
Assessing the Psychosocial Impacts of Industry 
4.0 Technologies Adoption in the Operator 4.0: 
Literature Review & Theoretical Framework

1. Introduction

Regarding automation and data-sharing technol-
ogy, the Fourth Industrial Revolution (or Industry 4.0) 
highlights recent trends in manufacturing industries. 
Industry 4.0 refers to the integration of the Internet 
and factory automation to improve productivity with 
the use of smart sensors and Artificial Intelligence 
(AI) for assisting manufacturing processes linked 

with machines [1]. The main characteristics, in terms 
of technologies, of the Industry 4.0 paradigm consist 
of Cyber-Physical Systems (CPS), Augmented Reali-
ty or Virtual Reality (AR/VR), the Internet of Things 
(IoT), the Internet of Services (IoS), Additive Manu-
facturing (AM), Big Data Analytics (BDA), Autono-
mous & Collaborative Robots, Cloud Computing, 
and Advanced Simulations (like Digital Twins). In 
terms of task functions and interfaces with running 
equipment, the Industry 4.0 paradigm changes the 

Emerging digital and smart technologies, including wearable and collaborative ones, related 
to the Industry 4.0 paradigm are playing an assisting, collaborative, and augmenting role for 
the Operator 4.0, and just as in previous industrial revolutions, the nature of work and the 
workplace for operators on the shop floor is changing. This literature review aims to look 
into the impact of digital and smart technologies adoption on the workers’ psychosocial stage 
under the light of the Operator 4.0 typology. Based on the review conducted, a theoretical 
framework for assessing the psychosocial impacts (risks) of Industry 4.0 technologies adop-
tion in Operator 4.0 is proposed. The framework can be utilized by company managers, 
researchers, production engineers, and human resources personnel for carrying out a psy-
chosocial risk assessment of Operator 4.0 in assembly, maintenance, and training operations 
as these operations get digitally transformed and smartified based on self-report question-
naires. Findings reveal that the nature of work, the social and organizational environment 
of work, and related individual factors are key categories that might affect the Operator 4.0 
psychosocial stage on the shop floor.
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role of the human operator on the shop floor. This 
leads to the creation of new forms of workforce in-
teraction (i.e., human-human/machine/robot/AI) 
and data exchange referred to as the Operator 4.0 
types [2], which are aided by advanced digital and 
smart technologies such as AR, VR, collaborative ro-
bots (cobots), exoskeletons, wearable devices, social 
enterprise networks, and big data analytics. All of 
these (smart) wearable and collaborative technolo-
gies impact the Operator 4.0 physical, psychological, 
and social responses in the workplace, either favorably 
or unfavorably [3]. Hence, the goal of this research 
work is to study how the Operator 4.0 typology [2] 
might affect the operators’ psychosocial work environ-
ment (i.e. the shop floor).

As further context and motivation for this re-
search work, the impact of new technologies on 
shop floor operators has been a recurring theme in 
occupational health physiology for several decades [4] 
and more recently the physical, psychological, and so-
cial implications of novel digital and smart technolo-
gies adoption, particularly wearable and collabora-
tive ones, have been a topic of particular interest in 
the light of the Fourth Industrial Revolution and its 
technologies [5]-[7]. New shop floor technologies 
are usually introduced to facilitate physical and cog-
nitive work, but undesirable side effects may occur in 
the workforce and work environment that were not 
foreseen upon their adoption such as stress, fatigue, 
musculoskeletal disorders, etc. [5]-[7]. Thus, modi-
fications to work and working conditions must be 
studied as part of Industry 4.0 technologies adoption 
on the shop floor to understand traditional and new 
emerging occupational health and safety risks for the 
Operator 4.0 [6]. Hence, the use of psychosocial im-
pact assessments as part of Industry 4.0 technologies 
adoption initiatives is imperative to address “human 
sustainability” in modern shop floors in terms of saf-
er work environments and healthier workers, con-
tributing in this way to “human-centric approaches” 
for digital and smart technologies adoption that aim 
to enhance operators’ productivity at the same time 
that safeguards their occupational health and safety. 

To do so, this research work has conducted a lit-
erature review to identify and qualitatively analyze 
the operators’ psychosocial work environment risks re-
lated to the adoption of the Operator 4.0 typology [2] 
on the shop floor and propose a theoretical frame-
work that includes different psychosocial risk assess-
ment methods for evaluating the psychosocial impacts 
(risks) of Industry 4.0 technologies adoption in the 
Operator 4.0.

2. Background

2.1 The Operator 4.0 Typology

The Fourth Industrial Revolution, or Industry 
4.0, has been considered by many experts as a techno-
logically focused paradigm consisting of various digital 
and physical enabling technologies for the future of 
manufacturing [1], [8]. While many of these enabling 
technologies inherently involve “humans” such as 
AR and VR headsets, wearable IoT devices, and co-
bots applications as third-hands helping operators in 
their daily jobs, the focus remains on technologies 
themselves rather than on their successful application 
for the assistance, collaboration, or augmentation of 
human workers [9], [10]. Several attempts at shifting 
the focus to the “human factor”, or rather introduc-
ing “human actors” to share the spotlight with tech-
nology have been proposed within the Industry 4.0 
domain [11]. One of the first and, to date, one of 
the more widespread of these ideas is the “Operator 
4.0 typology” [2]. Other examples of these efforts in-
clude the works compiled into the two journal special 
issues dedicated to the Operator 4.0 vision [12], [13].

The Operator 4.0 typology was first introduced 
by Romero et al. [2] as a “human-centric” vision for 
successfully adopting and implementing Industry 
4.0 technologies in a smart factory. They introduced 
eight Operator 4.0 types linked with Industry 4.0 tech-
nologies with a vision of a “socially sustainable factory” 
and defined the Operator 4.0 as “a smart and skilled 
operator who performs not only cooperative work 
with robots but also work aided by machines as and if 
needed by means of human cyber-physical systems, 
advanced human-machine interaction technologies, 
and adaptive automation towards human-automation 
symbiosis work systems” [14]. Advanced Human-Ma-
chine Interaction (HMI) is provided by human cyber-
physical systems to improve the physical, cognitive, 
and sensing capabilities of operators, and Adaptive 
Automation (AA) aids in task distribution and human-
machine interaction in the workplace, as well as in 
adjusting the level of automation when a significant 
event or a predetermined function is identified in 
production [14]. Moreover, the ACE Factories proj-
ect investigated the concept of Operator 4.0 in a white 
paper [15] and introduced five Operator 4.0 types 
based on the original typology by Romero et al. [2]. 
These are (i) the Augmented and Virtual Opera-
tor, (ii) the Social and Collaborative Operator, (iii) 
the Super-Strong Operator, (iv) the One-of-a-Kind 
Operator, and (v) the Healthy and Happy Opera-
tor. Unlike the original eight Operator 4.0 types [2], a 
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“One-of-a-Kind Operator” can adapt to the changing 
work environment because each operator has unique 
talents and skills [15]. Figure 1 presents the original 
eight Operator 4.0 types by Romero et al. [2].

Super-Strength Operator: The operator is sup-
ported with exoskeletons to improve his/her physical 
capabilities. Aimed to support operators with their 
physical activities and provide physical strength and 
assistance during manual operations to maintain their 
endurance and safety [2], [7], [15]-[17]. An industrial 
exoskeleton can be of a passive or powered type. An 
industrial exoskeleton uses hydraulics, electric motors, 
and pneumatics methods to power itself and thus 
provide physical power and support for operators in 
assembly and maintenance operations [18]. One of 
the considerations with industrial exoskeletons is their 
ability to physically support older workers to compen-
sate for their age-lost strength and endurance in shop 
floor operations. Assistance for physical strength dur-
ing assembly and maintenance operations enhances 
the “social sustainability” of the workforce as well 
as safety and accident reduction [2], [7], [15]-[17]. 
According to Perez Luque et al. [18] passive upper-
body exoskeletons limit the range of motion for the 
operator in manufacturing operations aiding his/her 
occupational health and safety.

Augmented Operator: The operator is assisted with 
AR-based technologies and AR-enabled devices such as 
headsets and handhelds to strengthen an operator’s 
cognitive capabilities. Using AR-based technologies and 
devices, the operator can receive information from the 
digital world overlaid in his/her actual physical envi-
ronment and within his/her field of view. In assembly 
and maintenance operations, AR can aid operators 

in guiding them in complex assembly sequences and 
maintenance procedures [2], [7], [15]-[17].

Virtual Operator: The operator is assisted with 
VR-based technologies and VR-enabled devices to in-
teract with 3D virtual models such as in the case of 
virtual product design. Product design engineers can 
see how different design implications affect a virtual 
product  [2], [7], [15]-[17]. Another strong case for 
VR is operator training offering a safe and controlled 
interactive learning environment with emotional real-
ism [2], [7], [15]-[17].

Healthy Operator: The operator is equipped with 
wearable sensors such as activity trackers to (self)moni-
tor his/her physical and cognitive fitness throughout 
different industrial activities and tasks by measuring 
his/her biometrics like heart rate and oxygen lev-
els so any physical and cognitive activity intensity is 
kept within well-being standards [2], [7], [15]-[17]. 
Furthermore, wearables with body position sensors 
can monitor the operator’s body postures aiding in 
ergonomically optimum body postures in physically 
demanding jobs. Hence, wearables (aggregated) data 
could assist shop floor managers in analyzing opera-
tors’ physical and mental workloads to improve their 
physical and mental well-being [2], [7], [15]-[17].

Smarter Operator: The operator is assisted by 
one or more Intelligent Personal Assistants (IPAs). 
IPAs could assist operators with assembly and main-
tenance activities by providing step-by-step (voice) 
instructions for completing a complex assembly se-
quence or repair or by offering suggestions for trou-
bleshooting problems [2], [7], [15]-[17]. Siri (Apple), 
Hey Google (Android), and Alexa (Amazon) are all 
examples of IPAs.

Figure 1. The Operator 4.0 Typology [2]
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Collaborative Operator: The operator is aided by 
collaborative robots to improve his/her physical capa-
bilities. In the work environment, cobots will take over 
or assist in the repetitive and non-ergonomic tasks of 
a job [2], [7], [15]-[17]. Romero et al. [2] mention that 
assistance with cobots improves the job satisfaction of 
the operators. Challenges in collaborative human-
cobot work environments include considering the 
safety aspects of operators in the shared workspace 
with a cobot and providing adequate communication 
between humans and cobots [2], [7], [15]-[17].

Social Operator: The operator is supported by 
social networking to improve his/her cognitive in-
teraction on the shop floor by facilitating real-time 
communication between human and non-human 
co-workers like cobots and IPAs. This enhanced 
communication allows operators to share ideas and 
improve problem-solving skills with the help of tech-
nology [2], [7], [15]-[17]. Romero et al. [2] argue that 
improved communication between co-workers helps 
to improve workforce engagement and data sharing 
as well as participation in decision-making. 

Analytical Operator: The operator is assisted with 
big data analytics to strengthen his/her decision-
making capabilities. Big data analytics collects a 
significant amount of data from sensors linked to 
various operations, which can then be analyzed to 
predict expected and unexpected disruptions in pro-
duction [2], [7], [15]-[17]. The vision of introducing 
an “Analytical Operator” is to improve forecasts in 
manufacturing operations and better understand the 
performance of shop floor operations [2], [7], [15]-

[17]. Romero et al. [2] mention, for example, that 
“Collaborative Operators” analyze data to ensure 
safe proximity to their cobot co-workers, “Healthy 
Operators” analyze their biometrics to better self-
manage their physical and cognitive efforts, and 
“Smarter Operators” collaborate with their IPAs to 
combine their knowledge to troubleshooting prob-
lems. According to Ruppert et al. [16], the “Analyti-
cal Operator” uses IoT-based technologies to pro-
vide real-time feedback to the other Operator 4.0 
types. Feedback may include task instruction sup-
port, hazard environment alerting, event noticing, 
and health-related parameter detection through dis-
plays, headsets, and handhelds.

2.2 Psychosocial Characteristics of the Work 
Environment

According to Rugulies [19], psychosocial work en-
vironment refers to “how the individual experiences 
and responds to his or her surroundings and thus the 
individual becomes the focus”. Several things have 
an impact on the psychosocial work environment as 
depicted in Fig. 2 [20]. The type of work, the way 
of completing such work, the physical and cognitive 
demands of the job, and the tools used for working 
are all examples of these factors. Workers’ health and 
performance may be affected by factors related to the 
psychosocial work environment. Some of the risk factors 
linked with a psychosocial work environment include 
work schedules, working hours, and other issues such 
as wage-related discrimination in the workplace [20]. 

Figure 2. Factors Affecting the Psychosocial Work Environment of Operators [20]
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Danasekaran & Govindasamy [21] said that psy-
chosocial impacts related to the work environment 
make an impact on an operator’s physical and psy-
chological health, which impacts as a consequence 
the productivity of the organization. Moreover, work-
place stress is one of the psychosocial impacts and hap-
pens for example when job demand is beyond the 
skill of operators. Workplace stress of operators leads 
to psychological problems like anxiety, occupation 
stress, depression, and later to health diseases includ-
ing musculoskeletal disorders, hypertension, and gas-
trointestinal disorders. Workplace stress has societal 
consequences such as relationship conflict, increased 
bad behavior (i.e., drug and alcohol abuse), and eco-
nomic loss [21].

Tables 1 and 2 summarize the sources of psycho-
social factors and the related impacts of those factors 
based on the literature review conducted in this re-
search work, using the well-established classification 
suggested by [22]. Both tables highlight the factors 
that are known determinants of psychosocial stress and 
harmful to workers’ health [22, see also 23].

Table 1, in particular, presents a range of upstream 
determinants on psychosocial health in the workplace 
[22], addressing the job characteristics of occupations, 
for instance, their emotional demand nature [24], 
their level of participation in decision-making [25], 
or their level of pressure in work tasks [26], and the 
changing nature of  work as the socio-economic and 
technological changes and the re-organization of 
work in relation to progress [27].

On the other hand, Table 2, presents a set of 
prominent sources of stress coming from interpersonal 
relationships within the social and organizational con-
text of  work (i.e., the workplace) [22], such as work-
place discrimination [28], workplace bullying [29], 
workplace violence [30], and harassment [31], and 
individual risks factors that can predispose workers to 
psychosocial perils related to personality [32], gender, 
[33], deprivation [34], and non-work factors [35].

Lovelock [22] defines psychosocial impact as “the 
aspects of design and management of work and its 
social organizational contexts that may have the po-
tential for causing psychological or physical harm”. 
Lovelock further mentions other health effects of 
workplace stress including thyroid issues, migraine, 
and headaches. Individual issues and organizational 
factors can both contribute to workplace stress. Job 
demand, job satisfaction, social support, and absen-
teeism are all individual aspects that contribute [22]. 

3. Research Methodology

This research work was set to explore the relation-
ship between the Operator 4.0 typology [2] and the 
psychosocial work environment [19]-[22] where it is envi-
sioned. To do that, a literature review was the selected 
approach [36]. The qualitative analysis of published 
materials such as journal articles, conference papers, 
and book chapters was used for this study’s analysis. 
The accessibility of the above-mentioned sources 

Job Characteristics and the Nature of Work

Job Content/Demands

•  High physical, mental, and/or emotional demands.
•  Lack of variety.
•  Short work cycles.
•  Fragmented or meaningless work.
•  Under-utilization 
•  High uncertainty. 
•  Continuous exposure to people through work.

Workload/Workplace Stress
•  Work overload or underload.
•  Machine pacing time pressure.
•  Deadlines

Work Schedule

•  Shift working.
•  Inflexible work schedules.
•  Unpredictable hours 
•  Long or unsocial hours.

Job Control •  Low participation in decision-making.
•  Lack of control over workloads.

Physical Environment and Equipment Issues •  Inadequate or faulty equipment.
•  Poor environmental conditions (viz.: space, light, noise, and thermal).

Table 1. Sources and Impacts of Psychosocial Factors in the Work Environment Related to Job Characteristics [22]
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does not interfere with the study because they are 
available at any time without any ethical issues. 

Fink [37] categorizes the process of conducting 
a literature review in five steps, which were the ones 
followed for this study’s analysis: (i) determining the 
study problem, (ii) collecting data – using keywords, 
(iii) screening the data, (iv) analyzing the findings, and 
(v) writing the review. 

3.1 Study Problem

This literature review aims to investigate the com-
bined concepts of the “Operator 4.0” and “psycho-
social work environment” to assess the psychosocial 
impacts (risks) of Industry 4.0 technology adoption 
in the Operator 4.0 typology to propose a theoretical 
assessment framework.

3.2 Data Collection – Using Keywords

This study data collection was done by secondary 
sources collected from academic databases, namely 
Scopus, Web of Science, and Google Scholar, and 
published in English. Its period was from 2016 (the 
year when the “Operator 4.0” term was coined) to 
2023 and covers only journal articles, conference pa-
pers, and book chapters. The primary analysis of the 

publications studied was done by an understanding 
of their keywords and themes to provide answers to 
the study problem. 

As a starting point, the phrase “Impact of Indus-
try 4.0 technologies adoption in the Operator 4.0 
psychosocial stage in his/her work environment” 
was used to reveal primary keywords for searching: 
“Industry 4.0”, “Technology Adoption”, “Operator 
4.0”, “Psychosocial Stage”, and “Work Environ-
ment”. Other similar phrases were discovered after 
defining the primary keywords, which helped in the 
selection of appropriate publications for creating this 
literature review. Across the reading of the scientific 
literature, other terms linked to the primary key-
words were discovered. Table 3 lists all primary and 
related keywords used as query strings. 

Boolean expressions and keywords are used to 
search for documents. Mainly used Boolean expres-
sions are, AND and OR. Some of the search strings 
are: “Operator 4.0 AND Impacts”, “Operator 4.0 
AND Psychosocial Work Environment AND Impacts”, 
“Augmented Reality AND Worker AND Challenges”, 
“Operator 4.0 AND Psychological AND Impacts OR 
Cognitive AND Challenges”, “Cyber-Physical System 
AND Social Impacts”, “Industry 4.0 AND Impacts 
OR Social Challenges”, “Operator 4.0 OR Industry 
4.0 AND Social Interaction”, “Exoskeleton AND Ben-

Social and Organizational Context of Work

Organizational Culture and Function
•  Poor communications.
•  Low levels of support for problem-solving and personal development.
•  Lack of definition of organizational objectives.

Interpersonal Relationships at Work

•  Social or physical isolation.
•  Poor relationship with superiors.
•  Interpersonal conflict.
•  Lack of social support.

Role in Organization
•  Role ambiguity.
•  Role conflict.
•  Responsibility.

Career Development

•  Career stagnation and uncertainty.
•  Under-promotion or over-promotion.
•  Poor pay.
•  Job security. 
•  Low social value to work.

Individual Risk Factors

Individual Difference

•  Coping style.
•  Personality.
•  Hardiness.
•  Resilience.

Home-Work Interface
•  Conflicting demands of work and home.
•  Low support at home.
•  Dual career problems.

Table 2. Sources and Impacts of Psychosocial Factors in the Work Environment related to Organizational and Individual Factors [22]
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efits”, and “Operator 4.0 AND CHALLENGES”. 
Only articles from the years 2016 to 2023 are con-
sidered. The search results are filtered using three 
levels of sorting. The first level of sorting is based on 
keywords, the second level is based on the abstract 
and conclusion, and the third level is based on read-
ing the entire text to see whether it is relevant to this 
study. The study’s inclusion criteria should include 
a publication year between 2016 and 2023, as well 
as published articles or conference papers that cover 
the physical, psychological, and social effects of In-
dustry 4.0 technology on operators. Publications that 
cover Industry 4.0-related technologies such as cyber-
physical systems, artificial intelligence, and automa-
tion are also listed for review, as they are part of the 
Operator 4.0 typology and should be considered. If 
the publication year is earlier than 2016, it will not be 
added to the literature review. The final selection of 
relevant publications is based on the number of cita-
tions, year of publication, keywords, objectives, study 
area, and results.

3.3 Screening of Data

The search results were filtered using three levels 
of screening. The first level of screening was based 
on only keywords, the second level was based on the 
abstracts and conclusions reading, and the third level 
was based on the reading of the full text. Furthermore, 
the study’s inclusion criteria were only publications 
covering the physical, psychological, and social effects 
of Industry 4.0 technologies adoption in the Opera-
tor 4.0, published in English. The final selection of 
relevant publications was based on their year of pub-
lication, keywords, objectives, study area, and results.

135 publications were found in the first search 

iteration in Scopus, Web of Science, and Google 
Scholar databases using different query strings (see 
Table 3). At first, 36 duplicated entries were re-
moved, leaving only 102 items. The 102 publications 
were then filtered using the three levels of screen-
ing mentioned above. After their screening process, 
24 relevant publications were left, and 4 additional 
publications were found from the references using 
“snowballing”. The inclusion/exclusion criteria for 
the 28 publications selected to write this literature re-
view (see Table 4) were based on the focus of docu-
ments discussing the psychosocial impacts (risks) of 
Industry 4.0 technologies adoption in the workforce. 
Of the 28 publications, 24 were journal articles, fol-
lowed by two conference papers, one book chapter, 
and one master’s degree thesis. 

3.4 Analyzing the Findings

Inspired by the literature review conducted, the 
next subsections describe different scenarios found 
in the publications studied [3], [5]-[7], [18], [38]-[60] 
that should be taken into account for the designing 
of a theoretical framework for “Assessing the Psycho-
social Impacts (Risks) of Industry 4.0 Technologies 
Adoption in the Operator 4.0”.

3.4.1 Scenarios Definition

A scenarios planning exercise was first carried 
out in which different shop floor scenarios that the 
Operator 4.0 may face when adopting Industry 4.0 
technologies in assembly, maintenance, and training 
operations were defined using as a reference those 
found in the literature review conducted [3], [5]-[7], 
[18], [38]-[60]; these were:

Keyword 1 Keyword 2 Keyword 2 Keyword 3 Keyword 4 Keyword 5

Industry 4.0 Technology 
Adoption Operator 4.0 Psychosocial

Stage Work Environment

Industry 4.0 Operator 4.0 Psychosocial 
Work Environment Physical Ergonomics Cognitive 

Ergonomics

Worker Worker’s Health Physical
Capabilities Exoskeleton Benefits Musculoskeletal 

Disorder

Human Factors Cognitive
Capabilities

Augmented 
Reality

Social 
Interaction Benefits Difficulties

Human Factors Cognitive
Capabilities

Virtual 
Reality

Social 
Interaction Benefits Difficulties

Cyber-Physical Systems Smart 
Operator

Social 
Operator Healthy Operator Physical

Capabilities
Cognitive

Capabilities

Table 3. Primary (First Row) and Related Keywords used in Query Strings 
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Assembly Operations Scenarios based on the 
Operator 4.0 Typology:

• Super-Strength Operator: During any overhead 
task that happens during an assembly opera-
tion, an industrial exoskeleton can provide ad-
justable lift assistance and arm support for an 
assembly operator.

• Augmented Operator: AR devices such as head-
sets (e.g., smart glasses) or handhelds (e.g., 
smartphones) can provide instructions to as-
sembly operators by projection to improve 
their work quality and work productivity.

• Virtual Operator: Training complex and/or dan-
gerous assembly operations in VR interactive 
(training) environments offers assembly opera-
tors a safe and controlled learning environment 
with emotional realism.  

• Healthy Operator: Wearable sensors can be 
used to monitor posture movement and bio-
signals such as heart rate during work to safe-
guard assembly operators’ occupational health 
and safety.

• Smarter Operator: IPAs can provide voice as-
sistance on instructions on how to complete a 
sequence of complex assembly tasks, and how 
to correctly use a tool for assembly activities to 
improve assembly operators’ work quality and 
productivity. 

• Collaborative Operator: Cobots can be used in 
assembly operations to perform repetitive and 
non-ergonomic tasks, safeguarding this way 
assembly operators’ occupational health and 
safety.

• Social Operator: Real-time communication be-
tween assembly operators can help to improve 
the quality of their work by sharing best assem-
bly practices.

• Analytical Operator: Big data analytics can be 
used to analyze the data collected from vari-
ous assembly operators to propose ways to im-
prove the quality of their work, including their 
occupational health and safety during assembly 
work. 

Maintenance Operations Scenarios based on the 
Operator 4.0 Typology:

• Super-Strength Operator: Industrial exoskel-
etons can provide physical support for main-
tenance operators when manipulating (e.g., lift-
ing) heavy parts to be replaced in a machine as 
part of a repair operation. 

• Augmented Operator: AR headsets and hand-
held devices can be used to provide mainte-
nance operators with relevant information on 
how to diagnose and replace a faulty part in a 
machine.

• Virtual Operator: Training dangerous mainte-
nance operations in VR interactive (training) 
environments offers maintenance operators a 
safe and controlled learning environment with 
emotional realism.  

• Healthy Operator: Wearable devices such as 
smartwatches, acting as digital Andons, can 
deliver alerts and notifications to maintenance 
operators for promoting preventive and predic-
tive maintenance practices.

No # Authors No # Authors

1 Arana-Landín et al. (2023) [6] 15 Chacón et al. (2020) [48]

2 Ciccarelli et al. (2023) [7] 16 Danielsson et al. (2020) [49]

3 Zorzenon et al. (2022) [5] 17 Drouot et al. (2020) [50]

4 Baumgartner et al. (2022) [38] 18 Hariharan et al. (2020) [51]

5 de Simone et al. (2022) [39] 19 Kaasinen et al. (2020) [52]

6 Kumar & Lee (2022) [40] 20 Perez Luque et al. (2020) [18]

7 Storm et al. (2022) [41] 21 Trebuna et al. (2023) [53]

8 de Assis Dornelles et al. (2021) [42] 22 Liao et al. (2019) [54]

9 di Pasquale et al. (2021) [3] 23 Miller et al. (2019) [55]

10 Ekandjo et al. (2021) [43] 24 Kadir et al. (2018) [56]

11 Enrique et al. (2021) [44] 25 Maurice et al. (2018) [57]

12 Nazareno & Schiff (2021) [45] 26 Romero et al. (2018) [58]

13 Reiman et al. (2021) [46] 27 Wesslen (2018) [59]

14 Bortolini et al. (2020) [47] 28 van Zoonen et al. (2017) [60]

Table 4. List of Publications Selected for this Literature Review 
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• Smarter Operator: IPAs can provide voice as-
sistance on instructions on how to conduct 
maintenance, repair, and overhaul operations 
in a machine according to standard operating 
procedures. 

• Collaborative Operator: Cobots can used to per-
form dangerous tasks during a maintenance 
operation.

• Social Operator: Real-time communication be-
tween maintenance operators can help to im-
prove the mean-time-to-repair of a machine by 
collaborative troubleshooting the equipment.

Training Scenarios based on the Operator 4.0 
Typology:

• Augmented Operator: AR headsets and hand-
held devices can be used to guide assembly 
and maintenance operators in their training by 
providing overlaid instructions (step-by-step) in 
their field of view.

• Virtual Operator: Training complex or danger-
ous assembly and maintenance operations in 
VR interactive (training) environments offers 
assembly and maintenance operators a safe 
and controlled learning environment with emo-
tional realism.  

• Healthy Operator: Wearable sensors can be 
used to track assembly and maintenance opera-
tors’ performance during their training.

• Smarter Operator: IPAs can provide voice assis-
tance to assembly and maintenance operators 
during their training.

• Social Operator: Social networking sites are used 
to share training-related information for opera-
tors such as training schedules and instructions.

3.4.2 Scenarios Analysis

The qualitative analysis of the scenarios defined 
was carried out in a two-step approach. The first step 
was to identify the most important psychosocial impact 
categories in the publications studied in this literature 
review, and then the second step was to map the sce-
narios defined in each of these psychosocial impact 
categories. 

From all the publications studied in this litera-
ture review, initially, 11 psychosocial impact categories 
were identified (see Tables 1 and 2). These categories 
were then clustered due to their “relatability” into six 
psychosocial impact categories (see Table 5 – first col-
umn), which were then clustered again to end up with 
three main psychosocial impact categories related to 
the eight Operator 4.0 types (see Table 5 – third col-
umn, and Figure 3): (i) nature of work, (ii) social and 
organizational context of work, and (iii) related to in-
dividual factors.

Table 5 presents all the publications studied in 
this literature review mapped into the six psychoso-

Psychosocial Impact 
Categories Identified References Main Categories

Impacts on:
•  Job Content/Demand
•  Job Control
•  Physical Environment 
    and Equipment Issues

Arana-Landín et al. (2023) [6]; Ciccarelli et al. (2023) [7]; 
Zorzenon et al. (2022) [5]; Baumgartner et al. (2022) [38]; de Simone et 
al. (2022) [39]; Kumar & Lee (2022) [40]; de Assis Dornelles et al. (2021) 
[42]; di Pasquale et al. (2021) [3]; Ekandjo et al. (2021) [43]; Enrique 
et al. (2021) [43]; Reiman et al. (2021) [46]; Bortolini et al. (2020) [47]; 
Danielsson et al. (2020) [49]; Drouot et al. (2020) [50]; Hariharan et al. 
(2020) [51]; Perez Luque et al. (2020) [18]; Liao et al. (2019) [54]; Kadir 
et al. (2018) [56]; Maurice et al. (2018) [57]; Romero et al. (2018) [58]; 
Wesslen (2018) [59]; van Zoonen et al. (2017) [60]

Nature of Work

Impacts on:
•  Organizational Culture 
    and Interpersonal 
    Relationships (at Work)
•  Career Development

Ciccarelli et al. (2023) [7]; Baumgartner et al. (2022) [38]; de Simone et al. 
(2022) [39]; Storm et al. (2022) [41]; de Assis Dornelles et al. (2021) [42]; 
di Pasquale et al. (2021) [18]; Ekandjo et al. (2021) [43]; Enrique et al. 
(2021) [44]; Kaasinen et al. (2020) [52]; Miller et al. (2019) [55]; Kadir et 
al. (2018) [56]; Maurice et al. (2018) [57]; van Zoonen et al. (2017) [60]

Social and 
Organizational Context 
of Work

Impacts on:
•  Workload/Workplace 
    Stress

Arana-Landín et al. (2023) [6]; Ciccarelli et al. (2023) [7]; 
Zorzenon et al. (2022) [5]; Baumgartner et al. (2022) [38]; de Simone et 
al. (2022) [39]; Kumar & Lee (2022) [40]; di Pasquale et al. (2021) [18]; de 
Assis Dornelles et al. (2021) [42]; Nazareno & Schiff (2021) [45]; Kaasinen 
et al. (2020) [52]; Liao et al. (2019) [54]; Kadir et al. (2018) [56]; Maurice 
et al. (2018) [57]; van Zoonen et al. (2017) [60]

Individual Factors

Table 5. Psychosocial Impacts Categories Identified from the Literature Review 
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cial impact categories related to the eight Operator 4.0 
types. 

This literature review revealed three main psy-
chosocial impact categories for the Operator 4.0 when 
adopting Industry 4.0 technologies. These psychosocial 
impact categories include those connected to (i) the 
nature of work, (ii) the social and organizational con-
text of work, and (iii) related individual factors, and 
each has some subcategories as can be depicted in 
Figure 3 and will is further explained in the next sub-
sections.

Impacts related to the Nature of Work

Impacts on Job Content/Demands

Job Content/Demands – make a psychosocial im-
pact on the uncertainty of the job, on its work cy-
cles, in its physical and cognitive workload, and in its 
workflow. 

Reiman et al. [46] mention that increasing tech-
nology use has resulted in more complex skills needs 
and changes in the working environment as technol-
ogy advances. Maurice et al. [57] claim that according 
to both factory workers and non-factory workers, hu-
man-robot collaboration reduces the physical work-
load of the Collaborative Operator and that this reduc-
tion in the physical effort also results in other related 
psychosocial impacts for the operators. According 
to de Simone et al. [39] and di Pasquale et al. [3], 
when cobots are introduced, among other reasons, to 

improve physical ergonomics, these minimize physi-
cal overwork in the operators. Hence, cobot applica-
tions decrease work cycles for operators and the Col-
laborative Operators’ operation time is reduced even 
further. Kadir et al. [56] mention that the assistance 
of cobots reduces the operation workflow for opera-
tors, such as reduced physical activity. Since the Col-
laborative Operator is not subjected to repetitious and 
physically demanding tasks, operators can maintain 
their occupational health for more productive years 
as part of the workforce [5], [7]. Furthermore, Arana-
Landín et al. [6] highlight that while cobots can help 
in many ways the Collaborative Operators to suffer less 
work stress and bad postures by doing the most un-
pleasant tasks of their job, some operators may have 
trouble adapting to the changes in their new “collab-
orative” job tasks, and this may cause mood deterio-
ration.  

In the case of Super-Strength Operators, industrial 
exoskeletons provide physical assistance to reduce 
operators’ physical workload in assembly tasks [18], 
[59]. The study by Perez Luque et al. [18] men-
tions that passive-upper-body exoskeletons limit the 
operators’ movement (i.e., stretching) in assembly 
operations. Providing wearable equipment creates 
other psychosocial impacts for operators as the Su-
per-Strength Operators feel an increase in their physi-
cal burden in terms of qualitative workload by the 
long-term wear of, for instance, an industrial exoskel-
eton [3].

Figure 3. Categorized Psychosocial Impacts related to the Operator 4.0
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A survey of IPA users by Liao et al. [54] states 
that IPAs are not adequately designed concerning 
usability and machine-to-human interaction. Hence, 
task uncertainty emerges because IPAs respond dif-
ferently to what the Smarter Operator expects.

Romero et al. [58] mentioned that monitoring 
operators’ physical and cognitive workload by detect-
ing biomechanical events such as acceleration and 
cognitive events like stress can help to maintain a 
Healthy Operator in his/her work environment. Smart 
exoskeletons in which body smart sensors are fixed 
on the exoskeleton for ergonomic assessments help 
to evaluate the risk of musculoskeletal disorders in 
the Super-Strength Operator [58]. Hence, continuous 
monitoring of the operators’ health also requires the 
creation of a database to store big data for its later 
analysis in favor of making data-driven decisions to 
improve the occupational health and safety of opera-
tors [58].

The transformation from paper-based instructions 
to multimedia instructions mixed with AR and VR 
has been shown to reduce the “cognitive” workload 
of the Augmented Operator and the Virtual Operator 
during their assembly, maintenance, and/or training 
operations. AR and VR technologies/devices provide 
enriched operation-related relevant information for 
operators and help them to improve their cognitive 
abilities and engage in decision-making [5], [6]. Also, 
memory and comprehension are improved, and thus 
the cognitive workload is reduced too [3]. Further-
more, in complex assembly and maintenance opera-
tions, all information can be provided by AR devices, 
and thus the Augmented Operators do not have to 
remember all of the information needed during an 
assembly or repair process, as a result, the cognitive 
workload of operators is lessened [5], [6]. Similarly, 
the cognitive workload of the Virtual Operator is also 
reduced. Presenting accurate task-relevant informa-
tion using VR environments instead of written docu-
ments during training increases Virtual Operators’ 
cognitive capabilities during their drills [5], [6], [42]. 
Nevertheless, for achieving these positive outcomes 
mentioned for the Augmented Operator and the Vir-
tual Operator, AR and VR solutions should be prop-
erly designed to avoid operational inefficiency and 
discomfort [5].

A recent study by Kumar & Lee [40] shows that 
real-time data monitoring in human-machine collab-
orative smart working environments provides a sig-
nificant amount of information related to machinery 
equipment for analysis to the Analytical Operator 4.0. 
Hence the operator’s cognitive workload is increased 
when a great amount of information is provided to 

him/her even with the help of Big Data Analytics 
technology [5], [6], [40]. 

Impacts on Job Control

Job Control – refers to an operator’s involvement 
in decision-making and problem-solving activities as 
well as to work engagement. Each of the Operator 4.0 
types has various consequences in terms of job con-
trol. 

Industrial exoskeletons support the Super-Strength 
Operators without taking away the control of the job 
task at hand during assembly and maintenance op-
erations since the operator can continue the opera-
tion even if the exoskeleton gets damaged between 
the tasks of an operation [3], [57]. 

The Collaborative Operators’ control over their 
job tasks is positively affected as a cobot takes over 
their repetitive and physically difficult tasks. Hence, 
the Collaborative Operators’ control over their entire 
job has been reduced for good [5]-[7]. Moreover, it 
is recommended to consider the “voice of the op-
erators” as part of any human-robot task allocation 
decision for increased job satisfaction [61]. One 
drawback of some human-robot collaborative opera-
tions is that if the cobot breaks down, the Collabora-
tive Operator alone may not be able to continue the 
operation, creating in some cases frustration in him/
her [57].  

Danielsson et al. [49] argue that AR glasses influ-
ence Augmented Operators as their small field of view 
creates difficulties in understanding instructions for 
inexperienced operators with the glasses and reduces 
operator efficiency. 

Considering the Smarter Operators, IPAs improve 
social interactions between operators and shop floor 
managers by facilitating collaboration and providing 
task direction as well as assisting in better decision-
making and increasing decision-making participa-
tion. IPAs help operators with all parts of their job 
tasks, including problem-solving, communication, 
and work scheduling which helps operators to fore-
cast their working hours. As a result, when operators 
employ IPAs to provide total support, they may lose 
control of their duties. As a result, implementing 
IPAs in a specific organization changes the routines, 
task control, and task autonomy of operators [43].

Van Zoonen et al. [60] claim that introducing 
social media in the workplace can both raise and 
decrease work engagement. That is social media 
improves communication between Social Operators, 
and work engagement increases as a result of effec-
tive communication and co-worker accessibility. But 
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social media also increases the volume of data trans-
mitted in the form of texts and e-mails. Hence, the 
work engagement of operators is depleted as a result 
of this accumulated information [60]. An interview 
on Prima power by Kaasinen et al. [52] concluded 
that any easily accessible social media platform acts 
as a knowledge-sharing tool in training by providing 
communication within the community as well as with 
machine providers for better problem-solving. 

Regarding Analytical Operators, visual analytics in 
big data analysis helps operators to analyze the data 
collected from various operations in less time, which 
helps to improve the decision-making efficiency of 
shop floor operators [5]-[7], [46].

Impacts on Physical Environment and Equipment Issues 

Physical Environment and Equipment Issues – refer 
to any discomfort and health issues that are caused by 
physical (work) environment and equipment-related 
problems. 

The Super-Strength, Augmented, Virtual, and 
Healthy Operators have equipment-related impacts 
due to their supporting hardware. Considering Su-
per-Strength Operators, the long-term use of indus-
trial exoskeletons in assembly operations has been 
shown to cause discomfort to the operators because 
the biomechanical workload moves from the des-
ignated muscles. The Super-Strength Operators are 
frequently bothered by their exoskeletons’ weight, 
and these may potentially induce psychological is-
sues such as clumsy feelings and discomfort for the 
operators when worn for an extended period [18]. 
Furthermore, operators are aware that industrial exo-
skeletons can assist older operators by providing ad-
ditional strength to support them, but they still seem 
hesitant to accept this technology because they also 
feel that carrying additional weight in the long term 
creates discomfort and injury [3]. 

Bortolini et al. [47] proposed a Motion Analysis 
System (MAS) for tracking the performance of op-
erators in assembly operations by wearable sensors 
and cameras. They mention that measurement from 
sensors can be analyzed from an ergonomic perspec-
tive using ergonomic indices such as Rapid Upper 
Limb Assessment (RULA) and Rapid Entire Body 
Assessment (REBA). Those assessments help to 
improve the operators’ physical and cognitive ergo-
nomics, such as assessing the risk of musculoskeletal 
disorders and thus improving the work environment 
[47]. Maurice et al. [57] state that using wearable sen-
sors for the measurement of bio-signals and posture 
movements aids Healthy Operators in self-assessment 

and self-correcting measures and lessens their risk 
of musculoskeletal disorders. However, the usage 
of wearable sensors for extended periods causes 
discomfort for the operators and operation with im-
proved physical and cognitive ergonomics might in-
crease the time to complete an operation [3]. 

Considering the Augmented and Virtual Operators, 
one of the equipment impacts related to the adop-
tion of AR and VR technologies is their hardware 
weight, especially when head-mounted [5]. Video-
based head-mounted displays, such as the Microsoft 
HoloLens, produce more vision-related discomfort 
for operators, such as motion sickness and because 
of their imbalanced center of mass, head-mounted 
displays in AR cause pain in the head and neck [49]. 
Using AR devices such as video-based glasses, op-
tical glasses, video-based tablets, and spatial projec-
tors could allow Augmented Operators to experience 
hands-free operation [44] but at the same time, the 
weight of video-based glasses could create physical 
ergonomics problems for operators. Virtual ob-
jects overlaid in the real environment interrupt if 
the tablet camera gets easily disturbed by operator 
hand movement and long-term usage of VR-based 
head-mounted devices causes discomfort and vi-
sion difficulties for operators, such as blurry im-
ages [44]. AR also seems to have certain pain and 
physical ergonomics issues when combined with the 
wearing of prescription glasses [3], [44]. However, 
investigations of operator experience of an AR sys-
tem suggest that AR-based instructions via projected 
displays, head-mounted displays, and other AR tech-
nologies help to reduce head and eye movement for 
operators [51]. 

Another equipment-related impact experienced 
by Augmented and Virtual Operators is vision-related 
problems by long-term exposure to AR and VR [5]. 
Augmented Operators and Virtual Operators experi-
ence vision-related health issues such as motion 
sickness and long-term use of AR-based digitally 
enhanced equipment causes headaches. One of the 
vision problems related to the Augmented Operator is 
occlusion issues, where the Augmented Operator feels 
the real object is far away from the virtual one and 
experiences eye strain as a result of this illusion [42]. 
The Virtual Operator employs VR equipment such 
as head-mounted displays and projected screens. 
However, long-term usage of VR technology can 
cause eye strain and vision problems [42]. Studies of 
optometric testing of both paper and digital instruc-
tions show that staring at AR screens and equipment 
causes eyesight to degrade and eye pain [50]. 
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Impacts related to the Social and Organizational 
Context of Work 

Impact on Organizational (Workplace) Culture and 
Interpersonal Relationships (at Work)

Organizational (Workplace) Culture and Interper-
sonal Relationships (at Work) – Workplace commu-
nication and social relationships, workplace isolation, 
and discrimination are related to the impacts of or-
ganizational (workplace) culture and interpersonal 
relationships (at work). 

IPAs seem to improve collaboration with co-
workers and provide task direction in the work en-
vironment. This teamwork also enhances operators’ 
and supervisors’ social interactions [43]. 

Communication and isolation in the workplace 
can affect Social Operators. Using social media as a 
platform provides more effective communication 
between individuals with less effort and time, but it 
also causes workplace conflict due to shared data. 
Operators can stay focused on their work and help 
others by using public social media in the workplace. 
However, collaborating with the organization’s com-
munity increases job pressure for operators, leads to 
emotionally uncomfortable conversations with oth-
ers, and can thus generate an unfavorable work en-
vironment [60].

AR-enabled portable devices such as tablets and 
smartphone devices can connect with company su-
pervisors or managers remotely – the Augmented Op-
erators. This increases peer support for operators do-
ing autonomous tasks and supposedly minimizes the 
cognitive load on the task. It could also help to boost 
the operator’s work satisfaction and productivity [7], 
[42]. But at the same time, using head-mounted de-
vices isolates an operator from others in the same 
manner as AR users lose eye contact with non-users, 
resulting in operators being socially separated in their 
work environment [7], [55]. During operator train-
ing, the interaction between the physical and virtual 
reality is often minimal and as a result, the Virtual 
Operator can feel physically isolated in the work envi-
ronment [7], [44].

Cobot implementation can affect the work envi-
ronment for both the Collaborative Operator and the 
cobot; it minimizes operator engagement and socially 
isolates operators in the workplace by potentially re-
ducing the number of human operators. However, 
differently-abled personnel, such as those with autism 
or other abilities, may benefit from this type of so-
cially isolated work environment [7], [41].

Impacts on Career Development

Career Development – Career opportunities and 
job insecurity are two factors that affect career devel-
opment for the Operator 4.0. 

Collaborative and Smarter Operators have a great-
er impact on career opportunities. When comes to 
Smarter Operators, an IPA helps operators to advance 
their careers by providing a continuous learning plat-
form with pictures and videos that provide new and 
more knowledge about manufacturing operations 
[7], [43]. In a human-robot collaborative environ-
ment, Collaborative Operators are encouraged to study 
programming and machine-learning techniques to 
improve human-robot interactions and broaden op-
erators’ career opportunities [7], [39]. Cobots are of-
ten brought in to undertake repetitive and dangerous 
tasks, giving the Collaborative Operator more time to 
do other more value-added things and get a chance 
to acquire new skills and take on new tasks such as 
quality control, production planning, etc. [56], but 
the introduction of cobots can create job insecurity 
in operators, according to a study with both factory 
and non-factory workers [57]. Several publications 
[3], [38], [57] mention that the introduction of cobots 
raises concerns among operators about job security 
and the transfer of their technical skills to a machine.

Impacts related to Individual Factors

Impacts on Workload/Workplace Stress 

Excessive Workload/Workplace Stress – both can 
interrupt work-life balance, cause mental discomfort 
in operators, and cause disruption in the workplace. 

Operators may experience mental stress for a 
variety of reasons [5]-[7]. Changes in the work en-
vironment towards the job (i.e., variation in job type 
and skill level) resulting from automation might for 
example create stress for operators [5-7], [45]. The 
Healthy Operator may experience mental stress as a 
result of continuous assessment and data collection 
via wearable sensors can develop a negative attitude 
as operators might not be in control of the data which 
in turn causes stress [52]. Furthermore, collecting 
personal data increases anxiety in Healthy Operators 
as they feel that the information accessed can be used 
to promote or dismiss them [58]. The previously 
mentioned study with factory and non-factory work-
ers highlights that assessment creates work perfor-
mance under stress. Non-factory workers also point 
out that continuous real-time data monitoring poses 
a threat to privacy because the collected information 
includes a productivity track for the operators [57].
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According to interviews with non-factory work-
ers, the Collaborative Operator may experience men-
tal stress due to a loss of task control in a collab-
orative work environment [57]. While cobots allow 
the operator to concentrate on more vital tasks this 
also creates a new source of anxiety for the opera-
tor, because if they were to perform a less difficult 
duty at a slower speed, their official status might be 
questioned, and they would experience mental stress 
as a result of the slower speed, feeling that they had 
a low level of participation in decision-making [38]. 
Furthermore, the possibility of a collision in the 
collaborative work environment creates trust issues 
and anxiety, and while safety measures disable co-
bots when a human presence is detected, operators 
are not necessarily aware of this mechanism [38], 
[41]. Another source of mental stress for the Col-
laborative Operator is when irregularities occur in the 
workplace and cobots are unable to adjust to the cir-
cumstances. Because of the added responsibilities 
for quality monitoring, operators become frustrated 
and lose trust in cobots [56]. A close work environ-
ment for the cobot and the operator causes psycho-
logical stress for the Collaborative Operator, causing 
concerns about safety and operation speed. Cobots 
work fast and efficiently, finishing tasks in less time, 
and operators share the same workspace with cobots 
functioning at different speeds, causing mental pres-
sure on the operators regarding their work perfor-
mance [39]. 

Instructions in AR on a projected screen, voice 
assistance, or hand-held device can all divert the 
Augmented operator’s attention away from the task at 
hand, extending the time it takes to perform it. As a 
result, performance strain or stress increases. Also, 
using social media in manufacturing industries can 
cause people to become distracted from their jobs, 
compromising their health and productivity, and 
also sometimes Social Operators are fearful to share 
ideas on social networking platforms since they feel 
that they will be judged based on their ideas, atti-
tudes, or complaints on social media [42]. Conflict 
in the work-life balance is another influence linked 
to individual factors. Users can publish both per-
sonal and professional information on public social 
networking networks and thus, introducing social 
media platforms for data sharing in the workplace 
can cause conflict in work-life balance [60]. Most 
IPAs are always listening to operators; hence opera-
tors are worried that the IPA is always listening in on 
them and that their privacy will be invaded [54].

Summary of the Psychosocial Impacts on the 
Operator 4.0 Types: Positive & Negative Outcomes

Table 6 presents a summary of the psychosocial 
impacts on the eight Operator 4.0 types in terms of 
their positive and negative outcomes.

4. Towards a Theoretical Framework 
for the Operator 4.0 Psychosocial Risk 
Assessment

This section provides an overview of different 
psychosocial risk assessment methods to develop and 
propose a theoretical framework for “Assessing the Psy-
chosocial Impacts (Risks) of Industry 4.0 Technolo-
gies Adoption in the Operator 4.0”.

In this research work, a psychosocial risk assessment 
method is defined as a “systematic intervention pro-
cess that aims at improving the psychosocial work-
ing conditions and thus the wellbeing (i.e. occupa-
tional health, safety, and productivity) of a worker by 
screening his/her work and work environment and 
making interventions to reduce or eliminate if pos-
sible any related psychosocial risks” [62].

4.1 Psychosocial Risk Assessment Methods

The European Union Information Agency for 
Occupational Safety and Health (EU-OSHA) has 
published a guide that outlines comprehensive rec-
ommendations for assessing psychological effects in 
the workplace [63]. The EU-OSHA guide reviews 
different perspectives of psychosocial impacts in the 
workplace and concludes that psychosocial impact 
as physical, psychological, and social consequences 
may be influenced by the social and environmental 
surroundings in which operators operate [63]. Ac-
cording to the EU-OSHA guide [63], psychosocial 
risk assessment can be conducted in a four-phase 
procedure. The first phase of the procedure is to 
identify the psychosocial effects and risks associated 
with the workplace. The company managers or hu-
man resource personnel related to the company can 
conduct the assessment in the workplace by includ-
ing all individuals in the workplace and using proper 
techniques. The second phase is to assess the con-
sequences and prioritize them based on the related 
risks. Prioritization is based on the possible adverse 
consequences and after prioritizing, preventative ac-
tion should be taken to reduce the effects and risks 
(third phase). The situation linked with psychoso-
cial consequences is then reviewed (fourth phase). 
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According to the EU-OSHA guide [63], Online 
interactive Risk Assessment (OiRA), Stress preven-
tion at work checkpoints, and The Scandinavian 
QPS Nordic questionnaire are different types of 
psychosocial risk assessment methods, and these meth-
ods use questionnaires, interviews, surveys, observa-
tions, checklists, and templates for the psychosocial 
impact assessment [63].

4.2 Theoretical Assessment Framework 
Design

This subsection describes the process for design-
ing the proposed theoretical framework for “Assess-
ing the Psychosocial Impacts (Risks) of Industry 4.0 

Technologies Adoption in the Operator 4.0”. It was 
designed by relating the eight Operator 4.0 types to 
the risks that might affect operators’ psychosocial 
work environment (i.e. the shop floor) when adopt-
ing Industry 4.0 technologies by using a qualitative 
analysis of the scientific literature on already exist-
ing and proven psychosocial risk assessment meth-
ods. 

4.2.1 Selection of Psychosocial Risk Assessment 
Methods

Based on the following inclusion criteria for an 
explorative review of the scientific literature, three 
psychosocial risk assessment methods were selected 

Positive Psychosocial Outcomes of the Operator 4.0 Types Negative Psychosocial Outcomes of the Operator 4.0 Types

Super-Strength Operator:
•  Reduction of physical workload.
•  Does not impact operator control.

Super-Strength Operator:
•  Long-term wear creates discomfort.
•  Older workers feel discriminated against for carrying extra 
    weight.

Augmented Operator:
•  Reduction of cognitive load through information presentation.
•  Reduction of head and eye movement.
•  Hands-free operation.
•  Offers opportunity for collaboration.
•  Offers improved participation in decision-making.

Augmented Operator:
•  AR smart glasses reduce operator efficiency.
•  Head-mounted displays create visual discomfort and 
    headaches.
•  Handheld devices limit movement.

Virtual Operator:
•  Improves cognitive capabilities.

Virtual Operator:
•  VR head-mounted displays create discomfort, eye strain, and 
    vision problems.
•  Physically isolated work environment.

Healthy Operator:
•  Monitoring of physical and cognitive workload can assist 
    operators’ well-being.
•  Assessment of risk for musculoskeletal disorders.
•  Provides self-evaluation.

Healthy Operator:
•  Long-term wear of sensors causing discomfort.
•  Mental stress related to continuous assessment.
•  Privacy concerns.

Social Operator:
•  Improved communication between peers.
•  Improved problem-solving skills.

Social Operator:
•  Potential for workplace conflict due to shared data.
•  Distraction by social media.
•  Fear of embarrassment from sharing ideas on social platforms.
•  Conflicts in work-life balance.

Collaborative Operator:
•  Reduction of physical workload.
•  Career development.

Collaborative Operator:
•  Reduction of task control.
•  Job insecurity.
•  Mental stress on loss of task control, risk of collision, 
    performance, and increased responsibilities.

Smarter Operator:
•  Improved participation in decision-making.
•  Offers continuous learning platform.

Smarter Operator:
•  Loss of task control.

Analytical Operator:
•  Improvement of decision-making efficiency through data 
   accessibility.

Analytical Operator:
•  Risk of information overload.

Table 6. Summary of Psychosocial Impacts on the Operator 4.0 Types: Positive & Negative Outcomes 



74 Adattil et al.

International Journal of Industrial Engineering and Management Vol 15 No 1 (2024)

to be related to the eight Operator 4.0 types. The 
inclusion criteria were: 

• The psychosocial risk assessment method 
should not predate the year 2000 aiming for 
contemporary assessment methods. 

• The psychosocial risk assessment method 
should be free of cost. 

• The psychosocial risk assessment method 
should be simple to use.

• The psychosocial risk assessment method 
should have a minimum condition for use, 
meaning there are a minimum number of crite-
ria for managers, researchers, production engi-
neers, and human resource personnel to access 
the method.

• The selected existing psychosocial risk assess-
ment methods should contain satisfying assess-
ment criteria to relate to the psychosocial im-
pacts of the Operator 4.0 types when adopting 
Industry 4.0 technologies.

Considering the results of the explorative literature 
review conducted in the Google Scholar database and 
the aforementioned inclusion criteria, the following 
psychosocial risk assessment methods were selected.

International Labor Organization (ILO) Stress 
Checkpoints

ILO launched its “stress checkpoints” method 
in 2012, and it is an easy tool for operators to as-
sess their psychosocial impacts as a self-report ques-
tionnaire with 50 checkpoints. Job control, work-life 
balance, workplace social support, job security, job 
expectations, workplace physical environment, and 
communication and information impacts are all ex-
amined at each checkpoint. Furthermore, at each 
checkpoint, operators can answer with a “Yes, No, or 
Priority”. If any operator responds with a “Yes” or a 
“Priority”, they can also make comments about that 
impact. Following the evaluation, managers, human 
resource personnel, and occupational safety, health 
and environment practitioners meet with representa-
tives from the operators to discuss the assessment’s 
conclusions to reduce psychosocial impacts. This 
tool is free to download from the Apple1 and Google 
Play2 stores as “ILO Stress Checkpoints”. The tool is 
in English. There are no restrictions when it comes to 
using this method [64].

Online interactive Risk Assessment (OiRA)

The “Online interactive Risk Assessment 
(OiRA)” method was created by the EU-OSHA [63] 
for psychosocial risk evaluation. This tool is easy to 
download for free from the OiRA web page3 and is 
aimed at managers based on their industrial sector. It 
is offered in different languages. Its application can 
assist companies in developing risk assessment tools 
specific to their industrial sector [63]. 

Work Design Questionnaire (WDQ)
 
The “Work Design Questionnaire (WDQ)” is 

primarily used to assess the effects of work-related 
characteristics [64]. It was developed by Morgeson 
& Humphrey [65] in 2006, and it takes the form of 
a self-report questionnaire with 77 questions, and the 
operator can grade each question on a 1 to 5 scale 
to indicate whether the operator agrees or disagrees 
with the proposition. Questionnaires address job task 
characteristics such as autonomy in the task, superior 
feedback in the task, task complexity, and knowledge 
demand in information processing. Social aspects of 
the job activity include social assistance in the task 
and feedback from others. It also takes into account 
ergonomics, physical demands in the task, operator 
working conditions, and the impact of the operator’s 
equipment. However, managers must satisfy the cri-
teria to use this method/tool for psychosocial risk as-
sessment. That is, it is mandatory to notify the tool’s 
authors if someone is utilizing or translating the tool 
into other languages, and it is also suggested to share 
the results with the authors. English, Dutch, German, 
Polish, and Spanish are among the languages that the 
tool4 can be translated into [64], [65]. 

4.2.2 The Theoretical Assessment Framework

A theoretical framework for “Assessing the Psycho-
social Impacts (Risks) of Industry 4.0 Technologies 
Adoption in the Operator 4.0” is presented in Table 7.

All the psychosocial risk assessment methods consid-
ered in the proposed theoretical assessment framework 
already exist and are validated self-report question-
naires for operators, which can help them address 
their psychosocial impacts when adopting Industry 
4.0 technologies and allow them to make suggestions 
regarding those impacts. The proposed theoretical 

1 https://apps.apple.com/us/app/stress-prevention-checkpoints/id878562165
2 https://play.google.com/store/apps/details?id=com.aimermedia.ilo_checkpoints.stress&hl=en_US&pli=1
3 https://oiraproject.eu/en
4 http://www.morgeson.com/wdq.html
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framework relates those already existing risk assess-
ment methods/tools to the psychosocial impacts of 
Industry 4.0 technologies adoption in the eight Op-
erator 4.0 types. All these psychosocial risk assessment 
methods/ tools do not need any other technical skills 
for operators to “self-assess” their psychosocial im-
pacts when adopting Industry 4.0 technologies. 

According to the results of the literature review 
analysis conducted in this research work, when Aug-
mented, Virtual, and Healthy Operators (in assembly, 
maintenance, and training operations), and Super-
Strength Operators (in assembly operations) are con-
sidered for psychosocial impact assessment, psychoso-
cial impacts related to job control, social support, and 
equipment-related impacts should be considered. 
In WDQ, these assessment criteria are included. 
Hence WDQ can be used for the psychosocial risk 
assessment of Super-Strength, Augmented, Virtual, and 
Healthy Operators.

Considering the Collaborative Operator (in assem-
bly operations) for psychosocial impact assessment, psy-
chosocial impacts related to job demand, job control, 
organizational impacts related to work environment 
changes, workload, and work time should be consid-
ered. All these psychosocial impacts are included in 
the ILO’s “stress checkpoints” tool. The impact on 
job demands (in checkpoints 6 to 10), job control (in 
checkpoints 11 to 15), work environment (in check-
points 21 to 23), and workload and working time (in 
checkpoints 26 to 30). Hence, for the psychosocial 
impact assessment of the Collaborative Operator (in 
assembly operations), the ILO “stress checkpoints” 
tool is ideal.

For the case of the Social Operator (in training 
operations) for psychosocial impact assessment, psy-
chosocial impacts related to social support for op-
erators, data communication between operators, 
and work-life balance should be considered. On the 
other hand, for the instance of the Smarter Operator 

(in maintenance operations) for psychosocial impacts 
assessment, psychosocial impacts related to social sup-
port for operators, data communication between op-
erators, job control, and co-worker support should 
be considered. All those possible psychosocial im-
pacts of the Social Operator (in training operations) 
and the Smarter Operator (in maintenance operations) 
are included in the ILO’s “stress checkpoints” assess-
ment criteria. The impacts related to social support 
(in checkpoints 16 to 20), data communication (in 
checkpoints 46 to 50), work-life balance (in check-
points 26 to 30), and job control (in checkpoints 11 
to 15). Hence the Social and Smarter Operators can 
use the ILO’s “stress checkpoints” as a psychosocial 
impact assessment tool.

The psychosocial impacts of the Analytical Opera-
tor (in assembly operations) were identified by study-
ing limited works available in the scientific literature 
[66]. These psychosocial impacts are mainly related 
to “cognitive” workload (i.e., risk of information over-
load in big data work environments). The identified 
impacts can be examined using the OiRA tool since 
it offers support for cognitive ergonomics evaluations 
and information and communication technologies 
sector workers. 

5. Theoretical and Managerial 
Contributions

5.1 Theoretical Contributions

As stated in all the publications qualitatively ana-
lyzed in this literature review [3,5-7,18,38-60], In-
dustry 4.0 technologies can have either favorable or 
unfavorable psychosocial impacts (outcomes) on the 
workforce and its work environment depending on 
their adoption approach. This research work aims to 
contribute to the limited but growing body of knowl-

Operator 4.0 Type Psychosocial Assessment Method Manufacturing Operation

Augmented Operator

Work Design Questionnaire 
(WDQ) [65]

Assembly, Maintenance, and Training 
OperationsVirtual Operator

Healthy Operator

Super-Strength Operator

Assembly OperationsAnalytical Operator Online interactive Risk Assessment 
(OiRA) [63]

Collaborative Operator
International Labor Organization (ILO) Stress 

Checkpoints [64]Smarter Operator Maintenance Operations

Social Operator Training Operations

Table 7. A Theoretical Framework for Assessing the Operator 4.0 Psychosocial Impacts (Risks)  
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edge on the study of the psychosocial risks faced by 
shop floor operators when adopting digital and smart 
technologies as part of their work and work environ-
ment, particularly wearable and collaborative ones. 
Furthermore, this research work places particular 
emphasis on the identification of free and easy-to-
use psychosocial risk assessment methods [63]-[65] for 
evaluating the psychosocial impacts (risks) of Industry 
4.0 technologies adoption in the Operator 4.0 and 
proposes a “Theoretical Framework for Assessing 
the Operator 4.0 Psychosocial Impacts (Risks)” (see 
Table 7) to identify the potential favorable and un-
favorable psychosocial working conditions of the eight 
Operator 4.0 types (see Table 6) to maximize those 
favorable conditions and aim at eliminating or at least 
reducing those unfavorable ones through interven-
tions that should be based on well-founded assess-
ments of the operators’ working conditions.   

5.2 Managerial Contributions 

Psychosocial risk assessments are becoming in-
creasingly important for managers, researchers, pro-
duction engineers, and human resource personnel 
due to new labor legislation and occupational health 
and safety standards, such as the ISO 45003:20215 

on “Guidelines for Managing Psychosocial Risks at 
Work”, compelling employers to implement psycho-
social risk management frameworks at their organiza-
tions. The proposed “Theoretical Framework for 
Assessing the Operator 4.0 Psychosocial Impacts 
(Risks)” (see Table 7) is of particular relevance for 
the manufacturing sector at a time when its indus-
tries are making great efforts to digitalize and smartify 
their shop floors towards smart factories to remain 
competitive in the Industry 4.0 era [12], [13]. Such 
digitalization and smartification efforts include the 
adoption of assisting, collaborative, and augmenta-
tion technologies, referred to here as the Operator 
4.0 typology [2], which aim to aid the occupational 
health, safety, and productivity of the workforce [62]. 
Nevertheless, caution is advised as these technologies 
are introduced at the workplace to facilitate physical 
and cognitive work (i.e. increase productivity), since 
their adoption without a “human-centric approach” 
may lead to undesired “negative” psychosocial out-
comes in the workforce and its work environment 
(see Table 6). Hence, the proposed framework in 
this research work aims to identify the psychosocial 
impacts (risks) related to the adoption of the Operator 
4.0 typology [2], which is the first step to determining 

the needed interventions before, during, and after a 
new shop floor technology adoption to avoid nega-
tive psychosocial outcomes and capitalize on the positive 
ones towards a healthier, safer, and more productive 
workforce and work environment.

6. Discussion and Conclusions

This research work began with one main goal, to 
study how the Operator 4.0 typology [2] might affect 
the operators’ psychosocial work environment (i.e. 
the shop floor). A literature review approach was used 
to answer this question. The review considered the 
eight Operator 4.0 types in assembly, maintenance, 
and training operations. The available literature 
shows that the Operator 4.0 typology is continually 
growing in terms of the digital and smart technolo-
gies that will be required to transform a traditional 
industrial operator into an “Operator 4.0”. Of the 
28 collected scientific publications, seven of them 
included studies of AR in assembly operations and 
three in maintenance and training operations (i.e., 
the Augmented Operator). Moreover, there is a limited 
number of studies related to the Smarter, Social, and 
Analytical Operators types in manufacturing opera-
tions studying their psychosocial impacts. 

Furthermore, this research work shows that only 
Alexa, Siri, and Hey Google are being studied as 
IPAs for Smarter Operators, and it was not possible 
to find any industry-specific IPA [2], [43], [54]. Im-
pact related to social networks were of the public 
kind such as Facebook, Twitter, and LinkedIn as 
they were used in the workplace and not related to 
industry-specific networking platforms (i.e., the Social 
Operator) [2], [60]. 

The scientific literature further shows that opera-
tors might be hesitant to accept new digital and smart 
technologies in their workplace and fear of the “new” 
can be induced by many reasons. For example, oper-
ators in collaborative work environments are afraid of 
working with cobots because they believe that intro-
ducing cobots will transfer their technical expertise to 
a machine [3]. Another concern for the Collaborative 
Operators is their safety in a collaborative workplace. 
Because operators can be unaware of the cobots’ 
built-in security mechanisms (ISO/TS 15066:2016). 
These safety measures disable cobots when a human 
presence is detected. Operators, on the other hand, 
are first unaware of the situation, causing trust con-
cerns [67]. 

5 https://www.iso.org/standard/64283.html
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Operator objections to accepting IPAs are linked 
to risks in privacy and boil down to being uncom-
fortable should an IPA record their behavior during 
the day (i.e., the Smarter Operator). This informa-
tion could be misused by management or poten-
tially through malicious attacks on company data 
[68]. Moreover, smart wearables come with several 
difficulties such as battery life, user convenience, 
data processing limitations, and device connectivity 
problems, to mention a few technological challenges 
[69]. In addition, a social difficulty with wearables 
is operator discomfort from long-term use as well 
as privacy and security concerns. According to the 
studies revised in this literature review, smartwatches 
can be hacked, and hand movement information re-
produced, and this information can be utilized to re-
trieve personal or professional security keys [70]. For 
the Super-Strength Operators, industrial exoskeletons 
provide ergonomically balanced work postures, how-
ever, they are less acceptable for older personnel as 
they add to their overall body weight [42].

A hybrid form of the Operator 4.0 typology [2] 
was introduced by Romero et al. [58]. They men-
tion a hybrid form of the Super-Strength and Healthy 
Operators in which an Operator 4.0 wears a “smart 
exoskeleton” in which body sensors in the indus-
trial exoskeleton help to assess any potential risk of 
musculoskeletal disorder during job tasks. They also 
mentioned, “Adaptive Cobots” (i.e., Collaborative 
Operator + Healthy Operator), in which cobots adapt 
to the collaborative operation based on the measure-
ment of the operator’s movements based on body 
sensors so the cobot can change in an intelligent way 
behavior [58]. Finally, they also revealed an Analyti-
cal Operator mixed with any other Operator 4.0 type 
to improve shop floor and workforce performance 
based on big data analytics [58].

Considering the psychosocial risk assessment of hy-
brid Operator 4.0 types, for such cases, it is recom-
mended to use WDQ as the risk assessment tool 
since it is the only one that can assess equipment-
related impacts. 

While there are several research works in the sci-
entific literature on the potential benefits of adopting 
Industry 4.0 technologies for Operator 4.0 in support 
of their daily work (e.g., assembly and maintenance 
operations) and training, there are fewer regarding 
their potential “negative” impacts when such technol-
ogies are not properly adopted and designed. There-
fore, this literature review and theoretical assessment 
framework contribute to the disciplines of technol-
ogy and engineering management, with a focus on 
technology adoption approaches, with a set of risk 

assessment methods for evaluating the psychosocial 
impacts of different human-technology interactions 
referred to here as the “Operator 4.0 types”.

6.1 Further Research

New digital and smart technologies, particularly 
wearable and collaborative ones, have the power to 
change shop floor operators’ work and work environ-
ments for the better or the worse depending on their 
adoption approach. Hence, further research should 
be undertaken to develop and test more psychosocial 
risk assessment methods specialized in the different 
Industry 4.0 technologies that the Operator 4.0 may 
adopt to facilitate his/her physical and cognitive work 
(i.e. increase his/her productivity) and improve his/
her occupational health and safety at his/her work en-
vironment (i.e. the smart factory). The ultimate goal 
and challenge, as we transition from the Industry 4.0 
to the Industry 5.0 era [71], [72], is to develop success-
ful “human-centric technological adoption approach-
es” that aim for healthier, safer, and more productive 
workforces and work environments towards the “So-
cially Sustainable Factories of the Future” [12].

Funding

This research did not receive any specific grant 
from funding agencies in the public, commercial, or 
not-for-profit sectors.  

References
[1] N. G. P. Carvalho and E. W. Cazarini, “Industry 4.0-What 

Is It?,” In Industry 4.0-Current Status and Future Trends, 
IntechOpen, 2020.

[2] D. Romero, J. Stahre, T. Wuest, O. Noran, P. Bernus, Å. 
Fast-Berglund, and D. Gorecky, “Towards an Operator 
4.0 Typology: A Human-centric Perspective on the Fourth 
Industrial Revolution Technologies,” in Proceedings of the 
International Conference on Computers and Industrial 
Engineering, Tianjin, China, 2016, pp. 29-31.

[3] V. Di Pasquale, V. de Simone, M. Salvatore, and R. 
Stefano, “Smart Operators: How Industry 4.0 is Affecting 
the Worker’s Performance in Manufacturing Contexts,” 
Procedia Computer Science, vol. 180, pp. 958-967, 2021, 
doi: 10.1016/j.procs.2021.01.347.

[4] M. J. Schabracq and C. L. Cooper, “The Changing 
Nature of Work and Stress,” Journal of Managerial 
Psychology, vol. 15, no. 3, pp. 227-241, 2000, doi: 
10.1108/02683940010320589.

[5] R. Zorzenon, F. L. Lizarelli and D. B. A. de A. Moura, 
“What is the Potential Impact of Industry 4.0 on Health 
and Safety Work?,” Safety Science, vol. 153, p. 105802, 
2022, doi: 10.1016/j.ssci.2022.105802. 

[6] G. Arana-Landín, I. Laskurain-Iturbe, M. Iturrate, and B. 
Landeta-Manzano, “Assessing the Influence of Industry 



78 Adattil et al.

International Journal of Industrial Engineering and Management Vol 15 No 1 (2024)

4.0 Technologies on Occupational Health and Safety,” 
Heliyon, vol. 9, no. 3, p. e13720, 2023, doi: 10.1016/j.
heliyon.2023.e13720.

[7] M. Ciccarelli, A. Papetti, and M. Germani, “Exploring 
How New Industrial Paradigms Affect the Workforce: 
A Literature Review of Operator 4.0,” Journal of 
Manufacturing Systems, vol. 70, pp. 464-483, 2023, doi: 
10.1016/j.jmsy.2023.08.016.

[8] X. Xu, Y. Lu, B. Vogel-Heuser, and L. Wang, “Industry 4.0 
and Industry 5.0—Inception, Conception and Perception,” 
Journal of Manufacturing Systems, vol. 61, pp. 530-535, 
2021, doi: 10.1016/j.jmsy.2021.10.006. 

[9] E. Rauch, C. Linder, and P. Dallasega, “Anthropocentric 
Perspective of Production Before and Within Industry 4.0,” 
Computer & Industrial Engineering, vol. 139, p. 105644, 
2020, doi: 10.1016/j.cie.2019.01.018. 

[10] B. A. Kadir and O. Broberg, “Human-Centered Design of 
Work Systems in the Transition to Industry 4.0,” Applied 
Ergonomics, vol. 192, p. 103334, 2021, doi: 10.1016/j.
apergo.2020.103334. 

[11] L. Cunha, D. Silva, and S. Maggioli, “Exploring the Status 
of the Human Operator in Industry 4.0: A Systematic 
Review,” Frontiers in Psychology, vol. 13, p. 889129, 2022, 
doi: 10.3389/fpsyg.2022.889129.

[12] D. Romero, J. Stahre, and M. Taisch, “The Operator 4.0: 
Towards Socially Sustainable Factories of the Future,” 
Computers & Industrial Engineering, vol. 139, p. 106128, 
2020, doi: 10.1016/j.cie.2019.106128.

[13] C. Cimini, A. Lagoria, S. Cavalieri, O. Riedel, C. E. Pereira, 
and J. Wang, “Human-Technology Integration in Smart 
Manufacturing and Logistics: Current Trends and Future 
Research Directions,” Computers & Industrial Engineering, 
vol. 169, p. 108261, 2022, doi: 10.1016/j.cie.2022.108261.

[14] D. Romero, P. Bernus, O. Noran, J. Stahre, and Å. Fast-
Berglund, “The Operator 4.0: Human Cyber-Physical 
Systems & Adaptive Automation Towards Human-
Automation Symbiosis Work Systems,” in Proceedings 
of the IFIP International Conference on Advances in 
Production Management Systems, 2016, pp. 677-686.

[15] P. Casla et al. “Human-Centered Factories from 
Theory to Industrial Practice: Lessons Learned and 
Recommendations,” ACE Factories Cluster White Paper, 
2019.

[16] T. Ruppert, S. Jaskó, T. Holczinger, and J. Abonyi, 
“Enabling Technologies for Operator 4.0: A Survey,” 
Applied Sciences, vol. 8, p. 1650, 2018, doi: 10.3390/
app8091650. 

[17] D. J. de Assis, N. F. Ayala, and A. G. Frank, “Smart 
Working in Industry 4.0: How Digital Technologies 
Enhance Manufacturing Workers’ Activities,” Computers 
& Industrial Engineering, vol. 163, p. 107804, 2022, doi: 
10.1016/j.cie.2021.107804.

[18] E. Perez Luque, D. Högberg, A. Iriondo Pascual, D. 
Lämkull, and F. Garcia Rivera, “Motion Behavior and 
Range of Motion when Using Exoskeletons in Manual 
Assembly Tasks,” in Proceedings of the 9th Swedish 
Production Symposium, 2020, pp. 217-228.

[19] R. Rugulies, “What is a Psychosocial Work Environment?,” 
Scandinavian Journal of Work, Environment & Health, vol. 
45, no. 1, pp. 1-6, 2019, doi: 10.5271/sjweh.3792.

[20] J. L. Evangelista Aliaga, V. G. Urdu Manrique, W. S. Gil 
Mejía, and J. L. Purizaga Negron, “Psychosocial Risks in the 
Work Environment,” Universidad Ciencia y Tecnología, 
vol. 25, pp. 172-180, 2021, 

[21] R. Danasekaran and R. Govindasamy, “Better Psychosocial 
Work Environment: For Well-being of the Worker and 
the Organization,” Indian Journal of Occupational and 
Environmental Medicine, vol. 23, no. 1, pp. 57-58, 2019.

[22] K. Lovelock. “Psychosocial Hazards in Work Environments 
and Effective Approaches for Managing Them,” WorkSafe 
Mahi Haumaru Aotearoa, 2019.

[23] P. A. Schulte, G. L. Delclos, S. A. Felknor et al., “Expanding 
the Focus of Occupational Safety and Health: Lessons 
from a Series of Linked Scientific Meetings,” International 
Journal of Environmental Research and Public Health, vol. 
19, p. 15381, 2022. 

[24] D. Zapf, “Emotion Work and Psychological Well-
Being. A Review of the Literature and Some Conceptual 
Considerations,” Human Resource Management Review, 
vol. 12, pp. 237-268, 2002. 

[25] R. A. Karasek. “Control in the Workplace and its Health-
related Aspects,” Job Control and Worker Health, pp. 129-
159, Wiley: 1989

[26] R. A. Karasek. “Job Demands, Job Decision Latitude, 
and Mental Strain: Implications for Job Redesign,” 
Administrative Science Quarterly, vol. 24, pp. 285-308, 
1979. 

[27] T. Cox, A. Griffiths, and E. Rial-Gonzalez, “Research 
on Work-Related Stress”, Official Publications of the 
European Communities, 2000.

[28] G. W. Allport, The Nature of Prejudice. Addison-Wesley: 
1979.

[29] S. Einarsen, H. Hoel, D. Zapf, and C. L. Cooper, Bullying 
and Emotional Abuse in the Workplace: International 
Perspectives in Research and Practice. Taylor & Francis: 
2003, doi: 10.1201/9780203164662.

[30] T. Bentley, B. Catley, D. Forsyth and D. Tappin. 
“Understanding Workplace Violence: The Value of a 
Systems Perspective,” Applied Ergonomics, vol. 45, pp. 
839-848, 2014. 

[31] J. Pillinger, “Violence and Harassment Against Women 
and Men in the World of Work: Trade Union Perspectives 
and Action,” International Labour Organization: 2017.

[32] A.  Mäkikangas and U. Kinnunen, “Psychosocial Work 
Stressors and Well-Being: Self-Esteem and Optimism 
as Moderators in a One-Year Longitudinal Sample,” 
Personality and Individual Differences, vol. 35, no. 3, pp. 
537-557, 2003, doi: 10.1016/S0191-8869(02)00217-9. 

[33] N. Beauregard, A. Marchand, J. Bilodeau, P. Durand, 
A. Demers, and V. Y. Haines, “Gendered Pathways to 
Burnout: Results from the SALVEO Study,” Annals of 
Work Exposures and Health, vol. 62, no. 4, pp. 426-437, 
2018, doi: 10.1093/annweh/wxx114. 

[34] M. Van der Doef and S. Maes, “The Job Demand-Control 
(-Support) Model and Psychological Well-Being: A Review 
of 20 Years of Empirical Research,” Work Stress, vol. 13, 
no. 2, pp. 87-114, 1999, doi: 10.1080/026783799296084.

[35] V. Haines, A. Marchand, V. Rousseau, and A. Demers, 
“The Mediating Role of Work-to-Family Conflict in the 
Relationships between Shift Work and Depression,” 
Work Stress, vol. 22, pp. 341-356, 2008, doi: 
10.1080/02678370802564272.

[36] H. Snyder. “Literature Review as a Research Methodology: 
An Overview and Guidelines,” Journal of Business 
Research, vol. 104, pp. 333-339, 2019, doi: 10.1016/j.
jbusres.2019.07.039.

[37] A. Fink, Conducting Research Literature Reviews: From 
the Internet to Paper. Sage Publications, 2019.

[38] M. Baumgartner, T. Kopp, and S. Kinkel, “Analysing Factory 
Workers’ Acceptance of Collaborative Robots: A Web-
Based Tool for Company Representatives,” Electronics, 11, 
p. 145, 2022, doi: 10.3390/electronics11010145.

[39] V. de Simone, V. Di Pasquale, V. Giubileo, and S. Miranda, 
“Human-Robot Collaboration: An Analysis of Worker’s 
Performance,” Procedia Computer Science, vol. 200, pp. 
1540-1549, 2022, doi: 10.1016/j.procs.2022.01.355. 



79Adattil et al.

International Journal of Industrial Engineering and Management Vol 15 No 1 (2024)

[40] N. Kumar and S. C. Lee, “Human-Machine Interface 
in Smart Factory: A Systematic Literature Review,” 
Technological Forecasting and Social Change, vol. 174, p. 
121284, 2022, doi: 10.1016/j.techfore.2021.121284.

[41] F. A. Storm, M. Chiappini, C. Dei et al., “Physical and 
mental well-being of cobot workers: A scoping review using 
the Software-Hardware-Environment-Liveware-Liveware-
Organization model del,” Human Factors and Ergonomics 
in Manufacturing & Service Industries, vol. 32, no. 2, pp. 
173-198, 2022, doi: 10.1002/hfm.20952.

[42] J. de Assis Dornelles, N. F. Ayala, and A. G. Frank, “Smart 
Working in Industry 4.0: How Digital Technologies 
Enhance Manufacturing Workers’ Activities,” Computers 
& Industrial Engineering, vol. 163, no. C, p. 107804, 2022, 
doi: 10.1016/j.cie.2021.107804.

[43] T. A. Ekandjo, J. Cranefield, and Y.-T. Chiu, “The Impact 
of Intelligent Personal Assistants on Work Practices,” in 
Proceedings of the ECIS, 2021.

[44] D. V. Enrique, J. C. M. Druczkoski, T. M. Lima, and 
F. Charrua-Santos, “Advantages and Difficulties of 
Implementing Industry 4.0 Technologies for Labor 
Flexibility,” Procedia Computer Science, vol. 181, pp. 347-
352, 2021, doi: 10.1016/j.procs.2021.01.177.

[45] L. Nazareno and D. S. Schiff, “The Impact of Automation 
and Artificial Intelligence on Worker Well-Being,” 
Technology in Society, vol. 67, p. 101679, 2021, doi: 
10.1016/j.techsoc.2021.101679.

[46] A. Reiman, J. Kaivo-oja, E. Parviainen, E.-P. Takala, 
and T. Lauraeus, “Human Factors and Ergonomics in 
Manufacturing in the Industry 4.0 Context–A Scoping 
Review,” Technology in Society, vol. 65, p. 101572, 2021, 
doi: 10.1016/j.techsoc.2021.101572.

[47] M. Bortolini, M. Faccio, M. Gamberi, and F. Pilati, “Motion 
Analysis System (MAS) for Production and Ergonomics 
Assessment in the Manufacturing Processes,” Computers 
& Industrial Engineering, vol. 139, p. 105485, 2020, doi: 
10.1016/j.cie.2018.10.046.

[48] A. Chacón, C. Angulo, and P. Ponsa, “Developing 
Cognitive Advisor Agents for Operators in Industry 4.0,” 
in New Trends in the Use of Artificial Intelligence for the 
Industry 4.0. IntechOpen, Mar. 25, 2020. doi: 10.5772/
intechopen.90211. 

[49] O. Danielsson, M. Holm, and A. Syberfeldt, “Augmented 
Reality Smart Glasses for Operators in Production: Survey 
of Relevant Categories for Supporting Operators,” Procedia 
CIRP, vol. 93, pp. 1298-1303, 2020, doi: 10.1016/j.
procir.2020.04.099.

[50] M. Drouot, N. Le Bigot, J. Bolloc’h et al., “The Visual 
Impact of Augmented Reality during an Assembly 
Task,” Displays, vol. 66, p. 101987, 2021, doi: 10.1016/j.
displa.2021.101987. 

[51] A. Hariharan, B. Maharudrappa, and A. Felic, “Augmented 
Reality Experiences for the Operator 4.0,” in Mensch und 
Computer-Usability Professionals, Magdeburg, Germany, 
2020, doi: 10.18420/muc2020-up-0422.

[52] E. Kaasinen, F. Schmalfuß, C. Özturk et al., “Empowering 
and Engaging Industrial Workers with Operator 4.0 
Solutions,” Computers & Industrial Engineering, vol. 139, 
p. 105678, 2020, doi: 10.1016/j.cie.2019.01.052.

[53] P. Trebuna, M. Pekarcikova, M. Kliment, J. Kopec, and 
T. Svantner, “Online e-kanban system implementation 
in a manufacturing company,” International Journal of 
Simulation Modelling, vol. 22, no. 1, pp. 5-16, 2023, doi: 
10.2507/IJSIMM22-1-614.

[54] Y. Liao, J. Vitak, P. Kumar et al. “Understanding the 
Role of Privacy and Trust in Intelligent Personal Assistant 
Adoption,” in Proceedings of the International Conference 
on Information, 2019, pp. 102-113.

[55] M. R. Miller, H. Jun, F. Herrera et al. “Social Interaction in 
Augmented Reality,” PloS one, vol. 14, p. e0216290, 2019, 
doi: 10.1371/journal.pone.0216290.

[56] B. A. Kadir, O. Broberg, and C. Souza da Conceição, 
“Designing Human-Robot Collaborations in Industry 
4.0: Explorative Case Studies,” in Proceedings of 15th 
International Design Conference, 2018, pp. 601-610.

[57] P. Maurice, L. Allienne, A. Malaisé, and S. Ivaldi, “Ethical 
and Social Considerations for the Introduction of Human-
centered Technologies at Work,” in Proceedings of the 
2018 IEEE Workshop on Advanced Robotics and its Social 
Impacts, 2018, pp. 131-138.

[58] D. Romero, S. Mattsson, Å. Fast-Berglund et al. “Digitalizing 
Occupational Health, Safety and Productivity for the 
Operator 4.0,” in Proceedings of the IFIP International 
Conference on Advances in Production Management 
Systems, 2018, pp. 473-481.

[59] J. Wesslén, “Exoskeleton Exploration: Research, 
Development, and Applicability of Industrial Exoskeletons 
in the Automotive Industry,” M.S. thesis, Jönköping 
University, Sweden, 2018.

[60] W. Van Zoonen, J. W. Verhoeven, and R. Vliegenthart, 
“Understanding the Consequences of Public Social Media 
Use for Work,” European Management Journal, vol. 35, 
no. 5, pp. 595-605, 2017, doi: 10.1016/j.emj.2017.07.006.

[61] A. Tausch and A. Kluge, “The Best Task Allocation Process 
is to Decide on One’s Own: Effects of the Allocation 
Agent in Human-Robot Interaction on Perceived Work 
Characteristics and Satisfaction,” Cognition, Technology & 
Work, vol. 24, pp. 39-55, 2022, doi: 10.1007/s10111-020-
00656-7.

[62] J. Rick and R. B. Briner, “Psychosocial Risk Assessment: 
Problems and Prospects,” Occupational Medicine, vol. 50, 
pp. 310-314, 2000. 

[63] European Commission, “Guide for Assessing the Quality 
of Risk Assessments and Risk Management Measures 
with regard to Prevention of Psychosocial Risks,” 2018, 
Employment, Social Affairs & Inclusion. Non-Binding 
Publication for EU Labour Inspectors.

[64] M. Owen and M. Dollard, “Fact Sheets: Psychosocial Risk 
Assessment Tools,” Asia Pacific Centre for Work, Health 
and Safety, University of South Australia, 2018.

[65] F. P. Morgeson and S.E. Humphrey, “The Work Design 
Questionnaire (WDQ): Developing and Validating a 
Comprehensive Measure for Assessing Job Design and the 
Nature of Work,” Journal of Applied Psychology, vol. 91, 
no. 6, p. 1321, 2006, doi: 10.1037/0021-9010.91.6.1321.

[66] P. Thorvald, Å. Fast-Berglund, and D. Romero, “The 
Cognitive Operator 4.0,” in 18th International Conference 
on Manufacturing Research, Advances in Manufacturing 
Technology XXXIV, IOS Press, 2021, 15, pp. 3-8.

[67] T. Kopp, M. Baumgartner, and S. Kinkel, “Success Factors 
for Introducing Industrial Human-Robot Interaction 
in Practice: An Empirically Driven Framework,” The 
International Journal of Advanced Manufacturing 
Technology, vol. 112, pp. 685-704, 2021, doi: 10.1007/
s00170-020-06398-0.

[68] T. Bolton, T. Dargahi, S. Belguith et al. “On the Security 
and Privacy Challenges of Virtual Assistants,” Sensors, vol. 
21, no. 7, p. 2312, 2021, doi: 10.3390/s21072312.

[69] E. Svertoka, S. Saafi, A. Rusu-Casandra et al. “Wearables 
for Industrial Work Safety: A Survey,” Sensors, vol. 21, no. 
11, p. 3844, 2021, doi: 10.3390/s21113844.

[70] V. Kapoor, R. Singh, R. Reddy, and P. Churi, “Privacy 
Issues in Wearable Technology: An Intrinsic Review,” in 
Proceedings of the International Conference on Innovative 
Computing & Communications (ICICC), 2020.



80 Adattil et al.

International Journal of Industrial Engineering and Management Vol 15 No 1 (2024)

[71] European Commission, “Industry 5.0: Towards a 
Sustainable, Human-Centric and Resilient European 
Industry,” 2021, https://ec.europa.eu/ info/publications/
industry-50_en

[72] B. Gladysz, T. Tran, D. Romero et al. “Current 
Development on the Operator 4.0 and Transition Towards 
the Operator 5.0: A Systematic Literature Review in Ligt of 
Industry 5.0,” Journal of Manufacturing Systems, vol. 70, 
pp. 160-185, 2023, doi: 10.1016/j.jmsy.2023.07.008.


