorders and
cameras. It is noted that it was a demand oriented but built together with the company’s
interlocutors.

3 Results and Discussions

LLE work is performed in different locations in the municipalities covered by the electric
company, with different activities being carried out, depending on the electrical structures
that need maintenance.

To guide tasks, the company has a Task Manual, called Standard Operational Step,
used by Live Line Electricians, which also supports the operations management for
different sectors and for compliance analysis (included incidents and accidents), training
and reviews.

Live Line category corresponds to the top electrician’s career in an electricity dis-
tribution company. The activity performed is extremely specialized, requiring a large
number of training hours and professional experience. Due to the risk degree conferred
by LLE activity, work is prevented from being carried out at night or under rain, wind
or humidity conditions.

The electrician’s team is constituted in pairs, so that the functions are previously
established. The electrician (executor) who climbs into the aerial basket attached to
the truck is concerned with developing the structures maintenance. The electrician who
stays on the ground, called in this company “lifeguard”, is responsible for observing the
activity and ensuring the partner’s safety in the work’s execution, communicating with
the executor whenever necessary. However, depending on the complexity required by
the task, it may be necessary to add another truck and another pair of electricians.

Organizational dynamics are guided by workload and productivity. Most tasks are
marked as priorities, given that the electrical structures malfunction directly influences
the company’s performance. Depending on the complexity, the execution each task time
can vary from 1 to 8 h.

The LLEs, under the conditions studied, have certain decision’s autonomy on the
time they have to carry out the activities. Despite this, new technologies implemented
by the company through tablets and Smartphone’s have been used, providing different
assessing ways and controlling work.

As mentioned in the literature, risks related to constant and intense exposure to the
sun were observed, aggravated considering especially the use of flameproof uniforms and
other PPE (Personal protective equipment) such as boots, gloves, sleeves and balaclavas.

Aspects related to the activities repetition and movements were also pointed out,
situations that cause pain and inflammation, especially in the upper limbs. The insect
bites occurrence such as bees and wasps has also been reported by workers when carrying
out the pruning vegetation task.
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Regarding the risks related to shocks, fires, explosions from contact with an electrical
network, they were related to tension feelings due to fear of accidental electric shock. In
addition to the body, there is an air basket contact concern with the wires. This is because
the work situation is extremely close to the energized network intersection. This tension
comes not only from the body contact with the wire network, but also from a possible
operational failure that can provide an electrical arc discharge or explosions.

The tasks complexity performed by the LLEs brings a significant cognitive demand,
given the need to observe the structures, perceive risk and make decisions regarding the
operations sequence to be carried out based on the activity’s specifications, competence
and technical experience, as well as on the security questions.

This means that the task execution depends on prior planning and constant replanning
given that the work situation seen below the post may not be the same as that found in
the actual execution situation in the structures. Thus, they also include overloads derived
from responsibilities and constant decision making in the work face situations that need
to be constantly assertive.

As aresult, communication between electricians and teams in this work type becomes
essential, since the lifeguard role is to guide and care for the executing electrician. How-
ever, on this aspect, it is observed that workplaces with an intense cars and pedestrians
flow, for example, impair communication between the electricians.

In work situations in which failures can be fatal, the noises interference in the com-
munication established by the “lifeguard” with the executor is a risk factor, since possible
guidelines in relation to safety may not be fully understood by the electrician in the air
basket.

From this, it is clear that the dynamics and work situations, that is, the psychosocial
aspects that involve working in the electrical sector, can make the individual live daily
with an insecurity feeling, which can generate anxiety and fear.

However, despite this, workers develop strategies to manage the risks inherent to
work, which involve organizational, individual and collective factors. The intersubjective
analysis relations, facilitated by the Ergonomic Work Analysis, allowed to identify the
strategies used by the LLEs to manage the work risk focuses on considering the inter
and intra-individual task variability and the electricians themselves.

In practice, the pairs perform relay roles as lifeguard and executor in different activ-
ities throughout the day. LLEs prefer that pairs be fixed, alternating only when one of
the electricians is absent due to vacation or other complications.

The team’s permanence allows a trust relationship, a fundamental element for this
work type, because when exercising the guardian role, the electrician ensures not only
that the work goes well, but especially for the worker safety and life.

This means that cooperation in this work type is indispensable to manage the different
risk types present in the electricity activities sector.

In the total impossibility standardization and anticipation of the various factors
involved in work situations such as those presented, trust and cooperation allow indi-
viduals to create strategies that enable work oriented in the same direction and for the
same objective, in a more secure manner.
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4 Conclusions

The analyzes showed that the psychosocial risk evidenced in the Live Line Electricians
activities is associated with the factors present in a highly dangerous work environment,
in which different risks are involved, a large tasks volume, intensified and dangerous
daily routines, associated thermal constraints the great physical demand that involves
the force application and repetitive movements.

In addition, there is a great cognitive load for the action execution plans and
replanning and assertive and secure decision-making.

The fact that LLEs operate in energized networks is aggravated, that is, without the
electric interruption. This generates the shocks, fires and explosions possibilities give the
worker a high degree of pressure and tension, demanding precise actions, responsibility,
care, evaluation and work supervision situations to prevent accidents and preserve life.

The psychosocial risks present at work, directly imply how individuals perceive and
interpret work organization and interpersonal relationships. It is estimated that the con-
tent and work characteristics, associated, can often give LLE a feeling of insecurity,
which generates fear and anxiety and, therefore, suffering. Despite this, LLEs use col-
lective strategies against such emotional states in order to manage risks and perform
tasks satisfactorily.

It is perceived that for the risks management, there is a certain autonomy granted by
the company for the tasks completion, which is identified as positive because it allows
greater flexibility, organization, planning and caution in the activities execution in which
variability and risk.

As for the collective risk management performed by workers in their daily work
practice, it is possible to identify the preference for pairs or fixed teams, coexistence
and involvement among operators that give them tacit knowledge to identify the inter
and intra-individual variability, from the task, to the physical and mental conditions of
colleagues for the division between workers. This makes elements such as trust and
cooperation essential for synchronous operations, carried out with technical quality and
safety.
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Abstract. The paper aims to present an analysis about pruning vegetation with
hydraulic pole pruner, a task considered critical, performed by Live Line Electri-
cians (LLE). The research was carried out at an advanced power station, located
in the countryside of Sdo Paulo/Brazil through the application in Ergonomics,
Biomechanics and Cybernetics methods. It was possible to identify the critical
determinants of the activity under study through the Activity Ergonomics, as well
as to explain the physical issues through the movements simulation (biomechan-
ics) in terms of medium and high pruning that confer bigger postural problems,
especially of the trunk and upper limbs, validated by cybernetic analysis (3D),
which allowed quantifying such elements in order to create demands for the tools
design to alleviate this condition. It is suggested that the articulation between
qualitative and quantitative analyses, explained here through the methods triangu-
lation, although anchored in different epistemological keys, provide more com-
plex and broad understandings about the working reality and the possibilities of
transformation.

Keywords: Electric sector - Ergonomics - Biomechanics - Cybernetics

1 Introduction

Itis known that the work performed by electricians presents physical demands associated
to Work-Related Musculoskeletal Disorders (WMSDs) and Repetitive Stress Injuries
(RSI), derived from repetitive movements (Mendonga 2004; Moriguchi et al. 2009).

In 2010, a research conducted with maintenance, live line and commercial electri-
cians by Oliveira, Martins and Costa, showed that 72% of them presented some physical
painful manifestation.

Official government data extracted from the Observatério de Seguranga e Saiide no
Trabalho - SmartLab (2018) indicate that in Brazil the fourth most frequent injuries
in the electrical power distribution area were related to contusions or superficial
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crushing, resulting in 200 cases, while fracture, distortion or torsion and superficial
abrasion/abrasion, presented more than 150 cases in the same year.

In addition to physical risks, the electrician’s activity presents mechanical, biological,
chemical and psychosocial risks, which can lead to illnesses and fatal accidents. The
category of Live Line Electricians (LLE), research focus, confers even more risks to
safety, health and live, since these workers act in contact to energized medium voltage
networks (13.8 kV or more), using trucks with overhead baskets.

From this context, the article’s objective is to present an analysis on plant pruning
with hydraulic pole pruner, a task considered critical, performed by LLE. The research
was carried out in an advanced power station, in a private electric company, located in
the countryside of Sao Paulo/Brazil through the application of methods in Ergonomics,
Biomechanics and Cybernetics.

2 Methodologies

This research presents partial data from the Research and Development Project (R&D)
“Ergonomics, biomechanics and cybernetics - Technologies for the future electrician:
Continuous increase of productivity with Health, Safety and Quality of Life improve-
ment”, carried out from the partnership established between the School of Applied Sci-
ences (University of Campinas), the CPFL Energy Group and Restart Brazil, a company
focused on the development and production of tools and equipment for the electrical
sector.

The study included the triangulation of methods in Activity Ergonomics, Biome-
chanics and Cybernetics. The triangulation aimed at employing and combining different
techniques of data collection and analysis, aiming to broaden the understanding about
the object of study (Minayo, Assis, Souza 2010).

2.1 Population

12 (twelve) Live Line Electricians (LLE), own employees, who worked with electrical
structures maintenance in the CPFL Energy Group, in a specific advanced power station.

2.2 Procedures

2.2.1 Activity Ergonomics

First stages application from the Ergonomic Work Analysis (Guérin et al. 2001) aiming
explore the LLE real work, that allowed to elect the task of vegetation pruning as critical
and identify the physical demands, cognitive and organizational aspects from work.

Individual and group interviews were conducted with 12 LLE, professionals from
engineering, safety and health areas, local and outside managers, besides image and
audio records. The global and open activity’s observations were made through visits to
the advanced electric company station and the addresses for carrying out the LLE field
tasks, with interviews and posterior data validations with the operators.
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2.2.2 Biomechanics

Vegetation pruning movement simulation by Motion Capture Optitrack system with 11
cameras. The use of such technology aimed to integrate the images obtained with higher
resolution quality and closer analysis with the movement simulation.

The volunteer handling the hydraulic pole pruner in his hands performed upper
limbs movements, drawing the letter “W” trajectory in the air (Bento da Silva et al.
2019), which presented variations similar to the real action of pruning vegetation. Five
W movements were performed from right to left and five movements from left to right.

The movement was carried out in three different situations: a) Medium pruning:
placing the tool in front of the volunteer; b) High pruning: positioning the hydraulic pole
pruner above the shoulder line; and ¢) Low pruning: placing the hydraulic pole pruner
below the waistline.

The activities were outlined in the DELMIA tool present in the ergonomic 3D sim-
ulation module, experience software from Dassault Systémes®, where the LLE’s Per-
sonal Protective Equipment (PPE), clothing and the hydraulic pole pruner weights were
considered, totaling 9.5 kg (see Fig. 1).

Fig. 1. Volunteer with a hydraulic pole pruner - image captured by an Optitrack system with
eleven cameras.

2.2.3 Cybernetics

Reconstruction of the vegetation pruning motion simulation images obtained by the
Motion Capture and DELMIA Optitrack system by 3D Experience software from
Dassault Systéemes®.

Afterwards, the Rapid Upper Limb Assessment (RULA) protocol was applied
(Mcatamney and Corlett 1993). The use of such tools aimed to perform quantitative
postural analysis, focused on the upper limbs (see Fig. 2).
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Fig. 2. Simulation in DELMIA with RULA analysis.

Through the Ergonomic Work Analysis application, qualitative data was collected
and analyzed in terms of the real work, the content and characteristics surveys of the
work performed by LLE in the vegetation pruning task.

The procedure performed by Biomechanics, through the low, medium and high sim-
ulation pruning movements and the technologies used, became preparatory for Cyber-
netics analysis, by favoring greater image fidelity to body postures. Using the RULA
tool, related to this last field, it was possible to raise postural components of the upper
limbs, in a quantitative way.

The articulations between qualitative and quantitative analyzes, explained here
through the methods triangulation, although anchored in different epistemological keys,
provide more complex and broader understandings about the work reality and the
possibilities for transformation.

3 Results and Discussions

The analyzes derived from the Ergonomic Work Analysis application for vegetation
pruning demonstrated that the activity comprises a series of variations, which involve
the local traffic conditions and flow of cars and pedestrians and determine the truck’s
position, the weather sunny and thermal constraints associated with Personal Protective
Equipment (PPE), the winds direction that interferes with the trees scenery and shrubs
and the proximity and risk to the power grid, which generate anxiety and fear.

It was observed that keeping the arms permanently stretched or elevated above the
shoulders is a posture performed frequently and repetitively. This also occurs with neck
and torso movements. The justifications are related to the conditions imposed by the
activity itself, considering the trees diversity composition, branches and trunks in dif-
ferent sizes and thicknesses, task execution time and frequency performed 3 to 5 times a
week, during the two journey periods of work. In addition to these factors, wear and tear
related to vibrations resulting from both the operations truck and hydraulic pole pruner.

The high, medium and low pruning simulation movements derived from the proce-
dures performed by the Biomechanics field were classified in order of critical conditions
by RULA score. The sum of the Upper Limb and Lower Limb points, for the right and
left sides, reflects how much the respective cinematic chains are requested throughout
the activity as a whole, indicating a potential for cumulative wear.
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The most critical movement, from the RULA’s perspective, is the medium pruning
movement, positioning the tool in front of the body and high pruning, positioning the
hydraulic pole pruner above the shoulder line, which have similar criticality scores.
Likewise, the limbs most affected by the movements performed include the trunk, neck,
wrist and arms.

4 Conclusions

The research aimed to present results on Vegetation Pruning with hydraulic pole pruner,
a task considered critical, performed by Live Line Electricians, through the application
of methods in Ergonomics, Biomechanics and Cybernetics.

It was possible to identify the critical determinants of the activity under study, as
well as postural measurement and analysis for upper limbs related to its execution.

The qualitative analysis provided by Ergonomics demonstrated the physical, cogni-
tive, emotional and organizational work wear, especially those related to the content and
characteristics of the vegetation pruning task. From the movement’s simulation, high,
medium and low pruning postures, in high resolution, through Biomechanics, the images
were applied by the Rapid Upper Limb Assessment (RULA) protocol for upper limbs
quantitative postural analysis, using a specific software. It was identified that the upper
limbs and torso, neck, wrists and arms movements are the most critical in terms of wear,
with emphasis on the medium and high pruning movements.

Such findings, associated with the pruning activity frequency execution performed
by the company and the exposure’s intensity for long periods over the sun, the truck’s
operation and the hydraulic pole pruner vibration, the emotional stress for knowing
the risks and cognitive stress for planning the operation and safe decision-making, can
corroborate even greater criticisms in terms of physical wear and tear. Through the
knowledge generated, there are demands for tools design mitigate this condition, leading
to the belief that analyzes may be useful for the health and safety sectors of electric power
companies, in order to improve working conditions.

Finally, it is suggested that the qualitative and quantitative articulation analyzes,
explained here through the triangulation of methods, although anchored in different epis-
temological keys, provide more complex and broader understandings about the reality
of work and the possibilities for transformation.
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Abstract. Usability studies are focused on heuristics of efficiency, effectiveness,
and completeness. However, they generally ignore the content of the work per-
formed. Seeking to overcome this gap this paper aims to present and discuss the
role of participatory ergonomics meetings on the development of an EHR for col-
laborative care of children and youth. As we will present, the construction of a
common world will help integrate users to understand different work situations
based on this understanding, they could propose solutions to support different
phases of care and embracing different professional worlds. This process was
developed based on the knowledge about work situations and the dynamics dur-
ing the collaborative meeting, but also with the support of Intermediary Objects
developed by the ergonomist for this purpose.

Keywords: Work simulation - Activity - Intermediary object - Usability -
Electronic Health Records

1 Background

Electronic Health Records (EHR) encompasses a variety of information systems rang-
ing from the compilation of data from individual departments to longitudinal collections
of patient information that can be used by different health system services [1]. These
systems have been used as a resource of monitoring of individual treatment plans as well
as in providing epidemiological analyzes of populations, subsidizing health organiza-
tions and management [2, 3]. Patient’s health data may be imputed from different levels
of the health system, different health agents and can be provided in various formats
such as text, images, vital signs, prescriptions, stories originated from clinical meetings,
multidisciplinary care or hospitalizations [4].
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Usability practices improve the overall functioning of digital applications, and inter-
faces like EHR. In general, usability heuristics focus on criteria of efficiency, effective-
ness, and completeness of the tasks performed. However, this type of contribution has
limits because it disregards the content of the work and context of use [5, 6].

The poor consideration of the actual conditions of use in the EHR project, accord-
ing to several researchers, may limit the potential of these tools and have deleterious
impacts on the work process of health professionals [5-9]. A literature review that
addressed this topic suggests a strategy to overcome the limits of the “heuristic decon-
textualization” using the framework of Activity Ergonomics since this approach can
subsidize the development of knowledge regarding the content of the actual work situa-
tions [6]. Hence, a deeper understanding of the activities encompassing the use of EHR
may allow the enhancement of EHR design in areas where traditional studies based on
general heuristics have already reached their frontiers.

Thus, this paper presents aspects of the designing process of an Electronic Health
Record (EHR) which was developed by an ergonomist team for a group of professionals
that works collaboratively in the care of children and youth that lives in low-income
neighborhoods in Rio de Janeiro. In the first phase of this project, the ergonomist team
has explored the actual work of the professionals who would become the future users of
this EHR [10].

In the second phase of this project, ergonomists promoted meetings to put the user’s
perspective of the system in evidence seeking to develop tailor-made solutions to their
specific needs. During those meetings, ergonomists used two intermediary objects (IO)
[12], and also the dynamics during the meeting were conceived to stimulate and help
users to present their logics of their professional worlds [11, 13].

The objective of this article is to present and discuss the role of participatory
ergonomics meetings on the development of an EHR for collaborative care of children
and youth. As we will present, the construction of a common world will help integrate
users to understand different work situations based on this understanding, they could pro-
pose solutions to support different phases of care and embracing different professional
worlds. This process was developed based on the knowledge about work situations and
the dynamics during the collaborative meeting, but also with the support of Intermediary
Objects developed by the ergonomist for this purpose.

1.1 Theoretical Framework: The Concepts of Professional Worlds and Common
Worlds

According to Béguin [13], the need to integrate different points of view in a project,
as well as in a given health care situation, creates additional complexity to the work
process. Whatever the project is to be conceived, it cannot be conceptualized by over-
lapping different technical systems. Therefore, it will always be necessary to integrate
the different views concerning a work objective in a coherent and coordinated manner
[11,13].

To analyze this integration of knowledge in a multi-professional teamwork situation,
Béguin [13] introduced the concepts of the professional world and the common world.
The term professional world is defined by Béguin as a set of implicit, conceptual, and
practical values that forms a system with the object of the action. Consequently, the
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professional world concept features the background that guides the interpretation of the
tangible dimension of action that permits the worker to build unique strategies to achieve
a certain goal [11, 13].

The objective of a professional world is organizing systems, solving problems using
abilities, skills, and strategies, to avoid staying on the sidelines of the event. To be a
specialist is to have a particular skillset, but also to build a more integrated professional
world. Thus, the creation of a common world enables the possibility of mutual learning
and coordination among different professional worlds [11, 13].

2 Methods

We carried out a case study on the design process of EHR conducting, firstly, an
Ergonomic Work Analysis [14] on the activity of different potential users of this system
which was occurred from July of 2017 until December of 2018, and the preliminary
results of this research can be consulted in a paper published by Alonso and colleagues
[10].

Therefore, this manuscript outlines three collaborative design meetings, that took
place during 2019, in which the ergonomist team brought together the potential users of
the EHR. The participants of these meetings were from different fields like education,
health, and social assistance, that has been working on the project of collaborative care
of children and youth, from two different low-income neighborhoods of Rio de Janeiro.

The first two meetings lasted about 3 h with the support of 3 ergonomists and 2
software developers. The last meeting, which also lasted 3 h, was intended to simulate
the use of a beta version of the system to validate the proposed solutions and included
participants who were present in the first two meetings.

Besides the participation in the meetings, we collect data from recordings from the
meetings made with both workgroups. As the ergonomists were involved in the project
acting as facilitators during the meeting, the authors used the video for further analysis
of discussions on research questions. During video analysis, we selected excerpts when
the different heath agents referred to characteristics of their professional worlds.

3 Results and Discussion

Ergonomists created two Intermediary Objects (I0) to support the collaborative meetings
to discuss design solutions and highlight different work logics. The first IO consisted of
a model for building the application’s resource hierarchy which is illustrated in Fig. 1.
All resources were identified with post-it notes, to permit users to change their position.
The base of the hierarchy was made of paper and pens of different colors were made
available so that relations between the tools could be established.
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Fig. 1. System hierarchy representation

The second 10 represented a continuous scrolling screen with the records of fictional
cases developed to improve the thoughts of each participant about what they expect from
the new ERH. With an impression made to refer to a cell phone, a continuous column was
made so that health workers could put the information and order of presentation that they
considered important. Each agent worked individually on setting up a patient registration
screen, following their work logic. Afterward, everyone discussed their results to put
together a unified proposal as shown in Fig. 2.

Fig. 2. System hierarchy representation

The design process can be characterized as a social process, where dynamics among
people are determinant for the project results, we also need a method to study a
phenomenon outside experimental control. In these sense the participatory meetings
supported by IO used in this research was adequate since the ergonomist wanted to
investigate discussions and dynamics for a factual project [12, 13, 15].

The unit of analysis [16] was the reveal process of professional world and the devel-
opment of a common world based on the support and the dynamics created for the
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collaborative meeting [11, 13]. By observing the different work logics, criteria and pri-
oritized processes, we could realize how workers uses the ER system and the health agent
could better understand their colleagues point of view. Design solutions were selected
which enabled relating how these professional worlds operate.

The results presented show the importance of studying work activity to design tools
and the importance of workers’ collaboration. Based on work analysis and discussions
with health agents it was possible to evidence work logics, priorities and strategies. This
study also points to other practical evidence.

First, user participation was essential for improving the organization of the applica-
tion. Even with the study of activities conducted, the professionals’ direct contribution
is essential to adapt the digital resource to the work’s reality.

Second, although usability studies show improvements in information systems, these
studies generally do not address the work’s content. Based on the knowledge constructed
collaboratively it was possible to develop solutions aimed at work context and their
own constraints. The solutions presented on this approach pointed to solutions that
would hardly be discussed based on usability heuristics. Still, this does not substitute
the mentioned heuristics, but help to go further on design solutions.

Third, the proposed intermediary objects focused on the organization of information
and not on the system itself. These characteristics made it possible to focus the discussion
on work situations and not on application characteristics. The content of these discussions
allowed improvements in the systems’ proposition, taking into account the work activities
and not the “optimization of the system”.

Forth, through the construction of a common world, it was possible to develop an
application tool with resources to aid different categories of health agents. The different
health agents externalize their logics, practices and criteria; and based on that they could
confront different ideas and negotiate priorities. This made possible for the group to
understand and visualize with information and resources were important to evidence to
attend the whole chain of healthcare process instead of valorize one logic over others.

4 Conclusion

Usability studies are focused on heuristics of efficiency, effectiveness, and completeness.
However, they generally ignore the content of the work performed, as if the efficiency
of use does not depend on the context. When we have an application used in different
contexts and with different users, the efficiency and effectiveness will differ. Therefore,
designers should not center their studies on usability based on a single logic of use alone.
Integrate different logics will help to ensure a better result for extensive use. In this sense,
the user’s participation can improve the design of devices aimed at collaboration. One
way to build this collective integration is to create a common world. In this paper,
ergonomists made an effort to bring together professionals who collaborate throughout
the process -although hardly directly to each other. From building the common world,
these different agents understood better the role, limitations, and criteria of different
areas. Based on this collective learning, they proposed solutions that contemplated a
larger group of professionals in the process.
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Abstract. Work simulation is a strategy to integrate work knowledge into the
design process. Although it a recurrent approach among ergonomists, few paper
present information on simulation preparation and the material used. This paper
presents a work simulation planning to support forensic ballistics packaging for
evidence collected in the crime scene. The study was conducted with the forensic
police department of a statue Brazilian Civil police. Because of the COVID-19
pandemic restrictions, the ergonomist had to restrict their interaction with workers
to remote meetings. Based on the initial field study interrupted by the pandemic
and remote discussions on work constraints, the ergonomist team develop a design
for ballistic evidence packaging and prepared a simulation to test it. The simula-
tion plan presented englobes different materials, intermediary objects designed,
workgroup composition. Also is shown the general dynamics, including rules,
points of interest, and typical action situations selected for work simulation.

Keywords: Work simulation - Activity - Intermediary object - Participatory
ergonomics

1 Introduction

Ergonomists have been using various participatory methods to integrate users into the
design process of workspaces, equipment and other elements of the work system. These
simulations technics generate benefits such as focusing on user needs, thus improving
solutions and increasing project acceptability [1]. Several authors use work simulation
methods to integrate knowledge from work activity [2-5]. These simulation methods
involve users’ participation, but the ergonomist must plan these meetings and select the
intermediary objects [6] to organize participatory dynamics. Despite of some author
proposes frameworks for simulations and presents details on the material used (see for
example [7, 8]; usually, these subjects are not well described in articles.

This text report part of a project related on developing packaging for forensic police
department in Brazil. Police officers use these packaging to protect, manipulate and
control the evidence collected in crime scenes during all custody chains. When these
forensic packagings are poorly designed, they can interfere in these police officers’ work
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activity. This paper will present and discuss the simulation planning for testing forensic
ballistics packaging developed based on the discussion on these police officers’ work
conditions.

The activity analysis stage is essential for the Ergonomic Work Analysis [9]. How-
ever, the project reported here had analysis restrictions due to work-related safety
issues and limitations imposed by the pandemic. To overcome these limitations, three
ergonomists’ design team worked with a forensic group to develop forensic evidence
packaging. The group reported difficulties related to work situations, discussed usage
particularities and design propositions to support various evidence packaging develop-
ment. The design team organized work simulations with forensic police officers who
manipulate this material during the chain of custody in more advanced stages. The sim-
ulation was planned to test the design proposals and allow the design team to analyze
better these work situations that were previously only discussed.

2 Method

We conducted a case study with a police forensic department, where a team of three
ergonomists organized a participatory approach in the project of new forensic evidence
packaging. The team worked on the project for one year, analyzing work procedures,
legal and technical requirements, and forensic police officers’ work situation to collect
and precede analysis on evidence collected on crime scenes and/or on civilians involved
in the investigation. The project’s purpose was to develop forensic packaging for different
departments related to computer crimes, ballistics, forensic medicine, among others. The
purpose of the study presented in this paper is to analyze the planning on simulations
held to test one of the packing developed for ballistics. This ballistic packing is used to
collect ammunition and projectiles on crime scenes.

Authors conduct this study as a case study [10], a methodological approach suitable
to investigate phenomenal in their environment. Work simulation is a methodological
tool used in the design process, where people’s dynamics interfere in the design results.
Besides, case studies are applied in a situation outside experimental control, such as the
social interactions, reactions, and discussions during the design process.

The project was developed based on the Ergonomic Work Analysis [9]. The
ergonomist team started the project by visiting all laboratories that analyze evidence
collected in crime scenes, discussing with officers difficulties related to manipulating
evidence. Access to crime scenes to follow the evidence collecting was not possible due
to legal and security restrictions. Subsequently, due to the Covid-19 pandemic, the design
team need to stop the work analysis on police laboratories. The strategy for gathering
information on the work situations was changed, centered on meetings with a forensic
police officer and forensic technician. They also consulted other colleagues specialized
in other departments. Although this approach limited the study, it was the possible strat-
egy to keep the study without exposing the design team and the police officers in forensic
laboratories.

Based on these remote interactions with forensic officers and laboratory technicians,
the design team proposed several design solutions for forensic packing and labora-
tory material to manipulate and preserve evidence. To test the design propositions, the
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ergonomists prepared prototypes very close to the proposed materials and respecting
their real scale. The objective was to conducted simulations focused on the work activity
based on selected typical action situations [2, 3, 11]. This way, the ergonomist could
observe how forensic officers would use the proposed material. This was a strategy to
compensate the limited access to work activity. Because of restriction related to the
COVID-19 pandemic, this paper will focus on simulation planning since it was not yet
possible to conduct these tests on the police premises.

This study’s data was collected from planning prepared by the ergonomist and its
summary presented to the directress of the forensic police unit. This plan was prepared
in two stages, an executive summary presentation to the directress and an extensive plan
submitted to the remote support team composed of forensic officers who work with the
ergonomist team.

3 Results

The simulation was planned to allow observing a simulated work activity, trying to
maintain the temporal continuity of collecting ammunition on the floor in some scenarios
prepared by the ergonomist team. To better organize the results, the planning will be
present in three different items.

3.1 Simulation Structure

The first element is the team composition. Because we have the interest to observe a
simulated work activity, it’s necessary to include who actually collect and manipulate
this kind of evidence. The proposition was to include three forensic offices and one
police officer. Because both professionals can collect evidence, it is essential to have
both points of view. The meeting would also involve the three ergonomists in the project
and forensic offices who worked remotely with the design team. This composition would
totalize nine people with different backgrounds and points of view on the manipulation
process.

A second element of the planning is the simulation place. The proposition is to hold
a simulation on the ballistic laboratory. The selection has two motivations: first, hold the
simulation meeting in a place where users know well and feel comfortable. Secondly,
inside the ballistic laboratory, extra material can be used in the tests if the ergonomist
team’s initial material is not enough. This includes ammunition material that cannot be
moved from places to be used on the tests.

3.2 Simulation Material and Intermediary Objects

To conduct the simulation as planned, a series of materials is necessary. First, to test
collecting ammunition, it necessary to have the disposal of ammunition. For safety
reasons, all ammunition used for the test are inert, which means they have inside material
removed to not work on weapons anymore. All the shells prepared for the test is provided
and inerted by the police. For the test it was select a variety of calibers so packing could
be tested with the more common ammunition for pistol, revolvers and rifles.
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The primary material for this simulation is the ballistic packaging. They are the
intermediary objects that represent the design developed. Although it was not possible
to prepare a packaging with the same material specified, dimension and resources are
functions on the prototype. The packaging comprises three parts (Fig. 1): a plastic piece
to put the ammunition individually, a paper casing to protect the ammunition on the
plastic piece, and an adhesive seal to block the packing and to allow officers to write
information regarding the collection. The two last elements have material very close to
real on the prototype. The plastic piece, on the other side, is made with 3D printing.

Fig. 1. Different elements from the ballistic packing

The packing was designed in two different sizes for different ammunition quantities.
Because there is no pattern to how many ammunition police officers can found in a crime
scene, the two sizes were conceived to give more flexibility to organize the collected
material. Also, as the selection of size packing is an item of interest for the simulation,
it was necessary to plan equivalent quantities for both sizes.

A second intermediary object is a variation for the adhesive seal. On the seal, the
collector officer will describe information relative to the evidence, such as the officer
responsible for the collection, date and summary description. The information selection
related to the custody chain and its organization on the label was discussed with the
remote workgroup. However, during the simulation, it is possible to have a new discus-
sion on the material, conducting to new propositions. The variant adhesive seal inter-
mediary object is simply the label dimensioned without written information (except for
organizational identification). Rather grid lines so they could rewrite a new proposition
with reference to the label size to avoid inputing too much information.

A third object is a piece of chalk. Because we will be presented some “simulated
crime scenes,” to help the officer doing the task proposed, it will be drawn on the floor
three “bodies” to use as references for the ammunition collection. The mark on the floor
will remain the same during all “simulated crime scenes”; their role is only to mark
situational with multiple shooters and multiple points of ammunition collection.
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Lastly, the equipment for simulation recording. For these simulations, ergonomists
planned to use three cameras: one for continuous video recording, one for photographs,
and one in case of need. The discussion will also be audio recorded to guarantee the
discussion continuity and easier editing for further analysis.

3.3 Simulation Dynamics

The ergonomist team programmed the simulation meeting to occur in three hours and it is
structured in four phases. The first phase consist on dynamics introduction. Explain that
participants will perform some collections using the packing. Also, they will be asked
to explicit their thinking process during the use so other participants can understand
how he is using the material and explain that the packing is developed to support his
fieldwork and process control during the custody chain. Therefore, it is important to
explicit his difficulties related to his real problems and strategies. It will also be presented
the recording material and explicated that all videos will be used for the study propose
and their anonymity will be preserved.

The second phase is to perform the typical action situations selected with the remote
support team. The third phase will be centered on discussing their opinions on the material
developed and possible propositions. The fourth phase will be to thank everyone for their
availability and inform that all participants will receive a summary presentation on the
most important results from the simulation and the modification of the material.

To perform the simulated work activity, it was selected some typical work situations,
all of them with prior interest of analysis. Four of the typical action situations are related
to the “crime scene” organization:

(1) collection of small amount of low caliber ammunition around one body mark and
one shooter;

(2) collection of small amount of hight caliber ammunition with around two body marks
and two shooter;

(3) collection of large amount of different caliber ammunition around three body mark
and multiple shooter;

(4) collection of large amount of different caliber ammunition with one body and new
shooting risk imminent.

Each of the selected situations will create an opportunity to observe characteristics
of possible work activity. For example, some point of interest is related to how officer
moves around the crime scene, how simple is to handle the packing during collection,
how the collector officer uses the spaces inside de plastic piece to organize ammunition
collected, among other elements. The last situation with a shooting risk imminent is
to evaluate the possibilities of a sad situation that police officers often meet: do the
collection under pressure due to risk involved on the local.

After each collection, the officer will be asked to perform a new situation: seal the
packing and fill in the information regarding the crime scene. They will then simulate
to deliver the evidence material to the forensic ballistic laboratory to finally reach the
forensic who will open the analysis’s packing. Simulate the “processing of the process”
to register in the packaging’s label all department the evidence passed before getting to
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analysis. Each responsible will fill the label. This way, it will be possible to evaluate if
the label helps the control during the process.

4 Discussion

This work highlights some aspects: first, the importance of collaboration with profession-
als in the field. Without constant meetings with the work team, developing the evidence
packaging proposal for the situation’s specificities would not be possible.

Second, ergonomists designed the simulation dynamics aiming also to simulate work
temporality. Not every simulation and not every simulation support allows this type of
use. The ergonomist aim was to test the product in a simulated work situation to test the
product in real-time. Also, to observe a work activity (even if simulated) that could not
be observed in real conditional for safety and biosafety reasons.

Third, the dynamics is not centered in validating a design proposal, but to discuss
design solution with the workgroup and edit the project during the meeting. Although
the simulated task’s performance is sent to be central, during the next moment, that
participant will have the opportunity to present new ideas and new work strategies that
could lead to further modification of the design. In this sense, modifying the design after
the meeting will not be a sign of design failure but a sign of the dynamic’s success.

This work presents the limitation on access to work activity analyses due to the
restrictions caused by the COVID-19 pandemic restrictions. The strategy to discuss
work situations and design solutions remotely is not optimal but rather a resource for
this particular situation. Also, the simulation was not yetrealized. Even with the planning,
the simulation is subjected to work variability not anticipated and new aspects that can
emerge during the discussion.

5 Conclusion

Work simulation is a methodological resource to ergonomist integrate knowledge on
work activity. A well-defined plan, procedure, intermediary objects, and selection of
material can play arole in the dynamic’s success. This paper presents elements from this
planning, helping other ergonomists prepare similar simulations during other projects.
An important factor is to prepare situations to induce discussions on work activity, their
variabilities, and strategies to overcome these situations. Based on this reference, an
ergonomist will have better conditional to reevaluate the design proposal and address
new design solutions to support better work strategies.
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Abstract. Waste management systems are heavily dependent on the territorial
dimensions of waste production from residents and collection and sorting dynam-
ics. Such local anchorage is supposed to be integrated in ergonomic research to
improve work conditions and design sustainable work systems. Based on studies
led in France and in Brazil, this communication analyzed the effects of the territo-
rial dimensions over the work of the sorters, that raise work systems sustainability
challenges for waste sorting facilities in both countries.
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1 Introduction

Waste management systems are heavily dependent on the territorial dimensions of waste
production from residents and collection to sorting dynamics. Through studies in France
and in Brazil exploring the links between work activity and territory in material recovery
facilities (MRFs), this paper analyzes the territorial relations that raise work systems
sustainability challenges for waste sorting facilities in both countries.

It is useful to point out that the history of the industrial development of recycling is
quite different in France and Brazil. In France, recycling has been developed since the
1990s based on an industrial mass production model with mechanized and automated
equipment following the principles of work organization on a production line and most
frequently hiring people from the popular classes. In Brazil, recycling begins with infor-
mal picking by unemployed and marginalized people, some of them (10%) organized in
cooperatives since the 1990s. The work process remains essentially manual, using only a
few machines, like conveyor belts and balers. And the industrialization with mechanized
and automated equipment is more recent.

In spite of these differences, the two models have in common a commitment to sus-
tainable development as proposed by the UN commission in the late 1980s. Waste man-
agement and recycling offer new opportunities to limit the volumes of waste landfilled
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or incinerated and the use of raw materials consumed. By creating new industrial fields,
it also contributes to employment at the territorial level for people from the working and
popular classes.

It should also be noted that the French and Brazilian political organizations are
significantly different (unitary state vs federal state). But for both countries, waste man-
agement policies are territorialized following a rationale of decentralization of public
policies [1, 2].

Consequently, urban solid waste depends on their territory, as observed in France
[3]. Firstly, the production of waste is territorially anchored related to the consumption
patterns of residents and the economic flows on a geographical space. Secondly, pub-
lic policies are territorially specified, local authorities decide the technical and social
dimensions for waste collection and sorting. Thus, waste management systems are ter-
ritorialized. And groups of actors - external to the sorting firm, involved in the territory
- influence the sorting work in MRFs, even if they are far from the work situation.
One main analytical issue dealt with the coherence between waste management into the
territory and working conditions into the MRFs, and the possibility to maintain such
coherence over time [4].

And concerning Brazil, it has also an aggravating element, since it was a result of
a technology transfer made from a technocentered perspective [S]. Sdo Paulo’s local
authorities had decided to import Europeans MRFs to increase the city’s sorting and
recycling capacity, but the designers have given little importance to the economic, geo-
graphic, social and cultural aspects, neither to the territorial dimensions involved. As a
result, in France as in Brazil, efficiency, quality and work conditions concerns emerged.

In this paper, we will discuss the implications of taking into account the territorial
dimension in ergonomics studies in waste sorting management. We will first present the
two case studies from France and Brazil, starting with a presentation of the context of the
research, method and material. Then, we will focus on the technical and organizational
functioning of the MRFs, their relations with the territory and the effects of territorial-
ized collection systems on sorting work. In the last part, we will discuss these findings
regarding the notion of territory and its relations with the sorting work systems.

2 Presentation of the French Case

2.1 Context, Material and Method

The research, funded by the French Institut National de Recherche et de Sécurité (INRS)
and carried out in partnership with the University of Lyon, aimed to contribute to the
design of sustainable work systems and to develop work-related risks prevention for
sorting workers. It concerned five MRFs in France, all belonging to local authorities and
whose facilities had been commissioned to the private sector (4/5) or directly operated
by the local authority (1/5).

The methodology is based on an activity-oriented and participatory ergonomic app-
roach [6]. We proposed a systemic and multiscale analysis in order to understand the
organizational systems and the interactions between the different actors involved in the
waste management systems at national level (macro), territorial level (meso) and firms’
level (micro) [7]. For 42 months, we conducted 22 in situ analysis campaigns involving
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102 waste sorting operators from the 5 MRFs. Firstly, an analysis of the work activity
was elaborated with the workers, articulating observations, semi-directive interviews
and reflexive interviews with visual supports (photos, videos, etc.). Secondly, an objec-
tification of the work was produced with the findings of the work analysis and used as
an instrument for developing a mutual process learning [8], during meetings with work-
ers and managers, and during meetings with managers, executives and heads of local
authorities to support changes in practices.

2.2 MRFs Work Systems and Working Conditions in France

In France, MRFs are industrial facilities whose purpose is to separate waste from selective
household collections by material (paper, cardboard, steel, aluminum and different types
of plastic). This includes only packaging and papers (for instance, glass or organic waste
is collected separately). Sorted waste is then sold to recovery companies for recycling.
Non-recyclable waste (called refusals), mistakenly included or having been degraded
during transport, is stored separately and transferred for landfilling or incineration. They
are owned by private national or international companies or by local authorities. And
in the second case, the production and staff management can be carried out by the
community or by a private company. MRFs are equipped with different technical systems
and have different annual processing capacities, depending on the strategic industrial
choices made by the owner at the design stage. Among the five MRFs concerned by our
research, the gap was from 4 500 tons per year for the least mechanized MRF to 32 000
for the most mechanized and automated MRF.

Work in MRFs is done on production lines. Workers, placed around an automated
sorting belt, have to perform a predefined task that consists in removing three types of
waste on average (recyclable or not) by taking waste in hands. Such work activity is
affected by considerable biomechanical load and repetitive efforts in upper limbs, often
maintaining awkward postures (for example, due to the depth of the belt which forces to
be positioned over the belt to catch the waste) and fixed and quasi-static standing posture,
this work also requires continuous cognitive and visual attention. All of these conditions
can be the cause of musculoskeletal and psychosocial disorders. Rhythms and cadences
are imposed by machines, on which the workers have few margins of actions. Moreover,
workers are asked to realize operations that do not take into account the variety of wastes
and the variability and production hazards they have to face.

2.3 Effects of Territorialized Collection Systems on Sorting Work

Flows of waste are directly linked to territorial dimensions that influence collection
processes, quality and types of waste. The conditions of the waste, its density and size, for
example, cannot be known precisely before the sorting operation. More particularly, these
material dimensions appear to be territorialized: economic, social, political, geographical
or meteorological factors impact the incoming waste and thus affect the work of sorting
workers.

Consequently, waste is a territorialized object. Its characteristics fit territorially
defined dimensions and territory needs to be regarded as a determinant of work. Such
dimensions are:
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— the sorting instructions given to residents (e.g., instructions could be collection of
packaging and paper called mix-materials or packaging only).

— the method of collection (e.g., collection at a voluntary delivery point, in bags or in
individual and collective containers placed on sidewalks).

— the modes of transport (e.g., transport to the MRF organized directly after the col-
lection or organized weekly with an intermediate storage in a center for the most
geographically distant zones).

Such territorial anchorage of waste corresponds in fact to the choices of local author-
ities for waste management and collection. It is important to specify that in France,
regarding the regulatory obligations affecting local authorities, various municipalities
joined together into intercommunal structure, one of their missions being to organize
the collect and treat waste, including recycling dealing with local issues. And as a con-
sequence, according to our observations, there is no uniformity of these dimensions in
a given territory. Indeed, each of the choices taken corresponds to specific local issues.
One example: organizing intermediate storage in a transfer center is a preferable choice
from an environmental point of view (e.g., limited CO2 emissions linked to transport)
and from the point of view of the working conditions of the collection workers (e.g., lim-
iting working time, travel time and distances, etc.). However, there are consequences on
the work of sorting workers: the time between waste production and sorting is therefore
longer for these landlocked areas and quality can be degraded with potential conse-
quences on the health of workers (e.g., proliferation of bacteria and respiratory risks [9].
Another example: implementing voluntary drop-off points appears preferable to limit
road congestion with individual or collective containers and to facilitate waste collec-
tion and management for example in a city district in a metropolitan area of 75,000
residents with a population density of approximately 2,600 people per square kilometer.
But from the perception of the workers, there seems to be more non-recyclable waste to
be taken out of the waste flow. It appears that this channel contains a larger amount of
non-recyclable waste than the other collection channels. According to the data provided
by the firm management, an average of one third of the waste coming from this channel
was recyclable (compared with an average of 75% for the other channels). For the local
authority, the problem is related to the size of the trap openings designed for the vol-
untary delivery of selective waste, which did not allow for a clear differentiation from
the non-recyclable household waste located nearby. As a consequence, workers need to
implement adaptive strategies to preserve the economic variable on which the industrial
and market criteria are based.

In conclusion, sorting work activity is not limited to the action of separating waste by
material types, activity gives an industrial and market value to the waste in a process of
transformation into a product that is territorialized. It thus appears that the way choices are
made in the territorialized sorting chain influences the working conditions and the work
activity of sorting workers. Consequently, the transformation of work systems cannot be
limited to the boundaries of the firm and must examine the dialectical relations between
the MRF and its territory.
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3 Presentation of the Brazilian Case

3.1 Context, Material and Method

It was 2014. The city of Sao Paulo had carried out a participatory process to review its
Integrated Solid Waste Management Plan. In this review, guidelines from the National
Solid Waste Policy [10] were emphasized, mainly with regard to the technological hier-
archy in waste management. Priority was given to non-generation, reuse and recycling
strategies. In order to increase recycling, the main bet was anchored in the implementa-
tion of four Material Recovery Facilities (MRFs), which should be able to respond to a
500% increase in the processing capacity of the municipality’s official recycling system
[11]. This system was based so far on the work of waste pickers’ cooperatives included in
the municipality’s public policies, all of which operating sorting sheds with essentially
- if not entirely - manual work. With this, it was expected to go from approximately 200
tons of recyclables processed per day (5% of the recyclable waste generated in the city)
to 1 thousand tons per day (23% of the recyclable waste generated in the city). They
would be the first semi-automated plants for sorting recyclable waste implanted in the
city, in the country and in Latin America. The first two plants were implemented in 2014
and were purchased from two European suppliers.

Besides the Brazilian plants, we also studied a MRF in San Francisco (USA). To
study them, we developed a methodological framework based on the ergonomic and
anthropotechnological analysis [6, 12]. The methodological strategies were to compare
a given technology implemented in different countries to highlight the technological
adaptation process [S]. We also analyzed activities situated upstream (selective col-
lection, environmental education and mobilization activities...) and downstream (sales
processes, market prospective...). Finally, we investigated the work in the waste pickers’
cooperatives that became responsible for the sorting operation in the MRF. In total, it
took 125 h of field research, for 20 months, to carry out this case study. We then analyzed
three major problems, related to the system efficiency, the product quality and the work
conditions. Here we will focus our attention on one of Sdo Paulo’s plants, which were
imported from a French supplier (MRFO1).

3.2 MRFs Work Systems and Working Conditions in Brazil

MREFO01 is a clean MRF, with single stream and centralized manual sorting. It means
that this plant processes with source separated waste, collected in a single stream (all
recyclables mixed), and has one single section where all the manual work is done (manual
sorting cabin), at the end of the production line. Some waste pickers from one cooperative
included in the official municipality recycling system operate in this cabin, and also work
in the feeding process. Other workers from one of the private companies responsible for
the municipal scavenger services also work on the plant, mainly in maintenance processes
and in the control room.

In the manual sorting cabin, the prescribed work was limited to “quality control”,
i.e., the waste pickers must only act in the machine’s sorting failures, “cleaning” the flow.
The ergonomic work analysis could demonstrate features of the real activity developed
by the waste pickers, who regulate their work in face of situated constraints, some of
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them territorially anchored. We will explore in the next section three cases that illustrate
these findings, highlighting the interrelations between the work process and the territory.

3.3 Effects of Territorialized Collection Systems on Sorting Work

The first case is related to a specific material: glass. It is known that in France, the country
that sold the technology used in MRFO1, collection systems with glass segregation
at the source are very common, with 93% of the population served with this type of
collection [13]. But in Sao Paulo, as in most Brazilian cities, the collection systems are
designed to collect all recyclable materials together, leaving both the first and the finest
separation in charge of the waste pickers. The MRF0O1 was, however, designed without
considering processes for glass recovery; the justification presented by the supplier for
such a decision focused on the financial unfeasibility of a possible recovery process. This
design decision, disregarding other possible impacts of the operational contradictions
between the territorial collection system and the work at the plant, would lead to serious
consequences for the sorting work and for the production efficiency [14].

Along the production line, there are several transitions of the material in unevenness,
from belt to belt or from belt to equipment, which leads to the breaking of this material.
This broken glass runs along the entire line and is one of the causes of work accidents,
tears in the conveyor belts (leading to production stoppages), wear of belts and other
equipment, increased refuse rate in the plant — since it was not recovered, glass accounted
for 40% of the refuse. It is still a problem for some buyers, since broken glass, a pro-
hibitive material in some industrial recycling processes (plastic for example), sometimes
falls into separated material silos, and impacts the quality of the bales of sorted waste.

The second case relates to the consumption and packaging patterns found in the local
market. Two materials are exemplary in this regard. Polypropylene (PP) is an abundant
material, representing 10% of the plastics present in Brazilian waste [15]. However, in
MREFO01 there was not a process to recover this type of material. More importantly, it
is identified in one of the optical separators and sent to the conveyor that receives the
high-density polyethylene (HDPE), generating additional work for the waste pickers
who work there. As HDPE is a material with high quality requirements, sending the PP
to a conveyor with an already densified flow ends up intensifying the work even more.

At the other extreme is the case of colored polyethylene terephthalate (or colored
PET), which is PET packaging in colors other than transparent or green. This type of
material is very little present in Brazilian waste, and it is even difficult to sell it. However,
an entire line was designed at MRFO1 to work with this material, with an optical separator
and a dedicated conveyor belt in the manual sorting cabin. This line was underutilized
—its silo took 15 days to fill, that is, less than 1 ton of material every 15 days in a plant that
processed 100 tons daily. It was so idle that it was redesigned by the waste pickers and
other plant workers, to work with mixed fiber, abundant (50% of MRFOI production)
and problematic material in the production process [5].

Finally, we can mention materials with serious quality problems, such as the mixed
fiber itself, whose commercialization presented serious difficulties. This material is
worked in the manual sorting cabin on a belt that receives the product of the nega-
tive sorting of all lines of flat materials. Due to the great diversity of materials present
in the Brazilian waste, mainly flexible plastics — material that is prohibitive in industrial
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fiber recycling — this conveyor received a very abundant and assorted flow. The pickers
then had to “clean up” the flow, that is, remove everything that was not fiber, which was
impossible to do at the speed the plant operates, even when working at an intensified
pace. Besides the incidence of the same work health problems seem in the French case,
these conditions also led to highly contaminated material. It could not be absorbed by
the local industrial fabric and needed to be sold for a low price — 10 times less than those
obtained by waste pickers’ cooperatives — to intermediaries who exported the waste to
China. With the recent increase in restrictions on waste imports by Asian countries [16,
17] and even the complete ban on these imports by China in January 2021 [18], the
situation tends to worsen, not only for MRFO1, but for several MRFs around the world,
mainly in central countries, whose recycling depended on these more permissive global
markets.

4 Discussion and Conclusion

This article analyzed how territorialized anchorage for waste influences the work in
MREFs. The results of these studies conducted in France and Brazil show that territory is
a determinant of work and that decisions made on the territory will have an impact on
working conditions. Moreover, the results also show a certain disconnection between the
MREF and its territory, which makes sorting activity more complex, intensifies work and
has a negative impact on the quality of recycled waste. Such disconnection negatively
influences MRFs’ performance, both internally (low quality, maintenance problems,
work risks, etc.) and externally (buyer network, logistics, integration of waste pickers
into the system, etc.). The sustainability of work systems - i.e., economic, environmental
and social performance- is then hindered.

To the large-scale production of waste, it is attempted to respond with technologies
that operate large-scale logistics and sorting systems, with the adoption of automated
technologies. These technical options necessarily lead to increasing deterritorialization
and a logic of standardization of collection systems and waste management and recy-
cling organizations. But as we observed in France and in Brazil, there are historic-local
dimensions that defy any attempt at standardization.

In fact, our results provide arguments for the creation of places for direct relation-
ships between collection teams and residents, and between MRFs’ workers and collec-
tors, who may even be from different companies. The treatment option in MRFs thus
creates counterproductive effects that cannot be solved under the terms in which these
systems operate and produce a high refuse rate and the low quality of the sorted waste
intended for commercialization and recycling (i.e., transformation in new products) as
we observed in France and in Brazil. Furthermore, our results may also open relation-
ships with recyclers and open new reflections on a global-local dialectic. As we see for
Brazil, the low quality of materials has become a more critical problem in recent years
with the tightening of international trade standards in some countries that historically
received low quality waste. But this should not fail to question the impossible stan-
dardization of the mechanized and automated forms of the MRF’s that must be in fact
territorially anchored.

As a consequence, the territory appears as a blind spot in the design of work systems,
even though it is a determinant of waste production and work. Such results do not
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neglect to question the integration of the work activity in the design of technical systems.
Human activity must be interwoven with the technical system, from the initial processes,
as collection and pre-sorting, eliminating materials that damage machines and optical
sensors, to the final ones, in machine supervision and in quality control by making the
final sorting. In the case of MRFs, the challenge is to create interfaces that integrate
better human activity and waste territorialized anchorage.

The discussion we are presenting here appears increasingly important in the con-
text of technology transfer as seen for the Brazilian case. The transferred technology
also exports the design problems already identified in France. The transfer of a technol-
ogy developed and operated in Europe to a peripheral country functioned as a “quasi-
experiment” that made it possible to show, as if they were magnifying glasses, the causes
of the problems of efficiency and quality of MRFs, which persist even in central coun-
tries. The problems evidenced in France and Brazil can be observed in the light of the
concept of “anthropotechnology” by Alain Wisner [12], by the designers involved in
these transfers to generate projects more adherent to the realities of the situations found
in the destination countries. And, as a boomerang effect, even the MRFs of central coun-
tries can adopt this perspective to rethink the relationships between collection and sorting
systems in a given territory, including relations with the local, national and international
market.
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Abstract. Distribution of visual attention in high-risk and dynamic environment
is an important issue for safety since missed or delayed information detection
is a significant factor of accidents. In complex socio-technical systems operators
need to draw their attention on numerous visual displays, yet auditory information
from verbal exchanges plays also a major role in the development of their situation
awareness. Team leaders may then develop strategies to gather information both
from visual and auditory sources. The aim of our study was to identify how team
leader’s attention is distributed among visual displays and interactions with team
members as a function of their level of performance during a highly demanding
situation. Ten leaders from the Diving-Safety Team in French nuclear submarine
were equipped with a mobile eye-tracker in a full scale simulator during training
sessions. Areas Of Interest were grouped into four categories: technical displays,
navigation displays, team members and written documentation. Two critical AOIs
related to two failures were analyzed. Our results showed that most part of leaders’
attention was directed toward interface displays (78% of all dwells). Significant
differences showed that high-performance leaders performed more frequent visual
scanning and were also able to monitor longer and more frequently critical AOIL.
The allocation of attention showed that high-performance leaders directed more
frequently their attention on commandment team members suggesting a higher
level of hindsight on the situation. Further research is needed to identify more
accurately the distribution of attention between visual and auditory channel in
relation with situation awareness.

Keywords: Visual attention - Situation awareness - Eye-tracking - Team leader -
Submarine

1 Introduction

Safety in high-risk and dynamic environment highly depends on the quality of operators’
visual information gathering. Early detection of critical data is indeed crucial to develop
and maintain accurate situation awareness which can be defined as the ability to perceive
information that emerge from the evolving situation, to understand the current situation
and to project how the situation will evolve [1]. Studies dealing with visual attention
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distribution showed that the more frequently operators look at critical information in the
environment, the higher is their level of situation awareness [2—4].

Yet, in complex socio-technical systems, operators’ attention is not only drawn by
visual channel but also by auditory channel since team members must exchange ver-
bal information. The way information is communicated and distributed among team
members impacts their performance [5]. Hence, team leaders who are in charge with
making decisions must distribute their attention among visual and auditory information
in order to ensure that all critical information is detected. This is especially true for com-
plex socio-technical systems, such as submarines, which require to monitor numerous
displays and which involve frequent interactions within- and between-teams. Such envi-
ronments are highly demanding in cognitive and attentional resources and leaders face
several cognitive challenges, such as projecting current data into the future or quickly
getting and integrating environmental information to make a decision under time pres-
sure and high stress [6]. For instance, the Diving-Safety Team (DST) in French nuclear
submarines comprises a leader interacting with three team members, tightly coupled with
the commandment team, in order to ensure the submarine safety and navigation. The
leaders plays a crucial role as he must gather and share information from interfaces and
operators in different teams so as to build a mental representation of the situation, share
his situation awareness with the commandment team and make appropriate decisions
dealing with operational and safety goals. Team leaders may then develop strategies
to gather information both from visual and auditory sources. Although both visual and
auditory attention is crucial for safety, especially through development of accurate situ-
ation awareness, few studies have dealt with the distribution of attention between these
two sources of information.

The aim of our study was to identify how team leader’s attention is distributed among
visual displays and interactions with other team members during a highly demanding
situation. We compared high- and low-performance leaders in order to bring out effective
strategies and to suggest some areas in which future research is needed to prevent loss
of situation awareness and accidents.

2 Methodology

The study took place in a French military nuclear submarine DST full-scale simulator
during training sessions. Five operators from two teams participate in these training
sessions. DST team members included a helmsman, a technical operator and a team
leader. From the commandment team, an officer of the watch was present to provide
operational goals and a commanding officer located outside but close to the simulator
could also interact with team members. Participation was voluntary, and all participants
signed an Informed Consent Form prior to participation.

A realistic scenario was conceived in order to meet both research and training needs.
Data was collected during a specific phase of the mission where teams had to main-
tain periscope depth in shallow area, with a failure impeding immersion management.
Meanwhile team members faced an overpressure on board which should lead them to
regularly monitor the air pressure gauge. Performance assessment was based on depth
immersion reflecting maintenance/loss of periscope depth.
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Team leaders’ eye movement data were recorded using a mobile eye tracker
(Mobil’Eye, ASL). Twenty-four Areas Of Interest (AOI) were defined in collabora-
tion with a submarine instructor. They belonged to four categories: technical displays,
navigation displays, team members and written documentation. Among AOIs, two of
them were considered critical given the scenario: The AOI providing information about
submarine attitude (depth, velocity, and pitch angle) which is necessary to manage depth
immersion, and the AOI related to air pressure gauge necessary to monitor the overpres-
sure on board. The number and duration of dwells on AOIs were identified through a
frame-by-frame analysis of the video-recordings.

The study was approved by the Ethics Committee for research of Paris-Saclay
University (CER-Paris-Saclay-2018-029R).

3 Results

Ten team leaders were included in the study (all males). Their experience ranged from
8 to 14 missions in submarines. Four teams were associated to low-performance level
and six to high-performance level. Level of experience did not differ as a function of
performance level.

Results showed that visual scanning was more frequent among high-performance
leaders than low-performance leaders, with respectively 88 AOIs and 80 AOIs dwelled
per minute [#(8) = —2.87; p < .05]. Mean dwell time did not differ significantly as a
function of level of performance.

Distribution of visual attention among the four categories of AOIs was significantly
different [x2(3) = 119.8; p < .0001], with high-performance leaders looking more
frequently at technical displays (45% of all dwells) and less frequently at the helms-
man displays (34%) than low-performance leaders (respectively, 33% and 44%). No
significant difference was found for team members nor written documentation. Addi-
tionally, results showed that high-performance leaders dwelled significantly longer on
AOIs than low-performance leaders (p(F) < .05). No effect of interaction between level
of performance and category of AOI was observed.

Distribution of visual attention among the four team members differed significantly
[x2(3) = 116.9; p < .0001]. High-performance leaders dwelled more frequently on the
officer of the watch (34% of dwells on operators) and the commanding officer (26%
of dwells on operators) than low-performance leaders (respectively, 19% and 10%). On
the opposite, low-performance leaders dwelled more frequently on the helmsman (47%
of dwells on operators) and on the technical operator (24% of dwells on operators). An
interaction effect showed that high-performance leaders dwelled significantly longer on
the officer of the watch and on the commanding officer than low-performance leaders
[p(F) < .05].

The critical AOI related on submarine attitude was more frequently dwelled by low-
performance leaders (27% of all dwells) than by high-performance leaders (23% of all
dwells) [x2(1) = 16.5; p < .0001]. By contrast, the critical AOI related to air pressure
gauge was more frequently dwelled by high-performance leaders (6% of all dwells) than
by low-performance leaders (3% of all dwells) [xz(l) =38.83; p <.0001]. No significant
correlation was found between dwell time on the AOI related to submarine attitude and
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depth of immersion. Yet, a negative significant correlation was found between dwell
time on the AOI related to air pressure gauge and depth of immersion (r = —.65; p <
.05), meaning high-performance leaders dwelled longer on that critical AOL

4 Discussion

Our results show that leaders’ attention is mostly directed to interface devices, which
represented 78% of all dwells. The orientation of their attention toward team members
represented only 15% of all dwells, regardless of their performance level. This result
comforts the importance of visual search on interface devices within the activity of team
leaders and also comforts the importance of visual information in the development of
situation awareness. Yet, the allocation of attention on team members might be underes-
timated since it is possible that team leaders listen to conversations between other team
members while their gaze is directed to interface displays.

The analysis of how their attention is distributed among team members showed a sig-
nificant difference with high-performance leaders looking more frequently and longer on
the two officers from the commandment team whereas low-performance leaders looked
more frequently on DST team-members. This result suggests that high-performance
leaders would collect information from the evolving situation through interface devices
and interact with team members rather at a higher level of situation awareness to discuss
the adequacy of their assessment of the situation with operational goals. This strategy
of allocation of attention shows a higher level of hinsight in high-performance leaders.
On the opposite, low-performance leaders seem to allocate their attention mainly within
DST intra-team. This result may be interpreted as a lack of hindsight on the situation
but it may also be interpreted as a strategy to concentrate their resources in DST-team in
order to overcome their difficulty to maintain periscope depth. In the same way, it is low-
performance leaders who look more frequently and longer on the critical AOI related to
the submarine attitude, which is inconsistent with the findings of most research showing
that high situation awareness is related to higher frequency of fixations and longer dwell
time on hazardous AOIs [2, 3]. This result can also be interpreted as the leader’s strategy
to concentrate his attention on the part of activity where he encounters difficulties and
hence monitor more closely this hazard.

Additionally, our study shows that successful team leaders perform more frequent
visual scanning which highlights a more regular monitoring of the evolving situation.
Their visual attention is also more frequently and in a longer duration oriented toward
the critical information related to air pressure gauge meaning they choose to allocate
their attention to specifically monitor and be aware of the evolution of this failure.

These results may reveal a profile of high-performance leaders who have high ability
to distribute their attention on all interfaces and who are also able to monitor more closely
specific hazards. They also choose to allocate their attention on interactions mainly with
commandment team members suggesting a higher level of situation awareness.

5 Conclusion

The outcomes of this study are both theoretical and practical about distribution of visual
attention of successful team leaders in high-risk and dynamic environment. Efficient
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visual attention seem to be related to more frequent visual scanning, higher ability
to detect and monitor critical information and allocation of resources on interactions
with officers to develop more hindsight about the evolving situation. Further research
is needed to identify more accurately the distribution of attention between visual and
auditory channel in relation with situation awareness, with use of self-confrontation
interviews for example.
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Abstract. Cyber-Physical-Social Systems (CPSS) performance for industry 4.0
is highly context-dependent, where three design areas arise: the artifact itself,
the human-agent collaboration, and the organizational settings. Current HF&E
tools are limited to conceptualize and anticipate future human-agent work sit-
uations with a fine-grained perspective. This paper explores how rich insights
from work analysis can be translated into formative design patterns that provide
finer guidance in conceptualizing the human-agent collaboration and the organi-
zational settings. The current manual work content elicited is disaggregated into
functional requirements. Each function is then scrutinized by a multidisciplinary
design team that decides its feasibility and nature (autonomy function, human
function, or hybrid function). By doing so, we uncover the technical capabilities
of the CPSS in comparison with subject-matter experts’ work activity. We called
this concept technological coverage. The framework thereof allows close collab-
oration with design stakeholders to define detailed HAT configurations. We then
imagined joint activity scenarios based on end-users work activity, the technolog-
ical capabilities, and the interaction requirements to perform the work. We use a
study on technological innovation in the aircraft maintenance domain to illustrate
the framework’s early phases.

Keywords: Cyber-physical-social system - Human-autonomy teaming - Activity
analysis - Work system design

1 Introduction

The technical maturity during the system design cycle is generally measured on the tech-
nological development of its features, which does not consider the social-organizational-
operational environment in which the technology is implemented [1]. Automation is
switching towards autonomy, requiring a more holistic/socio-technical approach to
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appraise the joint Human-Agent performance in process-tasks completion: “as the sys-
tem cannot be neatly divorced from the evaluation of the performance of the user, or the
performance of the Human-Machine System [or Cyber-Physical-Social System (CPSS)]
as a whole” (p.22) [2]. An intelligent system can perform well in experimental circum-
stances in terms of accuracy and output sensitivity (technical maturity). However, this
validity does not embrace the operators who will use it in an industrial context or joint
Human-Agent performance [3, 4]. The joint performance should be anticipated, evalu-
ated, and iterated during the system design cycle as it will influence the overall CPSS
performance, acceptance, and integration [2].

Before implementing a technological solution in complex domains, previous research
emphasized the need to understand better how work is currently performed to capture the
embedded context ecologically [5]. HF&E methods are well suited to elicit the relevant
contextual factors that shape the work domain and taskwork settings. Ergonomic Work
Analysis (EWA) is a robust analytical framework that elicits relevant content regard-
ing work domain features and end-users’ work activity [6]. However, the challenge is
how to use the rich data elicited to formalize efficient Human-Agent Teaming (HAT)
configurations? The transition between descriptive fieldwork data obtained with EWA
and design remains unclear [7]. Bridging this gap requires formative design models that
guide artifact design, human-agent collaboration (HA), and the organizational settings in
the envisioned world. [8]. Indeed, current HAT taxonomies offer general design guide-
lines that encompass function allocation, interaction design, etc. However, two main
issues emanate from them. First, the analytical layer is “coarse-grained.” It does provide
requirements and abstracted design patterns for specific system features (communica-
tion modes, type of interaction) [9, 10]. Yet, it limits the guidance provided to designers
to conceptualize how human and artificial agents will engage together in a joint activity
[4]. Second, the traditional methods of assigning human-machine functions do not sys-
tematically impregnate the socio-technical context and the work to be done [5]. These
generic taxonomies do not provide a clear integration plan of work analysis, whereas
the performance of CPSSs is highly context-dependent [4]. A fine-grained design per-
spective should adequately conceptualize the HA joint activity to deliver optimal HAT
configurations that enhance the overall performance.

2 Methods

This research is part of a partnership research project aiming to develop an automated
cell to inspect aircraft parts in the aeronautics sector. We present the basis of a framework
to show how to provide useful guidance and actionable design patterns from fieldwork
inquiries to design a CPSS (that encompasses a HAT perspective).

2.1 Research Design

This study is grounded within the Ergonomic Work Analysis (EWA) and Knowledge Engi-
neering (KE). We conducted qualitative fieldwork to obtain rich insights into the indus-
trial inspectors’ work activity: information intake mechanisms, meaning-making and
decision processes (steps, variables, assessment of decision outcomes), the knowledge
required, rules and strategies applied.
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2.2 Data Collection and Interpretation

We realized 11 on-site observations with concurrent verbalization, 26 mixed-methods
interviews (semi-directed, retrospection with work activity content, self-confrontation),
and six operational experiments (microworld) for a total of 43 h spent with 12 inspec-
tors. We deployed several units of analysis with different layers of granularity to elicit
conceptual and tacit knowledge from the head of subject-matter experts. A “scaffolding”
construction of the expert’s mental models related to their work context is realized by
triangulating data collection methods (fieldwork inquiries and documentation analysis)
during nominal/off-nominal working conditions. A detailed description of the fieldwork
methodology deployed, from activity analysis to empirical modeling, can be found in
[11].

We interpreted the results with a combination of EWA and KE. EWA enables a
systemic perspective of end-users work activity, linking the “what are they doing ?”” with
“why are they doing it in such a way?”, i.e., identifying and understanding how the
contextual factors shape the work of inspectors. Several iterative steps were carried out
with experts to validate the accuracy and reliability of the data collected in the field. We
then used KE to identify and capitalize the knowledge captured through in situ analyses.
The descriptive knowledge models developed can be found in [11].

2.3 Early Phases of Cyber-Physical-Social System Design

From Induction to Deduction. We deduced functional requirements that the HAT
should execute from the work activity content elicited (e.g., meaning-making and
decision-making tasks). For example, in the task “the inspector detects a nick on the
upper area of the part,” at least three functional specifications emerged:

1. The system must detect the defects
2. The system must classify defects type (nick)
3. The system must map and recognize the different area of the part

Determination of Technological Coverage. Then, we introduced the concept of tech-
nological coverage. Technological coverage represents the functional capabilities of the
technical system being design. Instead of focusing on the system components’ tech-
nical maturity (e.g., hardware equipment’s: cameras, sensors), the emphasis is placed
on the different tasks to be accomplished for the targeted work activity to endorse a
bottom-up approach. Based on the functional description of the current work system,
we determined with the design engineers (4 focus groups of one hour via videoconfer-
ence applications) what functions can we automate. For each function, we identified the
possible configurations that could be endorsed:

—_

Fully automated (autonomy function)
2. Partially automated(hybrid function)

a. Requiring manual data entry
b. Not requiring manual data entry

3. Not automated (human function)
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Fine-grained HAT Hypotheses. The next step was to define each function’s configura-
tion, the content of each entity’s work and the requirements for human-agent interaction.
We took a slight switch from traditional function allocation methods (“who does what”).
Instead of solely segmenting the human work content and the artificial agent work con-
tent, we identified the inter-functional dependencies [12] or interdependencies [4] that
allocation decisions would generate on the other party. In other words, if the agent is
in charge of Function A, what does it means for the operators? Based on technological
capabilities, in which function/situation does the agent need human intervention (e.g.,
manual input or performance monitoring) during real-time process tasks execution? Is
the output sensible and must be validated by human operators? What information does
the operator/agent need to know to continue the sequence of operations?

The work analysis performed in the earliest phases was essential to identify the
constraints (or work determinants) that restrict which functions each party can assume
or not [5]. As aeronautics is a domain where safety is paramount, the design team decided
that the operators would make the final decision on each part inspected.

3 Activity Analysis of Industrial Inspection in Aeronautics

Industrial inspection for aircraft maintenance is a highly regulated and safety-critical
domain, where human inspectors process multiple sources of knowledge distributed
in their environment to diagnose a component’s condition. This diagnosis compares the
component’s state with existing standards that specify the acceptance/refusal criteria and
rules to be applied. Inspectors are the central pillar of a decision-making ecosystem that
involved other workers (operators, engineers, and technical representatives) with whom
they interact to diagnose and repair service-run components correctly. Their work can
be broken down as follows (adapted from [13]):

1. Work preparation: inspector sets up the workstation, collect inspection equipment,
tasks aids, and aircraft parts to inspect

2. Multi-sensorial search: he examines the part using visual, tactile and perceptual-
motor senses until he detects an anomaly

3. Diagnosis: he classifies the type of anomaly encountered and measures/estimates
its physical characteristics (depth, length, width). Then, he interprets the measures,
process the decision-making variables (Table 1) and the rules to apply to decide
whether a defect is acceptable as is, needs to be repaired or is unacceptable

4. Execution: he takes the necessary actions following the previous diagnosis. He
decides about the overall part’s condition and prescribes the set of repair operations
required to restore it and conduct computerized tasks (e.g., record part’s information
in the database). He repeats operations 2 to 5 until no other anomaly is detected.

5. Work completion: he dispatches the item to the corresponding department

Operations 3 and 4 intertwine the most critical aspects of inspectors’ work. During
these meaning-making and decision-making steps, inspectors collect, process, and apply
relevant knowledge/criteria from their cognitive environment (paperwork, computerized
procedures, inspection aids, vibro-engraved information on aircraft part, communication
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Table 1. Decision-making variables shaping inspectors’ diagnosis*

Decision-making variables (DMV) | Explanation Importance

1 Depth, width, length, circumference | Tolerance thresholds (TT) are based | Very high
of a defect (physical characteristics) | on dimensional measures

2 | Physical characteristics borderline | Human judgment under uncertainty. | Very high

with the tolerance threshold Will be removed with automatic
measurement
3 | Family of defect (defect TT differ according to the types of High
identification) defects
4 | Blending/dressing restrictions Some repairs operation can only be Very high

applied once or twice; some areas
cannot be blended etc

5 | Area of defect’s occurrence Very high

5.1 | Defect occurrence on critical area | Material removal on critical areas can | Very high
(attachment zone) engender harmful stress and
constraints for adjacent parts

5.2 | Defect occurrence on unregistered | If a defect appears in an ill-defined Very high

area (“gray area”) zone, it must be rejected

5.3 | Defect occurrence on repaired area | Repairing a defect removes parent Very high
(e.g., material thickness with defect | material. The thickness of a part must
removal) not fall below a certain threshold

* These decision-variables were first compiled by the analyst from the raw and processed data
collected. He then asked three inspectors to range them by order of importance. We present here
only five variables out of 18.

with colleagues, and experiential knowledge) to inspect and decide about each defect’s
state. We have grouped under the heading of “decision-making variables” all the criteria
and factors that modulate inspectors’ diagnosis process (Table 1). The next section shows
how we translated work activity content into formative insights for the CPSS design.

4 Formative Patterns for HAT Configurations

This paper presents how we use descriptive analysis in the on-going research project
to configure efficient HAT that takes both entities’ advantages. For interested readers,
we present how the activity analyses were formalized into design patterns to support
software development in [11].

The previous section was inductive, where we gathered relevant knowledge on
inspectors’ work activity. Here, we switched to a deductive perspective to use the field-
work analysis in the process design. We first have extracted from each task (either
physical, cognitive, or perceptual) decision variables and domain constraints, functional
requirements that the technical system must execute in a fully autonomous scenario
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(Table 2, 1 column). By doing so, we disaggregated each function into sub-function
to detail the overall work content and subsequently verified the technological cover-
age for each of them (only the “parent” functions are shown in Table 2). We started
to examine whether some functions would disappear, be added, or be modified in the
envisioned HAT situations during this stage. Based on technological coverage, the work
determinants, and the taskwork requirements, we defined the types of function (auton-
omy, human, or hybrid) with the HAT teamwork hypotheses’ associated work content

(Table 2, 4™ column).

Table 2. Formative table of HAT configurations with technological coverage and work content

Function

Technological coverage

Function type

Human-agent teamwork
hypotheses

1. Work preparation

1. Collect and process
relevant data and
information on
equipment

Yes (limited extend)

Hybrid function with
manual input

System: know the areas
of the part inspected and
the tolerance threshold
associated (TT)
Inspectors: manual input
of the Serial Number and
Part Number, as the
system is not able to
recognize vibro-engraved
characters on the aircraft
components

2. Assess the quantity of | Yes Autonomy function System: calibrated to
repairs operation understand how much
allowed by areas repair is allowed for each
(DMV #4 registered part of the
-blending/polishing aircraft component.
restrictions) Whenever a repair

operation is required, the
system display on-screen
the remaining number of
repairs authorized,

inspectors then validate it

3. Check correspondence | No Human function Inspectors: continue to

between the
information on
paperwork, the
physical part and
computer procedures

double-check the
exactness of information
before inserting the parts
in the automated cell

II. Multi-sensorial search

(continued)
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Table 2. (continued)

Function

Technological coverage

Function type

Human-agent teamwork
hypotheses

4. Detect eliminatory
defects (cracks, burnt
zone)

Yes (limited extend)

Hybrid function without
manual input

The system can detect
major defects; however, it
can struggle to classify
the defect as significant
and eliminatory. The
system warns the human
operator of a significant
defect with the associated
zone, and he continues
the rest of the operation

5. Detect minor defects

Yes (limited extend)

Hybrid function without
manual input

The system can detect
almost all types of defects
(mick, dent, scratch, pit,
corrosion) but can have
difficulty with complex
combinations (erosion on
the part’s edges).
Inspectors can check
these known areas of
difficulties, as they are
easily perceptible to them

III. Diagnosis

6. Classify defect (DMV
#3 — Types of defect)

Yes (limited extend)

Hybrid function with
manual input

The system is not able to
classify all defects. It will
have to display an alert
for “unknown” defects if
necessary. The inspector
will then decide if
classification is required
(some types of defects
have the same tolerances
threshold and others do
not)

7. Defect measurement
(DMV #1 — Physical
characteristics)

Yes

Autonomy function

System: can measure the
physical characteristics of
a defect and display the
results on the screen if
required by the inspector

5 Discussion and Conclusion

The literature review and practitioners’ feedback showed that existing HF&E tools lack
fine-grained formative design models to support the engineering of highly innovative and
interactive technologies. In this paper, we have presented the preliminary results of some
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of the key aspects that our design team prospectin designing a Cyber-Physical-Social Sys-
tem. We show how to construe work content elicited from activity analysis into forma-
tive patterns that guide HAT configurations in the envisioned situations. By translating
descriptive fieldwork data into functional specifications, we can compare system capa-
bilities with inspectors’ expertise in cross-functional collaboration with automation engi-
neers. We called this step fechnological coverage. Having in mind the strength and weak-
ness of both entities — plus a detailed vision of the socio-technical context of inspection
— the design team can define and choose among the best HAT configurations possible that
enhance the overall CPSS performance. We believe that this type of fine-grained frame-
work allows early anticipation of the changing work system: people role, work organiza-
tion (work added, reassigned, and removed for affected stakeholders), and inter-functional
needs/requirements for the coordination of the joint activity (Table 2).

However, the nature of these scenarios is prescriptive by nature. They uncover soft-
ware requirements, HAT requirements, and design decisions. Design assumptions should
be validated by eliciting the future joint activity through participatory workshops with
relevant stakeholders [14]. To proceed with the design process, we plan to animate work
simulations with different materials (interactive workflow diagram and hi-fi prototypes
in this project) to elicit and evaluate the Human-Agent joint activity: the orchestration
of the activity, the fluid coordination of shared human-agent functions, the difficulties
encountered (types and causes) and alternatives solutions or “prevented actions” and the
other potential work configurations.
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Abstract. The differential value of an ergonomic intervention is to bring an inno-
vative approach in the models and practices of treatment of risks at work, in the
assessment procedures and in the models used for data processing. These proce-
dures are based on an approach to occupational health that must be elaborated by
the worker and must also be understood as a construction directly linked to the
work context. The ubiquitous approach of the ergonomic intervention presented
here was developed and designed as a process of specialized knowledge produc-
tion in the field of occupational health, specifically in the operational field of the
activities of an oil company. The objective of this ergonomic intervention was to
transfer the practices, models and strategies developed in the laboratory or from
the theory to the practices developed by the workers and the company. A flexible
structure was developed according to the new models of workers involved in the
field of occupational health.

Keywords: Ergonomics - Knowledge - Operational autonomy - Situational
autonomy

1 Introduction

The dynamics of the transformations of work in its conventional expression presents
multiple questions that begin to outline the singularity of work for the various productive
models that societies have adopted, referring to the creative capacity Attridge indicates
that “the singular is what is, at a given moment, outside the cultural horizon of thinking,
understanding, imagining, feeling, perceiving of certain agents” [1], i.e. transferred to
work, it is about the new ways of establishing a productive link mediated by a type
of remuneration that is beginning to be strongly modified. In countries with strong
industrialization, the irruption of artificial intelligence and robotics have resulted for
example in the suppression of certain types of jobs, causing in parallel an increase in
productivity and deterioration of the economic possibilities of workers who have been
replaced, these workers, the specificity of their work has been transferred to another
medium and these workers have been exposed by the limited field of skills and the
repertoire of options available to them.
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In ergonomics and sociology of work, the problem of autonomy has been widely and
extensively studied, [2, 3] in the act of working, autonomy is associated with the capacity
for self-determination, self-awareness and self-regulation has been key to understanding
and, in some cases, explaining the contributions of individuals to productive systems,
it has also been understood as a sort of balancing agent, sometimes as the source of
restoration, control and continuity.

However, it has also been a problematic source given the rationality of productive
processes, where ideas derived from security have entered to fight, on many occasions,
for and against these individual capabilities. Some currents of human resources even seek
strategies to promote autonomy in certain fields of human activity, as well as resources
to understand some of the psychological and social aspects at work [4], in fact many
studies consider autonomy as a lever of power to achieve better productivity standards.

Autonomy has given place to discussions about the participation and possibility of
control of work by workers, this has undoubtedly been a valuable way to focus the role
and role of the worker in achieving the goals of organizations, however, the transfor-
mations of work that have progressively eliminated the boxing of activities taking them
from rigid places to scenarios in which ubiquity and immateriality gain strength. The
accelerated developments since the beginning of the 21st century in terms of communi-
cation, connectivity, new forms of manufacturing and decentralization of services and
jobs have given a new dimension and value to these concepts, especially when thinking
about the operational fluidity of the new modes of production in which it seems that the
value is in the data and not in the acts, in fact, the data can contribute to predict or modify
the acts of individuals. [5] The new technologies and the new modes of production have
given a new dimension and value to these concepts.

In this order of ideas, a tremendously unbalanced world of work appears on the
horizon, where inequality surfaces, not only in economic terms where deregulation opens
the space for fierce competition for access to jobs, but also in terms of competencies
that establish distances between individuals that can sometimes seem insurmountable,
even if the continuity of learning is promoted, it finds its limits in the cognitive resources
available.

1.1 New Patterns of Work and Types of Workers

The changes brought about by public health conditions, simultaneously accompanied
by the introduction of new technological possibilities inscribed in the fourth industrial
revolution, have led to the appearance of different ways of being productive and work-
ing and achieving a stable labor position. These could be classified into the following
categories:

a. Traditional workers, those are workers who in the conventional model of linkage per-
form activities in fixed physical spaces, with externally defined goals and objectives
and that require physical permanence. This is a group that is progressively shrinking.

b. Home workers, some professional fields have been making use of this strategy, which
has been accelerated by global public health conditions, it is considered that at least
60% of the activities may in a short period of time move to this modality.
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c. Co-Workers is the development of forms of collaboration measured by communi-
cation technology and self-employment generation, they are mobile workers who
collaborate in physical spaces for limited times and within the framework of precise
and concrete objectives.

d. Cloud Workers. They are workers who have specific skills that allow them to work
providing solutions to the needs of companies without physical presence, sometimes
they are responsible for small parts of a project or solve specific aspects of a problem,
for this they use their own means and resources, they can be located anywhere
geographically.

e. Digital Nomads’ is an option of continuous mobility, in which the worker establishes
a contractual link with an organization and solves the tasks fulfilling objectives
without having a specific place for them, they only depend on their own competences,
resolutive and creative capacity in addition to their own resources.

f.  Autonomous workers. They are the logical development of the deregulation of work,
they are workers who make their resources available to the objectives of an organi-
zation, they have a formal link with the organization, but their income depends on
their own management, it has been a model widely used in marketing and sales.

g. Zero Hours workers is a new ethically controversial modality, but in full development
thanks to mobile applications, workers do not have any kind of link, they are a sort of
gear between service demanders and service providers, they are exposed to variations
in requests and do not have a defined labor link framework (Fig. 1).
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Fig. 1. The fluidity operating in a hyper-flexible work structure, raises the need to develop innova-
tions in the domain of communication, support and synchronization of the actions of the different
workers operating in this model.

The new working modalities and the new worker profiles invite to reflect on the
role of ergonomics and human factors, the singularity of work scenarios and of work
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as a productive act, profoundly modify the practices of specialists in the new spheres
of work. The barriers between working life and family or social life are progressively
diluted, and the resources that are used are still to be understood.

The structure of work and workers that is in the process of consolidation presents a
challenge for operational fluidity, this can be understood as synchronization of structures
to ensure the continuity and stability of the processes of each organization; when it
is decided to operate in a structure where new workers will be present, the problem
of synchronization becomes critical, therefore the concern for time becomes critical
for both the organization and the workers, the "just in time" becomes central in these
synchronization processes that determine the operational fluidity of an organization.

Operational fluidity poses challenges to the management model focused on the sta-
bility of the system, in practice organizations have had to learn to accept the instability
resulting from innovations and the innovation process itself; classically in the face of
any change the organization tried to integrate it quickly to return to a stable structure
sometimes rigid, the transformation of work and workers implies the need to develop
agile models that are integrating the operational fluidity, this includes the new techniques
of organizational learning adopted in artificial intelligence that helps in these complex
processes of stabilization and productivity.

The point of view presented here has been developed to anticipate the future practices
of ergonomics and human factors, today in fact any intervention to be developed in an
organization that adopts these types of workers implies having tools and means adapted
and flexible to these realities, In fact, the central notion of workplace is diluted in some
cases, in others the idea of work situation and scenario is reaffirmed, and the idea of
ubiquity transforms many of the concepts commonly accepted in ergonomics. This also
increases the complexity of the approach of ergonomics to these operational spheres
where the work will be developed in the near future.

2 Practical Application in Ergonomics Intervention

The objective of this experience was to transfer practices, models and strategies devel-
oped in ergonomic studies of the ErgoMotion-lab laboratory of the Universidad del
Rosario, Colombia, whose differential value lies in providing an innovative approach
by introducing models and practices of ergonomic intervention, in the evaluation proce-
dures and in the models used for data processing and treatment. These were based on an
approach centered on the idea of health being elaborated by the worker and understood
as a construction directly linked to the work context.

A ubiquitous model of fluid intervention was designed for which there was a control
node, a management node (with two pilot units) and operational nodes; the localized
interventions were established in sequences according to the epidemiological analyses.
Each operational node intervened using a flexible structure of procedures, monitoring and
control of the intervention is autonomous and successful and unsuccessful actions were
reported, recording is done by activity, according to the specific objectives established
by the specialized nodes. The control node collected the data obtained from the localized
interventions and, according to the requirements of knowledge transfer, designates the
contents of the material intervention and the design of the training, based on the micro-
training methodology.
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The intervention was developed as a process of specialized knowledge production
in the domain of occupational health in the operational sphere of the activities of an oil
refinery. The service was deployed in activities that covered three dimensions according
to the requirements of the organization:

1. Operational dimension: it was in the hands of interprofessional binomials made up
of 26 professionals operating independently in well-delimited geographical areas,
where a flexible structure of intervention procedures adapted to each operational
situation, data capture and systematization was agreed upon.

2. Conceptual dimension: where contents and recommendations were elaborated based
on the analysis of the data processed in each operational unit and validated by the
pilot units, which were made up of an operational technical team and another one in
charge of the conceptual technical aspects.

3. Prospective dimension: where the prospective prevention axis was built with statis-
tical analyses that determined the behavior of variables that focused actions based
on hypotheses derived from the data.

A total of 3675 interventions were carried out over a period of 14 months, for which
a team of professionals with situational autonomy was formed with permanent access
via a communications network with an internet and voice platform, in order to achieve
quality technical results, which was reflected at the end of the process in an evaluation
that exceeded 90% compliance in terms of the technical quality of the products generated.

To achieve these results, the process included continuous conceptual, methodological
and operational support to each professional and to the different groups of autonomous
operational professionals with technical contributions in terms of report elaboration,
data collection techniques and data processing, as well as special emphasis on gener-
ating added value to all products and service actions executed through well-adapted
recommendations.

The progress of the intervention was monitored in systematic weekly meetings, and
the progress report of the operational node was reviewed at each meeting, together
with the progress schedule of the interventions located at the different levels. A non-
conformity follow-up model was developed, designed and used in the development of
the activities (field incident log). In addition, a support network of 12 professionals was
formed to assist and generate specific solutions required by the organization at different
times.

Figure 2 shows the conformation of the operational network of intervention, as can
be seen, the different nodes were interconnected throughout the process, and elements of
flexibility were introduced to allow the rapid formation of response teams. According to
the design of the intervention, professionals participated as co-workers, cloud workers
and autonomous workers.

All of them were linked through a common interaction platform where the commu-
nication axis was the technical contents, the resolution of conflicts or methodological
problems was solved collaboratively, and the interventions were well contextualized
in order to find specific and not generic solutions. The control node was made up of
traditional workers.
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Fig. 2. Structure of the intervention adopting a functional model centered on autonomous but
interconnected nodes to facilitate management, technical and operational processes, each node
was formed with professionals in specific operational units.

3 Discussion

It is a reality that the digital revolution has increased the availability of data, the degree
of connectivity and the speed with which decisions are made, however, this requires the
design of intervention models adapted to these new realities. Companies need dynamic
and flexible ergonomic and health risk management to navigate an unpredictable future
where change comes quickly. In the near future, companies will need hyper-dynamic risk
identification and prioritization to keep pace with the changing environment. They will
need to anticipate, assess and observe threats based on disparate internal and external
data.

The experience presented here is a way to address these challenges, defining, struc-
turing and organizing a flexible, operational and technically performing network is the
means to respond, this implies a high degree of mobility and the availability of means
that facilitate focusing on local problems and specific to each risk control need, the
model presented here was tested and obtained excellent technical results, however it
also revealed difficulties and challenges related to logistics.

This was specifically due to the clash in the negotiation between a highly flexible and
adaptive management structure and a structure with difficulties to adapt to change with
highly formalized administrative procedures, where the main challenges to respond to the
hyperdynamic of production situations are located, where paradoxically the phenomenon
of different categories of workers operating in parallel on common units is also being
installed.

In order to improve and optimize working conditions and manage risks at work,
companies need to find a systematic way of deciding which risks to take and which
to avoid. This implies having operational field risk research networks that provide an
objective and external view of operationality and efficiency.
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Today, many productive organizations think of risk in purely static and financial
terms, which can lead to inflexible and imprudent organizational perspectives. Given
the changing ways of monitoring and managing risks to workers’ health, it is found that
companies that do not take sufficient risk to innovate may lose control over their own
processes, including the loss of intangible but essential operational knowledge essential
to process stability, it is important to keep in mind that companies that focus on purely
financial metrics of the effects of occupational risk may run unintended operational risks.

For most ergonomic, technical and health risks, the lines are not clear where worker
structures have changed, so each company will need a nuanced perspective built on
a solid, objective factual base. Companies will need to develop more flexible inter-
vention networks by adopting views on these issues and continually updating them as
ways of working evolve with consequent changes in operating environments and their
corresponding databases.
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Abstract. This paper aims to provide some support for the widespread claim
that agroecological transition entails a wide variety of changes for the farmers. It
focuses on farmers’ work systems (combining several subsystems: biological and
technical, socio-economic, family, and related to the farmers’ characteristics) and
shows how agroecological transition deals with every part of these work systems.
One case study is used to illustrate how farmers’ concerns, which are drivers of
change, are constructed at the interface of these subsystems. The paper focuses
on the Chronicle of Change method (Chizallet et al. 2020) to dissect the work
subsystems to which the farmer refers in relation to this concern and to analyze
how farmers make their work system evolve in the course of their agroecological
transition. The perspective of this research paper is to offer tools and methods to
support the agroecological transition of farmers in a systemic approach. It is thus
shedding light on the transition from a work point of view and not only from a
technical point of view.

Keywords: Work system - Agroecological transition - Farmer’s work -
Ergonomics - Systemic approach

1 Problem Statement

Agriculture today is widely challenged as to its sustainability. Many actors, whether
institutional or political, associations or citizens, including actors from the agricultural
world, are calling for a transition of agriculture. We speak of agroecological transition
(AET). AET is claimed to imply a very deep transformation of farmers’ work, in many
different directions. A review of the literature (Chizallet 2019) shows that most studies
have underlined the technical dimensions of AET. However, few have focused on social
and economic dimensions, or on the role of family in the management of the farm, and
almost none of them have combined all these dimensions.

We mobilize the notion of system and work system by combining two series of
approaches which have explored the systemic nature of work: ergonomic ones on the
one hand, from activity-oriented approaches to ergonomics (e.g. Leplat 2000; Falzon
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2013) and Human Factors (e.g. Carayon and Smith 2000; Carayon et al. 2006; Thatcher
and Yeow 2016), and agronomic ones on the other hand (e.g. Osty 1978; Flichman and
Jacquet 2000; Laurent et al. 2003; Gafsi, 2006). The crossing of these approaches allows
us to propose an understanding of the work system in which the farmer is at the core as
follow in Fig. 1.

Biological and

technical
subsystem

The target
farmer

Socioeconomic Family

subsystem subsystem

Fig. 1. Proposition for the representation of farmer work system

2 Objective

Based on Chizallet (2019, 2020), this paper assumes that farmers engaged in an AET
are developing a design activity of a new work system. Indeed, this transition involves
many transformations in the work that farmers have to manage, and more than that, it
is a new work system that farmers have to design in order to progress towards more
agroecological practices.

The scale of the work system seems an interesting one for people who support such
a process of change for three reasons:

1) It reveals the scope of the elements that impact farmers’ work and that should be
taken into account in the design process.

2) Itleads to the identification of work subsystems, their internal functioning and inter-
actions. This provides a better understanding of farmers’ design activity on these
subsystems in order to progress in their AET.

3) Thus, this representation could guide discussions with farmers on all the dimensions
of AET to support their design activity.

To sum up, our objective is to challenge this representation of farmer work system
by testing it at various stages of an ergonomic intervention carried out with farmers
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in AET and see if it provides a useful characterization of the challenges faced by the
above-mentioned farmers.

3 Methodology

We designed and implemented the Chronicle of Change method (CC) (Chizallet et al.
2017, 2020) to reveal the process of farmers’ design of their work systems. The CC is
based on an artefact, Fig. 2, which allows the explanation of farmers’ difficulties, goals
and resources, throughout the design process, i.e. during their AET.

“Tracing change until today” v Monthly follow-ups

P —-— Emsa—.

I pifficulties
Il Resources
B Comments

Fig. 2. The artefact of the Chronicle of Change method

The use of this artefact generates discussions between the animator(s) (here an
ergonomist and an agronomist) and the famer(s), which are traced on a paperboard
via post-it© notes. The ergonomist questions the farmer about his/her difficulties, objec-
tives and resources, thus promoting the exploration of the work situations experienced
and narrated by the farmer. It gives farmers the opportunity to explore (i) all dimensions
of their work; (ii) their past, present and potential future work situations as they are built
through the design process.

We base this paper on the analysis of the work system of a cattle breeder in transition
to a low-input, self-sustaining grassland system. This analysis is based on two meetings
with the cattle breeder mobilizing the Chronicle of Change method. The meetings have
been recorded and the verbatim are analyzed according to 1) their belonging to the farmer
work subsystems and 2) according to their temporality (past, present, future).

4 Results

Three main results emerge. First, the farmer takes a systemic vision of his work system by
using the CC. For example, when the farmer talks about his economic difficulties, he links
them to his complicated relationship with his bank and the support of an initiative center
to increase the value agriculture and the rural environment (socioeconomic subsystem),
the support of his wife (family subsystem), his project to obtain certification in organic
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agriculture and to build a pedagogical farm (biological and technical subsystem), and
the desire to “find a balance between [his] social life, [his] work and [his] profitability”
(farmer’s own characteristics). Our analysis shows that the farmer refers to all the work
subsystems when he describes a work situation and he creates links between his work
subsystems. Secondly, the CC method reveals the design object through the mobilization
of past, present and future work situations. For example, the farmer’s objective of finding
“a balance between [his] social life, [his] work and [his] profitability” was built over
time, during his transition, on an accumulation of situations that were within the scope
of:

— economic difficulties related to the choice of farming practices made by the farmer’s
family several years earlier;

— meetings with new agricultural players who have gradually built up their new
professional network;

— exchanges with members of his family who have been involved in certain decisions
for the farm.

Moreover, in the projection of the farmer in his new work system, he projects his
situations in different temporalities. For example, when he mentions the certification to
organic farming and the pedagogical farm, the situations projected are exclusively of an
organic and technical subsystem to respond to economic difficulties and require a long
period of time. This long-term projection is possible because he has already put in place
shorter term responses in other subsystems such as changing banks or contracting a bank
loan.

It shows a coherence between the elements of the work system reported in the
discussions of actual work situations and those projected in future work situations.
Finally, we show that this object is designed by the farmer through the experience he
makes of his work subsystems and the articulations he creates between these subsystems.

5 Discussion

This research proposes a representation of a farmer’s work system. The representation
of the farmer’s work system proposed in this paper is a way to help farmers and those
who accompany them to have a global view of the agroecological transition and not
focus on only one dimension of the transition. Indeed, the AET seems to mobilize or
even transform all the dimensions of the farmer’s work. It goes beyond simple technical
issues and encompasses everything that makes the activity of farmers.

Such a representation could be discussed with farmers, agricultural actors, or people
who directly support farmers in AET. With this representation, we propose an under-
standing of how this work system is designed: (1) the farmer’s experience of his work sub-
systems and of the articulations of these subsystems seems to be the key to the progress
of his design process; (2) the farmer develops a systemic approach when designing his
work system. This understanding, already tested with several farmers, could be tested
in other farms with different productions.
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6 Conclusion

When engaging in AET, the farmers are designing and experimenting their work sys-
tem. The experience they make of their work subsystems but also of the articulations
of these work subsystems seem to be key in the progression of their agroecological
transition. Furthermore, this work supports the postulate that AET involves a set of
systemic transformations for the farmers in their work and farms. Finally, this work
makes a methodological proposal by the Chronicle of Change that could be more widely
remobilized to support transitions beyond the agricultural world.
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Abstract. The creation of collaborative environments is one of the first practices
adopted by companies that intend to implement an integrated operation (10). The
participation of ergonomists in a collaborative environment project for the subsea
installations sector of a Brazilian oil and gas company and the subsequent space
evaluation during operations, prompts reflections on the contributions and limits
of this initiative.

The research shows that this workplace design, based on a participatory app-
roach, can contribute to greater integrated operations. However, the workplace is
only a means, and, in this context, what is at stake is the design of a new work
system.

Keywords: Collaborative environment - Integrated operations - Oil and gas
industry

1 Introduction

The questions presented in this article were based on a case study and are the result of
a reflective approach, carried out following an ergonomic intervention in the design of
a collaborative environment. The objective of this new workplace was the operational
integration of teams from the subsea services sector of a Brazilian oil company. The
ergonomics team took part in two stages of this project. In the first, preliminary layout
studies and recommendations for the new workplace were developed. In the second,
the collaborative environment performance assessment was carried out at the integrated
operation startup and recommendations made for adjustments.

From 2005, the Brazilian oil industry started its own integrated operations (IO)
program, following the international oil and gas sector trends [6, 14].

The studied company’s main objectives were to facilitate the continued exploration
of old fields and start production of fields located in ultra-deep waters - the pre-salt'.

! The term pre-salt refers to a layer of rocks below a layer of salt, formed, in general, by carbonate
rocks, where the deposit of organic matter accumulated over millions of years potentiated the
generation and accumulation of oil. In Brazil, the pre-salt fields can reach up to 8.000 m above
the sea surface, requiring high technological investments.
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The exploration of these new fields demanded the development of new technologies.
The company’s goals aimed to reduce the high operational, logistical (cargo and people
transport) and maintenance costs, through onshore-offshore integration.

Generally, 10 initiatives are based on high investments in Information and Com-
munication Technology (ICT) that allow data exchange and remote communication in
real time. For the most part, they envisage the creation of workplaces equipped with
these technologies, where the operational support teams are located [9, 10, 14]. These
locations are referred as “collaborative environments” in the IO’s literature for the oil
sector [8]. Its role is to promote greater collaboration between these teams.

Over time, the creation of these spaces has been one of the first practices adopted in
the implementation of 10 projects. According to Moltu [15], operational support rooms,
in their most varied formats, have become an IO icon. Nevertheless, in the Brazilian
context, there is an unstated expectation the integration of different teams on land will
occur, based on the occupation of the same workplace.

According to Arnoud and Falzon [11], cooperation in the development of work
activity can be enhanced by sharing the same workplace in activities in which discussions
and arguments are important. For Carballeda [2], in addition to sharing the same physical
space, it is necessary to think about the organization, so that the individual’s work is
incorporated in the collective work.

Moltu [15] seeks to demystify the need for a common physical space, stating that
the rooms that support the IO processes do not need to be restricted to four walls. They
may be a network that connects different physical locations, with several ICT solutions
and different organizational and managerial models, however, all focused on supporting
operations.

Maia et al. [12], based on this same article’s case study, demonstrate that these
workplace designs require the understanding and reflection of how future teams can
work, cooperate and coordinate their actions, because what is at stake is the design of a
new work system.

Collaborating with this discussion, this article examines the question to what extent
the simple action of allocating all teams in the same workplace, with collaborative envi-
ronment characteristics, can ensure an integrated operation and guarantee improvement
goals desired by companies.

2 Context

In the studied company, IO initiatives, prior to this project, did not produce the
expected results, despite high technological investments and the creation of collaborative
environments with advanced resources.

The subsea services sector, studied in this research, sought to reduce operating costs
and increase productivity. For this, they aimed at better planning of vessel use and a faster
response, in relation to the unforeseen operational problems, based on the integrated
operations of different teams.

The high operational cost was borne by its main resources - contracted vessels - that
served the various types of services, all along the Brazilian coast. The vessels, each with
specific technical characteristics, were managed by five operational sectors, according
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to the operations served. The five operational sector teams worked in different locations,
planning and controlling resources (vessels, people, and materials) to carry out subsea
operations.

One of the main initiatives of this IO project was to design a space, to which the
teams were to be transferred, to work in an integrated manner. The company itself had
started studies of possible layouts to place 90 workstations in a single location. There
was a 900 m? area on the roof of a building nearing completion for this. The layouts to
be analyzed and approved by the 10 project managers.

Faced with the difficulty to analyze such studies, management demanded an external
team, for an ergonomic study of the future collaborative environment. The first stage
of which was carried out between November 2013 and April 2014. This resulted in
preliminary layout studies and recommendations to develop the architectural project.
This also included requirements for furniture, equipment, lighting and acoustics, as
described in Cordeiro et al. [3], Duarte et al. [5], Maia [11] and Maia et al. [12].

In parallel, another external team was hired to develop a single data entry and con-
sultation system, so that everyone could see, in real time, the progress of each team’s
resource planning and the variability to which their routine activities were subjected.

In 2014, following the ergonomic intervention first stage completion, the collabora-
tive environment project was developed by the company’s team of designers, who were
also responsible for the construction supervision.

The transfer of teams to the new workplace started in mid-2015. During this period,
the ergonomics team began the case study’s second stage: to monitor the collaborative
environment start-up, based on its performance analysis. The objective was to identify
workplace needs for adjustments and transformations, which generated recommenda-
tions involving: layout, furniture, ambiences, information presentation devices, software
and other resources provided to support the work activity.

3 Methodology

In this project’s initial phase, the various teams’ work characteristics to be integrated were
identified, to incorporate their individual needs to the new workplace design process. The
adopted methodology had as its theoretical references: the Ergonomic Work Analysis -
EWA [7] and the future activity simulations [13].

Initially, individual and collective interviews were conducted with the various teams,
followed by work activity observations and a self-confrontation process. These facilitated
a more detailed understanding of the problems faced and the resources needed to achieve
the intended transformations.

Presenting Power Point slide floor plans, several meetings were simulated depicting
future work situations involving the multi-sector operational representatives. Several
proposals were made to the initially proposed layouts.

The research’s second stage objective was to conduct a performance analysis of the
collaborative environment. The methodology adopted was a double approach combining
EWA with questionnaires, measurements and interviews based on the principles of Post-
Occupancy Evaluation - POE [16, 17]. This stage lasted only 30 days and was aimed to
assess the need for project adjustments.
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4 Results

4.1 First Stage of Ergonomic Intervention

This study’s first phase results were described in detail by Cordeiro et al. [3], Duarte
et al. [5], Maia [11] and Maia et al. [12].

As these articles reported, a discussion regarding the future organization of work
was raised from the participatory approach and the layout simulation dynamic stud-
ies, performed in the ergonomic design project. This discussion strongly impacted the
workplace design project, imposing important changes in the number of workstations
forecast and the resources needed to develop the activity (furniture and equipment),
which consequently led to several rearrangements.

During the project, the teams started to be treated as nuclei or work cells. To give
an idea of the organizational changes discussed, there was more than a 60% increase of
initially foreseen employees for one of the teams and all foresaw workstation expansions.
Important changes were established in the number of information screens necessary for
the workstation activities and to share information in and between cells.

One interesting, highlighted aspect regarding layout, was the separation of cells
in individual rooms, but integrated with others, through passages and mobile partitions.
Opened doors and partitions facilitate quick communication between cells. When closed,
they maintain the privacy required to develop each group’s tasks. Between the work
rooms, small rooms were foreseen, where it would be possible to hold quick meetings
involving members of the same nucleus, from different nuclei or external people.

The integrated operations center was provided with support environments such as:
pantries, bathrooms, cafeteria, meeting rooms and training rooms. To deal with incidents
and accidents, a set of rooms was created, called the contingency complex, where mul-
tidisciplinary teams could meet and deal with problems 24 h a day, without interfering
or suffering interference from other operations.

The layout solution, discussed and built with collective participation, broke the com-
pany’s initial paradigm projecting all workstations in the same open plan space, to achieve
integration.

4.2 Second Stage of Ergonomic Intervention

During the collaborative environment performance analysis, several factors were evalu-
ated: questions related to the characteristics of the working population; aspects of phys-
ical arrangement and environmental comfort in work rooms and support environments;
and aspects of operational and communications integration. In general, the collabora-
tive environment performance for these aspects was considered good by users. How-
ever, some evaluation results allow us to reflect on the workplace role in the integrated
operations process desired by the company.

The workforce population was mainly composed of people with technical or higher
education. Approximately 34% of workers had less than 5 years in the company and
63% of operators had worked for less than 6 years in their current activity. This result
demonstrates that the transformations of the teams’ work had already been occurring in
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recent years. At the time of the research, the work in the performed function was recent,
even for those who had been in the company for a longer time.

As for the physical arrangement, changes were identified in the use of some spaces
and in the foreseen position for the workstation occupation (position/function ratio);
besides the need for space for unforeseen functions.

The relative operator positions at the various benches has changed for several reasons,
such as: allow better integration considering not yet occupied workstations; admit that
functions requiring more concentration were distant from others, that intensely commu-
nicated; enable the videowall proximity for functions that constantly used it; increased
expected operator numbers for certain cells; among others.

Complaints were raised about the circulation within rooms, showing frequent differ-
ent routes from those projected and complaints related to light and air condition control
devices.

Some complaints were linked to the existing building’s imposed limits, and by
changes made to meet demands throughout the project’s development. The solutions
adopted in this period did not always follow the logic of the ergonomic intervention first
stage choices, which privileged the work activity logic and now implemented a partici-
patory dynamic to the project. Nevertheless, some issues were related to a still immature
organizational design when the collaborative environment project started, making it
difficult to find adequate design solutions for the various work requirements.

According to Duarte et al. [5], the layout simulations of this study’s first stage demon-
strated the need to discuss and reflect on the organizational changes to be implemented
in the new workplace and created a space to launch this discussion based on the activity’s
characteristics. However, this late start did not allow several aspects to be thought and so
planned. For example, a planned circulation routes change intensified people circulating
within the work rooms and increased the routes to reach certain support environments.
This result was due to a set of factors such as: (i) apply an access control system on
doors that would allow a shorter and external circulation to the work rooms; (ii) use a
support room as a shift coordinator room - a function that did not previously exist and
was frequently accessed by operators through a work room,; (iii) to concentrate personal
use lockers in a single area, when the previous forecast was to distribute them close to
users; (iv) the little used mezzanine floor cafeteria moved to the work room floor, leading
to greater use of a pantry, now accessed through the work rooms; among others (Fig. 1).

The integration and communication devices and the integration software system
made available were considered satisfactory for the activity development and as inte-
gration facilitation factors. However, there were demands for larger or more monitors,
that provided better data visualization in the workstation - and for system user training
- which was still under development at the operation startup.

The larger screens, distributed along the operation benches to share information,
could not be used as such, due to their command being linked only to certain computers.
The lack of advance definitions of what should be possible to view at each workstation,
via integration software, also made it difficult to adequately forecast information sharing
resources, leaving installed resources unused.
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Fig. 1. Doors with access control (blue); changing the position of the lockers (red); creation of
the shift coordinator’s room (green) and use of pantry for meals (pink).

These examples reveal a mismatch between what the layout discussions foresaw,
which involved thinking about a certain form of operation, and the design of computer
resources.

5 Discussion and Conclusions

During the ergonomic study first stage, participatory dynamics stood out, where the
layout proposals simulation became an organizational discussion instrument about the
future new way of working. Each team had the opportunity to explain its operating
methods, its actions, its limits and its needs given the identified operational situations.
This exchange between teams brought a greater understanding of the impact of a cell’s
work on the others, as well as the various interfaces necessary to carry out operations in
an integrated manner.

Discussions on organizational issues, based on the layout proposals, covered top-
ics such as: (i) the need for operators in the same nucleus to interact and/or between
nuclei; (ii) the creation of unforeseen functions; (iii) the addition of people in expected
functions; (iv) the needs for future expansions; (v) the needs for furniture, equipment
and technologies for communication and data visualization; (vi) future work processes,
among others.

These debates and the construction of commitments between the desirable and the
possible to meet the demands of each group were, in summary, the beginning of inte-
gration between the teams. However, the evaluation carried out at the integrated opera-
tion startup, revealed that the participatory dynamics implemented in the project’s first
stage was reduced, creating difficulties in exchanges between the operating teams, man-
agements and designers throughout the project development. Changes and complaints
identified in this period were linked to unforeseen or unaddressed organizational issues,
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which impacted the space projects, integration software and operator training. The anal-
ysis results also showed that there were major changes in the work context and even the
most experienced professionals had their roles reconfigured.

Although there was managerial concern to identify processes to design the integrated
operations, the organizational planning did not go into the level to identify characteristics
specific to each team’s work activity, to design a new work system. This new system
was based on collective work involving teams that previously worked independently,
although their processes were interdependent. One element supporting the construction
of this new work group was the collaborative environment. However, for collective work
to happen, it is not enough to just put all teams together in the same space. This will not
bring the desired collaboration and integration.

It is evident that proximity between people can bring benefits to certain work activi-
ties. However, it can also bring some problems, such as: (i) difficulty in concentrating on
complex tasks; (ii) compromising the confidentiality of certain information; (iii) more
frequent interruptions in activities, among others.

Integrated operations programs cannot be limited to collaborative environment
design. The space and physical definitions and technical resources alone are not sufficient
to transform output developed in a fragmented way, into an integrated and collaborative
work. It is a new work system conception, where it is necessary to design, in addition to
a workplace, other work requirements and, in particular, the organization and training
necessary to enable each worker to efficiently play their role in this new system.

The collaborative environment must be seen as a means for the organization to func-
tion effectively. For this to happen, the work needs to be understood; spaces for the
participatory construction of solutions have to be created; and the future work orga-
nization must to be designed, in order to portray it in the solutions to be adopted. In
addition, the work tools designs should provide adjustment possibilities, resulting from
the constant evolution of new work systems, which arises from the integration of the
teams.

Although the collaborative environment studied has been positively evaluated, at
the operational and managerial level, and has collaborated with the integration of the
teams, aspects identified in this ergonomic study show the lack of formalized organiza-
tional planning and a worker training program, to support the teams’ integration and the
company’s pursued goals.
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Abstract. The present context of health crisis and unprecedented lockdown is an
opportunity for thinking, position-taking, indignation and controversy. As a social
activity, work redefines itself every day, according to circumstances. Work is a
central object of ergonomics and ergonomists can learn from crisis: behind the
health crisis, we highlight the work crisis. Ergonomics must take part in the social
debates that accompany this crisis, and make its contribution to better reconciling
the human challenges of work and organizational issues in the future. To do this,
we need criteria: the crisis highlights the need to experience the recognized con-
tribution, individually and collectively, of one’s own work to meaningful social
issues, and therefore to renovate our approach to occupational health.

Keywords: Work - Health - Occupational risks - Subjectivity

Occupational health is widely understood in terms of the risks involved. The integrity
of employees must be protected. The health crisis reveals that workers are taking risks
in contracting Covid-19 to preserve the meaning of their work, which is also essential
to their health. Ergonomics can contribute to thinking and action around this apparent
contradiction: exposing oneself to risks in order to build one’s health.

1 Dead Ends and Blind Spots of Pre-crisis Work

Major characteristics of contemporary work organizations have contributed to this crisis.
These same characteristics are at the origin of major and well known difficulties in work
itself as well:

- globalization of value chains and the hyper-specialization of each of the actors in the
chain. Hyper-specialization leads to the devaluation of know-how, the individualiza-
tion of tasks, fragmentation of the activity [1], loss of meaning, and impeded quality
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[2]. The impoverishment of work is not the only consequence: more transport, more
pollution, more mobility of workers at the interface of production entities, less local
and autonomous production capacity for many necessary products (masks, respirators,
medicines, etc.).

- The absence of stocks upstream of, during and downstream of means of production,
reduces the risks of unsold products. But this also makes human work dependent on the
market, a dependency that can be integrated through the increasing flexibility of work
contracts and working hours: staggered hours, part-time work, short-term contracts, etc.
Job insecurity and non-standard working hours are major risk factors for employee health
[3]. Lack of stocks also makes a region more dependent on supplies. The slightest break
in these supplies immediately puts a system under stress and very quickly leads to the
absence of essential products.

- To alarge extent the digital revolution in our society reinforces the growing trivialization
of atypical working hours and social or even family precariousness, as the balance
between family life and professional life is sometimes upset. From this standpoint,
compulsory remote working, combined with childcare (these same parents having to
ensure educational continuity for their children) offers a vast shared experience of the
difficulties associated with the deregulation of the system of activities [4]. All these
principles lead to intensification of work, that is the ever-increasing. The meaning of
work for those who carry it out is often abused.

2 The Experience of the Recognized Contribution of One’s Own
Work to Meaningful Social Issues During Crisis

In experiencing the crisis, many workers also experience new work situations, alone
or in existing or (re)composed groups, often revealing other ways of doing things and
of thinking about Work and Society: united, proud to be useful, authentic, inspired by
moral values and alternative conceptions of “living together”. Very small companies in
the textile field are modifying their production methods in order to make masks; one
of a multinational cosmetics company’s sites has begun to manufacture hydroalcoholic
gel; nurses are transforming painter’s suits into smocks; car manufacturers are making
respirators; bakeries are recruiting personnel to deliver to people isolated in their homes,
and so on. This reconfiguration of ways of doing things is changing the daily life of
hospitals, nursing homes, the market gardening sector, the building and public works
sector and many others. In the health crisis and its urgency, the standard rules and norms
of everyday life no longer apply, allowing each individual to reinvent in situations where
they were previously shut away.

Many workers have taken the risk of contamination and exhaustion to make them-
selves useful. How can ergonomics take care of this? We believe that work experience
must once again become an essential issue in the ergonomic approach to working con-
ditions: how can work be a health operator? We can see that preserving the integrity
of worker is not enough to understand work. Exposures say nothing about the sub-
jective experience of social utility that work allows (or not). “The broadening of the
scope of action is a typical and fundamental feature of human development. The com-
petency of workers is very much linked to their ability to change register according to
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circumstance”, said Wisner [5]. The “cumbersome subjectivities” [6] of the past have
become the salutary subjectivities of today, to the extent that the usefulness of local and
solidarity-based economies embedded in their regions and living environments reveals
the true conditions of subsistence for each individual and his/her loved ones.

During a crisis, life is re-invented and health is built with, and in the face of, risks.
This is how Canguilhem, [7]: “T am well to the extent that I feel able to take responsibility
for my actions, to bring things into existence and to create between them relations that
would not come without me and that would not be what they are without them”.

3 Meaning of Work and Ergonomics

The historical moment we are currently experiencing is an extremely powerful indicator:
this pandemic is what anthropologist Mauss [8] calls a “total social fact”, a phenomenon
which “sets in motion the whole of society and its institutions”, which involves society
in its entirety, with all its members. His understanding supposes that the phenomenon is
not broken down or dissected according to its various dimensions (biological, historical,
political, legal, geographical, demographic, psychological, economic, etc.), because “it
is by considering the everything as a whole that we [can] perceive the essential”. The
pandemic imposes on us all the global and systemic vision claimed by ergonomics as
we understand it. In this way, a major challenge lies in the appropriate delineation of the
system’s boundaries: it is both necessary to identify the major determinants of situations,
while preserving realistic transformation horizons. In any case, the range of dimensions
to be taken into account is much wider than that of the workstations and their displays.
This is what Carayon and Perry [9], for example, propose for the health care system.
For these authors, the level of action is the system governance, to allow to: defer to
local expertise; support adaptive “real time” behaviours, enhance system interactions;
repurpose processes; and support dynamic continuous learning. These perspectives on
managing and transforming organizations are aimed at restoring a central status to work
experience. The pragmatist approach to organizations [10] and organizational interven-
tions approaches [11] are essential supports in this direction, where each individual
activity, these effects on health and performances, are oriented by its intimate meaning
for the person who carries it out [12]. This theoretical framework gives to ergonomics
possibility to join individual sensemaking of work with organizational and systemic
perspectives.

So, ergonomics must be re-examined: do our approaches to work often concern the
fundamental questions that this social activity raises? Can we imagine contributing to
the evolution of our societies without addressing these aspects?

Similar orientation where built in Ergonomics. Professor Alain Wisner’s anthro-
potechnology [13] already marked this questioning, taken up in its own way and in other
words by macro-ergonomics [14]. Resilience of systems requires taking into account of
culture and societal aspects [15].

Constructive ergonomics [16] requires us to return to the fundamental questions of
work: is work an opportunity for self-construction? This question is largely absent when
health is approached in terms of physical or psychosocial exposure, displays design, etc.
The health crisis is forcing ergonomics to return to the essentials: working is living, and
living implies conditions.
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Abstract. During the 1980s and 1990s Argentine economy was unstable until
finally in early 2000s the economic model collapsed. People demonstrated in the
streets. Many factories closed down or went broke. In 2001, the President resigned.
Under urgency and uncertainty a new social movement emerged. Workers could
face unemployment developing the so-called recovered factories.

In 2020, the pandemic reveals an unpredictable world, where it is no longer
possible to rely on structures based on certainties. I resumed my research on
recovered factories conducted during 2008/2011, looking for clues, traces and
creative practices undertaken by workers in the face of sudden and unexpected
events, I chose the terms urgency, uncertainty, inhabiting, trace, prospection and
emancipation as useful elements in times of crisis.

Thinking about the future of work in the context of a pandemic or crisis led
me to analyze the practices carried out in the recovered factories and then address
our own practices as ergonomists. I seek through a new theoretical approach to
enrich the transition to future work in general and ours in particular.

Keywords: Crisis - Urgency - Uncertainty - Ergonomics - Self-management

1 Recovered Factories (RF)

In the early 1990s, the first evident symptoms of deindustrialisation process and loss of
jobs appeared. In this context, the productive system ceased to be the driving force of
national economy, resulting in the collapse of several productive activities. When compa-
nies started to close down or go bankrupt, workers started taking over those companies.
This mechanism of appropriation became the only alternative to structural unemploy-
ment and a way of recovering and maintaining work sources. The first experiences of
factory takeovers took place in large industries with more than 300 workers. There were
many recovery circumstances: those collecting and/or repairing what former owners had
left behind; those returning to old production practices because their owners had sold
the new machinery; those taking up production as usual and those closing down due to
lack of raw materials and supplies. At the same time, small significant initiatives were
arising among the sectors already excluded from the labor market. All these experiences
turned into a new struggling tool for this new “social movements” and new social actors
promoting a different behavior and implementing the concept of “social economy”.
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Recovered factories attracted the interest of local and international researchers who
wanted to know and understand the phenomenon. A link was established between the
recovered factories and national and provincial universities and institutions that made
possible the transfer of technological and scientific knowledge to the productive envi-
ronment through research and programs created to these workers’ needs. During 2008—
2011 our research-action generated a link between the University-Recovered Factories
that allowed us to work with and for the workers. The result -product of a collective
construction- allowed the workers to become the owners of what was produced. (Cuenca,
Zotta 2012).

2 Approach

Based on my own research on recovered factories, I intend to create a new network
relating some theorical viewpoint.

To build the future of work, I developed two concepts: inhabiting and thinking time.

I choose Heidegger’s notion of “inhabit”, I continue with “inhabiting the world”
(Béguin 2007), I develop the term uncertainty, I focus on “inhabiting uncertainty”
(Cuenca 2020) and “inhabiting time” (Chesnaux 1996) as well. I continue with the
binomial emancipation/alienation concepts by Marx. I recover the past by investigat-
ing the “unrealised potentialities”, as they represent “what is still at a project stage”
(Harshaw 1997). I am interested in Marc Bloch’s approach (2001), who rescues the past
through traces taken from a historical consciousness that can explain the causes, motives
and reasons why someone did something. I understand the present as “an opportunity
to rethink work from a prospective viewpoint” and the need to present real alternatives
beyond the existing ones (Valérie Pueyo 2020). I decide to take up Heidegger’s notion

9o ¢

on the future and I take Pueyo’s “prospective” concept as well.

3 Theoretical Issues

3.1 Building the Future of Work

I choose Heidegger’s notion of “inhabiting”. In his 1951 lecture “Building, Inhabiting,
Thinking”, the author explains that man is, insofar as he inhabits. The essence of man,
his way of being, is to inhabit. In inhabiting, we find the matrix of all others. Each man’s
only option for being is to be in the world. One of Heidegger’s structures that describes
inhabiting is “being-in-the-world” (In-der-Welt-sein). Being-in-the-world implies being
with others and sustaining a common world.

Inhabiting the World: I take the structure “being-in-the-world” to introduce Pascal
Béguin’s (2007) concept “Inhabiting the world”, in which there are heterogeneous pro-
fessional worlds related through a process where a group of actors use their skills, their
competences, their strategies to organise these worlds and therefore, build a common
world. “Actors do not negotiate their worlds but reaffirm their identities”. Hence, the
need for a common world where professional worlds are coordinated and can inhabit it
from their conceptual frameworks but constructing a common operational framework.
“The concept of world postulates a situated creativity”.
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In these recovered factories, there is the world of the workers, which initially repli-
cates the previous system, and the world of the former owners, which endures through
their practices. The ways of inhabiting each world differ in knowledge, experience,
seniority and interests. Through a process of appropriation that integrates both worlds,
a common world emerges.

Inhabiting Uncertainty

After the pandemic or any other types of crisis, it seems necessary to think about the
future of work in this kind of contingency. I therefore introduce a few words such as
“urgency” and “uncertainty” to express two variables that will be present in our future
work. Urgency corresponds to unthinkable or unexpected events. Reinforcing this idea
Dewey (1952) says that in an immutable order, the object of knowledge, other than
finding certainty, is to pursue certainty so as to direct change in line with genuinely human
goals and interests. However in a changing world, where absolute certainty disappears,
intelligence constitutes the main function to direct change and adapt it to our purposes. In
novel and complex situations that cannot be solved with existing knowledge, we ignore
what is at stake or what we are risking with every decision taken, that’s when uncertainty
appears.

In 1927, Heisenberg formulated the “uncertainty principle”, which revealed to
physics that the mere fact of observing a phenomenon in order to measure it causes
its conditions to change; i.e., reality is modified when we try to observe it. In other
words, the observer intervenes and modifies the object conditions each time he wants to
study it. Following Jonas (1996) about responsible action, I propose the concept “Inhab-
iting uncertainty”. We are as responsible for actions taken in the past as in the present
since with both of them we are building the future.

Inhabiting uncertainty, we must be responsible for what we observe and what we
fail to observe; for what we reject and what we aspire to. We should appeal to creativity
and inventiveness in order to build this desired future collectively.

In our research on recovered factories carried out in 2008, our responsible action was
when trimming was focused on jobs analysis. For this presentation, I recover socioeco-
nomic data obtained at that time and I intend to point out their value. In 2001, fearing
losing their jobs, workers at recovered factories were — unawarely — inhabiting uncer-
tainty and giving rise to a new way of producing goods, know-how, a new group indentity,
all this was achieved through their creativity, and which is more relevant, collectively.

Inhabiting Today: in his doctoral thesis, Ramoén Vanaquen Navarro (2018) states that
in globalisation times and in contemporary inhabiting a new habit emerges: virtualisation.
Globally connected, virtual reality enables to experience multiple habits of inhabiting,
such as playing, learning, teaching, communicating, organising and producing.

Inhabiting Time: Chesnaux’s (1996) tells us that man “inhabits his time” when he
lives his present, looking at his past and at his future as well. He argues for a democratic
temporality involving “a present as an opening to the future through resourcing in the
past”, a true dialectic between “field of experience” and “horizon of expectation”. Pierre
Bourdieu says, “the presence of the past in the present makes possible the presence of
the present in the future”.
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Thinking the Past. Paul Ricoeur (1985) says that one way of restoring the past and not
forgetting it is to work with the notion of collective memory. He also proposes the need
to write the past so that the burden of the past falls on the future.

Another view belongs to Marc Bloch (2001) who proposes rescuing the past through
footprints obtained from a historical consciousness that can explain the causes, motives
and reasons why someone did something. And Finally, according to Harshaw (1997), to
think these traces towards the future, - and from a literary point of view - is to consider
“unrealised potentialities” in the past, as they represent “what still remains as a project”.

Inrecovered factories, workers inhabited their “past” by reproducing previous organ-
isation and practices, their “present” by learning to manage and their “future” by con-
structing innovative ways of inhabiting it. The re-reading of our work has allowed us
to update the forgotten and to collectively reconstruct the workers’ experiences and our
own ones. Finally, I consider unrealized potentialities in the past when I take this research
and extract only socio-economical and self-management processes to give them deeper
analysis.

Thinking the present from the prospective of the present, I choose Valéry Pueyo
(2020) who tells us that “Prospective does not try to promise a better world but to build,
experiment and support alternatives starting from the experiences of the “present” and
inthe present”. “The purpose of the prospective of the present is to experiment, to face the
challenges of daily life, to identify the tensions that, in the mismatches, appear between
the macro and micro levels”. Prospective seeks to innovate by describing future needs.

My proposition regarding prospective and the present is to inhabit uncertainty. By liv-
ing the present as it presents itself without looking away from the past and the future, we
can inhabit time in “full length” through experience and through hope in the realization
of projects that give meaning to uncertainty.

Thinking the Future: For Heidegger, the main phenomenon of time is the future. The
human being is not confined to the present, but always projects himself into the future.
OECD defines prospective as a set of systematic attempts to take a long-term view of
the future of science, technology, economy and society in order to identify emerging
technologies that are likely to produce the greatest economic and/or social benefits. I
agree with Valerie Pueyo (2020), who, based on Berger, says that in times of crisis,
prospective helps us to think about and create desirable futures. By observing the action
deployed in recovered factories, it is possible to project a proposal for the future, because
the self-managed economy is not only a way out that the working class has developed
to face crisis, but it must be seen as a perspective of a future economy as an alternative
to neoliberal capitalism.

Emancipation/Alienation

I choose to explain Marx’s emancipation/alienation binomial because in recovered fac-
tories workers managed to emancipate themselves. To the author, alienation resides in
the strangeness of the work performed by a worker and emancipation in the use of his
free and creative time. Work is external to the worker and only satisfies his essential
needs. Alienation then has to do with the relation of the worker to the object of his work
and to his own activity, which in both cases are alien to him and do not belong to him.
The process of these recovered factories went from alienation to emancipation when
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their workers became owners of their actions and of their decisions. Both, the object
of work and the process become meaningful through their appropriation. The ability to
negotiate constitutes a form of emancipation of work from the domination of capital and
are at the heart of the political debate on the future of work.

But above all it appears the essential of emancipation which is the creativity and
inventiveness put in value to solve a complex and adverse situation.

Why is Self-Management the Key in the Recovered Factories?

The self-management experience allows the appropriation of material resources and
transforms the old capitalist management into a management technique at the service of
workers. Production-units self-management processes contributed to the development
of a new management model that linked the factories with other actors and social move-
ments. A new proposal for cooperativism appeared and modified the inherited work
processes. Workers’ control over the production process strengthens a new management
technology that encompasses all aspects. Through their actions, these organisations
recovered terms such as “common wellbeing” and “citizenship”.

Palomino (2020) says that currently, much of business literature on personal man-
agement, under the title of “new form of management” reflects this relationship between
capital and labor proposed in the recovered factories. Expert advise delegating and
empowering. The authority and control of workers should be exercised with a view
to ensuring their loyalty and the organisations of work should be a responsibility and
commitment of each one.

4 Result

Recovered factories are part of a collective experience in the midst of a violent economic,
productive and social crisis. Those recovered factories are a reflection of the impossibility
of postponing. The actions taken were necessary in order to keep their jobs, clients,
colleagues, knowledge, skills, raw materials, among others. The urgency appears in the
face of the crisis through unthinkable or non-existent events, which led them to change
the paradigm since the system was put in check.

As for the initial question of what the transition will be like after crisis’ times, one
possible answer is what happened in the recovered factories as they moved from a pyra-
midal and hierarchical organisational culture to cooperative and solidarity-based forms.
To stop obeying and to make their own decisions. By building a collective identity from
their labor practices. By transforming alienation into labor emancipation by negotiat-
ing their working conditions. By making their own decisions about work processes. By
directing change and adapting it to their purposes through inventiveness and creativity.

The most common words used by them are self-management and autonomy, mas-
ters of their destiny, but also cooperation, learning and inventiveness. All these actions
contribute to think and build our future work.

5 Discussion

With the Pandemic, processes that were in developing stage or embryonic state had to be
implemented urgently. Making the parallelism with the approach to recovered factories,
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a possibility of analysis appears here to take into account in future labor situations. If we
think of the Argentine case as a test laboratory on an event that transformed the reference
situation and that was replicated in our continent and in Europe, it may help us to inhabit
other crises.

But, as ergonomists, what have we learned while going through this experience under
urgency?

Some ideas -that must continue to evolve-, have shown us that the possibility of
projecting ourselves towards a new horizon should not be based on prescription but on
proscription. We must use prospective to think the future because prospective ergonomics
is concerned with future needs. As ergonomists our work is built with each client. The
impossibility of going to the field leads us to create new and hybrid ways of approach.
We were also able to see which professional sectors, with protocolized urgency, had to
resort to the non-protocolized knowledge of experience so that the system would not
collapse. In urgency, action is reactive, so, the novelty in urgency will be our inventive
capacity. To inhabit uncertainty, ergonomists should be able to rethink our own work
collectively.

6 Conclusion

In the face of the crisis, it seems necessary to build a “culture of exception”, based on
cooperation, solidarity, self-management, assembly and care for others.

A democratic use of scientific knowledge appears as central in the linkage of
researchers and workers, but more important is the product of this linkage, since the
idea of action-research allows the appropriation of knowledge. One way of thinking
about current and future work is to analyze the actions implemented by workers facing
urgency and uncertainty produced by the paradigm shift and the globalized conflict. The
object of knowledge is to pursue certainty so as to direct change according to genuinely
human goals and interests.

Although crises change in scale, urgency and uncertainty will be repeated, it will
then be necessary for us to integrate them as a constant in life and work. Future work will
be variable, contextually mutable, articulated with other knowledge, circumstantial and
labile. Workers will be more creative and will absorb change more quickly. Apparently,
change will be the constant.
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Abstract. The relationships between territory and work are still insufficiently
explored from the point of view of the work activity [1]. In what way does the
territory cease to be only the “ground” where the history of work activities and its
protagonists are daily constructed to become a category of analysis?

The territory is asymmetric, and it often assumes the status of constraint, as
evidenced in the case study in the road passenger transport sector we present
here. However, the territory is also acted upon, it is enriched through the actors’
work activity. How does the activity compensate territorial inequalities? How to
methodologically apprehend these territorialization processes?

The concept of place emerges full of pertinence from this analysis as media-
tor and the visible side of these processes. Given their heuristic nature, we iden-
tify these places as “markers”, material or symbolic, of how the work activity
contributes to the reconfiguration of the territory.

Keywords: Territory - Work activity - Territorialization processes

1 Introduction

The territory must be interpreted, and not only taken into account, as a variable describing
the differences in economic or employment distribution. Territory is more than just a
physical set of material landscapes together with their biophysical system, it is the
product of its protagonists, their interactions, powers, capacities, and initiatives [2, 3].
The territory is, then, socially built, and it can congregate simultaneously coexistence,
conflict, and contingence [4].

Hence, we abandon the notion of territory as an object, per se, and instead we
consider it a process, though itis frequently envisioned as heterodetermined (as a political
institution), and less as revealing about the work activities, which is our goal here.

Such a territorial perspective, which encompasses the point of view of the work
activity, goes beyond translating the methodological option “for a scale of analysis
that stays closer to reality, a kind of descriptive thoroughness (...). Understanding the
territory demands [our own emphasis], such an understanding since the beginning” [5,
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pp. 62—63], and reveals there is an analysis category missing, the one that distinguishes
macro and micro perspectives [6], once the territory is, in itself, its synthesis.

In order to demonstrate the pertinence of this theoretical assumption, that the work
activity intervenes in the territorialization processes — that is, in the processes inherent
to the territory production and development —, we will revisit a study developed in the
transport sector. The “territory sensitivity” [5S] when planning a public transport service
is particularly noticeable in the case of road passenger transport. The bus routes suffer
changes according to the densities some places produce and to their mobility generating
poles.

In redesigning the layout of the mobility networks, some territories tend to be left
out of the discussions inscribed on the “mobile society” paradigm [7]. The case study
we hereby present takes place in a territory with such characteristics — it has a vast area
and a low population density.

Despite the widespread awareness that the territory characteristics play a role in
the production of differentiated mobilities (e.g., territory geomorphology, access struc-
tures, population density and type of economic activities), sometimes reproducing social
inequalities in the access to the public transport service, the added value of an analysis
of the drivers activity in a context with these characteristics consists in also highlighting
alternatives to compensate such inequalities [8].

This study also raised other questions: how to methodologically apprehend such
territory appropriation and transformation through the work activity?

2 Objective/Question

As far as the mobility projects are concerned, the designers of the transport networks
play the starring role in the definition of the bus lines, their perimeter and boundaries,
and of the bus stops. Which conceptions of territory do their practices reveal?

How do the workers that use this transport network in their activity on a daily basis
take part in the debate about the evolution of the mobility path? May their knowledge
about life in this territory grant them the status of legitimate actors in the redesign of
the mobility network? Which mediators can be used to methodologically apprehend the
territorialization processes through the work activity?

3 Methodology

The research was part of a project to redesign the public transport network by bus in a
municipality in the center region of Portugal, characterized as a “predominantly rural”
territory.

The improvement of the public transport services in rural areas and low on
population density is considered as a matter of priority to foster territorial cohesion
and social equity. Well, the mobility conditions by public transport in this territory have
the following traces: (i) scarce offer — limited to two journeys per day, in each bus line,
at the beginning and at the end of the day, to meet roughly the school schedules, and also
limited to working days and to the school year; (ii) lack of interface between the different
lines (radial configuration of the transport network); (iii) there is no offer of journeys
adapted to the work schedules in force at the local companies (e.g., wood industry;
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metalworking industry; pharmaceutical industry); (iv) reinforcement of the transport
offer circumscribed to the day of the weekly fair.

As a result, the drivers work schedules are, in this case, “cut” and defined by the
pendular movements. Additionally, some of the journeys are “empty”, because the pas-
sengers ride is only in one direction in each journey (from the outskirts to the center in
the morning; on the other way round at the end of the day), as stated by the drivers, as if
their activity demanded a permanent confrontation with alterity - an “empty” circulation,
instead of driving passengers, is itself a constraint.

3.1 Participants

The team of designers who took part in the redesign of this transport network was
composed by three engineers, two geographers and one mathematician.

All the drivers (N = 6) from this network joined the sample, whose characterization
is presented in the following table (see Table 1).

Table 1. Drivers’ characterization’

Drivers Gender Age Seniority in the
company (years)
MIl Female 36 1
M2 Male 37 6
M3 Male 54 8
M4 Male 35 2
M5 Male 58 19
M6 Male 54 9

3.2 Data Collection and Analysis

Observation of the drivers’ activity (around 160 h), as well as interviews with each of
them (average duration of 1 h) and with different territory stakeholders (representatives
from local authorities and company) (average duration of 1 h 40 m), and members of
the design team responsible for redesigning the layout of the mobility network (average
duration of 1 h).

These analyses gave a strong contribution for a better understanding and interpre-
tation of the territory’s cartography, developed by the designers’ team. In return, as the
work activity contribution was not inscribed in this cartography, we highlighted later on
traces, both physical and symbolic, capable of illustrating such legacy, to avoid that one
territory might “hide” the other and exploring the “sense of place” for the work activity.

4 Results and Discussion

4.1 The Territory as a Set of Space-Related Indicators

The designers and the drivers reveal a different appropriation of the territory. The first
look at the territory, invoking Latour [9], as a matter-of-fact. An example thereto is
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the collection of indicators (e.g., populational density; mobility generator poles; origin-
destination matrices of movements), and the creation of maps — using cartography and
Geographic Information Systems as resources —, considered the main tools to know and
represent the territory (see Fig. 1 and Fig. 2).

Fig. 1. The designers’ perspective: representation of the territory according to the variation in
populational density — “why are the dynamics or deficits produced here and not somewhere
else?”

Fig. 2. The designers’ perspective: representation of the territory according to the density genera-
tor poles and, consequently, mobility poles (e.g., schools, health center providers, public services)
— “how do the uses of public transport change in these locations?”
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In order to illustrate the contrast between this perspective of territory and the one
translated by the work activity we will hereafter refer to a specific bus line — “Meligioso
- Mortagua” — identified with the bolder line in Fig. 2.

4.2 When a Territory ‘“Hides”” Another Territory: Which Territorializations Are
Produced by the Work Activity?

These drivers live in the municipality where they work and are legitimate actors in that
territory. Unlike an urban context, here the drivers know their clients, their names, where
they live, and their distance to the nearest bus stop.

The observations and the interviews reveal strategies that are followed in the work
activity so to shorten the distance for some territory inhabitants to the transport network
and to expand the limits of the line layout. The introduction of unplanned detours in
specific points to transport those who are further from the route or making more stops
than defined (see Fig. 3), are strategies the drivers develop to compensate the inequalities
the transport system ends up reproducing.

The analysis to these territorialization processes enables a heuristic opening to the
concept of territory, as it moves from the territory as a result (as the activity “ground”)
to its production.

Santa Cristina

Moitinhal

Gandara
Vale de Mouro
Mortagua

A
-

— Layout decided by the designers
©  Bus stops defined by the designers
© Bus stops introduced by the work activity

‘ Starting and ending places of the work activity

Fig. 3. Representation of a line in the transport network conceived by the mobility designers (base
layer) and of the signs of the deviations made along this line, and solidified in the territory, due to
and in the drivers’ activity (layer with the signs of the activity)

The knowledge of the drivers as citizens-workers from this territory is brought to the
activity to answer the population actual needs: is it necessary or not to make a detour to
the line layout to “catch” someone that stays far away? Is it necessary to stop elsewhere,
even though it is not expected nor properly signed? The mobility potential that may
benefit those who use public transport comes partly from the drivers’ activity in this
context, and from the alternatives that activity has been consolidating. As such, we share
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the reflection that space needs time thickness, silent repetitions, slow maturations, to
become territory [10].

Following this reasoning it is important to clarify the “equivocation of the heritages”
[11, p. 5, free translation] of designers and drivers. In fact, we cannot ignore that they
“(...) belong to two different worlds and if they are different it is, before anything else,
because the solutions (...) they advocate for the problems result from the different spot
occupied by ones and the others (...)” [12, p. 200, free translation].

Let’s say thatrather than a matter-of-fact, the territory constitutes a matter-of-concern
[9] of debate and of dialectic between different scales of analysis [5]. For example, debate
about the notion of public service that crosses the drivers’ activity, reinforcing that the
guarantee of their delivery cannot leave hidden the inherent conditions to access such
service.

This study also led us to additional questions from a methodological point of view:
which mediators can be used to apprehend the territorialization processes through the
work activity?

We have dared to try and represent the territory in a map that does not considers
exclusively the indicators used by the designers but shows an overlapping layer (see
Fig. 3), with reference to bifurcations, interactions or forms of sociability that set up the
territorialisations processes. These processes unravel daily, with more or less repetition,
in specific locations. Still, there is always something unprecedented about it.

We have explored the sense of “place” assumed by the drivers as spots along the
way where there are bifurcations, and there are alternatives that the activity proposes to
face the asymmetries of resources reserved to those places (e.g., distance greater than
3 km/1.86 miles between stops; stops with no shelter). And we have identified these
places as “markers”, physical or symbolic, of the territory. They are pivotal-points [13]
in the interactions and the uses of the territory by the citizens.

As an example, we have identified as physical markers places where a stop is impro-
vised (see Fig. 3), for example, an outdoor, a post box on the road, but also the doorstep
of a café because the effective stop offers no shelter for the passengers. Other examples
are related to the place where the journey begins and ends (see Fig. 3) — in this case, it is
actually the driver’s house, bearing in mind that the drivers in this network were assigned
the line closer to their houses; the bus is taken home, avoiding additional costs for the
company if the bus had to drive “empty” around 35 km/27.75 miles until the collection
site, located in a different municipality. In turn, examples of symbolic markers are: the
inexistence of separation between the passengers entry and exit out of the bus (there
are no barriers to entry, the passengers do not show the commutation ticket — they are
everyday passengers!); the existence of “regular” seats in the bus (e.g., one of the drivers
has established an order, based on age criterium, reserving the front seats for smaller
children and the adults in the back of the bus); or the definition of a place inside the bus
to place the schoolbags (thus avoiding carrying the schoolbags while standing).

Unlike a territory approach based on indicators — for example, count the number
of passengers per stop properly signed along the path, as the designers do it — the
identification of these markers, from the work activity perspective, reveals other places
that shape the territory. They are places of debate and normative activity, by the work
activity, they consolidate interactions and mark collective identities [14].
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Hence, to address the territory as an operative device implies showing its permanent
update, its daily maturation, as something acknowledged and shared as a collective
resource.

5 Conclusions

This study allowed us to reinforce the idea that the territory is not merely a form to
index the phenomena under analysis; it is not simply a geographic invariant of the work
activity; nor is it limited to the observation slots the researchers cut out and define as
their spaces for context appropriation. Here is the challenge: if the territory is not only
a space described by the researcher, if it is acted upon and its existence is permanently
kept or renewed by the work activity, how to depict the territory from “the inside”? How
to reveal the territorialization processes, built from discreet daily actions? And how can
they be given back to all the territory legitimate actors? These are the questions that
make us pursue the debate on territory as a collective resource.

The territory-place relationship, considering the place not as a strict location, but as
a pivotal-point, a material or symbolic marker of the territorialization processes, makes
it possible to explore how the work activity contributes to produce territory. The concept
of place is the visible side of the territory and it is the synthesis of the debates about the
norms and values of the protagonists, workers, and citizens.

These findings, and their discussion with the designers, were determinant for the
redesign of the local transport network and the extension of its territorial coverage.

Nevertheless, the territorialization processes keep evolving, following the changes
in the places where their main users start the journey, and their needs: some places will
disappear, while other will reify.

Despite the petitions the population does every now and then, asking for a deviation
or asking for an addition stop, the request is not always attended nor is the time to answer
compatible with the evolution of the population’s needs. The challenge then persists:
how to guarantee the sustainability of the territorialization processes while at the same
time settling their recognition as a territory asset?
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Abstract. The expansion of teleworking, driven by the COVID-19 pandemic,
places at the center of the research agenda, the possible implications for the tele-
worker’s health. This research aims to explore the lived experience in reward,
social relationships and mental health in Colombian teleworkers, reported in
phenomenological interviews, and to compare in which extent such experience
matches with the scores obtained in sub-scales of recompense, social support,
and the Goldberg general health scale, in a sample of Colombian teleworkers. A
convergent mixed method QUAN + QUAL = corroboration, was used. The partic-
ipants were adults, living in Colombia, with a teleworking contract for more than
six months. Recruitment was done through social networks (Facebook and Twit-
ter); a typical case sampling method was used. A comparison of the quantitative
and quantitative results was made according to the common concepts identified
in the two data sets. We identified in which way the data converge, diverge, or
expand the understanding of the results. The quantitative and qualitative results
confirmed each other in all cases. The main protective factors for the Colombian
teleworker health identified were being able to avoid the use of public transport,
saving time, and the comfort and tranquility of work from home. The main risk
factors identified were reduction in social activity, reduction in physical activity
and overwork.

Keywords: Telework - Reward - Social support - Mental health - COVID-19

1 Telework

Telework refers to the work modality in which the worker carries out his work through
information and communication technologies (TIC), without requiring his or her pres-
ence in a specific place. At the present day, this modality of work has been positioned as
a first option for workers and employers. The consulting firm in solutions for telework
MySammy [1], reports that, by 2019, 20% of the world’s workforce teleworks. In Colom-
bia, the implementation of the teleworking modality has experienced a constant growth
in the last decade. According to the Ministry of Telecommunications [2], between 2012
and 2018, the number of Teleworkers in the country went from more than 31,000 in
2012, to almost 123,000 in 2018.

We highlight the contingent character that has taken the modality of teleworking
during the social isolation produced by covid-19. A survey carried out in Spain with
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280 people [3], found that 40% of them continued working during the crisis in the
telework modality. In Colombia, the Ministry of Labor issued guidelines indicating to
employers that they must authorize teleworking for all those workers for whom it is
possible (Resolution 385, March 12, 2020).

Telework Risks and Benefits for the Teleworker. The main topics investigated are
job satisfaction and quality of life. The studies mostly report an improvement in quality
of life and an increase in job satisfaction [4]. Nevertheless, some studies have reported
overwork [5], perception of workaholic [6], and conflicts between work and personal
life responsibilities [7].

Regarding mental health, the main protective factors of teleworking identified in the
studies were the increase in autonomy [6], work flexibility [8], reduction in travel times
and being able to avoid the use of the public transport [9]. With respect to the risk factors
for mental health that have been identified, the main risks are associated with a decrease
in social interaction accompanied by a feeling of isolation, perception of loneliness and
loss of contact with peers [6]. Regarding to overwork, this causes recovery times to get
shorter and shorter [8, 10, 11]. All these mediating factors can lead to a higher level of
fatigue and to an increase risk of exhaustion [10].

The research about teleworking experience in Colombian context remains scarce. The
analysis of the teleworkers experience, their working conditions, and the implications
for their health, can provide important information for the development of strategies that
seek to eliminate or mitigate the negative effects related to teleworking and enhance its
positive effects.

2 Objective

The objective of this research was, to explore the lived experience in reward, social rela-
tionships, and mental health in Colombian teleworkers, reported in phenomenological
interviews, and to compare in which extent such experience matches with the scores
obtained in sub-scales of reward, social support, and the Goldberg general health scale,
in a sample of Colombian teleworkers.

3 Theoretical Framework

Reward. The self-regulation of the individual depends on the successful exchange
through social roles in adult life [12]. Based on this theory, Siegrist [13], develops
the work stress model: effort-reward imbalance. His model suggests that the perception
of the worker of an imbalance between the effort he invests in carrying out his work and
the rewards he receives, promotes a state of emotional distress and sustained tension that
affects his health [12].

Social Support. Some studies have shown that receiving adequate social support can
have a moderating effect on work stress. The demand-control-social support model [14]
propose that the higher risk of negative effects on psychological well-being and illness
occurs in workers with high demands at work, low autonomy, and low social support
[15].
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Mental Health. Mental health has been defined as: A state that can be indicated by
moods and positive or negative affects. As a process that is indicated by the behaviors
that are carried out; for example, an effort behavior or a resignation behavior. And also
as the outcome of a process, such as suffering a loss or a significant event. Mental health
has been associated with personal characteristics such as coping styles, personality traits
and competitiveness [16].

3.1 Methodology

A convergent mixed method QUAN + QUAL = corroboration was used. The participants
were adults, living in Colombia, with a teleworking contract for more than six months
Recruitment was done through social networks (Facebook and Twitter); a typical case
sampling method was used.

We did a parallel collection of qualitative and quantitative data. For qualitative data,
a scripted semi-structured individual interview was used. It included 10 questions about
the teleworker experience at his work. The sessions were held in a video-call with the
google meets platform in the free version. The quantitative data were collected with
three questionnaires answered on the web platforms surveymonkey.com and survey-
planet.com. The quantitative variables were: 1) Sociodemographic data; 2) Score in the
subscale of Reward (Effort-Reward Imbalance) Spanish version [17]; 3) Score on the
social support subscale of the Questionnaire JCQ (Job Content Questionnaire) version
in Spanish [18]; and 4) Score in the Goldberg General Health Scale (GHQ-12), 12-item
version [19].

Data Analysis. Qualitative data were analyzed following the phenomenological method
descriptive proposed by Moustakas [20]. Quantitative data were analyzed with univariate
descriptive statistics of the results on each scale. The sample was divided by marital
status, sex, and age range into groups. A bivariate analysis was performed with the
Mann-Whitney nonparametric U test for independent samples. The SPSS software was
used. Secondly, for the data integration, a comparison of the quantitative and quantitative
results was made according to the common concepts identified in the two data sets. We
identified in which way the data converge, diverge, or expand the understanding of the
results.

4 Outcomes

The participants were six (N = 6) Colombian teleworkers - three women and three men.
Average age was 32 years (S.D: 6.52) — minimum 24 years old, maximum 42 years old.
Two participants married, four singles. Three of them have children. The average length
of time teleworking was 22 months (S.D: 14.59) — minimum 8 months and maximum
48 months. Educational level of all participants was technical level. All participants had
an indefinite term contract. The participants were: two sellers of products and services,
a quality analyst, a changes coordinator, a person in charge of training processes and a
web manager. In three cases the company requires that they have a suitable workplace
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at home with some minimum characteristics and provides a computer with specific
characteristics and with the necessary software for the job. In the other cases, the worker
can access the information necessary for their work and carry out their work from any
device and anywhere.

Qualitative Outcomes. The description of the shared phenomenon telework was
organized into the following core themes:

Teleworking Working Conditions

e Not having to commute and not having to use the public transport allows to start the
working day on time and avoid crowds and insecurity. This reduces stress, provides
peace of mind, and promotes increased quantity and quality of sleep.

e Have delayed work or significant increases in workloads cause concern. Sleep and
rest hours are reduced, they work longer hours and even on non-working days.

Reward

e Receive an enough payment on time, to cover all expenses, and the comfort of work-
ing at home doing what you love, makes them feel calm, comfort, satisfaction, and
economic security.

e Having indefinite term contracts leads them to feel that their job stability depends only
on their good performance and compliance. They do not feel their position threatened.

e Meeting colleagues and bosses with long careers in the company, as well as receiv-
ing congratulations and recognitions, reinforces the perception of job stability and
promotion possibilities.

Social Support

e The group receives timely and almost immediate support from their bosses in case of
doubts and incidents of the work. This makes them feel supported and secure.

e There is no constant pressure from bosses, in this way stress at work is reduced. They
work more calmly, make fewer mistakes, and have a higher performance.

e Not sharing the same workspace with colleagues is seen as an advantage. In this way
there are no interruptions, noise and rivalries between peers.

e The group identifies a reduction in their social activity, represented in the little “face-
to-face” contact with other people. This can cause negative mood effects portrays in
boredom and demotivation at work.

Mental Health

e It is difficult for the group to disconnect from work. Especially when they leave
pending tasks. This situation affects the quantity and quality of sleep.

e Telework promotes good health due to the peace of mind and convenience of working
at home without pressure from bosses or colleagues and not having to use a public
transport system with many problems.
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Affectations related to mandatory isolation (COVID-19)

e The group has had increases in the workload and has seen the need to find more
activities to do without leaving home.
e The sense of social isolation has been heightened during the pandemic.

Quantitative Outcomes. The group of teleworkers, on average, receives a high reward
(23.67/28) and high social support (28.83/32) in their work. On Goldberg’s health scale
(GHQ-12), the average scores were 18.33/48. Higher scores indicate further deteriora-
tion in health. From these results it can be stated that do not exist affectations in their
psychological well-being. No statistically significant differences were found between
the groups by sex, age or marital status (Table 1).

Mixed Outcomes

Table 1. Mixed outcomes

Main Concept | Average Score

Qualitative Findings

Mixed Method
Meta-Inferences

Reward 23,6/28

“(...) more than the money is
doing what I like, that’s the
best. So I'm happy and
peaceful” (ET1) -- “It is very
good, to share more with your
Sfamily, you are a little more
rested on the subject of
sleeping more and that you do
not have to go out” (ETS)

“I do not see my work
threatened because I have
done my work very well”
(ETS) -- “My stability
depends only on that, on
being good at what I do. Of
my performance”(ET4) --- “I
cannot change the stability 1
currently have with this
company” (ET7)

Confirm quantitative
outcomes: The group
perceives that they receive a
reward that compensates for
their effort at work, this
perception is congruent with
the scores on the reward scale

(continued)
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Table 1. (continued)

Main Concept

Average Score

Qualitative Findings

Mixed Method
Meta-Inferences

Social Support

28,8/32

“And so it is with my boss,
support is immediate, you
know you can count on him
at any time” (ETI) ----
“(...)Well, I don’t have
pressure from my bosses, so |
work my way and I'm doing
well...” (ET7)

“Yes of course, I feel
recognized by my bosses.
They like how I do my job
and they have told me” (ET7)
-- “That support makes me
feel very happy, I think that
motivates to be more loyal
and more comfortable with
the work” (ET4)

“And the thing is that in the
office environment one
becomes saturated a lot, with
noise, having the boss by the
side, information and
problems and talks with
others, that saturates” (ETI)
-- “Working at home is
better, you work alone and
have no problems with your
coworkers”. (ET3)

Confirm and expand
understanding of
quantitative outcomes:

The group perceives that they
receive high social support at
work, mainly from its
immediate bosses. This
perception is congruent with
the scores on the Social
Support scale. Peace of mind
and performance benefits that
allow not sharing the same
workspace with colleagues
and bosses are highlighted

Main Concept

Average Score

Qualitative Findings

Mixed Method
Meta-Inferences

General health

18,33/48

“My current mental health,
excellent, I'm happy with my
job, 1 don’t handle stress, 1
sleep well” (ETI)

“My health is good, I feel
that I live less stressed, I am
calm. This has been the best
thing that has happened in
my life, teleworking” (ET3)
“(...) I think work promotes
it. I think it promotes it in a
positive way, because if I'm
good at my job then I'm
calm. That helps a lot to not
have stress” (ET4)

Confirm quantitative
outcomes:

The group perceives that
their current state of health is
"very good", this perception
is congruent with the scores
on the General Health scale.
It stands out as a promoter of
good health not having to use
means of transport and
autonomy
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5 Discussion

The results of this research are consistent with the research around the world. This study
contributes to the identification of distinctive features of telework: the importance of
having effective communication channels for the teleworker; appreciation for avoiding
the need to use the public transport (mainly in cities with mobility problems and inse-
curity); and the importance of family support in the teleworker activity. Note that the
group of interviewees, in general, do not depend on other co-workers for the realization
of their tasks. The productivity benefits of working without boss pressure and without
interruptions from colleagues have been identified in several investigations [6].

Some findings in the experience of the teleworker group, such as overwork, short
recovery times, reduced physical activity and the perception of low social activity, have
been classified as important psychosocial risk factors that can increase stress in the
worker [5]. In this study, the feeling of isolation was not investigated in any way, the
issue of reducing social activity emerged during the interviews.

The limitations in this research were the small sample size and the low control over
the data collection conditions. For future research it is recommended to consider gender
differences in relation to the integration and organization of work and the non-work
roles. In addition, to inquire in the context and individual conditions the cases where
isolation and low social interaction problems are excessive.

6 Conclusions

The main findings in relation to reward and social support allow us to affirm that the sub-
scales of reward and social support remain valid in the evaluation of teleworkers. Some
additional aspects should be investigated such as the social interaction of the teleworker,
communication channels and control of time and work schedule.

The mixed approach allowed us to identify specific conditions that constitute pro-
tection factors and risk factors in the group of teleworkers. The main protective health
factors for the group of study participants were avoid insecurity and traffic jams, time
savings, comfort of working at home, flexibility in schedules, and autonomy in the
development of work. The main risk factors for the group of participants in this study
were reduced social activity, overwork, inability to mentally disconnect from work, and
reduced physical activity.

The main effects caused by the mandatory isolation by the covid-19 emergency,
occurred in those workers linked to small companies that suffered losses. This situation
increased job instability.
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Abstract. The social distance imposed by the pandemic required new strategies
from experts who support the decision-making for drilling rig operations, guar-
anteeing the flow of information. However, they have not been shown to ensure
the agility provided by physical proximity. This article investigates the limits of
remote work and its impact on knowledge transfer during pandemics. Based on the
ergonomic work analysis methodology, the research identified that, without face-
to-face interaction, the team had to develop new collective and individual strategies
to ensure the construction of situational awareness and knowledge transfer. The
pandemic situation made it impossible for the ergonomists to monitor the team
in person, limiting observation possibilities. The continuity of the research will
allow focusing on observing selected events remotely to be validated with the team
members involved.

Keywords: Remote work - Knowledge sharing - Ergonomic work analysis -
Integrated operations - Collective work

1 Introduction

The social distance imposed by the pandemic required new strategies from experts who
support the decision-making for drilling rig operations.

This Operation Support (OPS) team brings together experts from different specialties
involved in drilling, maintenance, and demobilization operations of subsea wells in oil
and gas exploration fields. The OPR service functions uninterruptedly, with five groups
of 13 experts rotating in 12-h shifts.

The OPS team had always worked collocated, interacting in person, sharing the same
workspace. During the research, the first cases of COVID-19 appeared in Brazil, leading
to changes in the means of work and the insertion of new tools, with significant and
definitive transformations for the work activity. The team members were dispersed in
different locations, a few in the original room and the others in remote work from different
parts of the country. The monitoring of activities in person initiated by the ergonomists
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in September 2019 was suspended in April 2020. The social isolation required the
ergonomists to find new ways of observing the OPS team.

The team’s internal face-to-face communication changed to the remote communi-
cation platform, adopted by the company by the end of 2019. External communication,
with offshore and other onshore teams, has mostly migrated from the telephone to the
remote communication platform due to the easiness to share images and the quality of
the connection. However, in the absence of face-to-face interaction, there were reports of
losses in the communication agility inside the team, which could affect the anticipation
of problems, delaying their solution. The researchers identified individual and collective
strategies developed by the team to face remote communication limitations.

This article is part of a research that intends to integrate performance improvement
and operations safety for operational support and inspection teams of offshore rigs. The
study presented here has the general objective of building guidelines for the design of
new OPS Centers.

In this context, this article intends to investigate the limits of remote work activity
and its impact on the construction of situational awareness and knowledge transfer.

2 Methodology

The methodology adopted throughout the research followed the Activity-oriented
Ergonomics and Ergonomic Work Analysis (EWA), according to Guerin [1], to identify
the work characteristics and the demands for improvement under the point of view of
the activity.

In the face-to-face observation stage, before the pandemic, the ergonomists inter-
viewed around 83% of the work population. They monitored the activity of at least one
representative of each team’s experts. EWA tools were used to understand the work
activity and Post-Occupancy Evaluation (POE) tools were used to assess the original
work environment.

Systematic observations have started but were soon interrupted by the pandemic.
The imposition of social distance made it impossible for ergonomists to access the
workplace in person. Contact with the OPS team was made possible through the remote
communication platform. Two moments of individual and semi-structured interviews
were held: (a) between May and June of 2020 (b) and between August and September
of 2020.

As there was already a previous face-to-face contact between ergonomists and work-
ers, and a social construction established at the managerial and operational levels, this
approach’s result proved to be positive. The interviewees reported the changes they
were subjected to, the facilities implemented, the difficulties faced, and the expectations
regarding the ongoing transformations, which, in part, should last after the pandemic.

Although the researcher kept his camera open in all interviews, the interviewee was
free to open his camera or not. As a result, eventually, it was possible to glance at the new
workplaces. The repetition of themes and situations experienced, reported by workers,
allowed ergonomists to gather a set of aspects common to the group, validated later with
some team members. The prior knowledge of the activity that ergonomists acquired in
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the first phase of the research (before the pandemic) helped to understand the activity
transformations from the workers’ point of view.

With the ergonomists’ visits suspended and the OPS team geographically dispersed,
it was necessary to adapt the research objectives. The ergonomists started to monitor the
changes resulting from remote work that impacted both space and work organization.
Since some of these transformations may last after the pandemic, their understanding
allows a necessary update to design new Operation Support (OPS) Centers.

The collected data also included at least monthly conversations with the OPS leaders,
and, after September 2020, a researcher attended at least ten team meetings. These
meetings occur daily at the remote communication platform, in the beginning of shifts,
with an approximate duration of 40 min each. The platform allows team members to
share documents and screens of the systems used.

The method adopted by the research during the pandemic did not pretend an adapta-
tion of the tools recommended by the EWA to carry out remote observations. Observing
the work activities remotely was not feasible because of the workers’ geographical
dispersion. Although limited if compared to the face-to-face observations, the method
applied remained faithful in the intention to understand the strategies adopted by the spe-
cialists to carry out their tasks through a different and unexpected context. The results
obtained were validated with the workers.

Shortly, it is planned to continue the remote observation of team meetings. This
monitoring will deepen the understanding of the interaction between the OPS team
and the drilling rigs in operation, with subsequent validation with the experts involved,
expanding the knowledge of the work activity in the limits imposed by the pandemic on
the research team.

3 Original Context, Before the Pandemic

Before the pandemic, the OPS team used to interact collocated, sharing the same work
environment. The members of the OPS team collaborated internally in person. The OPS
team interacted remotely with external interlocutors, teams on board of the rigs, or other
onshore teams, using Information Technology and Communication (ICT) systems. Their
work environment included individual work consoles with computers and two or three
monitors, telephone with audio conference facilities, video wall for sharing monitoring
screens, and TVs to share images from the closed-circuit television (CCTV) system of
the drilling rigs. They also had two meeting rooms with video conference facilities.
Each member of the OPS team has a distinct specialty related to the stage of the
drilling, maintenance, or well abandonment process, and is under the leadership of a
specific manager. Therefore, it is a multidisciplinary team whose leader is not their
direct manager. Another six employees worked in the same room in related activities.
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The layout of the room consisted of consoles facing the video wall. The experts
are distributed in the workstations by interdependence in the operation’s processes.
This arrangement contributes to easy communication and allows the rapid formation
of workgroups, whether to participate in an audio conference, discuss a monitoring
parameter on the video wall, watch a video generated by the drilling rigs CCTV system
or discuss a common subject (Fig. 1).
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Fig. 1. The original room layout allows different arrangements for interaction.

4 Changes Due to the Pandemic

With the start of the pandemic, the company needed to adopt emergency measures,
among them: (1) the geographical dispersion of the OPS team, to assure social isolation;
(2) the changing of the shift regime, to reduce weekly trips; and (3) the implementation
of ICT improvements, to make remote work feasible.

The OPS team members started to interact remotely, working from different loca-
tions. The criterion adopted by the company established that employees from the risk
group would work in the home office and the rest would stay working in the original
office or start working remotely in offices of the company close to their residences. The
objective was to avoid trips and reduce commuting, as several team members came from
different Brazilian states. In December 2020, the working population’s monthly average
working from home was 42% (Fig. 2).
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Fig. 2. Team members location during the pandemic.

S Comparison and Results

The interviews revealed that the team’s geographical dispersion had a direct impact on
work activity. Although it did not impede carrying out the tasks, it required new team
strategies. In distance work, the exchange of information and experiences between team
members has changed substantially. The work activity took a different form, without the
intense interaction of the face-to-face work.

The original collocated work had allowed the team members to interact more: (1)
One could listen to the speech of another at their side while talking on the telephone
with others involved in the process, intervening to participate and contribute with their
expertise to the analysis and solution of an issue; (2) one could quickly call the attention
of another to a monitoring detail on the video wall; (3) one could ask a question to another
without interrupting him at an inappropriate time. In all these situations, because there
was oral and visual communication, the discussion could expand and quickly involve
other experts present in the room, building a collective representation of the problem and
discussing possible risks and solutions. As a result, the developments ended up involving
the team more broadly. Even those who did not contribute directly to a particular analysis
could closely follow the solution.

In the new reality of remote work, the research identified significant differences.
Remote discussions, most of the time via chat (text message with the possibility of
attaching documents and images), usually involved only those called to discuss a prob-
lem. Chat groups are numerous and often set up for a specific discussion. If someone
were not included in the chat, it would be difficult to find out about the meeting, impact-
ing problems anticipation and solutions agility. The following speech of a team member
exemplifies the issue: “It turns out that the impact is great because there is a delay
of the information that would have arrived faster if everyone were in the same room.
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Something happens and may take a long time to be informed. A loss on a well started
yesterday. I only knew because the drilling rig chemist called me.”

The research identified, through conversations with OPS team leaders, new strategies
applied collectively using the company’s communication platform. At the beginning of
the shift, a daily meeting was included, sharing information about wells operations,
generally without video for better audio. A chat group was also created for the OPS
team, where each member could formalize information about their specialty during the
shift, using text messages with the possibility of sharing documents and images.

The research also identified individual strategies adopted by team members. Inter-
views indicated the need for more attention to monitoring parameters when working
remotely, though most of these team members had reduced screens’ availability. OPS
team members also reported looking for more accurate information about events in the
chat message history, although the number of chat groups is enormous. The speech pre-
sented next, from a team member following chats with events in two different wells,
exemplifies the issue: “When you arrive, you have to read [the chat history] to keep up
with what’s going on. Yesterday I had an operational situation that I thought was dan-
gerous unless they had done an oil cleaning”. The specialist contacted another offshore
team who first said the equipment was clean and shortly afterwards said it was not clean.
The rig team claimed it was clean but with no details because the shift had changed just
before. “[Searching the chat history], I found a record that it had already been cleaned.
It was not the best cleaning... but it was clean.” The equipment in question remains in
the well for up to 20 years. “There is a great risk of having oil and gas trapped under-
neath. When removed, you need to be careful. The proximity [of the OPS team members]
gives agility [to communication]. In the distance, you need to be more attentive, looking
carefully for problems.”

Since the company adopted the remote work in an emergency, there was no time
to implement ICT and physical resources in the workers’ homes. The company quickly
provided external access to the systems, but not all residences had a high-speed internet
connection with the necessary quality. Sometimes it was required a cell phone as a
backup, other times the audio of a remote meeting could oscillate. Regarding physical
resources, as corporate notebooks were initially intended for occasional use, not all
specialists had one in conditions for continuous use. The notebook is not the most
suitable equipment for OPS team members to carry out their activities. Due to the
typical characteristics of Integrated Operations (I0), the original work environment
had dedicated workstations with two or three monitors, videowall, and TV. Most team
members do not have a dedicated physical space and equipment at home that can mirror
the original workstation, including desk, chair, lighting, air conditioning, and noise
control. In addition, experts working from home continued to work on a shift basis (night
shift from 7 pm to 7 am; day shift from 7 am to 7 pm) though, during the pandemic,
family members were all at home. In addition to spouses working remotely, classes at
schools and universities throughout 2020 remained almost exclusively remote in Brazil.
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6 Discussion

The results indicate that the OPS team’s internal interaction impacts two processes in
particular: (1) The construction of collective situational awareness and cognitive syn-
chronization: Chat interactions are frequent but segmented into events and specialties.
Remotely, each team member is very focused on the activities of their specialty. The cir-
culation of information between specialties is dependent on the OPS team leader’s effort
to encourage the sharing of information and on the individual response of each member
of the team. (2) The knowledge transfer between team members: The lack of face-to-face
interactions weakens the trust between team members, critical for knowledge transfer.
Besides, tacit knowledge originated from work experience is difficult to transmit orally
or in writing. There is a lack of interdisciplinary spaces for sharing work experiences.
The adoption of remote work immediately at the beginning of the pandemic was possible
because of the company’s efforts to provide the necessary ICT improvements and the
OPS team’s cohesive relationship, based on the daily face-to-face work. It is expected
that trust will be partially lost with the pandemic extending and the team’s constant
renewal. Segmented and less spontaneous communications can also result in difficulties
in the knowledge gaps identification that would be easily recognized and corrected in
collocated work.

According to Shon [2], “our knowledge is in our action”. In the face-to-face inter-
action, this knowing-in-action is present in a more concrete way, facilitating its sharing
and the construction of collective decisions. Filstad, Hepso and Skarholt [3] use the
same word “knowing” to describe IO knowledge sharing across boundaries. They define
“knowing” as “being able to frame the situation and find ways of collaborative working”
[3]. The collective strategies adopted by the OPS team, though it involves an additional
effort, facilitates knowledge sharing internally and externally, outside the OPS team
boundaries.

According to Dixon [4], the generation of collective knowledge involves reflecting
on actions and their results before moving on. This dynamic is observed today in the
team meetings at the beginning of the shift. Experts from different specialties discuss
the progress of operations on each drilling rig, highlighting the most significant events
and building common knowledge around these experiences that may be used a few days
or months later. Through this dynamic, experience is transformed into knowledge [4].

Explaining the need for physically open working arenas, Moltu [5] states that “the
work process between onshore and offshore operations are what constitutes the need
for powerful workstations, more permanent and based in a physical room rather than
laptop-based.” Although the pandemic justifies each member of the team’s personal
effort to carry out their activities remotely with the available resources, it is important to
highlight that the face-to-face interaction of the team in an environment equipped with
ICT technologies seems essential for performance improvement.

Filstad, Hepso and Skarholt [3] state that knowledge sharing in virtual teams requires
trust among team members, ICT infrastructure and “a sufficiently shared situational
awareness”. The confidence and integration of the OPS team had allowed the rapid
adoption of remote work without significant losses in meeting the operations’ demands.
However, it is impossible to reproduce the ICT infrastructure and physical resources
from the original environment in all team members locations. Additionally, remote work
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revealed difficulties in building a collective situational awareness. These aspects end up
interfering in the team’s knowledge sharing.

Moltu [5] considers that collaborative work in operation support (OPS) rooms
requires a large degree of self-synchronization. Differently from the traditional syn-
chronization of more hierarchical teams, Filstad, Hepso and Skarholt [3] explain that,
in self-synchronization, tasks are commonly distributed between peers and require “all
members having a peripheral awareness of priority tasks and resources”.

7 Conclusions

The new dynamic of remote interaction of the OPS team has been improving every day,
introducing new individual and collective strategies. Although it is quite effective in
fulfilling tasks, there are signs of impact on the agility of responses and the transmission
of knowledge due to the reduced interaction of the remote work.

The multidisciplinary OPS team interaction is characterized by exchanging informa-
tion and transferring specific knowledge from different specialties to build a collective
solution. Some of the drilling rig operations may simultaneously involve more than three
experts. The construction of new strategies proved to be fundamental. It had been pos-
sible because there was already trust among team members, rooted in the face-to-face
work activity before the pandemic.

However, interview results suggest that remote communication between OPS team
members requires an additional team effort and may compromise performance in the
medium and long term. The ICT infrastructure of the original work environment makes
it easier to distribute information in real-time and simultaneously to the entire team. The
collocated work facilitates interaction allowing face-to-face communication.

The limitations resulting from social isolation prevented the ergonomists from
observing the activities in person as required by the EWA methodology. This research’s
continuity will allow to deepen and validate the results obtained so far.
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Abstract. Supporting an organization in its future means betting on its develop-
ment by building a work use lab experimentation at different levels of its organiza-
tion. A mission conducted in a company in charge of supporting digital transition
of SME is an opportunity to present the multi-scale cooperation device that we
implement during twelve months. The productions of the actors involved at each
scale highlight the protagonists’ learnings and the development path that open for
the organization as whole. In discussion we are exploring the ways and means of
an organizational development through a work use lab that setup an ephemeral
and transitional learning device whose vocation is to become sustainable.

Keywords: Work use lab - Learning process - Design project - Capability and
power to act

1 A Work Use Lab Experimentation as a Developmental Learning
Process

A work uses lab is meaning a developmental learning process proposed through a multi-
level cooperative system that unfolds at different scales, crossing borders within an orga-
nization as well as connecting various organizations. Within this multilevel device, we’re
building transitional spaces [1] for human activities that are valuable for organization’s
cooperation and transformation [2].

In order to allow mutual learning process we are connecting various stakehold-
ers considered as “designers-for-use” and “designers-in-use” [3]. Designers-in-use are
equipped to collect their work situations, to share those with the designers-for-use. Pro-
tagonists are both tooled to co-design the future work forms, its organization, the new
products and offered clients services.

1.1 The Mission Conducted

The mission was conducted in a company in charge of supporting digital transition within
SME. Four SME were involved, in legal and health fields (judicial officers and pharma-
cies). Digital challenges coped by those SME, were mainly related to their relationships
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quality with various professionals and their missions scope enlargement, including client
as actor.
To drive the mission, we’re articulating three action scales as illustrated in Fig. 1.

Scale 1 Collecti K situati ( Designers-In-Use [D.L.U]
Individual work 0 ec' ng work situations The professional in SME
in note-books

settings (bosses and employees)
Designers-In-Use [D.1.U]
Scale 2 The professional in SME
Collective work Work appropriation < (bosses and employees)
appropriation and co-design &
Designers-For-Use [D.F.U]
-territorial advisors
-certification actors
- R&D actors
Scale 3
Futures for a work use lab . o
Certification, Coaching Mission appropriation ( Designers-For-Use [D.F.U]
by the sponsor Sponsor members

Service Offers

Fig. 1. A work use lab experimentation as a multi-level cooperation device

As to the first scale, the designers-in-use collect their daily work situations in a note-
book that reports frequency, period concerned, tools and resources mobilized, difficulties
and tips found, desired futures and visual associated.

As to the second scale, the designers-for-use and the designers-in-use were invited
to identify keys work activities that are the core of actual work and significant for future.

At the third scale, the sponsors deliver their appropriation about the conducted
mission, and explore the possible device usages.

1.2 The Involved Stakeholders and Their Productions

On scale 1, eighteen (18) designers-in-use harvested their work situations during
1,5 months. After a short training session, 18 notebooks were produced over a period of
45 days.

119 situations were collected revealing an abundant and exhaustive harvest: the
situations collected are mainly frequents (70 situations/119), and mobilize a range of
numeric resources (114 situations/119). For a large part, the harvesters imagine paths for
the future (99 situations/119). They frequently illustrate their work-lived with visuals
(92 situations/119).

On scale 2, the eighteen (18) designers-in-use meet eight (8) designers-for-use during
work appropriation. They identify six (6) keys work activities, three (3) in judicial officers
and three (3) in pharmacies. During co-design stage, the same stakeholders has projected
the digital evolutions and the competences and know how required at short, medium and
long term.

On scale 3 our sponsors are producing various documents - argumentation sheet-
that prospect futures uses based on this experimentation.

26 actors were involved in the mission.
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2 Results: The Stakeholders Capabilities to Produce Desirable
Futures for Work

The main results are highlighting protagonist’s capabilities to produce desirable futures
in the real work footsteps. These productions are witnessing their new capabilities to act
emerging during this learning process:

e As they’re collecting their own work, the designers-in-use are precisely reporting
their difficulties, revealing their tips and reporting tangible explorations of future
work forms as illustrated in Fig. 2:

Situation vécue : A AL & ol ol Qe O Algy

Quand ? i,

Fréquence do la situation : ponctuel

Description de la situatio

Outis, dont outils numériques utisés : — Ccnel X ol

& 0ockiee oo SU0ue ook olufoue @ Ty
* ocul debeign sl cun @y sbival e O\
Jyycine

Bénéfices, contraintes et astuces : m L

el

Futur imaginé Pour cette situation e qugues mois,sies o i}

Fig. 2. Note book extract: “setup of a pre-diabetic follow-up”

What does it tell about the professional situation:

Resources diversity: self-monitoring diary, blood glucose device

— Method: “Reassure, avoid diabetic treatment through a better diet, frighten, spike”.
Tips: “Introduce yourself as a diabetic to build confidence”.

The professional dilemmas he’s coping with: “Taking doctor’s place in terms of follow-
up, being in between, not overdoing it but being there”.

The articulation issues with other professions: “Either the doctor takes over the follow-
up or he delegates to the pharmacist”.

Collecting work situations reveals a both retrospective and prospective portrait.
Retrospective, it takes note of the work’s current resources, the main difficulties and
tips. Prospective, this portrait projects desirable for future work and its sustainability
requirements that are already being experienced as illustrated in the notebook extract.
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e As the “designers-for and in-use” are engaged in work appropriation and co-design
for future, they will evolve from individuals work settings towards the genericity of
their professions in a present-future continuum. For example, “come along with the
patient through a range of diversified services” means new medical knowledge of
chronic diseases, digital skills for cross-data analysis, patient file chaining and finally,
assistance in the usage of dematerialized services.

At this point, designers-for and-in use are identifying the need to support this digital
transition: work organization, customer relationships, network of professionals involved
in services delivery.

The first need deals with the control of the digital data chain in the network of
professionals involved:

— Debtors, creditors, partners, lawyers, regalian institutions for the Bailiffs of Justice;
— Patients, guardians, family, caregivers, doctors, hospital staff, nurses, physiotherapists
for the Pharmacies.

The second need deals with the role that users may play in a co-construction the
professionals are engaged in order to:

— Co-elaborate an evolving care process based on a shared medication review allowing
for long-term follow-up of patients (chronic diseases, poly-medicalized patients) in
the case of pharmacy dispensaries;

— Co-elaborate with the debtor the decision in a perspective of accountability that takes
into account the respect of the law and integrates a debtor actor who can be accompa-
nied in his negotiation steps, with banks for example, and potentially loyal as a future
customer.

e Involved during the mission our sponsor evolved from a focus on digital technology
impact on work, towards an ambition to build a “work uses lab” that could serve a set
of targets as illustrated in Fig. 3.

As a tool for monitoring skills evolution in real work setting, this “work use lab”
would serve a set of targets to come along with the SME, enriching the missions of
our sponsor. It deals with collecting learning work situations to reinvest into AFEST!,
identifying what’s emerging from digital changes in work and translates into support
needs at the upper level (professional certifications).

3 From Learning to Development

Our working hypothesis is that the proposed learning process to those actors, allows the
development of new professional capacities. The proposed device is settled at several

! The French law for the freedom to choose one’s professional future of September 5th, 2018
recognizes the possibility of training in a work situation. The AFEST is part of an “educational
path to achieve a professional goal”.
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Collect learning work
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Fig. 3. A work use lab: tool for monitoring skills evolution in real work settings

scales of one organization: it temporarily redraws its boundaries and offers a space
enabling contact within the work experience for diverse professionals in the exercise of
new action capability.

By doing this, a reflexive and prospective capacity is developed individually and
collectively. Its enables SME workers to collect their daily work situations and project
the future working forms with protagonists coming from others professional worlds [4].
It enables the territorial advisors to renew their mission content, based on the working
realities discovered with the harvesters. Our results enables our sponsor’s to draw and
enrich the future of his company.

The learning device we install into organizations is transitory and ephemeral, its
lifespan is variable, between 12 and 18 months. It could be crystallized within an orga-
nization through an instance such as a work use lab whose vocation is to be perennial.
As it creates potentials for the future of work, this laboratory needs to be invested at the
strategic level, then architecturally designed and orchestrated in its implementation.
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Abstract. Industry 4.0 generates risks renewing stakes for design project inte-
grating work activities, as it can be done in activity centered ergonomics and
participatory ergonomics. From a case study supporting a design project for a
plant of the future assembling metal additive manufacturing processes in aeronau-
tics, this article aims to show the contribution of using typical situations to define
requirements for industrial design projects 4.0.

The method is based on a construction of the approach, the identification
of typical exposure situations (through video and measurement), collective con-
frontation interviews (using typical situations) similar to reflexive and constructive
simulations, and the setting of requirements.

Results highlights specific exposure situations during the work, which the
interviews made it possible to understand, enabling to collectively debate organ-
isational, technical or social determinants, in order to transform them from the
point of view of the work, within the framework of the design project.

Keywords: Participatory ergonomics - Design project - Industry 4.0 - Typical
exposure situation - Metal additive manufacturing

1 Introduction

The industry of the future induces the automation and digitalization of the means of
production, leading inexorably to radical transformations of human work. In this context,
workers are going to be exposed to emerging hazards. It is necessary to act on them as
early as possible in the design projects mobilizing these new technologies. The challenge
is to promote safe working conditions by taking action at the stages of design projects,
which will lead to decisions that integrate health issues. The results presented in this
paper are based on an industry of the future design project in aeronautics. The aim is to
use metal additive manufacturing production equipment to print aircraft engine parts in
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3D. Worker interventions on these processes lead to potential exposures to micro and
nanoparticles with known health effects such as cancer.

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 or without taking into account the actual work and associated potential expo-
sures. Yet, activity-centered ergonomics approaches contribute to a better consideration
of work activities in design projects. This article is based on a theoretical framework
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 settings of usage) in
order to define requirements for design projects (Garrigou et al. 1995; Duarte and Lima
2012; Barcellini et al. 2014; Galey et al. 2020a, b; Souza da Conceic¢do et al. 2020; Kadir
and Broberg 2021). These technological and societal innovations therefore bring new
challenges to which ergonomics can provide answers.

The objective of this paper is to present preliminary results of a case study to accom-
pany the design project of a metallic additive manufacturing industry 4.0 based on the
identification of typical exposure situations in order to set up requirements for 4.0 design
projects.

2 Method

The research was carried out in an aeronautics company as part of a project to design a
10,000 m? site comprising 50 SLM type metal additive manufacturing machines. The
company’s objective is to gather and mutualize the group’s production means spread
over 5 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 intervention research, it appeared that the results could make it possible
to define preventive actions for similar workstations 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.

After a construction of the approach (Judon et al. 2019) with the company’s stake-
holders, reference situations were analysed at one of the group’s sites. The analysis of
two reference situations resulted in the production of videos of the work activity and
real time aerosol exposure measurement (CEN 2018; Galey et al. 2020a, b) during the
stages of human work on the additive manufacturing machine.

The synchronization of real-time aerosol measurements with videos of the work
activity (Rosén et al. 2005) allowed the identification of several typical exposure
situations. Variations in exposure could be associated with the workers’ actions.

Then, collective confrontation interviews were conducted with the management, the
health and safety committee, and the workers. These interviews consisted in present-
ing extracts describing typical exposure situations based on videos of the work activ-
ity and measurements to company stakeholders, similar to “reflexive and constructive”
simulations (Bobillier Chaumon et al. 2018).

The aim of these simulations was also to collectively build design requirements for
the choice of future machines and the organization of future work situations.
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3 Results

Typical exposure situations have been identified within these reference situations.

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

At this stage of the design project, several requirements for the future plant have been
co-constructed, as illustrated by these verbatim statements by the initial site preventionist.

“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.”

These requirements concern the choice of additive manufacturing machines to auto-
mate stages of the work activity leading to exposure; the installation of sensors in the
future plant to monitor in real time variations in particle concentrations; the separation
of production areas; or the involvement of operators in the design of the plant and in
training courses for this new profession for example.

4 Discussion

The project in progress does not yet allow to observe the final outcome on the work of the
integration of the design requirements into the overall plant construction project. How-
ever, we observe that the exposure situations made visible by approaches of ergonomics
and the development of requirements have been transferred from the reference situations
to the management team of the new plant design project. In order to reinforce consider-
ation of real work, new work observations in diversified reference situations, as well as
simulations with the design project stakeholders, should be carried out. More generally,
we note that the industry of the future will lead to the disappearance of certain machin-
ing trades (turners, millers) and the appearance of new trades (additive manufacturing
technician).

The theoretical and methodological lessons of this research intervention for design
ergonomics can be summarised in several points. First, it is necessary to start from
existing work situations in order to define typical situations. By making these situations
and their determinants visible through exchanges with operators, it becomes possible to
specify these typical situations. Then, on the basis of reflexive practices (simulations,
confrontation interviews, debate spaces, etc.). These practices notably enable the under-
standing of exposure situations, the comparison of situations, the projection of the work
activity, and design choices. The temporal dimensions are mobilised by these approaches
(Chizallet et al. 2020). The discussion of current situations reveals past work situations,
perceived exposures, and their determinants, influencing current situations and future
projections according to the subjects. Prospects for re-constituting past situations appear.
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Following this, a projection into future work activity is promoted, based on the char-
acteristics of the project and the nature of current work activities. The future activity
is mainly based on the discussions on the transformation of current determinants and
associated design choices. Finally, it will be necessary to accompany the work of the
designers, the implementation by the project management, the start and the design in
the use of these work situations whose determinants may still be brought to evolve.

The transformations brought about by the 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 (Béguin et al. 2015), it seems as if industry 4.0 is an opportunity to
question the where and the when of work activities.

5 Conclusion

The study carried out 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 of the future may be generated, requiring discussion and
mobilization of specific stakeholders in design projects. However, the automation and
real-time monitoring of work environment characteristics opens new perspectives for the
development of favorable working conditions. A better consideration of real work can
therefore be achieved using new exposure characterization techniques, without forgetting
to systematically involve stakeholders with knowledge of real work in the project.
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Abstract. In this paper, we analyze the work’s collective dimension of the logis-
ticians dedicated to supporting the offshore drilling oil and gas industry, in the
context of Integrated Operations (I0). We approach the work of the logistics
team focusing on the articulation and activation of collective dimensions within a
Logistic Integration Center.
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1 Introduction

Mainly due to the exhaustion of the closest fields, the oil industry has increasingly
explored more remote areas [1]. Such expansion has presented challenges the oil & gas
industry tries to solve through Integrated Operations (IO) initiatives. IO’s practices con-
sist in the implementation of special offices in the onshore installations, with facilities
such as videoconference equipment and other Information and Communication Tech-
nology (ICT) tools. Ensuring the supply of remote offshore areas has become essential.
Simultaneously, the offshore operation supportive logistic chain followed such expansion
and adopted IO practices. Thereby, the IO practices in logistics represent an attempt to
overcome such related challenges. These practices seek greater efficiency and continuity
of the offshore operation logistical support in increasingly more remote areas.

The implementation of IO concepts in the oil industry aims to increase the integra-
tion among different operational disciplines, geographically dispersed, and collaborating
companies [2]. In this context, the workers have been working in dynamic environments,
inserted in a collective activity [3]. Tasks are interdependent [4] and this type of orga-
nization demands complex social processes with the joint intervention of several actors
[5].

In this context, the work effectively done is still poorly mentioned in the literature.
It is known that workers face several challenges: collaborating with workers in other
departments; overcome organizational segregation barriers and integrated companies’
different areas and their particularities in terms of routines, tasks, and goals.
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Thus, this study focuses on the collective dimensions. We emphasis on the work of
logisticians and their interactions with company’s areas, that demand logistic services.
The logisticians are the main workers involved in the articulation and activation of
collective dimensions in the studied situation. We highlight a plan adjustment situation
through an example in which logisticians intervene to recover from unforeseen variability
that occurred in scheduled operations.

2 Theoretical Bases

The worker’s activity is always collective, to a greater or lesser extent, according to the
working situation [3]. From this point of view, it becomes impossible to understand an
operator’s individual activity without considering the collective dimensions of the work
in which the analyzed situation is inserted [6].

Collective work involves sharing goals [7] and presupposes the construction of a
collective representation of the situation in which the workers are engaged [8]. The
mobilization of several workers in a situation of collective activity results in a constitution
of a transversal collective of work, in which several workers engage in different, but
coordinated actions, belonging to the same process [9].

In order to carry out the collective work, it is necessary for the workers to build
a current status representation of the collective situation in which they are engaged,
based on facts regarding the situation status and the contributions of the other workers
also engaged in the task [8]. It is essential to define what the workers engaged in the
collective work need to share. This definition is important to understand the difficulties
and possibilities for the satisfactory operation of distributed work groups and of remote
collaboration [10].

The common referential is a functional representation shared among the actors of
a collective work, which guides and regulates the collective activity in which they are
engaged. This referential is a guide to action, constituted by a set of knowledge, principles
and values [11], and serves as a guide for the construction of mental representations
regarding goals, strategies, procedures, knowledge of the domain, limitations and criteria.

The construction and evolution of this “Common Operational Referential” along
the collective activity occurs dynamically among the operators. In situations of common
knowledge about the problem domain, the operators resort to recovery dialogues in order
to equalize the general knowledge. Thus, verbal or nonverbal communication makes it
possible to ensure that each engaged worker is aware of the facts regarding the status of
the situation, and that the same general knowledge about the domain is shared [12].

The understanding of his own role and of the role of the others by each engaged
worker is possible through a process established by the “Common Operative Refer-
ential”. In order to it happens is necessary the workers’ engagement in activities of
clarifications and explanations, which allow the building of mutual intelligibility [13].

3 Method

This paper is the result from a study carried out at the Logistics Integration Center
(LIC), composed of 6 workers from the Logistics IO and 7 workers from operational
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areas: ground transportation (GT) and maritime transportation (MT). These workers were
divided in two teams, working in day and night shifts. During the study, the LIC supported
33 drilling rigs (divided in 5 drilling areas) and 16 maritime unities (platforms, production
ships and special ships). The work was done with the support of five information systems,
electronic spreadsheets, and simultaneous message systems.

The research method was based on the work ergonomic analysis [14, 15] and was
developed in phases: (1) research and analysis of processes documents related to the
process of drilling and logistics adopted by the company; (2) research and analyses
of documents relating to the logistics process and installations and resources capacity;
logisticians work — procedures, processes mapping, etc.; (3) interview with the logistic
manager in order to have the access to the LIC; (4) observations of logisticians work
in different moments to know the diversity of work concerning different participants
in the LIC; (5) analysis of data collect during logistics works observations; (6) Work
observation and interviews of rig onboard workers; (7) validation interviews with study
involved actors; (8) presentation of study results to workers and logistic management.

4 Results

The central point of this study refer to the work of the logistic operators, considered
here as the central actors and activators of the collective dimension present in logistics
operations. Into this paper, the term logistic operators comprehends the different workers
that take part in logistic planning, negotiation and decision, such as logistic integrator,
drilling offshore supervisors, drilling onshore coordinator, maritime transport coordi-
nator, storekeeper and cargo deck supervisor. Thus, this article presents an analysis of
the logistical service planning work followed by the situations of planning adjustments,
resulting from the variability and unforeseen factors inherent to drilling operations. We
consider that through these two main actions that the Logistic Integrator activates the
different collective dimensions in the studied situation.

The logistic integrators of the LIC prepare the logistic plan based on the request
issued in the ERP system and in accordance with the supply ships’ schedule. These
issuers generate transportation requisitions of materials with different origins, destina-
tions and responsibility for the transport up to the respective port. Besides the company’s
warehouses, other origins are workshops, internal or external to the installations of the
studied company, and warehouses of outsourced companies. The materials destined to
the rigs must forcefully go through one of the ports used by the company. Then they
update the status of the requisitions and complete the plans.

This information serves as basis for work in the different logistic operational areas.
For instance, the logistic technicians analyze the information consistency together with
the drilling engineers residing in the offices of the pertinent rigs. The view per maritime
transport (MT) service cluster allows for specific works, both by the ground transport
(GT) and the MT. The GT representative at the LIC can calculate the necessary transport
cubage per truck and estimate the necessary fleet for the transport, as well as request
priority or other types of adjustments in case of need. The MT representative at the
LIC can calculate the necessary deck area on the supply vessel to be designated to the
transport.
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Once the logistic plan have been completed, the worksheet’s updated version can
be accessed and checked by the logistic technicians allocated in the different drilling
poles served by the local port. If there is the need to update the registered transportation
requisitions, such as postponing the delivery date, alterations may be requested by the
Advanced Post technician. These requests are made via email, phone call or instant
messaging system to the Logistic Integrator, located at the LIC.

The principal reasons for changing logistic plan are:

e Maritime transport —difficulties to level fleet capacity and demand in face of demand’s
quantity and variation, supply boats out of functioning due to maintenance needs,
deadline for crew changing and meteorological conditions.

e Port operations — variation in the duration of transferring cargo between port and
ships, specific functioning rules due to local infrastructure; weather conditions and
also cargo characteristics

e Drilling rig type — semi-submersible rigs are less stable and with less capacity to
receive cargo comparing to ship rigs, demanding more agility of the logistic chain.

e Drilling rig equipment — rigs with double rotating table are faster than regular rigs
while connecting drilling rigs and drilling the well.

e Incompatibility between rig equipment and drilling materials as well as service
providers’ tools and materials. Adjusting it can demand time, space on board and
or agility of the logistic chain.

4.1 A Drilling Rig

The situation here described occurred in a drilling rig, semi-submersible, located around
250 km from the coast. A rig normally accommodates nearly 200 workers between rig
equipment operators, drilling equipment operators, drilling service, equipment providers,
hospitality, maintenance, health and safety technicians, drilling rig management and
client company representatives (drilling engineers as offshore supervisors, geologists,
and health and safety technicians). The logistic chain supports the rig delivering food,
potable water, diesel, drilling equipment, tools and tubes, chemicals and others. Due
to restricted space on board, since its high coast in terms of steel and construction,
the rig needs to store as less material as possible, paying attention to not disturb its
operation because the absence of some necessary material or equipment. Because the
high costs of its daily functioning, stopping rig operations to wait for some material input
is undesirable and, consequently, it demands a lot of attention of the drilling offshore
supervisors and rig managers.

Three main teams take part in planning and operational decisions. The rig team
knows about rig capacities and tries to keep it as much available as possible. The service
providers go onboard with specific equipment, materials and drilling or special tubes to
be used together the drilling floor rig team. The contractor representatives team (mainly
the drilling offshore supervisors) knows about the client company needs, the well con-
struction plan and specificities, decides each step of the operations to be performed,
including preparation, and intermediates service providers, rig team, and the logistic
operations.
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4.2 A Demand for Logistic Adjustment

Rig A, Day 1: onboard rig A, on day 1, there was identified a necessity of adjustment.
The drilling tubes to be used the next drilling phase were different from the usual. These
tubes were shorter than regular ones and incompatible with handling equipment that
supports their connection. Until this moment, the involved actors were drilling team
and drilling offshore supervisors.

As Alternative 1, they consider to prepare and connect the tubes on the cargo deck.
It requires space on cargo deck for positioning the tubes with enough free area around so
the workers can assembly it in safety conditions according to companies safety norms.
However, there is a restriction: the cargo deck was full loaded with materials whose
backload was planned for day 6. Wait until day 6 would impede the assembly of the
tubes in time. It was necessary to anticipate this backload.

The opportunity was to transfer this backload to the supply boat SR that was deliver-
ing other cargos to the rig A on day 1. The boat SR cargo deck would be empty after trans-
ferring the cargo to rig A. Still on day 1, the involved actors (drilling offshore super-
visors, drilling onshore coordinator, cargo deck coordinator, and drilling team)
decided to anticipate the backload of these materials on boat SR.

In order to make this anticipation feasible, it was necessary to change the transport
requisition of these materials to emergency status. The storekeeper should do this change
and the emergency costs would be afforded by contractor. According to the supervisor,
these costs would be compensated by the possibility in anticipating the preparation of
the drilling tubes and to not stopping drilling operations.

After this decision, the negotiation of this logistic alternative was done between
the drilling offshore supervisor and the logistic integrator. The solicitation for using
the boat SR was initially accepted by the logistic integrator. During the night of day 1,
the client supervisor informs the other actors. It was necessary the storekeeper and the
cargo deck coordinator get the cargos prepared in time for the transferring them to boat
SR just after the ongoing transferring operation finished. The cargo deck coordinator
should also arrange the deck in order to guarantee the demanded space on it to start
drilling tubes preparation.

Day 2: On the morning of day 2, the Logistic Integrator informs the drilling supervi-
sor about the impossibility of the backload anticipation through boat SR. The super-
visor calls the logistic integrator and the Maritime Transport Coordinator, both
located onshore, and arguments about the importance of transferring this cargo to
boat SR. As an option (Alternative 2), the MT Coordinator proposes to do the backload
through supply boat 2, already near the rig A area. According to the MT Coordinator,
this boat could approximate the rig A area still in day 2.

In the MT Coordinator point of view, the boat SR would receive scheduled backloads
from other rigs before returning to the port. Receiving the anticipated backload from rig
A would limit boat SR capacity to receive the planned backloads of other rigs (differently
from port, offshore operations difficult accommodating cargo until boats full capacity).
These other backloads were tubes and rig A needed to backload other materials that
could damage if hit by some tube. In addition, the boat would demand more time on port
to transfer rig A backload and it would postpone port operations.
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However, according to the drilling supervisor, the Alternative 2 would lead to an
efficiency loss due to the time of boat 2 approximation of the rig (it demands safety
equipment tests and slow maneuvering before operating). The goal was to anticipate as
much as possible the rearrangement of the cargo deck to allow beginning the preparation
of the drilling tubes needed in the next phase.

After the argumentation, the MT Coordinator agrees to do the backload through
boat SR despite the related consequences.

5 Discussion

In this example, what seems to be a possible solution for those directly impacted is seen
as not feasible due to the technical conditions of the moment. Therefore, the anticipation
of the backload to guarantee space to allow the fixing of the equipment onboard is
considered impossible. Several workers, from distinct company areas — representatives
of maritime transportation and port operations, drilling supervisor, onboard logistician
— participate in the building of a solution to the problem.

The negotiation before related highlights a conflict between different logics. From
the Drilling rig A logics, the space on cargo deck is necessary to avoid postponing
its operations. From the MT logics, the boat SR needs to leave rig A empty in order
to achieve enough conditions to attend backload of tubes from its next scheduled rigs
according to planning and, consequently, to avoid disturbing their programed operations.
Finally, from the Port point of view, the main necessity is to allow fast operation with
the cargos in order to avoid disturbing its internal operations.

Thus, the search for solutions goes through other interlocutors. In this context, work-
ers in different sectors of the supply chain have a fundamental role to mobilize different
representations and build a collective representation that allows them to elaborate a
compromise alternative.

6 Conclusion

This situation illustrates the aspects related to the activation of collective dimensions
among involved actors. The case shows a strong interdependency between departments.
The search for a solution involves negotiating each proposed alternative, while handling
the problem. Initially, the construction of a common representation is difficult to achieve.
The possibility of sharing different representations between involved actors turns out to
be an essential condition to achieve a solution. As negotiations take place, collective rep-
resentation evolves and becomes a common reference. New alternatives will be analyzed
until the group reaches a solution considered satisfactory for the involved interlocutors.

Finally, this situation shows the double dynamism that affects logistic planning.
Drilling variabilities alter needs and deadlines and impose new conditions to the logistic
chain, which also has its own inherent variabilities. In face of it, the consequent ephemeral
character of the logistic planning demands the logistic operators to activate collective
dimensions to achieve an enough common reference that allows negotiation and decision.
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Abstract. The innovation of places is a field of knowledge focused on the design
and development of destinations such as regions, tourism, national parks, among
others. For that, co-creation workshops involving stakeholders were considered.
This article aims to provide a greater understanding of the role of boundary objects
used in co-creation workshops, where the knowledge of the participants is inte-
grated into the local innovation processes. This is an exploratory case study, applied
to a single Brazilian National Park. It was realized that boundary objects are of
great relevance since it facilitates the process in which individuals can, together,
transform their knowledge. Among the findings is the possibility of generating
intangible knowledge about places, strengthening the engagement of different
participants during facilitation, generating insights aligned with the objectives
of the workshops, and applying individual knowledge throughout the process of
collaboration regardless of previous experience in co-creation.

Keywords: Co-creation - Boundary objects - Place innovation - Prototyping -
Self-confrontation

1 Introduction

The research directed towards place innovation has been the focus of different researchers
and research fields (Lindberg et al. 2020). The term ‘place’ refers to a destination, city,
municipality, or region, that is, any type of geographically delimited area (Lindberg et al.
2015). Social, environmental and economic changes in places provide opportunities as
well as threats, given this fact, there is a need to plan, take advantage of opportunities, and
anticipate changes, aiming at the resilience and sustainability of places (Kenny 2017).

Place innovation, is a new concept, has its origins in social innovation and seeks
to involve stakeholders in the co-creation process, at the defined location. In practice,
it aims to design interesting environments for organizations, communities, and people
who are inserted in these spaces (Ericson et al. 2016).

To strengthen the attractiveness of these places, during the innovation process, cul-
tural, social, economic, and technical aspects are developed together, in order to increase
the attractiveness of the place among visitors (existing and potential), residents, and
investors (Lindberg et al. 2015). Involving the various stakeholders in the innovation
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processes of places is a paradigm shift that has contributed to the development of society
(Lindberg et al. 2015).

In order to involve stakeholders in co-creation processes, researchers and design-
ers develop workshops. Co-creation workshops have been adopted by researchers in
different contexts and aim to generate solutions to different problems together with
stakeholders (Egusquiza et al. 2021; Akasaka et al. 2021). Co-creative practices are con-
sidered practices in which one or more communities participate in creating new desired
futures. During the workshops, different tools, methods, technical or objects will be
important for co-creation activities (Holmlid et al. 2015).

The aim of this study is to provide a greater understanding of the role of boundary
objects used in co-creation workshops, where the participants’ knowledge is integrated
into the place innovation processes. This is an exploratory case study (Thomas 2015)
applied to a Place Innovation case. The location of this study is a Brazilian National
Park, which sought to understand the role that boundary objects play during co-creation
workshops, aiming at the design of products and services. According to Broberg et al.
(2011), the characteristics of boundary objects are very relevant to allow the participation
and collaboration of stakeholders in design activities.

The article is organized as follows: First, co-creation workshops will be contextual-
ized. Secondly, boundary objects will be conceptualized. In the third part, the boundary
objects applied to the analyzed case study will be presented. In the fourth part, the
research design is defined. Finally, based on the theoretical approach, is presented the
case in a national park and the results will be discussed in relation to the role of boundary
objects in the co-creation workshops for local innovation.

2 Contextualization of Co-creation Workshops

It is important to note that there are different ways of conducting co-creative practices
and a diversity of tools, methods, objects, and techniques that can be used. Mattelmaiki
and Sleeswijk Wisser (2011) suggested four types of co-design. In the first mode, users
receive the voice and their reports are used in the design process. In the second mode, the
contribution of users is facilitated with tools (co-creative) made available by designers
or researchers. In the third mode, the design is not only a facilitator but also plays
an important role in collective creation. In the fourth mode, designers and researchers
conduct the collaborative process of several stakeholders, not just a user.

Although different co-creation processes are found in the literature. Holmlid et al.
(2015), suggested the lens model. This model describes perspectives that direct the
process towards innovations in four lenses, being: (1) generation of insights, aims to
identify needs, desires, and potentials, (2) exploration of concepts, which can meet these
needs and desires, (3) convergence to specifications, participants converge on a shared
understanding of the service, as well as their responsibility in the development and
delivery process and (4) implementation, aims to make products and services viable. It
is not a linear model, and a co-creative practice can benefit more than one step.

Therefore, co-creation workshops are common mechanisms to involve users and var-
ious stakeholders and to explore insights together with researchers or designers (Holmlid
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etal. 2015). In this sense, the design objects are manipulated during the workshops, gen-
erating a new potential design for the desired future through the collaboration process
(Broberg 2010).

3 Concept of Boundary Objects

For Wenger (2000) boundary objects can be intentional forms developments, they are
instruments to help facilitate the learning process. According to Carlile (2002), boundary
objects have three characteristics. First, they establish a language that individuals can
represent their knowledge. Second, they provide a concrete means that people can use to
specify and learn about the particularities and dependencies of a given boundary. Third,
it facilitates the process in which the subjects are able to transform their knowledge
together.

Wenger (2002), divided the boundary objects into three, being: 1) Artifacts, 2)
speeches, and 3) processes. Artifacts can be physical and conceptual as words, tools,
concepts, methods, stories, documents, links to resources, and other ways of reification
that show our shared experience and around which we organize our participation. The
speeches refer to a common language that collaborates for people to communicate and
negotiate meanings across boundary. The processes are related to the explicit routines
and procedures existing in organizations.

Broberg (2010) classified boundary objects in the categories of Carlile (2002) and
Wenger (2000), and structured them into four types: (1) standardized forms and methods,
(2) objects, models, and maps, (3) discourses and (4) processes. Thus, two objects to
be discussed in this work were organized as follows: prototyping, in the typology of
processes, and self-confrontation, in the typology of discourses.

Prototyping is related to the process of mutual learning that occurs in a collaborative
configuration of co-creation. During the process, a prototype can be built and manipu-
lated (Brodersen et al. 2008). For the author, developing participatory prototyping is a
challenge that aims to create a common area within which participants can be involved
in co-creating possible futures.

On the other hand, self-confrontation interviews offer the opportunity to make certain
aspects of the participant’s experience updated and explicit, still implicit in the situation.
This interview aims to confront an individual about his behavior in a given situation
through the use of video or photography exposure. In this context, the subject must
observe this physical record of his actions and describe the course of his actions to the
researcher, making the moment, as lived, more intelligible (Theureau 2003). In this way,
the next topic intends to present the role of the respective boundary objects used in
co-creation workshops, where the participants’ knowledge is integrated into the local
innovation processes.

4 Research Design

This study aims to provide a greater understanding of the role of boundary objects used in
co-creation workshops for Place Innovation. Therefore, it is a unique case study, carried
out in a Brazilian National Park.
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According to Flyvbjerg (2006), a case study provides the researcher with proximity
to real-life situations, therefore facilitating the understanding of a social phenomenon.
For Yin (2005) the case study can be considered a research strategy that has in essence
to clarify a decision or a set of decisions, as well as the reason why they were taken, how
they were implemented, and with what results obtained within a specific situation.

Thus, the present study has an exploratory descriptive character, that traces a
sequence of events over a given period of time, describing a particular phenomenon,
within a singular reality. The data collected comes are from four co-creation workshops,
realized according to the fourth mode of Mattelméki and Sleeswijk Wisser (2011) in
which designers and researchers lead the collaborative process with several stakehold-
ers, not just a user. Data were collected by one of the authors through observations
participating in the workshops.

For the present study, the fourth workshop will be contextualized, in which two
boundary objects were applied, being self-confrontation and prototyping. Thus, accord-
ing to Broberg (2010) prototyping is in the typology of processes, and self-confrontation
is in the typology of discourses. Therefore, the case will be analyzed based on the four-
lens model of Holmlid et al. (2015) with an emphasis on the lens (1) insights generations,
although the process can reveal important contents of other lenses.

5 The Case Project: Co-design of Products and Services
in a National Park

5.1 Case Settings

The Restinga de Jurubatiba National Park (RJINP) is an environmental conservation unit
(UC) linked to the Chico Mendes Institute for Biodiversity Conservation (ICMbio). The
Park is located in the north of the state of Rio de Janeiro, has 44 km of beaches, and in
this stretch, there are 18 coastal lagoons of rare beauty and of great ecological interest.
This conservation unit has an advisory board, with 33 representatives of the government,
business, organized civil society, and surrounding communities (ICMBio 2008).

In March 2018, the RINP received approval from the ICMbio Public Use Plan,
however, between the strategies to make this plan viable, it was decided to develop the
Environmental Interpretation. Caetano et al. (2018) define Environmental Interpretation,
as a set of communication strategies designed to reveal the meanings of environmen-
tal, historical, and cultural resources, with the aim of provoking personal connections
between the public and the protected heritage.

The means of carrying out the interpretation can be divided into personal and non-
personal. Personal interpretation is performed through a guide or interpreter that accom-
panies the visitor throughout the UC experience and non-personal interpretation is devel-
oped through physical tools that promote interpretation, that is, interpretive products and
services. Therefore, ICMbio recommends that the process of designing products and ser-
vices be developed through participatory methodologies. Given this context, were opted
for co-creation processes involving the various stakeholders that are part of the board
of the RINP, therefore, a researcher became responsible for planning and facilitating
co-creation workshops.
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5.2 Co-creation Workshops for Service and Product Design

Four co-creation workshops were held with the involvement of stakeholders between the
period of March and August 2019. Therefore, the first workshop aimed to contextualize
the importance of the project to be developed. The second workshop presented the
methodology for the design of interpretive products and services and the alignment of the
priority areas for design activities. The third workshop presented the case of a Brazilian
national park that developed interpretive products and services. In the fourth workshop,
the stages of product and service development were presented and the generation of
insights began, using the prototyping and self-confrontation boundary objects. The co-
creation activities of the fourth workshop will be detailed in topic Sect. 5.2.1.

5.2.1 Boundary Objects in Co-creation Workshops

The activities of generating insights are about identifying needs, desires, and potentials
and, therefore, it is about opening space to encourage participants to reflect on what they
are experiencing and what they can experience in the desired future situation. Insights
can be considered as starting points for the product and service design process. (Holmlid
et al. 2015). In this sense, this step was carried out using self-comfort and prototyping
boundary objects.

After deciding on the priority area to start the product and service design processes
by the participants, the researcher accompanied two professionals developing activities
in this place, being an environmental analyst at the conservation unit and an exter-
nal researcher, as shown in Fig. 1. The audience for these activities were high school
and university students. Along the way, the researcher photographed six spots where
professionals stopped to talk to visitors.

Fig. 1. Immersion at the visitation activities

In this way, it was possible to map the visitor’s journey throughout this experience.
The visitor’s journey aims to identify the main elements of a service, understand the
links between all the different, elements over time, identify problem areas in a service
or areas, where new things can be added, and finally create empathy with different types
of participants (Design Council 2020).

From the photographic records, were adopted the self-confrontation with profession-
als, which was applied separately. With the researcher, it was carried out in his working
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office at the university and recorded, and with the Environmental Analyst, the technique
was applied during the fourth workshop. Through the ordered pictures, the professionals
were asked, what they were doing at that moment, what they were seeing, feeling, and
hearing, as well as, what resources they were using and how the visitors interact with
the experience.

The photos were included on the map that represented the journey made in the pri-
ority area (From the visitors’ center to Lagoon of Jurubatiba). Therefore, throughout
this process, stakeholders were able to understand how professionals perceived the visi-
tors’ experience, which tangible and intangible aspects were present in the context, and
therefore, how we could improve and innovate in that place. An example of one of the
professionals’ speech when verbalizing about the characteristics of the sandbank. An
important step for visitors, who, when they arrive at the Conservation Unit, are contextu-
alized about what a “Resting” is in the visitation room. Restinga are coastal ecosystems
endemic to the Atlantic Forest biome (Scarano 2002).

Researcher: How do you see the Resting? “[...] I see the Restinga as a multivariate
environment, it is not homogeneous, typical beach vegetation, then the Restinga vege-
tation formed by thickets, we have the lagoons, lagoons of black water, lagoons of clear
water, the lagoon of brackish water, freshwater lagoons.... You need to go with a very
open eye, not pre-conceived, for you to see different forms of life [...]”.

Researcher: What about the smell of this place? “[...] The smell near the sea has
the full of sea... At the end of the afternoon the smell of the sea is stronger, as you go
towards the continent, this smell will diminish and you will be no smell [...]".

Researcher: What about the color of the Restinga? “[...] the color is a very strong
green due to the vegetation, mixed, contrasting, with white, white sand, it is a strong and
dark green, with white sand, and it is very beautiful, like a typical picture of paintings,
landscape painters, very beautiful.

Researcher: What about the light? “[...] The Renting, unlike an Amazonian forest,
is an environment with a lot of light, light and with the possibility of seeing everything,
there is almost no shading in the bushes, little shade, shade only within the bushes [...]”.

Researcher: What about the texture? “[...] The texture reminds me of the sand, thick
sand, typical of this Restinga, during the day it can be very hot, that nobody can set foot,
in the months of January February and March, you can hardly not walk rest in Restinga,
the temperature is very high [...]".

Researcher: Is there sound in the Restinga? “[...] Above everything close to the
sea, you have the sound of the waves, the sound of the sea birds [...] As you enter the
Restinga, it is a calm, peaceful environment, that you will hear the noise of birds, or in
the late afternoon or early in the morning, the rest and a very pleasant silence [...] “[...]
Silence is very important in the Restinga because the species that have evolved in the
Restinga have suffered adaptations with an environment without noise [...]".

Researcher: What about the atmosphere in this space? “Itis a clear atmosphere, except
on foggy days, and this fog is stronger near the sea, otherwise it is a clean, transparent
atmosphere, and especially when the sky is very blue, it makes up the atmosphere with
the green of the Restinga one of the most beautiful sceneries that I consider [...].

In the verbalization of this professional, important aspects about the place are iden-
tified, it is an important content for the process of designing products and services that
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can contribute to maximizing the experience in the place. According to Holmlid et al.
(2015), many organizations carry out the prototyping of experience design as a way to
get out of the box and co-create “the feeling of things”.

In another scenario, it would be common to hear scientific concepts about what a
sandbank is, generating few values and intangible content about the place. Considering
that the map of the priority area was attached to the flipchart, with the respective photos
of the journey (Fig. 2), and the participants already with information obtained from the
self-confrontation about the journey, the prototyping process began.

Fig. 2. Prototyping on the map around the priority area.

For this, the participants signaled their insights for each of the stages of the journey,
the ideas were recorded in a post-it and attached to the map. This prototyping process is
very important for the second lens by Holmlid et al. (2015), referring to the co-creative
practice in concept exploration and development, in which, during practice, possible
futures collaboratively materialize, explore and develop.

Twenty new product and service insights were raised, and a matrix of products and
services was subsequently developed, classifying them according to the type of service,
target audience, location, and which were informative and interpretive.

6 Discussion of Results

The two boundary objects used in the present case study, self-confrontation and proto-
typing, were of great relevance for co-creation activities. They contributed to facilitating
the constructive dialogue between stakeholders and to make insights generation more tan-
gible. As presented, the interpretive products and services, consider tangible and intan-
gible aspects, in this sense, the verbalization of professionals during self-confrontation
showed essential intangible values that will guide the co-design process, like feelings,
values, sounds, and perceptions of the place. The verbalizations also allowed the trans-
formation of scientific knowledge about the place, in a language more accessible to the
participants, thus serving an important objective of environmental interpretation.
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The self-confrontation interviews explained the tacit dimensions of the knowl-
edge and behavior of the professionals who interact with the present case study. Self-
confrontation also allowed access to knowledge formed by competent action, errors,
and decisions, located in the body, in an incorporated and tacit way. This knowledge
was accessed whenever the subjects were invited to describe their activity through ver-
balizations and gestures. For Lima (1998, p. 19), real behavior is always richer and
more complex than the representation that the subject himself consciously elaborates.
However, it is not possible to explain the meaning of the “outside” action, therefore
it is necessary to explain the reasons and reasons of the individuals, which cannot be
done without resorting to the speech of the actors themselves, ultimately, those who can
validate the proposed interpretations.

According to Carlile (2002), an effective boundary object is able to establish “a shared
syntax or language” and in different fields of knowledge (Carlile 2002, pp. 451-452),
on the present study the boundaries objects helped the researcher to conduct the work-
shops aligned with the proposed objectives, among participants with different profiles,
educational levels, professions and knowledge level of co-creation.

The prototyping developed using a map of the national park, in which stakeholders
designed the future based on current reality. The twenty Insights for improvement in the
visitor’s journey were raised, which will make possible should contribute to the place
innovation. Certainly, without the use of boundary objects, the number of insights for
the development of products and services would be less than the number raised and
probably not aligned to the context of innovation. Working with boundary objects is
not just representing and transform knowledge, but also facilitate collaboration design
through work practices (Suchman 1995; Button and Harper 1996). According to Holmlid
etal. (2015) prototyping can take the form of several ways and can be adopted for different
purposes. They can assist in the identification and construction a general understanding
of the design challenge, as well as eliciting expressions and practices of stakeholders.

7 Conclusion

This study aimed to broaden the understanding of the role of boundary objects used in
co-creation workshops, where the participants’ knowledge is integrated into the local
innovation processes. The paper showed that boundary objects can play an important
and often unrecognized role in co-creation workshops for innovation in places. Proto-
typing activities contributed to add value to the dialogue between stakeholders and to
put individual knowledge into action in the co-creation process. The self-confrontation
interview proved to be an assertive method to access work activity and a differential in
relation to other methodologies for analyzing the visitor’s journey. Self-confrontation
also brought intangible values essential to the product and service design process, which
we would hardly have access to if it were not for verbalization. The facts strengthen
the important role of boundary objects in the facilitation process among stakeholders,
especially in a universe of participants with different profiles and little familiarity with
co-creation activities. Finally, the selection of boundary objects in co-creation work-
shops for places is of great importance, since different objects allow the participation of
interested parties and collaborative design in different ways.
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Abstract. This article aims to study the link between the network organization
of an express parcel service and work activity in parcel distribution centers. The
increase in parcel flows leads to rationalize production on a national and global
scale. The organization on this scale is based on the industrial vision of the network
as the processing of flows transiting between sites. However, the final sorting
for delivery to the recipient obeys a local territorial rationality. In the delivery
agencies, space use and circulation, work organization, work intensity and the
physical involvement of workers, all adapt to distribute the parcels over a singular
territory, despite the variability of volume or type of parcels. The activity of the
workers has a normalizing role that allows adaptation to territorial singularities.

Keywords: Industrialization - Territory - Work - Sustainable development

1 Introduction

Express parcel services require to link a national (or international) territory to different
local territories and conversely. The network is designed to process flows in an industrial
approach through standard automated equipment and work organization over the country.

The work activity in parcel sorting center is directly impacted by the way parcels are
received and dispatched to the final delivery vehicles. This level is generally considered
as a simple sorting operation and is not taken into account in the design of national level
flows. As a result, the workers in local sites face time pressure and service requirement.

The capacity of the express parcel service (as a work system) to offer next day
delivery lays in suppressing the distance constraint between the origin of the goods and
the delivery point by transferring parcels during the night between local sites. For the
customer, getting a parcel within a day by ordering online is today a standard service
offered by most express compagnies. Buying online does not consider the provenance
of goods and leads to sustainable development concerns. Concomitantly, the second-
hand market between private individuals is growing, fueled by customers’ concern for
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sustainable development and avoiding waste. The pandemic context and confinement
boosted this tendency. Packed at home, parcels with non-standard wrapping are more
and more frequent and specific, in opposition to the industrial standardization of flows.
Here again, workers performing the final sorting for delivery face a tension between
the industrial system designed for bulk and the need to locally identify and dispatch
individual parcels to their destination.

2 Methodology

The collected data comes from a case study in separate parcel sorting sites in different
parts of France. We proceeded by observations and interviews with the workers in Paris,
Bordeaux, Tours and Montpellier sorting centers. We observed work activity in real-
work situations carried out at several delivery sites. In Bordeaux site, work groups were
conducted with local workers to discuss work activity, technical setup, and organizational
issues for a safe and efficient parcel processing. The results of the analysis were presented
and discussed in a steering committee including designers and managers at the national
and local level.

The objective was to understand complaints about health effects and contribute to
set up new criteria for site design considering observed work needs and constraints.

3 Connecting the National Territory to the Local Territories

The express parcel company designs its network over the national territory. The routing
layout and automatic industrial sorting nodes are set to process flows (Blanc 2020).
This organization is a macro system (Gras 1997) consisting of an industrial complex of
parcel processing sites linked by a routing scheme to take charge of parcel transport and
delivery. Large automatized sorting center (called Hubs) are installed close to big cities.
They are linked by motorways or airlines.

This industrial approach leads to standard equipment and work organization over the
country. This organization is efficient by concentrating the flows of parcels transported
between hubs within the national network. Sorting in Hubs takes place during daytime or
evening and is generally highly automatized, using automatic scanners in an industrial
approach. The industrialization of flows and sorting means that local specificities of
parcel handling and delivery are eliminated.

However, the parcel flows need to reconnect to a local territory to be delivered. The
identification and sorting in the local sites receiving parcels for final delivery is not
automatic, the workers need to touch each parcel for scan reading and push it on the
conveyor leading the parcel to the right zone for loading to delivery vans by address.

As the last link before final delivery, workers in each sorting center face time pressure
as a result of the connection between the national territory and the local territory. The
national network links 90 points on the territory every night, but thousands of local
addresses are served each morning from these network nodes.

For example, parcels arrive at Bordeaux sorting center by trucks late in the night,
usually between 2 et 3 am, and must leave the center to their final destination in delivery
vans between 5 and 7 am early in the morning. Considering the daily quantity of 10 to
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15 thousand parcels, and a team of less than 10 people, workers facing fatigue in night
shifts must cope physically with the workload. Individual regulation, through slowing or
taking a pause, is limited, as operators are linked by the conveyor system is a processing
chain where each position must be manned. All employees work intensively for the 2 to
3 peak hours, and the high cardiac cost for this intense activity has been established.

Each local site has to adjust the standard bulk flow to local singularity. The activity of
sorting workers is continuously adjusting to fit the peculiarities of a situated territory. The
industrial system can absorb increasing flows through automatic processing and larger
hauling trucks; however, it does not manage sorting tasks at destination. The workers
must find the necessary flexibility to perform sorting within the short time allocated
between trucks arrival and the departure of delivery vans. Their work is compressed
under a double time pressure. The adjustment variable, in case of delayed route or
airlines, remains the workers flexibility to face harder time pressure in sorting parcels.

The activity of workers has a normalizing role that allows the handling of territo-
rial singularities (Heddad 2017). This activity relies on fundamentally human skills. It
would be too expensive or complex for automatization. It requires the individual and
collective activity and experience at local sites to adjust to the specific set of geographic,
institutional and delivery coordination singularities, and their variability.

4 Increased Local Variability

In addition to the time pressure, workers in local sorting center must consider different
customer requests and process the parcels accordingly. For example, time and delivery
location can be changed by the customer, deciding to receive a parcel later or asking for
delivery to a shop near home (relay point). This feature is put forward by the national
network and promoted through advertising.

This flexibility has a cost for the workers sorting the parcels. For each redirection,
they have to identify the parcel, read the request and process it specifically to it to the
right driver at the right time. This redirection task is to manage by the workers late at
night.

5 Sustainable Development Concerns Increasing Local Variability

On the other hand, recent sustainable development concerns change the nature of the
flows. Local trade has become a trend specially during this pandemic period. People got
interested in second-hand goods purchase, local small shops or buying direct from the
producer.

These new connections do not go through warehouses where standard and efficient
packaging is a need, and the goods are sent in a variety of shapes, wrapping and labelling,
far from the standard cardboard box.

The shape and wrapping of these new types of parcels are often not truly adapted
for transport and delivery, even for short distance. Workers must adapt to take care of a
very large morphology spectrum, constantly adjusting their hand grip, manipulating the
parcel to find the routing label, avoiding breakage. Owing to their varied shapes, these
parcels do not fit in stacks, and are not adapted to roller conveyors.
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The typology of parcels is changing and becomes less adapted to industrial type
automatic process, and imposes an increased workload for their handling.

6 Conclusion

Parcel delivery face two contradictory movements. On one hand, the necessary national
network should be designed with an industrial approach to process the increasing flow.
On the other, the growing variability due to customer requirements and new purchase
habits imposes an additional load on the workers.

The objective of our study was to understand complaints from workers about health
effects, reduce physical workload through proper workplace design, and overall con-
tribute to build new design criteria considering work needs in addition to the flow capac-
ity criteria currently in use. Even if designers and managers at the national and local
level are today aware of the workers work situation, changing design criteria for the
macro-system, the industrial complex of parcel processing sites, is not realized yet.
Time pressure is still a characteristic in work situations.
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Abstract. Remote operations started with integrated operations (I0) some years
ago where designated tasks and roles were shifted from off- to onshore. Remote
operations, however, is more than remote control as the operational model or
concept is key: it defines the scope for the tasks to be conducted remotely. With
this increased ambition and scope, sociotechnical concerns play an increasingly
important role. With increased autonomy and automation in the oil and gas busi-
ness, the reliance upon digital representations of the process conditions that the
center/control room follow up becomes more complex, technically but not the
least organizationally and institutionally. Operational, organizational and infor-
mation infrastructure issues are key considerations for remote operation including
employer-employee relationships and collaboration with vendors. How will these
new centers differ from traditional control rooms and the previous generation of
collaboration centers that came with integrated operations 10-15 years ago? What
are the key capabilities around which you build scalability and replicability in the
design of such control centers? We discuss and empirically illustrate different
configurations of remote operations.

Keywords: Control room - Remote operations - Integrated operations -
Information infrastructures - Autonomy - Operational model - Center of
calculation

1 Introduction

Technologies for collaboration within the oil and gas industry Integrated Operations
(I0), allowed real-time data sharing between remote locations that challenged tradi-
tional geographical, disciplinary, and organizational boundaries [1]. According to the
Norwegian oil industry association (OLF) [2] the first generation (G1) processes would
integrate processes and people onshore and offshore using ICT solutions and facilities
that improve onshore’s ability to support offshore operationally. The second generation
(G2) processes would help operators utilize vendors’ core competencies and service
more efficiently. Utilizing digital services and vendor products, operators would be able
to update reservoir models, drilling targets and well trajectories as wells are drilled,
manage well completions remotely, optimize production from reservoir to export.
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In this paper we address this development of opening of boundaries into ecosystems,
from integrated operations to remote operations. This process took many years and we
analyze it as an infrastructuring process [3, 4]. Infrastructuring highlights the ongoing,
provisional and contingent work that goes into working infrastructures of IO or remote
operations. Working infrastructures share similar properties to ecosystems as they evolve
along with their spread. Our analysis of integrated operations and remote operations
specifically targets the evolution of emergent infrastructures over time. The key here is
to focus on the increasing degree of entanglement of the infrastructure with internal and
external stakeholders and agendas [5] in an everchanging ecosystem.

Crucially, an infrastructural perspective on 10 emphasizes how collaborative prac-
tices are achieved through collections of — rather than singular — artefacts. One of the
key components related to IO was the establishment of onshore support centers which
enabled companies to move work tasks from offshore platforms to land. To enable such
control centers several artefacts and practices were bundled: fiber-optic networks to
shore, proper standards for communication and sharing of data, collaboration tools and
new work practices and competence. This was a socio-technical bundling that made it
possible for local and bounded distinct readings/data to be transferred to any place in a
larger ecosystem [6]. Bruno Latour’s [7] concept of centers of calculation underscores
an important precondition to understand the unboundedness that comes with the devel-
opment of 10 and remote operations [8]. Collaboration centers and collaboration rooms
were centers of calculation. Our research question is: How do infrastructuring process
transforming 10 to remote operations change the content of the centers of calculation?
10 collaboration centers opened bounded offshore sites a process that has expanded with
remote operations where boundaries are more obscure and where all control functions
ultimately can be operated from anywhere given the proper barriers and cyber security
mitigation.

IO grew out of Human Factors work methods and the research and consultants
that worked with control room and control center development around the legacy of
ISO11064 ‘Ergonomic design of control centers’. Even though the ISO standard had
ways to deal with communication outside the control room, this method was still bounded
in space. It was also criticized for not dealing with the change management and the mul-
tifaceted stakeholders and challenges that came with IO. It focused to a large extent
around the development and construction of a control room, a bounded centre of cal-
culation. Much of the new demand in IO came from understanding collaboration/work
and IT support outside the control room, in the interaction between onshore and offshore
staff during maintenance and operations and collaboration inside and across company
borders more in general. Finally, how the existing situation could be changed through
change management. The traditional HF methods could not address the ecosystem per-
spective and the existing methods were not able to address the dynamic features of
the larger ecosystems [9]. New MTO/HF methods and conferences were developed
as joint industry/research developments (see example center for integrated operations
(https://www.iocenter.no/ and CRIOP (www.criop.sintef.no) to deal with this challenge
where HF methods and around risk and change management were incorporated into new
frameworks to address the increasing boundaryless features of 10.


https://www.iocenter.no/
http://www.criop.sintef.no
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However, 10O lost remote operation along the way. When Rosendahl and Hepsg
[1] co-edited the book on Integrated operations, 2012-2013, remote control had not
proven to be as important as heralded, largely due to the socio-technical complexity of
operational and technical aspects of remote operations. There were two main lessons
that were incorporated according to Edwards [10].

The first was a move from the understanding that the operational model of the instal-
lation was a consequence of design, where the operational model was recognized as a
precondition for the design rather than the other way around. Linked to the first lessons
was a focus on maintenance hours. As Edwards et al. argue [10], they are normally a func-
tion of how much equipment you have on the installation that will require maintenance.
Maintenance hours is a key parameter for how many people you will need to maintain
the proper technical condition of the installation. When one was able to combine these
two lessons into a profitable business case, the path to remote operations was possible.
Edwards [11] describe the road to low manning, remote operation as a configuration of
complexity of the installation systems, instrumentation needed to remotely control and
a low number of maintenance hours. All these together form a path to an operational
model based on remote control.

As a consequence of these two lessons the focus changed from the technical concept
of remote control, that includes the technical capabilities that needs to be in place to make
remote control possible, to remote operations that is a socio-technical configuration. This
is where the operational model/concept is the key and where the technical, organizational
and competence capabilities are included in the concept.

2 The Current Centers of Calculation

In what follows we describe the main configurations of centers of calculation as they
appear with remote operations. We use the IOGP recommended practice as the basis for
these types of configurations [11].

2.1 Remote Onshore Control Room

This is the first centre of calculation configuration. It can exist in various socio-technical
realizations based on instrumentation level, manning and operational principles, instal-
lation reliability and maintenance load. It can also operate several installations from the
same location regardless of geography. The main control room is located outside the pro-
duction site boundary and in a safe zone. This location can be far away from the actual
production site but is within the premises managed by the company. The primary purpose
is to remotely control and operate the production site(s), but it may also include dedi-
cated remote engineering or maintenance rooms. As these connections allow interaction
with the production process or equipment, physical access controls are typically strictly
enforced. Remote control refers to remote actions such as control commands (including:
adjusting plant or equipment operational parameters, set point changes, alarm acknowl-
edgement, manual start/stop commands), set point changes and operations monitoring on
detailed graphical displays (e.g., process conditions, equipment status, alarms, errors).
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Safety functions can also be performed from the remote-control room (such as execut-
ing manual shutdowns, operating critical action panels, etc.). Remote control requires
read and write access to the system to enable operator interaction with the process and
equipment on the production site. There are different preventive controls and recovery
preparedness principles/measures in manned or unmanned situations and if there are
people on site, or not. This is sought presented in the four-field table below (Fig. 1).
This table describes four ideal situations, normal operations vs. emergency and if the
installation is manned vs. unmanned installation.

Normal operations

Emergency

in control

Campaign based maintenance
and ad-hoc visits when neces-
sary

When unmanned must use
instrumentation/ actuators,
camera, mobile fixed sensors

Manned Lean crew close to emergency e Traditional onsite emergency

installation preparedness requirements organization and roles
Onshore control room always e Offshore has most functions
in control e Offshore crew can verify
Can use operators to verify situation in the plant, if safe
situation in the field

Unmanned Normal situation is unmanned e During campaigns normal

installation Onshore control room always emergency preparedness on

site

e Unmanned, the standard, roles
filled by onshore or by nearby
installation

e Automatic or camera,
fixed/mobile sensor identifi-
cation during emergency

to verify a situation in the
field, ad-hoc shuttling last re-
sort

e Crawling, swimming or flying
drones for check and report

Fig. 1. Four ideal situations of remote operations

A remotely operated but manned installation can have a local offshore control room,
but during normal operations the command and control of the installation are conducted
from an onshore control room. Examples of this on the Norwegian continental shelf are
the Martin Linge (Equinor) and Ivar Aasen (AkerBP) installations. Such an installation
typically has a lean organization close to the emergency preparedness role requirements
and the crew are always on the installation in shift rotation. During an emergency the
local control room can be manned, and the offshore organization performs emergency
preparedness roles. The offshore organization has a fully manned emergency prepared-
ness organization. Compared to traditional oil and gas platforms the biggest difference
is that the onshore control room is always in control. We exclude subsea installations
here since they are always unmanned and remotely operated. Subsea fields like Ormen
Lange and Snghvit that are controlled from an onshore control room, but most subsea
assets and tie-ins are usually controlled from the installation into which they deliver their
production.

An unmanned installation can have a local control room, but command and control
are always undertaken from an onshore control room. There can also be no offshore
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control room or just simplified control and shut-down functions on the installation. The
remote sensor capabilities (CCTV coverage, remote actuation capabilities of equipment
and sensor systems) are more advanced since the installation is operated most of the
time without any crew. The visit intervals are dependent upon the maintenance load and
instrumentation level of the installation, often scheduled in maintenance campaigns.
Ad-hoc visits by helicopter can happen as last resorts. Maintenance campaigns typically
range from manned for two out of six weeks, to as little as one or two scheduled short
campaigns in a year. Examples of such installations are Valemon (Equinor) that are
unmanned four out of six weeks, or well-head platforms like Oseberg H (Equinor) that
have two scheduled campaigns every year. When unmanned the emergency function
is handled onshore or by a nearby installation. In a period with campaign manning
a simplified emergency organization exists locally (rescue teams) on the installation
while emergency management functions can be divided between a nearby field or by
the onshore organization. The normal operations model-unmanned in Fig. 1 above is
the emerging model on the Norwegian Continental Shelf but this is already the standard
in highly automated domains like wind-farms and power production/utilities more in
general.

We do not have the possibility to address the larger ecosystem around remote opera-
tion in this short paper, but we mention these other types of centers of calculation since
they bear witness of the movement from local control to centralized global or unbounded
control more in general. Neither do we address the cybersecurity aspects and risks around
control functions executed through these types. These ideal types also build on the I[OGP
recommended practice for control systems [11].

The first is the remote collaborative centre which is the collaboration center we
recognise as a center of calculation from IO. Remote collaborative centre refers to an
open office-based environment where personnel from multiple disciplines collaborate
to manage the performance of one or more sites or specialised system across sites, like
monitoring of rotating equipment. Such centres typically host collaboration, monitoring,
visualisation, and analytical functions. They are similar to remote control rooms in terms
of geographic location but may sometimes be distributed over several locations (i.e.,
multiple interconnected collaborative centres). Collaborative centres sometimes have
less access controls than a control room however this depends on operational or security
risks. Remote collaborative centers typically perform remote monitoring, or monitoring
and diagnostics of production, operations and equipment conditions remotely using data
generated and exported from the production site outside the control room. It also includes
remote security monitoring using systems and network logs. It requires appropriate data
needs to be available at the remote location. Access is usually made available inside
the company firewall with either a vertical or horizontal integration, see next section.
Remote at vendor premises also came with IO and refers to a centre of calculation at
a remote location belonging to a vendor (or subcontractor). This location is usually
located in private premises managed by the vendor or contractor. Contracts may define
physical access and security restrictions at the vendor premises. Connection to these
premises usually involves communications links via public networks. The external user
at the vendor location accesses a fire wall (DMZ) with a strong user authentication
process. This center normally does monitoring but can also conduct remote operation of
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equipment given the right access and cyber physical safety. Both these two centres and
their access solution existed in the 10 period, but they now can execute more control
functions than earlier. The newest center of calculation is remote access from anywhere.
Here control can in principle be done from any external location, in a private or public area
(e.g., ahome, hotel, or airport) where people can sit distributed outside company/vendor
premises and can access/execute control functions given the proper access rights and
functions. This option is increasingly seen as an opportunity with the coming of Internet
of Things and becomes possible via control of