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Abstract. Industry 4.0 factories require smart and skilled operators – Operators
4.0. We evaluated three Operator 4.0 solutions that aim to empower and engage
workers, so that workers can understand and develop their own competences and
they can take an active role in developing the manufacturing environment. 118
shop stewards from different factories assessed user experience, user acceptance
and foreseen impacts of the solutions. The results show that there are high expec-
tations towards the virtual factory-based participatory design solution. Opinions
were shared about empowering the worker by feedback about worker well-being
and work achievements. The solution was seen interesting and useful but there
were doubts regarding privacy. Contextual knowledge sharing was felt important
but the workers were a bit skeptical as many previous knowledge sharing at-
tempts had been failed. The results give insight to how the solutions should be
further developed and how the solutions should be introduced at factory floor.

Keywords: Operator 4.0, user study, user experience, user acceptance, impact
assessment.

1 Introduction

A central component of Industry 4.0 is its human-centricity, described as development
towards the Operator 4.0 concept [1]. Operator 4.0 refers to smart and skilled operators
of the future, who will be assisted by automated systems allowing the operators to uti-
lize and develop their creative, innovative and improvisational skills, without compro-
mising production objectives [1]. In future industrial environments, workers are ex-
pected to act as strategic decision-makers and flexible problem-solvers [2]. Romero et
al. [1] postulated an Operator 4.0 typology with eight different operator types such as
Healthy Operator, Collaborative Operator and Social Operator. In later papers, Romero
et al. further defined the concepts of Healthy Operator [3] and Social Operator [4]. The
visionary papers introduce future concepts but not yet evaluation results.

Cognitive workload can be relieved by assessing the operator’s well-being at work
by using wearable technology [3]. With the advances in personal, wearable health tech-
nologies, employees can get empowering feedback on their well-being [5].  Virtual re-
ality (VR) technologies are valid tools to support participatory design (PD), because
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they support common understanding and collaboration among designers and users [6].
To improve team performance, organizations must ensure that knowledge is both
shared and applied [7]. New technologies can encourage collaboration among workers,
support problem-solving and bring together the right people [4]. The Operator 4.0 par-
adigm shift cannot succeed simply by introducing new technologies to the factory floor,
but work processes need to be reshaped in parallel [8].

The aim of the study described in this paper was to evaluate user experience, user
acceptance and foreseen impacts of three Operator 4.0 solutions developed in the Fac-
tory2Fit project (www.factory2fit.eu): Worker Feedback Dashboard, Participatory
Design with a Virtual Factory and Contextual Knowledge Sharing. The solutions can
be seen as examples of Operator 4.0 types Healthy Operator, Virtual Operator and So-
cial Operator as defined by Romero et al. [1, 3, 4]. The leading idea of the solutions is
that the workers are the best experts of their own work and they should be given effec-
tive possibilities to develop their competence, based on their own initiative, and their
role should be more active in designing and developing manufacturing processes [8].

 In this paper we describe the three Operator 4.0 solutions in Section 2. In Section 3
we describe the methods, in Section 4 the results and in Section 5 conclusions.

2 The empowering and engaging Operator 4.0 solutions

In the following, we describe the three solutions that we assessed with factory workers.

Fig. 1. Worker Feedback Dashboard.

Worker Feedback Dashboard (Fig. 1) is a web-based solution that provides data-
driven, personal feedback to workers about their well-being and work performance [9].
It highlights the accomplishments of the day, creates awareness of the possible relations
between selected well-being and production measures and demonstrates progress and
development at work. The solution shows both visualized work shift-specific data as
well as longer-term trends. The feedback is generated mainly based on automatically
collected data: well-being metrics from a personal well-being tracker, such as an activ-
ity wristband and work performance metrics from the factory production system.
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Fig. 2. Participatory design with a virtual factory.

Participatory Design with a Virtual Factory supports co-design of factory work with
all stakeholders, such as workers, supervisors, management and R&D [10]. A 3D sim-
ulation and visualization platform (Visual Components 4.1) is used as the virtual fac-
tory platform. It allows the creation of virtual factory layouts at different levels of detail
from a simple machine to the entire factory floor (Fig. 2). The virtual factory supports
gaining a shared understanding of the design and sharing knowledge. During a partici-
patory  design  session,  the  virtual  factory  can  be  viewed via  a  projector,  or  it  can  be
experienced more realistically with a head-mounted display (Fig. 2).

Fig. 3. Contextual Knowledge Sharing integrated into the user interface of a production line.

Contextual Knowledge Sharing is a platform for work-related discussions, connected
to the physical work context such as work machines [10]. The objective of Contextual
Knowledge Sharing is to support collaboration, problem solving and knowledge shar-
ing among workers. The solution can be used in one factory or the discussion can be
extended to several factories with similar productions. Contextual Knowledge Sharing
can be used with a computer or mobile device. It is preferably integrated into other
factory information systems (Fig. 3), so that discussions are connected to actual ma-
chines and situations on the factory floor.
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3 Methods

The Industrial Union is the largest trade union in Finland representing workers in the
metals, manufacturing and paper industries. Factory2Fit solutions were presented to the
representatives of the Industrial Union, who were in charge of organizing their annual
meeting. They chose three Operator 4.0 solutions for the evaluation, based on their
relevance to the annual meeting participants. Sharing interesting knowledge was im-
portant to ensure mutual benefit for both the participants and the Factory2Fit project.

During the Industrial Union’s annual meeting, three workshops were organized, one
for each Operator 4.0 solution to be assessed. The workshops were repeated nine times,
each lasting for 20 minutes with 10–15 participants. The participant groups remained
the same in each workshop but the order of the workshops varied between the groups.
In total, 118 shop stewards participated in the workshops. They all filled in a question-
naire that was based on Work Well-being Design and Evaluation Framework [11] and
studied user experience, user acceptance and foreseen impacts on work satisfaction and
productivity. Each workshop had the following agenda: (1) workshop host presented
the solution with slides and video demos; (2) the participants discussed the solution,
and (3) the participants filled in the questionnaire.

21 % of the participants were female and 79 % male. All the participants were work-
ing in industry: 31% in large enterprises, 52 % in medium-size enterprises and 17 % in
small companies. 72% of the participants were 40–59 years old, 20 % under 40 and 8
% were over 60. The participants were all shop stewards, so in that sense they were
quite a homogenous group. However, as they came from different sized enterprises,
there were differences especially in the degree of digitalization at their workplace.

4 Results

Fig. 4 illustrates the user experience of the solutions. Participatory design had the best
user experience but also the two other concepts had mainly positive user experiences.

Fig. 4. User experience of the solutions.

4.1 Worker Feedback Dashboard

The Worker Feedback Dashboard clearly divided the opinions of the respondents (Fig.
5). 41% of the respondents considered the solution suitable for factory work while 21%
responded that it would not fit factory work. 37% of the respondents were willing to
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use the solution themselves while 34% were not interested in using the solution in their
work. About half of the respondents neither agreed nor disagreed on whether using the
solution would improve productivity or work satisfaction. Positive impacts on produc-
tivity were expected by 20 % of the participants, and positive impacts on work satis-
faction by 23 % of the participants.

Fig. 5. Results of the Worker Feedback Dashboard assessment.

In most of the workshops, the Worker Feedback Dashboard solution raised several
questions and vivid discussion. The participants asked questions related to the proper-
ties of the solution (e.g., what can be quantified) and the details and usefulness of the
measurements. In some groups, the discussion was mainly neutral or positive, while in
other groups the discussion focused on the potential risks of the solution. 49 respond-
ents gave free feedback about the solution on the questionnaire. The main concerns
were related to data security and privacy, and the participants were skeptical of whether
the personal data would stay non-accessible to the employer.

4.2 Participatory Design with a Virtual Factory

The Participatory Design with a Virtual Factory was well accepted and positive impacts
were foreseen (Fig. 6). 77 % of the participants agreed that this kind of solution would
fit to factory work. 62 % of the participants agreed that they would like to use this kind
of solution in their work. Most participants agreed that the solutions would improve
productivity (76%) and work satisfaction (66%).

Fig. 6. Results of the Participatory Design with Virtual Factory assessment.

The participants provided feedback both on the questionnaire and during the discus-
sions. 53 participants provided comments on the questionnaire. For some participants,
the solution was quite new, whereas others had already been using similar solutions at
work. The participants agreed that adopting the solution is already topical or will be in
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the near future. The participants liked the idea that workers are able to participate in the
design of their own work but were concerned that employers would not listen to them.
The participants commented that the solution could decrease time and costs during lay-
out changes by instantly designing good layouts. With well-designed production lines,
productivity will increase. Some participants were concerned that if only productivity
and efficiency are improved, there would be no positive impact on work satisfaction.

4.3 Contextual Knowledge Sharing

With Contextual Knowledge Sharing, results were distributed (Fig. 7) but so that posi-
tive responses outnumbered the negative ones and the moderately positive attitude to-
wards the knowledge sharing platform was the most dominant. As much as 50% of the
respondents considered the solution suitable for factory work and, furthermore, the ma-
jority of respondents (56%) thought that the solution would improve work productivity.
However, less than half of respondents (44%) were willing to use the solution them-
selves and only 39% assumed the solution would improve work satisfaction.

Fig. 7. Results of the Knowledge sharing solution assessment.

Even if the feedback on the questionnaires was mainly positive, the discussion and the
comments tended to focus on foreseen problems and concerns. 57 participants provided
comments on the questionnaire and discussion was always raised during the solution
presentation. Respondents suggested suitable usage contexts such as maintenance and
problem-solving. The solution was not found appropriate when, e.g., a phone is not
allowed at a workplace or when work is highly manual. Some participants did not fully
understand the contextuality of the solution and claimed that similar solutions exist al-
ready. There were concerns that the usage will require too much time or attention at
work, causing various types of risks; or that people are not willing or able to share their
knowledge, especially in written form.

5 Conclusions

The feedback was mainly positive but there were also concerns, especially related to
the Worker Feedback Dashboard and Contextual Knowledge Sharing. Participatory
Design with a Virtual Factory was clearly the most accepted solution.

The Worker Feedback Dashboard divided opinions. These divided opinions and con-
cerns should be considered when introducing the Worker Feedback Dashboard to the
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workplace. Ethical aspects and the potential impacts on all stakeholders shall be con-
sidered in the design of the solution.  For user acceptance, the workers should partici-
pate in planning how to utilize the solution, and what kind of work practices should be
agreed related to its use. The results indicate that there are potential lead users for the
Worker Feedback Dashboard. Introducing the solution via these lead users would fa-
cilitate showing the impacts and could then encourage those who were more doubtful
to join. Still, using this kind of a solution should be voluntary.

Many participants commented that Participatory Design with a Virtual Factory so-
lution is what they really should have at their workplace, and most participants expected
positive impacts both on productivity and work satisfaction. The concerns were mainly
related to the culture at the workplace – whether the suggestions of the workers would
be considered.

Contextual Knowledge Sharing was quite well accepted but it was evident that there
have been several attempts already at the workplaces to introduce tools for knowledge
sharing. Attendees seemed a bit fed-up with “again another knowledge-sharing tool”.
During the short presentation of the solution, the participants did not fully understand
the novelty value of the solution in connecting the discussions to the physical factory
floor context. Still, 55 % of the participants expected positive impacts on productivity
and 39% on work satisfaction. When developing the concept further, the connection to
the work context has to be emphasized better. Knowledge sharing should be fully inte-
grated with production systems, extending their content with the user-generated discus-
sion content. For a quick start, knowledge-sharing should be based on actual user com-
munities that already know and trust each other.

The study described in this paper was conducted with a relatively large, homogenous
group of participants, as all  of them were shop stewards in factories. However, there
are some limitations in the results. The solutions were presented to the participants quite
briefly, and they could not try out the solutions themselves. The participants filled in
the questionnaire after the group discussion, so it is possible that the discussion affected
their opinion. However, the discussions may also have supported understanding the
proposed solutions better.

Overall, the results are quite promising and encourage introducing Operator 4.0 so-
lutions to factory work. The results of the assessment will be useful in further develop-
ing the solutions as well as in designing how to introduce them on the factory floor.
Assessing not only immediate implications but also foreseen impacts with the factory
workers raised important issues in the discussions and in the comments. These kinds of
discussions will be important also in connection to local factory floor design of the
solutions and their adoption.
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