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ABSTRACT

As a consequence of robotics integration in industrial production processes, physi-
cal and mental stress levels due to human-machine interaction increased, potentially
increasing production errors and worker injuries. A systematic scoping review of the
literature published in the last 20 years was carried out via PubMed, Scopus, Web of
Science, and Embase to answer this question: ‘What is known from the current litera-
ture about the effects of human-machine interaction in the workplace?’. The analysis
highlighted that themain problemswere due to the lack of ergonomy in the work orga-
nisation, especially regarding cognitive aspects, and the reduced attention threshold
associated with the monotony and repetitiveness of the work tasks. Training and infor-
mation were the essential aspects in managing the reduction of accidents, also using
new technologies such as cross-reality.

Keywords: Human-Machine interaction, Health and safety, Occupational risks, Manufacturing,
Injures, Human factors

INTRODUCTION

Industrialisation has led to the widespread use of tools and machines in daily
life and the workplace. Still, we have moved to user-centred design in the
last few decades and introduced ergonomics or Human Factors (Buono and
Capece, 2016). Occupational health and safety have been improved by ada-
pting machines and tools to human capabilities, limitations and anatomy.
Today, work systems are increasingly built on a foundation of a system con-
sisting of workers, tools, tasks, and work contexts (Flaspoler et al. 2009).
Rapid advances in automation and digitisation mean that current working
conditions are subject to dynamic change, especially in industrial environ-
ments (Körner et al., 2018), which are objectively exposed to risk given the
high rates of occupational injuries and deaths that are regularly encountered
(Song and Awolusi, 2020).

Throughout EU-OSHA’s European Agency for Safety and Health at Work
reports, including the third European Survey of Enterprises on New and
Emerging Risks (ESENER-3), workplace health and safety risks are analy-
sed, focusing on psychosocial risks related to work and new technologies
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linked to Industry 4.0 (Irastorza, 2019). In spring/summer 2019, a total of
45,420 establishments - across all business sectors and employing at least
five people - were surveyed in the 33 countries covered. Although on the one
hand, psychosocial and ergonomic factors also related to human-machine
interaction resulted in critical issues, on the other hand mechanisation and
digitisation play an important role in mitigating these risks. In particular, the
introduction and use of digital technologies such as wearable devices and arti-
ficial intelligence is an opportunity to support manufacturing processes and
workplace safety. Focusing on the possible impacts of automation systems
within production lines, the need for ongoing training to keep skills up-to-
date is apparent from 79% of the factories surveyed in the EU28. Technology
touched on other important points such as workstation set-up and working
hours (66%), as well as making it easier for the operator to sit for long periods
(65%) and perform repetitive movements (60%) (Irastorza, 2019).

The paper aimed to summarise available research to answer the following
question: ‘What is known from the current literature about the effects of
human-machine interaction in the workplace?’.

METHODS

References were screened by setting the database parameters to English,
manufacturing, and study type (original articles published in the peer-
reviewed journal). Studies published between January 1990 andMarch 2020
were searched for in PubMed, Scopus, Web of Science, and Embase. The
paper is based on a literature review focused onworkplace safety in themanu-
facturing sector. The following keywords (MESH and non-MESH terms)
were used: ‘Human-machine’ OR ‘Human-robot’ OR ‘Human-computer’
AND ‘Interaction*’ OR ‘Interface*’ OR ‘Cooperation’ AND ‘Occupatio-
nal’ OR ‘Work*’. Two reviewers independently screened the citations (title
and abstract) identified from all sources. Subsequently, full-text articles were
reviewed to determine the final set of eligible studies. Disagreements were
resolved by discussion with the remaining authors. A data extraction form
was developed to determine which variables to extract. The following items
were included: article identifiers (authors, year of publication); study iden-
tifiers (sample size, design, country); the aim of the study; main results. A
qualitative description of the included studies can be found below. Tables
and diagrams are used to synthesise the main findings. The selection process
was carried out using some freeware (Zotero, Rayyan). PRISMA-ScR guide-
lines on conducting systematic scoping reviews were followed (Tricco et al.
2018).

RESULTS

A total of 8,122 papers were identified and, after removing duplicates, 1,834
available articles were selected. According to the inclusion and exclusion
criteria, 11 articles were included in the final analysis (see Figure n.1).
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Figure 1: Flow chart diagram depicting the different phases of studies selection
process.

DISCUSSION AND CONCLUSION

The current research on safety in the workplace concerning human-machine
interaction shows how this is influenced by the characteristics and modalities
of the interaction itself. The evaluation of the quality of the interaction with
the machine and the safety levels in the workplace can proceed according
to two different approaches: the empirical approach that involves samples
of users who interact with the machine performing various activities; the
analytical approach that does not involve users as test subjects, because one or
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more analysts carry out the evaluation of the machine and the work environ-
ment with the help of theoretical models. The description and understanding
of the user and the task are key elements of the evaluations; other impor-
tant elements are mapping task demands and the user’s mental and physical
workloads during interaction with the machine (Bligard and Osvalder, 2014;
Greco et al. 2020).

The 11 selected articles highlighted how competence and training influence
the operator in an industrial dimension in which more and more adva-
nced technologies are incorporated. Mechanisation and digitalisation play
an essential role in mitigating ergonomic risks, assessed from cognitive (such
as mental workload or usability) and physical (such as physical workload or
body posture) perspectives. Therefore, the risk of work-related problems is
not always entirely avoided by a good ergonomic design of work tools and
workspace. Still, factors related to work organisation, user training, and the
use of new technologies also come into play. In particular, the introduction
and use of digital technologies such as wearable devices and artificial intel-
ligence is an opportunity to support production processes and safety in the
workplace (Körner et al. 2018).

The operator is subjected to a high cognitive load due to environmen-
tal characteristics, task complexity or repetitiveness, and work organisation.
Modern technologies reduce heavy physical labour, speed up work processes,
and increase flexibility. On the other hand, data also indicate that technology-
related stressors accompany contemporary industrial work. Technical pro-
blems were described as frequent stressors; users reported that technical
problems lead to interruptions, additional pressure for timelines, and mul-
titasking, in addition to poor usability of the technical systems they work
with. Working with highly automated systems creates difficulty in building
an adequate mental representation of machine use. Operators are often faced
with situations where they are unable to develop or maintain proper levels
of awareness, caused by factors such as high system complexity, inadequate
visualisation of the current state of the systems, lack of experience in using
the systems, and inadequate training and workstation design relative to the
operator’s anthropometric data, often resulting in musculoskeletal disorders
(Lu CW et al. 2012).

In conclusion, the design of work activities and workstations should
consider the workers’ cognitive load and anthropometry throughout their
involvement in the risk assessment to improve safety in the workplace.More-
over, it is essential to enhance the training of ‘Operator 4.0, advancing both
technique and preparation, improving risks awareness of using the machine,
finally ensuring optimal health and safety conditions.
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