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Abstract

Musculoskeletal disorders (MSDs) are one of the main causes of work disability (EU-OSHA, 2019;
WHO, 2019). Several solutions, including the cobotic system (EUROGIP, 2017), have been put
forward to improve unhealthy working conditions and prevent MSDs. We sought to identify the
MSD risk factors of workers on a screen-printed glass production line prior to introduction of a
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cobot. We used a mixed data collection technique: video observations and assessment of MSD risk
factors by expert ergonomists, and then self-confrontation interviews with six production-line
operators and subjective perception of risk factors. The two types of assessment (by experts and by
operators) showed that the most demanding risk factors were physical (e.g., work posture) and
psychosocial (e.g., mental workload). Certain risk factors were viewed differently by the experts
and the operators. One question remains: How can a cobot make work more meaningful for
operators?

Keywords: Industry 4.0; Cobot; MSDs; Subjective experience; Meaning of work 

Résumé

Les Troubles Musculo-squelettiques (TMS) représentent la plus grande cause d’invalidité au travail
(EU-OSHA, 2019; WHO, 2019). Plusieurs solutions sont proposées pour réduire la pénibilité du
travail, ses difficultés et prévenir les TMS, parmi elles, figure la cobotique, c’est-à-dire
l’implantation en situation de travail de robots coopératifs (EUROGIP, 2017). Dans ce contexte, la
présente étude porte sur l’évaluation initiale des facteurs de risques de TMS dans une ligne de
production de sérigraphie sur verre avant l’implantation d’un robot coopératif (cobot). Notre étude
s’est basée sur une méthode mixte de recueil de données : observations filmées et analyse des
facteurs de risque de TMS par des experts en ergonomie, puis entretiens d’auto-confrontation avec
les 6 opérateurs de la ligne de production et perception des facteurs de risques par les opérateurs.
Les résultats montrent que les facteurs de risques jugés comme les plus pénibles correspondent à
la charge physique (e.g. les postures) et à la charge psychosociale (charge mentale) pour les 2 types
d’évaluateurs (expert et opérateur). Mais les résultats montrent que les opérateurs entre eux ont
des perceptions différentes de certains facteurs de risques. Ces résultats posent la question de
comment le cobot pourra soulager les opérateurs des facteurs de risques au regard du sens du
travail des opérateurs.
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1. Introduction
Musculoskeletal disorders (MSDs) are a major health problem at work and impose significant
financial, human and societal costs on every country (Bellemare et al., 2019). They are the second
most common cause of acquired disabilities in the world (Gallagher & Schall, 2017) and in Europe
(EU-OSHA, 2019). In France, according to the health insurance report (AMELI, 2020), MSDs
accounted for slightly more than 87% of all work-related illnesses in 2017. They also incur very
high economic costs (Department of Employment, Social Affairs and Inclusion (MTEFPDS, 2015))
and are associated with absenteeism and long-term illness (AMELI, 2020; Fjell et al., 2007;
Trevelyan & Haslam, 2001; World Health Organization [WHO], 2003), with inability to work
(Kuorinka & Forcier, 1995; Leclerc et al., 2015) and with low rates of job retention (Sérazin et al.,
2013).

MSDs are caused or made worse by the environment and conditions of the workplace (Forde et al.,
2002; Roquelaure, 2018; WHO, 2003; Xu et al., 2013). Most often they are characterized by
discomfort and pain in the joints, muscles and soft tissues (Levanon et al., 2012). They may also
involve tendinitis, nerve compression syndrome and lower back pain (Whysall et al., 2006). MSDs
take multiple forms, and their origins are multifactorial. Epidemiological and ergonomic studies
have shown three main categories of causal factors: (1) physical or biomechanical factors (e.g.,
repetitive movements, extreme or improper postures, excessive physical effort, body vibrations);
(2) organizational and psychosocial factors (e.g., organization of tasks, pace of work, job autonomy,
 work/rest ratio, social support from co-workers and superiors); and (3) sociodemographic and

individual factors (e.g., age, sex, education level, medical history, sports or recreational activities)
(Bao et al., 2015; Bernard, 1997; Buckle & Devereux, 2002; Caroly et al., 2010; EU-OSHA, 2019;
Lafranchi & Duveau, 2008; National Research Council, 2001; Nunes, 2009; Nunes & McCauley-Bush,
2012; Roquelaure et al., 2011).

Because MSDs have become so widespread in the workplace, interest has increased in assessing
their risk factors in order to prevent them and their consequences (Bellemare et al., 2019; France's
Institute for Research and Security [INRS], 2014, 2015). Unfortunately, there are several obstacles
due to the complexity and multicausality of MSDs (Whysall et al., 2004; Landry, 2012). In addition,
treatment can be difficult. MSDs do not all have the same etiology, they are perceived differently by
different stakeholders and there may be a lack of sufficient time, equipment and skills (Caroly et
al., 2008).

The Fourth Industrial Revolution (Industry 4.0) is providing us with technological and ergonomic
solutions to MSDs, particularly cobotics or collaborative robotics (Bobillier Chaumon, 2021).
Cobotics promises to improve working conditions and reduce difficult and dangerous tasks, in
particular those that can lead to MSDs (CEA, 2015; Claverie et al., 2013).

2. Cobotics, Preserving Workers’ Health?
Cobotics is offering a new way of organizing work (Kagermann et al., 2013) and production
processes (Lu, 2017) with a view to reaching higher levels of operational efficiency, productivity
and automation (Thames & Schaefer, 2016).

1
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The promise of cobotics is multifold: economic, by increasing flexibility and competitiveness;
organizational, by providing new forms of human-machine collaboration and by eliminating
certain spatial constraints; and ergonomic, by reducing the drudgery of working conditions and by
limiting the risks of MSDs (EUROGIP, 2017; Moulières-Seban et al., 2017). 

A cobot is a “robotic device that manipulates objects in collaboration with a human operator”
(Colgate et al., 1996, p. 433). For Jansen et al. (2018), it is a robot designed to collaborate and interact
physically with humans in a shared workspace. There are four types of human-robot collaboration:
independent; simultaneous; sequential; and supportive (Colim et al., 2021). “The supportive
scenario includes the cases where the robot and operator work together in the same process and
workpiece simultaneously” (Colim et al., 2021). 

By introducing collaborative robots into industry, it is hoped that workers will be less exposed to
the risk factors of MSDs (Claverie et al., 2013; Caroly et al., 2019; Villani et al., 2018). Cobots
“support the employee in their actions and adjust their interventions to those of the professional. It
is no longer simply a substitute robot or a mechanical aid for certain tasks” (Bobillier Chaumon et
al., 2019, p. 17). Humans and cobots thus work together to perform tasks defined by computer
programmers, organizational psychologists, ergonomists and others involved in task definition,
like managers and human resource departments. For Norman (cited by Bobillier Chaumon et al.
2022, p. 2), cobots “do not only transform the capacities of an individual, they also change the
nature of the task that the person accomplishes.” As with any new workplace technology, cobotics
can achieve the anticipated results only if designers, computer programmers and ergonomists take
into account the employees’ perception of their new “co-workers.” Participatory approaches are
the preferred means (Galey et al., 2022) to design human-cobot collaboration, the aim being to
minimize exposure to occupational hazards while preserving key activities for the operator
(Chahir et al., 2022; Colim et al., 2021). The main challenge is to design safe interaction with
intuitive interfaces and accurate task allocation (Villani et al., 2018).

3. Subjective Experience in the Operators’
Assessment of MSD Risk Factors before Cobot
Introduction
The introduction of cobots into industry requires, at the design stage, a clear division of
production-line tasks between the operator and the cobot (Cardoso et al., 2021). To that end, the
tasks are studied and the MSD risk factors assessed with a view to assigning the cobot the most
arduous tasks (e.g., weight bearing, rapid and repetitive wide-ranging movements) and the human
the most worthwhile and meaningful ones (Cardoso et al., 2021; Isaksen, 2000; Morin, 2008; Vallery
et al., 2019). A task refers to an objective to be reached in circumscribed conditions where
variations occur (Leplat, 1989). It may be technical, organizational or individual. In contrast, an
activity "refers to the worker, to the person or persons carrying out the work. It is what the
"operator" mobilizes and deploys in terms of subjectivity, understanding and expertise,
intelligence, and also efforts to deal, during his work, with what has not been decided, or even with
modifications of what has been decided because it has become unsuitable in a given context"
(Guerin et al., 2021, p. 34).

According to Karsh et al. (2001), any assessment of MSDs purporting to be holistic and systematic
has to take into account the different factors involved in work. Although more ergonomic
interventions are being made to alleviate MSDs, many of them are focused more on physical load
factors, and “neglect” the role of psychosocial factors (Cardoso et al., 2021; Whysall et al., 2006). In
human-robot collaboration systems, physical ergonomics aims to improve operator posture in real-
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time (Dimitropoulos, 2021; Kim et al., 2021; Lorenzini et al., 2019; Shafti et al., 2019). Studies in this
area rely on instrument-based systems to assess the operator’s physical state through RULA (Rapid
Upper Limb Assessment) and REBA (Rapid Entire Body Assessment). Traditional observation is still
used by some of the studies reviewed by Cardoso et al. (2021). In all of these methods, ergonomic
experts observe the work activity to assess the MSD risk of the external physical workload (Colim
et al., 2020; David, 2005). 

The psychosocial workload, however, also contributes to MSD risk, as shown by Bourgeois and
colleagues (2000), Coutarel and Daniellou (2011) and Grenier-Pezé (2003). By focusing on the
individual worker, and the mechanical stress on body tissues caused by various tasks, particularly
their repetitiveness, intensity, duration and stress, we may end up ignoring the collective and
organizational dimensions of work (Buchmann & Landry, 2010, St Vincent et al., 2011). If a model
considers only the external physical workload, it will poorly represent the daily on-the-job
experience that develops through the social and subjective history of workers. It is necessary to
consider the difficulties they experience to prevent harm to their health (Lasfargues et al., 2005). By
taking into account their perceptions, beliefs and knowledge, we can better assess MSDs and
prepare workers for organizational change; in this case, introducing a cobot to the production line
(Haslam, 2002; Barrett et al., 2005).

On that basis, we sought to assess the MSD risk factors of work before the introduction of a cobot to
a screen-printed glass production line, by using a participatory and integrative approach. In
particular, we sought to answer two questions: 

What are the existing MSD risk factors? And how are they assessed by the experts and by
the operators?

Which tasks would the operators delegate to the cobot for future collaboration? Which tasks
would they prefer to keep to themselves (because of the lower risk)?

4. Methods

4.1 Overall Procedure

We used a multi-stage approach (Figure 1). First, we took videos of each workstation on the
production line. Then we explained to the operator why we had chosen that work situation (see
also 4.2). The videos were assessed by four experts, who used an APACT grid. Then, we used the
videos to conduct self-confrontation interviews with the operators. Finally, using the results, we
created scenarios to simulate the arrival of a cobot on the production line. We will not describe the
last stage in this article.

• 

• 
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Figure 1

Overall Procedure 

4.2 Video Assessment of Production Line Workstations 

We made several personal observations to understand the many different production lines. In
consultation with the company CEO, we took videos of a specific production line that corresponded
to the one where a cobot could be introduced. We filmed the workstations both at the entrance to
the oven (work processes: placing the products on the conveyor belt, screen printing and visual
inspection) and at the exit (work processes: visual inspection, placing the products on the conveyor
belt, packaging, palletizing and preforming the cardboard boxes). There was variability in the
screen-printed products (bottles or jugs). For this article, we will present the results only for the
jugs and only for the four workstations beyond the oven exit (Figure 2).
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Figure 2

Layout of the Four Workstations beyond the Oven Exit 

The work involved taking products from the oven to a conveyor belt. The operators (#1 and #2) at
the “visual inspection” workstation would pick up the jugs, check them and place them on a
conveyor belt that led to the packaging workstation (operator #3). At that workstation, the operator
would pack the jugs in a cardboard box and then send the box to the next workstation to be
palletized (operators #4 and #5). Here, the boxes would be taped up and put onto the pallet. The
pallet-loading station was also used to preform the cardboard boxes. The work was repetitive,
loads had to be carried, the stations were dependent on each other and there were few areas for
buffer stock. Moreover, the work required high cognitive effort to check for the presence of product
defects, sometimes a millimetre in size. The operators signed a consent form to show that they had
agreed to participate in the study and another consent form for image production rights. We took
videos of the three successive workstations beyond the oven door for a total of 24 min 17s.

One goal of the observations was to identify very precisely the various actions by the operators at
each workstation (type of action, movements, sequence...) in order to provide the computer
specialists with sufficient information to start work on the movement programming of the future
cobot.

Tous droits réservés © Département des relations industrielles de l’Université Laval,
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4.3 Assessment by Experts

To assess the MSD factors at each of the workstations under observation, we used the APACT grid
(1991), which assesses working conditions and work organization on the basis of 22 criteria
(Bernard et al., 2017). This grid is based on traditional tools, such as RULA and REBA, to which have
been added criteria on cognitive workload and organizational factors. It can be used to measure
four risk factors: biomechanical; psychosocial; organizational; and environmental (Jafflin &
Nadeau, 2020). We retained 14 criteria that were the most relevant to the aim of the study and the
most conducive to video assessment (Table 1). Four experts viewed the videos to assess the
workstations, using the criteria. Two of them assessed the real work processes, and the other two
assessed the videos (during the COVID-19 lockdown). Traditionally, MSD risk has been assessed by a
single expert (St Vincent et al., 2001). We used several experts to increase reliability (LeBreton &
Senter, 2008; Tinsley & Weiss, 1975). Each criterion received a score between 0 and 10.5 from each
expert.  The assessments were then pooled, and agreement on the criterion score was reached. 

4.4 Self-Confrontation Interviews and Assessment of MSD Risk Factors by the
Operators

4.4.1 Participants

The sample consisted of 6 operators (3 from the morning shift and 3 from the afternoon one)  who
worked at the reception workstation of the production line, where screen-printed glass jugs were
coming out of the oven. There were 2 men and 4 women, whose average age was M = 45.8 years
and whose average seniority was 1 year and 9 months (M = 1.75). Two of the six operators worked
for an adapted company (a business designed for disabled workers).  The researchers were not
told about the workers’ disabilities, which did not impede communication or understanding. To
ensure we were clearly understood, we asked the operators’ monitor (an employee support
position) to explain the interview procedure to them.

4.4.2 Procedure

The self-confrontation interviews lasted 2 hours and 43 minutes for an average of 32 minutes each.
In a simple self-confrontation interview, an employee would be confronted with the video of his/
her activity and asked to comment on it (Boubée, 2010; Clot et al., 2000). The operators were shown
short sequences of their activities,  asked questions and prompted throughout the viewing. The
interviews were filmed. We carried out self-confrontation interviews primarily to validate the
work processes at each workstation (e.g., a fine and detailed description of all the stages and all the
stage sequences) and secondarily to understand some aspects of the activity (e.g., a glance toward a
co-worker, a momentary stop, the buffer stock). By analyzing the videos and the work processes,
we hoped to achieve a "participant/researcher co-analysis" (Boubée, 2010, p. 3). To assess subjective
difficulty, we asked the operators to rate 14 criteria based on physical, organizational and
psychosocial factors on a 10-point Likert scale derived from the APACT grid (Table 1). To
understand what gave meaning to them in their tasks, and to investigate a possible division of
tasks between human and cobot, we asked four questions: “If you had the possibility tomorrow of
dropping one of these tasks, which one would it be? Conversely, which one would you prefer to
keep? Imagine that you were offered a chance to have a cobot at the xxx workstation, which task
would you wish it to do? Which task would you wish to keep for yourself?”

2

3

4

5
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Table 1

Difficulty Level Criteria - Experts and Operators 

 6
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5. Results

5.1 Assessment of MSD Risk Factors by the Experts

First, we identified the work processes by dividing the operator’s task into action units (Theureau,
2004). 

According to the experts, the work situations had MSD risks. Their assessment shows that 13
factors out of 14 were below the “correct” score of 6.5, as defined by the APACT grid (Figure 3). The
three “bad” factors included two psychosocial ones (mental workload and monotony) and a
physical one (handling). Five organizational factors were rated “insufficient” (i.e., workstation
organization, operator autonomy, dependent and independent relationships, control system), as
was one physical factor (i.e., workstation area safety). In addition, three physical factors (i.e., body
position at work, work space safety, efforts at the workstation) and one psychosocial factor (i.e.,
interest in the workstation) were rated “average.” Only the signs and information criteria were
rated “very good.” 

Figure 3

Average Ratings of MSD Risk Factors by the Experts (Criteria on X Axis and Ratings on Y Axis) 

Although the experts agreed that the work situations were characterized by several MSD risk
factors, we asked the operators to perform their own assessment.

5.2 Ratings of MSD Risk Factors: Comparing the Operators and the Experts

The self-confrontation interviews began with a discussion with the operators about the different
work processes. Then we analyzed their perceptions of the 14 risk factors, asking them to choose
the three that they considered to be the most difficult in their job. We gave 3 points to the first one
they mentioned, 2 to the second and 1 to the third. In general, the operators rated only 4 criteria
“below average” on the Likert scale (Figure 4). The four risk factors judged to be the hardest were a
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psychosocial one (i.e., pace of work) and three physical ones (i.e., body position at work, work
atmosphere and repetitive movements).

Figure 4

Average Ratings of MSD Risk Factors by the Operators (Criteria on X Axis and Ratings on Y Axis) 

Most of the highest-rated risk factors were psychosocial and physical (Table 1). The operators
considered the pace of work to be the hardest one, and the experts similarly considered mental
workload and monotony to be the two hardest ones.

The operators also reported that the body positions for the tasks were painful. That risk factor
partly overlapped with what the experts considered to be the third hardest risk factor: “handling”
(which takes the most difficult body positions into account). Nonetheless, the experts considered
“body position at work” to be only the tenth hardest criterion, with a rating of 4.79. The operators
rated the work atmosphere as being the third hardest risk factor, which corresponded to
“workstation area safety” for the experts, who rated it seventh hardest. This risk factor had an
average rating of 3.5 on the APACT grid. It was therefore rated “bad” and in need of improvement.

We then analyzed the interviews in terms of all three risk factors: physical; organizational; and
psychosocial:

Physical MSD risks: In their experience and opinion, the operators were fairly homogeneous in
assessing the body positions and the pace of work, which they considered to be difficult: “It's true
that it's physical: you have to bend down.” “Conditioning hurts the shoulders. You have to go and get
the cardboard at the bottom, and then it's very energetic too. You have to be energetic to do it. It's
quite intense work in general. It goes quite fast.” “The height of the posts is very painful. After two
hours your back hurts.”

Several operators mentioned pallet changing as being difficult, especially when the operators were
alone. 

Some results were surprising. The operators did not share the same perception of the
repetitiveness of their movements: “For me, not at all painful. If it is to repeat the same actions, the
same movements… That's all we do anyway...”
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For some operators, this was one of the most difficult aspects of the work, while for others it was
not at all difficult. 

Finally, the physical work environment (e.g., noise, heat) and the handling were perceived overall
negatively, and the means of protection against occupational hazards were perceived overall as
adequate.

Organizational MSD risks: 7 operators positively perceived the schedules, the organization of their
workstations and the dependence of their workstations on each other. This dependence
nonetheless required a great deal of coordination between the operators: "Depending on the person,
whether he or she goes fast or not, we are not all equal in this respect. There are some who stockpile.
There are others who do not stockpile. There are some who send much faster than others. The aim is
to coordinate with the person who sends because afterwards we are quickly overwhelmed."

In addition, most of the operators mentioned mutual aid as an integral part of their work: "It's a
team job, so normally we have to help each other. If there's something wrong or if the co-worker is
having trouble, that's it, we have to help each other. [...]" "Yes, I look to see if my co-worker has too
much. I check to be able to stockpile if he doesn't make it. "I look at my co-worker. I have to watch
over the packaging because my co-worker also has to keep up. We also have to look after our co-
workers.”

Psychosocial risks: Most of the operators positively perceived the responsibilities, the decision
making and the relationships with their co-workers and with the chain of command. They differed,
however, in their perceptions of visual inspection. Although both of the operators in charge of
visual inspection described it as their main responsibility, one of them perceived it as very low in
importance: "The responsibility is very low. Maybe because we check and that's it." In contrast, the
other operator perceived it as important: "The responsibility is mostly [one of] inspection. Let’s say I
give [it] a grade of 6. There is an inspection, and it has to be checked. It's important."

In the same way, two operators in the same position had totally different perceptions of the level of
attention they needed to do the work: "Not at all difficult. I don't need to be concentrated." "For me I
need to be concentrated. I shouldn't be disturbed. I should be concentrated normally."

Consequently, the experts and the operators were both similar and different in their perceptions of
MSD risk factors. This point will be further discussed in section 6. Moreover, the operators seemed
to rate only a few of the risk factors negatively. They also differed in their perception of the
drudgery of their work, thus raising the issue of its meaningfulness to them. This factor could
influence their subjective experience of the degree of difficulty.

5.3 Meaning of Work: To Delegate or Not to Delegate to the Cobot

When the operators were asked which tasks they would like to delegate to the cobot, they gave
three types of answer ( Figure 5). First, operators #2 and #4 would have the cobot do the physical
workload (handling). They would in fact give it all of the handling, whether the product was being
moved straight out of the oven or was at the pallet-loading station. As for operator #3, he wished to
continue handling the jugs but have the cobot assist him, while not being clear about the kind of
assistance. He wished to keep the handling so that he could continue looking at the jugs with a
critical eye when putting them into the cardboard boxes. It was thus the quality of the work and
the visual inspection that made him want to keep that task. The other two operators (#1 and #5)
wished to delegate the mental workload (visual inspection) to the cobot. Both of them worked for
an adapted company and did not perceive the repetition of movement as a source of difficulty. The
first operator (#5) expanded on the difficulty of maintaining his concentration for this task over a
whole day “If it’s about putting the jugs in the box, it becomes automatic, and [there’s] no need to
think. We’re in automated mode.” The second operator (#1) explained that he had trouble making
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decisions and taking responsibilities (these two tasks were the ones he perceived as being the
hardest in his job). He did not consider the repetitiveness of his actions to be hard: “for me, not
hard at all. If it means repeating the same movements, the same gestures, well, no problem at all for
me. Repeated movements, doing the same job, it doesn’t bother me.”

Figure 5

Division of Tasks between the Future Cobot and the Operators 

Of the five operators interviewed, three said they enjoyed working at the packaging workstation
and would like to stay there. Yet it was a workstation where the operators could not let the stock
pile up if the pace got too fast. Only the person before them (at the oven) could stockpile on a side
pallet to manage the flow of jugs. Moreover, most of the operators said that mutual assistance was
indispensable to getting the work done properly because the different workstations were largely
dependent on each other (Figure 6). The pace of work at one station would determine the pace of
work at the next.
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Figure 6

Excerpts from Operator Interviews 

The results show that the operators did not necessarily wish to give a cobot the physically hardest
tasks. For some operators, the mental workload of the visual inspection was more demanding and
difficult than the handling of the jugs.

6. Discussion

6.1 Assessment of MSD Risk Factors

For both the experts and the operators, the leading MSD risk factors were either psychosocial or
physical. As specified by Jaffar and colleagues (2011), the physical risk factors are the most
important contributors to MSDs. The experts differed from the operators on some points, perhaps
partly because not all of them did their ratings on-site. Nevertheless, the operators offered a
subjective viewpoint that seems important in and of itself (Lasfargues et al., 2005). Although
outside experts can definitely assess work situations and come to conclusions, they do not
necessarily identify the ones that workers experience as being the most demanding physically or
psychosocially. 

The operators themselves had very different perceptions of MSD risk factors, especially when
rating repetitive movements. Hélardot (2008) explained “that there is no job or task that is
intrinsically or absolutely hard, but the arduousness is always relative to the individual who has
had the experience of it: it is predicated on the state of his health, his past, his personal norms and
values” (p. 7). Working conditions, and their accompanying difficulties, are a subjective experience
and, as such, reflected in the meaning the operators give to their work.

6.2 Meaning of Work and Repetitiveness of Tasks 

Some operators did not want to delegate the handling of jugs to the cobot, preferring to give it
either the mental workload or the visual inspection. These results can be explained by Isaksen’s
research (2000), which shows that meaning may be found in repetitive work. By including a
subjective rating of MSD risk factors, we can ask questions about the operators' preferences, in
particular what it is about their work that enables them to maintain their health despite the
drudgery (Bakker & Demerouti, 2017, 2018). Activity is not only about exposure to risk factors but
also about finding ways to achieve the goals of a task while maintaining opportunities for action.
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These "resources" must be studied during cobot introduction so as not to deprive work of its
meaning. They can be perceived and identified only by the operators. To our knowledge, there is
no grid that an external observer can use to quantify and qualify such resources. This probably
explains not only the rating differences between the operators and the experts but also the rating
differences among the operators. Indeed, resources may or may not be identifiable to employees.
In a developmental approach to design, it is thus necessary to consider how the employees view
their work and its perceived drudgery.

There are broader issues at stake here than prevention of occupational hazards. There are also
many human resource issues: skills development; career path support; and organizational
determinants of employee health.

It is important to note that the two operators who wished to keep the handling tasks were
employed by an adapted company. There has been little research on occupational hazard
assessment by workers with special cognitive needs (Groizeleau et al., 2019; Guyon Taillens et al.,
2020). They may not attach the same meaning to work. Guyon Taillens and colleagues (2020)
explain the difficulties in assessing psychosocial risk with workers who have special needs. They
may perceive some factors like autonomy—normally an advantage at work—as a threat and a
source of risk.

Bobillier Chaumon and colleagues (2019) argue that to gain acceptance for emerging technologies,
such as collaborative robots, one must show their usefulness and ease of implementation for an
activity. Thus, as part of the activity, emerging technologies would not only give meaning to the
operators “but also give (again) meaning to the activity: by maintaining the workers’ power to act,
by developing their skills, by recognizing their know-how, by increasing initiative and autonomy
and by giving a new dynamic to the job” (p. 21). Thus, when designing the tasks and dividing them
between the cobot and the operator, one should consider not only the different perceived
difficulties of the tasks but also the resources that the work situation offers. Because different
workers may have different views, one should prevent future problems by distributing the tasks
through a collective and participatory approach, without omitting the pragmatic realities of
programming the cobot.

6.3 Cobot-Operator Collaboration

During the interviews, the operators said that mutual assistance was central to their work. Because
they worked on a production line, the workstations were by definition very dependent on each
other. This system of mutual assistance could be disrupted by cobots (Dubreuil-Nayrac et al., 2019).
Bobillier Chaumon et al. (2019) report that with the new forms of interaction inherent to these
emerging technologies “new forms of man-robot cooperation and interfaces are to be imagined
and developed” (p. 17). Moreover, the cobot has to understand and adapt to the worker’s intentions
(Devy, 2012). The question here is to know how a cobot can understand and anticipate the
intentions of a worker who is regulating the work flow for the sake of a co-worker at the next
workstation down the line (Ferreira Duarte et al., 2018). 

To design a cobot that can reduce the drudgery of work, it is important to consider two points: 

First, the objective drudgery is not always the experienced drudgery. The operators do not
always wish to delegate the worst tasks to a cobot. 

Second, there is variability among individual operators. This point must be taken into
account when a cobot is brought into a production line.
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Our research shows the differences in the way a task may be perceived within the same group of
workers. Such differences will affect constraints and resources. Because of this study, we began
collaborating with programmers to design algorithms that allow for variability not only among
individuals but also among technologies and among organizations. This is how artificial
intelligence should be adapted to the real world of work if it is to develop. For now, it is still too
rigid and little used in industry.

6.4 Study Limitations 

Like any study, this one has a certain number of limitations. First, the number of participants was
limited. On the other hand, all the operators were specialized in work on the same production line,
and the company's workforce was not large. Second, some bias may have been present in one way
or another during data collection, during the observation stage (e.g., selection effect, observer bias)
and during the self-confrontation interviews (e.g., social desirability bias). The experts would have
been more comparable with each other in their ratings if they had all done the ratings on-site,
rather than by video, as was the case with half of them (e.g., principle of compatibility). 

7. Contribution and Conclusion
We were able to explore our initial analyses with the company CEO and with the team of computer
engineers in charge of cobot programming. We are now left with two key questions.

First, what role “must” the cobot have in the work situation? Indeed, the “new co-worker” must not
deprive the operators of the meaning they give to their work by taking on all the tasks that may
make the operator’s job meaningful, be they quality ones or hard ones. 

Second, how will the cobot be integrated into the operators’ system of mutual assistance? It will
also have to anticipate and adapt itself to the production-line operator it is there to assist. It should
help not hinder. 

The introduction of a cobot can raise real Quality of Life at Work (QLW) issues. Simultaneous
human-robot collaboration calls into question the distribution of tasks, the focus of the work
activity and the perceived drudgery. Such technological change must be assisted by HR managers,
work psychologists or ergonomists. Introduction of a collaborative robot may also require training
courses to teach the workers new skills and to help them rethink their career paths. Technological
change alone should not be seen as the cure for all work-related ills. 

We adopted a participatory approach of asking the operators to assess the MSD risk factors, and
this approach may be used by all kinds of employees, including people with or without special
needs. Different employees may differ, however, in the way they perceive the meaning of work, and
this reality must be understood and integrated into any new technology, like the cobot, not only by
the company directors but also by those who design the new technology (Bachellerie et al., 2022;
Galey et al., 2022). 

We wish therefore to pursue our research in three ways. First, we would like to develop a
repository for data on employee variability before cobot introduction (Fournier et al., 2023) and a
method for integrating the meaning of work into the design of human-robot collaboration. Second,
it is important to develop and validate a grid for subjective assessment by workers of MSD risk
factors. Third, we wish to develop a cobot acceptability questionnaire for manufacturers to
investigate cobot-related perceptions, beliefs and attitudes (Cippelletti et al., 2023) in order to gain
insight not only into those factors that may hinder the introduction of cobots but also into those
that may help integrate them into the production process.
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Notes

[1] Job autonomy means being able to take initiative and thus take charge of a complex work

situation, which is not totally subject to rules, and being able to self-organize (look for the best way

of doing things to achieve a set objective) (Everaere, 2019). There are three types: procedural

autonomy; planning autonomy; and criterion autonomy (Azouaghe, 2019; Breaugh, 1999). 

[2] The APACT grid has the following score ranges: 0 to 2.5: Bad; 2.5 to 4.5 Insufficient; 4.5 to 6.5:

Medium; 6.5 to 8.5: Good; 8.5 to 10.5: Very good. 

[3] One of the operators filmed during the first stage was not at work during the interviews. This

person was excluded from calculations of the average age and seniority of the company operators. 

[4] “Adapted companies contribute to the development of territories and promote an inclusive

economic environment favourable to disabled men and women” (Légifrance, 2020). 

[5] The videos shown to the operators were the same as those used by the experts to assess MSD

risk factors. 

[6] Workplace body positions: (standing, sitting) positions, height, change of level and bending;

Effort at the workstation: position and frequency of efforts; Handling: postures and frequency of

carrying loads; Workstation area safety: presence of occupational hazards (OHs); Work space

safety: protection against OHs; Autonomy: dependence on other workstations; Dependent work

relationships: type of work: (independent, dependent etc.); Independent work relationships:

possibility of social relationships with others; Control system: command centre; Signs and

information: layout of visual signs: Organization of the workstation: layout and circulation around

the workstation; interest in the workstation: operator’s responsibility; Mental workload: density of

the tasks and level of attention; Monotony: length of cycle, identical operation during a cycle. 
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