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Abstract 

 

In recent years, sustainability is one of the most important drivers for 

industries. This topic opens to various problems based on the three pillars of 

sustainability: environment, costs, people. The last pillar of sustainability, the 

social one, has been addressed marginally in the past. In recent years, several 

research studies have been undertaken on ergonomic evaluation in production 

systems. However, most of these studies still focus on the use of classical 

evaluation methods. They are extremely customized for some production processes 

or related to a specific aspect of ergonomics. In literature there has been a lack of a 

methodology that grouped all the methods / tools in a single procedure with the aim 

of carrying out an ergonomic analysis in any production context using objective 

data obtained thanks to wearable devices. 

Furthermore, industries are now experiencing the fourth industrial 

revolution, a crucial transition in terms of technologies. This represents a twofold 

challenge for the industries: on the one hand they must be competitive by reducing 

their time to market, on the other they must integrate new technologies into their 

production sites. 

From this perspective, this work aims to highlight the role of humans under 

the paradigm of the fourth industrial revolution. In particular, this work focuses on 

the development of a methodology that allows a company to carry out an analysis 

of social sustainability in the manufacturing sector in the current era of digital 

production. 

The proposed methodology was then validated through two case studies 

carried out in two different companies in the Marche region. The objective of two 

application was: 
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• to test different aspects of ergonomics;  

• to validate the methodology in different industrial context. 

 

 The main result of this work is a tool that should guide companies in 

implementing the principles of social sustainability  

The work observes the combination of productivity and social 

sustainability. If social development is guaranteed in a production site, productivity 

should also be positively influenced. The binomial has a crucial role from the point 

of view of Industry 4.0 where the operator is required new skills and abilities. 
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1. Introduction 
 

 

 

 
Constant attention to the issues of sustainable development within the 

manufacturing sector pushes companies to strengthen the three pillars of 

sustainability: environmental, economic and social. Social sustainability has often 

been neglected in the past, benefiting the other two pillars of sustainability. In 

recent years, however, the focus of research has shifted, and social aspects have 

started to play a more important role. Most of the methodologies and tools 

identified in the literature do not allow for a complete ergonomic analysis. They are 

often focused on some phases of the production process or are related to a specific 

aspect of ergonomics. No procedures have been identified that allow the impact of 

the processes on man to be assessed objectively (through wearable devices), nor 

have complete classification of objective correlations been identified between the 

operator's well-being and the company's performance. These assessments become 

indispensable if we realize that the human being continues to play a key role in the 

growth of the company. 

In addition, industries are now going through a technology transition 

toward the Industry 4.0. In this context, where companies are in full technological 

transition, a human-centered design approach is needed because new technologies, 

on one hand, offer new opportunities for ergonomic evaluation of operator and 

environment, but, on the other hand, they can cause new stressors deriving from 

human-machine interaction (HMI). In this context, a human-centered design 

approach is needed. Designer should integrate ergonomic evaluations during the 

design phase. Ergonomics leads to productivity and comfort advantages, being the 

multidisciplinary science that concerns the understanding of the interactions 
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between the three elements that characterize a work system: man, machine, 

environment. This subject specializes in three disciplinary sectors: physical, 

cognitive and environmental organization. 

With the fourth industrial revolution, the figure of Operator 4.0 is born in 

an intelligent factory: it’s the operator who interacts with the machine. In this 

context, it is essential to start giving measures to social concerns. Therefore, it is 

necessary to quantify these ergonomic aspects using key performance indicators 

(KPIs). The challenge is to succeed in obtaining the right compromise between the 

performance of the company and the physical and cognitive needs of the people 

working in the manufacturing context. 

The objective of the of the work is to develop a refined method that 

systematically highlights the current problems faced by workers in their workplace 

from different perspectives in order to define a model focused on the man who 

pays attention to quality of life and comfort of the operators inside the workshop. 

The analysis of data through knowledge-based rules allows to identify 

activities that have a greater impact on operators and to define the corrective 

actions to be implemented to change the productive environments towards their 

needs, defining a dual paradigm of operation of human-machine integration. Now 

the optimal conditions are defined for the 4.0 operator who interacts with advanced 

technological systems (collaborative robots, augmented reality technologies, etc.) 

towards the standardization of the advanced skills necessary for the management of 

the factory of the future. 

The present work therefore aims to facilitate the assessment of social 

sustainability in the manufacturing context. The objective is to identify a 

methodology for an adequate sustainable development of the factories in this new 

manufacturing era, where Industry 4.0 is emerging. 
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A clear state of the art will be proposed on the concept of social 

sustainability and a specific attention on the concept of ergonomics. This is an 

important scientific basis for the present work. The ergonomics will be presented 

declined in all its aspects. 

Based on the state of the art, a structured methodology will be proposed 

which allows a complete and objective ergonomic analysis to be carried out in a 

production plant. The methodology will then guide managers in identifying risk 

factors using wearable and existing regulations and methods. A series of 

correlations developed will then suggest to managers the best corrective actions to 

be applied for the resolution of the identified risk factors. 

Two different case studies, developed in two different business contexts, 

will allow us to validate the methodology and demonstrate the positive effects of 

the corrective actions classified on the different KPIs. 

Social sustainability is closely related to performance and a sustainable 

system should mean a more productive production site. 4.0 technologies must 

simplify the life of human beings; this should also apply to production systems. 
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2. Research and background 

 
2.1. Social sustainability definition 

 
2.1.1 Definition: what is social sustainability? 

 

The growing attention to the issues of sustainable development in 

manufacturing is increasingly pushing companies to investigate all three pillars of 

sustainability. In past years, studies have focused mainly on environmental and 

economic aspects, almost completely neglecting the social aspects considered of 

social sciences’ responsibility. However, engineers, managers and entrepreneurs 

have begun to convince themselves that social sustainability is of multidisciplinary 

interest and they have realized that economic advantages can also be gained. 

Recent studies in literature do not have a clear definition of what social 

sustainability is. Many researches when refer to “social sustainability” draw upon 

the definition of sustainable development provided in the Brundtland Report 

(1987), Our Common Future: “Development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs”. A 

lot of them focus their research work not on developing a new definition, but rather 

on identifying the key factors that influence this type of sustainability. In 1999 

Sachs for example has spoken of various factors that influence social impacts such 

as: salary and benefits, social homogeneity, purchasing power and stable 

employment. Stephen McKenzie (2004) in his book "Social sustainability: towards 

some definitions" has tried to enclose and propose other definitions of social 

sustainability: “A condition of improvement of life within the communities and a 

process at the internal communities able to reach this condition. […] Social 

sustainability is a positive condition marked by a strong sense of social cohesion 
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and equitable access to key services (health, education, transport, housing and 

recreation). […] Sustainability social occurs when formal and informal processes, 

systems, structures and relationships actively support the ability of current and 

future generations to create healthy and livable communities. The socially 

sustainable communities are fair, diverse, connected and democratic and provide 

good life quality".  

Later, Burns (2012), Mendiola et al. (2013), Coetzee et al. (2014) 

introduced for the first time the correlation between social aspects and corporate 

environment. They described the economic savings deriving from the social 

analysis in terms such as employee compensation, reduction in absenteeism and 

turnover and better wages and benefits. So social sustainability begins to take on a 

different meaning if analyzed in the industrial context. It is therefore necessary to 

identify which aspects of social sustainability are to be taken into consideration in a 

manufacturing environment and in transition to the fourth industrial revolution. In 

fact, various Industry 4.0 enabling technologies define not only a change in 

production but also a new way of interaction of men with the production system. 

An analysis of the current work environment and a preliminary investigation of the 

operator's needs in the design of new technologies becomes fundamental. 

The most treated aspects of social sustainability in a factory environment 

are the design of workstations and ergonomic assessments. Regarding workplace 

design Gillian Symon (1990) introduced a method that includes a parallel design 

process in which technical, human and organizational parameters are considered 

simultaneously. In the same year J. Martin Corbett has talked about the 

development and refining of methods to incorporate human considerations into 

technical design. On the other hand, there are also some papers relating to more 

complex ergonomic evaluations, which also include cognitive and organizational 

aspects. Instead, completely innovative topics remain and for this reason they deal 
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more marginally with issues related to Operator 4.0, that is the operator able to 

interact with collaborative robots and augmented and virtual reality technologies. 

In general, however, barriers still emerge for the implementation of social 

sustainability in the factory environment. On the one hand, operators do not always 

manage to perceive the advantages deriving from this type of analysis. 

Measurements using wearable instruments are perceived only to check their 

efficiency in the company. Also, the difficulties deriving from data collection and 

from the very onerous and expensive analysis do not convince the managers who 

are unable to perceive the economic advantage. The challenge therefore is precisely 

to be able to reach the right trade-off between the production objectives and the 

physical-cognitive needs of the individuals operating in the production context. 

 

2.1.2 Drivers and barriers 

 
The growing attention to sustainable development issues is pushing 

companies to investigate all 3 sustainability pillars. In literature investigation 

emerges that alongside the environmental and economic sustainability is added a 

discussion, albeit theoretical, of social sustainability. The need to complete 

sustainable development study can be considered a driver of social sustainability. 

Social sustainability, initially treated only by social sciences’ researches, has now 

become of multidisciplinary interest. Engineers, managers and entrepreneurs have 

started to understand that they can also derive an economic advantage. Therefore, 

the economic quantification phase of social impacts began. In the literature there 

are some studies related to S-LCA and the classifications of KPI that show the 

economic advantages that can be drawn from these studies. Economic benefits can 

also be derived from risk assessment and implementation of preventive actions that 

lead to a reduction in accidents at work and occupational diseases. Risk assessment 



21 

 

is mandatory in companies so in some situations it can be considered the starting 

point for a social analysis. 

However, two fundamental drivers that are driving the growing focus on 

social sustainability are companies’ transition to lean manufacturing and Industry 

4.0. In fact, more and more companies are applying Lean principles and 

consequently are introducing World Class Manufacturing certification. In this 

context, people safety and development are some of fundamental pillars as well as 

workplace organization and operator’s motivation. Similarly, in the transition 

toward Industry 4.0, an analysis of the current workplace environment becomes 

fundamental as well as a preliminary investigation of the operator's needs in the 

design of new technologies. However, there are significant barriers for social 

sustainability implementation in the companies. Although at the scientific level it is 

growing explosively, the real applications are still reduced. One of the obstacles 

encountered is operator’s acceptance. They are not always able to perceive 

advantages that can be derived from any measurements. 

Wearable instruments are only perceived as a productivity control mode. 

This of course incline the balance with trade unions. Considering these 

shortcomings and the fear of non-return investment, the entrepreneurs are not 

proactive to implement these types of analysis. They are limited to compliance 

with legal limits and risk assessment. Further limitations are caused by data 

collection difficulties. An analysis of this type requires use of different 

technologies. The phase of data collection and subsequent processing is 

burdensome and dispensing. In the literature there are no procedures to streamline 

this process efficiently. The complexity of this process is another reason why 

companies do not perform this kind of analysis. 
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Table 1. Social Sustainability drivers and barrier. 

Social Sustainability drivers ➢ Sustainable Development 

➢  Economic Return  

➢ Risk assessment 

➢ World Class Manufacturing 

➢ Industry 4.0 (human-robot collaboration) 

 

Social Sustainability barriers 

➢ Operator acceptance 

➢ Trade unions  

➢ Entrepreneur's fear of non-return of the 

investment 

➢ Data acquisition phase and related 

interpretation 

 

 

2.1.3 Methods and tools 

 
Analyzing literature’s papers, it doesn’t emerge a significant number of 

methods and tools used for social sustainability assessment. Most authors limit 

themselves to mostly theoretical considerations and use indicators that can support 

their thesis. However, the methods found can be classified according to three 

different approaches to social sustainability: supply chain consideration, workplace 

design and ergonomic evaluation. Ghadimi et al. (2014) presented a methodology, 

using an efficient Fuzzy Inference System (FIS), for green/sustainable supplier 

evaluation and selection. Mani. V et al. (2014) developed and propose an AHP 

methodology in selecting socially sustainable suppliers. Noha M. Galal et al. 
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(2016) proposed methodology for assessing supply chains sustainability in global 

supply chains and proposed a set of indicators to social performance of the supply 

chain. Taliva Badiezadeh et al. (2016) presented a NDEA (network Data 

Envelopment Analysis) for assessing performance of SSCM in presence of Big 

Data. Finally, Nachiappan Subramanian et al. (2014) and Fu Jia et al. (2017) have 

produced two papers review in which they deepen Sustainable supply chain 

management theme. Concerning Workplace Design J Martin Corbett (1988) 

proposed Collaborative design methods to design human-centred manufacturing 

technology systems. Gillian Symon (1990) introduced methods that include a 

parallel design process where not only technical issues are considered but also 

human, organizational and technical issues concurrently. In the same year J. Martin 

Corbett (1990) has talked about developing and refining methods for incorporating 

human considerations into technical design. Lorna Uden (1995) proposed an 

evaluation method for evaluate the operation of a user-computer interface and the 

users’ attitude towards it.  

It is now clear why in literature are presented so many papers related to 

methods for ergonomic evaluation. Ergonomic evaluations can be considered an 

evolution of workplace design. In fact, these papers include cognitive and 

organizational aspects as well as those of posture and usability analysed in 

workplace design. William Faulkner et al (2014) have submitted a metric to 

capture and present the physical ergonomics of the workplace. He presented 

various tools such as Rapid Entire Body Assessment (REBA), Rapid Upper Limb 

Assessment (RULA) and the National Institute for Occupational Safety and Health 

(NIOSH) to evaluate various aspects of physical work. Peruzzini et al (2017) 

defined a methodology to design human-centred adaptive manufacturing systems 

(AMS) able to adapt to the aging workers’ needs considering their reduced 

workability. Peruzzini et al (2018) proposed a classification of different 



24 

 

ergonomics evaluation methods such as NIOSH lifting equation, Ovako Working 

posture Analysis System (OWAS), Occupational Repetitive Actions (OCRA), 

Rapid Upper Limb Assessment (RULA), Rapid Entire Body Assessment (REBA) 

or Workplace Ergonomic Risk Assessment (WERA). 

Tools presented in literature can be utilized for two reasons: operator’s 

training and operator’s ergonomic evaluation. Gunnar Bolmsjö (2015) analysed 

possibility to use wearable devices (including tablet computers and glasses) for 

operator in robot collaborative mode. Dan Li et al (2016) presented different 

support tools that can be used for operator’s training like augmented reality smart 

glasses. Peruzzini et al (2017) suggested tools that could be adopted for real-time 

monitoring: Eye Tracker Tobii Glasses 2, Multi-parametric wearable sensor Zephyr 

BioHarness 3.0 and Camera GoPro Hero 3. Gregori et al (2018) and Papetti et al 

(2018) proposed following smart device for operator’s ergonomic evaluation: vital 

parameters (HR, BR), and posture chest belt, mental workload tracking glasses and 

air-quality station. 

 

 

2.1.4 KPI classification 

 
Another objective of this review was to identify how social sustainability 

was discussed in literature. The first observation is that, taking into consideration 

the articles found using the first set of keywords, only 30% really analyse social 

sustainability while others just mention it. 

Of these, 40% make a theoretical discussion of the topic, 30% use KPI, 

20% present pilot studies in laboratories or companies and 10% carry out an S-

LCA analysis. 

Popovic et al. (2017) presented a classification of end-point and mid-point 

impact categories e related KPI. All indicators in the literature can be found in 
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Popovic’s classification. The idea was to analyze which mid-point impact 

categories were most explored. 

 

Table 2. End-point KPIs classification 

End- points
Labor practices and 

decent work
Human right Society Product responsibility

Employment benefits 

and characteristics
3 23,08%

Human rights 

implementation 

and integration

Community 

funding and 

support

Consumer health and 

safety

Employment practices 

and relations
3 23,08%

Basic human 

rights practice

Community 

involvement

Product management 

and consumer 

satifaction

Health and safety 

practices and incidents
12 92,31%

Corruption in 

business

Training: education 

and personal skills
6 46,15%

Fair business 

oparations

Diversity and equal 

opportunities
2 15,38%

Stakeholder 

partecipation

Employee welfare 3 23,08%

Innovation and 

competitiveness
1 7,69%

M
id

-p
o

in
t 

im
p

ac
t 

ca
te

go
ri

e
s

 

 

Popovic et al. (2017) have identified four end-points categories: labor 

practices and decent work, human right, society and product responsibility. The last 

three categories are out of analysis boundary. In Figure 2 is reported a data in 

percentage of the most mid-point impact categories analyzed in 30% paper that use 

KPI for social assessment. It emerges that most social aspect explored are that 

related to health and safety practices and incidents. 

 

2.1.5 Industry 4.0, Operator 4.0, Human-Robot Collaboration 

 
Industry 4.0 allows new ways of interacting between operators and 

machines. These interactions will transform the workforce of the industry and have 

important implications for the nature of work, in order to satisfy the growing 

variability of production. In this transformation the Factories of the future will have 
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man at the centre of everything. There will therefore be a paradigm shift. We will 

move from automated and human independent activities to a symbiosis of human 

automation (also called human cybernetic systems) characterized by the 

cooperation of machines and human beings in work systems and designed not to 

replace the skills and abilities of men, but to coexist and help them be even more 

efficient and effective. 

From this point of view the whole story regarding the interaction of 

operators with various industrial and digital production technologies can be 

summarized as a generational evolution. 

 

Therefore, the generation of Operator 1.0 is defined as a human being who 

performs "manual and dexterous work" with the help of mechanical tools and 

manual machine tools. The generation of Operator 2.0 represents a human entity 

that performs "assisted jobs" with the help of computer tools, ranging from CAx 

tools to NC operating systems (for example numerical control machine tools), as 

well as business information systems. The Operator 3.0 generation indicates people 

Figure 1. Operator Generations (R)Evolution (Romero D., et al. “The Operator 4.0: Human Cyber-
Physical Systems & Adaptive Automation towards Human-Automation Symbiosis Work Systems”) 
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involved in "cooperative work" with robots and other machines and IT tools, also 

known as: human-robot collaboration. The generation of Operator 4.0 instead 

represents the "operator of the future", an intelligent and specialized operator that 

performs the "assisted work" by the machines if and as needed. This is a new 

design and engineering philosophy for adaptive production systems in which the 

focus is on the treatment of automation as a further improvement of human 

physical, sensory and cognitive capabilities through the integration of the human 

cyber-physical system. 

According to Horiguchi et al. (2013) man-machine synergy can be 

considered an interesting opportunity for the company to increase productivity. The 

technologies and architectures developed in the context of Industry 4.0 add 

considerable complexity due to the introduction of autonomous and semi-automatic 

agents that communicate and interact with application networks. In this 

environment the collaboration must be extended to human workers, robots and 

other intelligent entities and gives rise to a sort of holistic integration, along 

different levels of abstraction and coordination. Operator 4.0's vision aims to create 

trustful relationships based on the interaction between man and machine, making it 

possible for those smart factories not only to capitalize on the strengths and 

capabilities of smart machines, but also to enhance their "intelligent operators" 

with new skills to fully exploit the opportunities offered by Industry 4.0 

technologies. Thus, a socially sustainable factory within Industry 4.0 is a 

workplace where the design and engineering of work systems uses collaborative 

robotics, kinematics, human-in-ring control systems, sensors, manipulation, 

navigation and adaptive automation to improve the knowledge and skills of 

operators. In this sense, a human-centered production system is characterized by 

allowing a unification of planning and implementation, expecting the operator to 

have control of the work process and technology and promote the use of human 
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skills. In a historical context in which companies are constantly evolving it is 

therefore necessary to know technology alone is not enough, man remains at the 

center of company growth. For example, Hadorn et al. (2016) has highlighted how 

the "conversation" between man and machine leads to positive results for both 

business and employees. The man-machine collaboration will favor both the 

reduction of costs in terms of waste and will improve the work of the operators 

who work with a system in terms of stress. Similarly, Ansari et al. (2018)  and 

Jones et al. (2018) have shown that the distinction between man and machine is no 

longer necessary. They should not be thought of as separate components that 

interact through the interface. Through man-machine symbiosis they can work on 

the same task and in the same temporal and physical spaces, as a collaborative 

team. 

Aspects such as autonomy, reactivity, adaptability, man-machine 

collaboration are increasingly important in an intelligent factory. According to 

Jarrahi et al. (2018), the synergy between artificial intelligence and men would be a 

winning strategy for companies. This relationship allows you to compensate for the 

limitations of one part with the strengths of the other. In-depth investigations into 

these synergies and subsequent implementations have highlighted the advantages 

that can be obtained from a digitized production. 

In general, an Operator 4.0 is defined as "an intelligent and qualified 

operator who not only performs" cooperative work "with robots, but also" works 

with the help "of machines as and if necessary, using human cyber-physical 

systems, advanced man-machine interaction technologies and adaptive automation 

towards "human automation symbiosis work systems". Furthermore, he is defined 

4.0 Social Worker who uses intelligent solutions to wear together with advanced 

human-machine interaction (HMI) technologies to cooperate with other "social 

workers", "social machines" and "social software systems" to communicate and 
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exchange information for mutual benefit and to modify activities and share 

resources so that more efficient results can be achieved. 

With the emergence of smart factory environments and Operator 4.0, smart 

wearable solutions, HMI technologies and adaptive automation strategies will play 

a significant role by combining different interaction mechanisms and strategies for 

exchange control and negotiation between social operators, social machines and 

social software systems towards a "social factory". 

 

 

Figure 2. Operator 4.0 Typology (Romero D. et al., “Towards an operator 4.0 typology: a human-
centric perspective on the fourth industrial revolution technologies”) 

 

The last two decades have been characterized by a significant increase in 

automation, advanced control, online optimization, tools and technologies that have 

significantly increased the complexity and sensitivity of the role of the operators 

and teams of the industry of process. Industrial operators are no longer just well-
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trained workers with limited knowledge of their specific field of work but, on the 

contrary, the role of the operators is more demanding and important than ever. The 

addition of complexity to the man-machine interface (HMI), due to the inclusion of 

tools and technologies related to automation, has led to the inadequacy of 

operators' knowledge. The operator of modern industrial plants faces new 

challenges caused by the complexity involved. Thus, this not only increases the 

chances of possible errors but also generates several factors, which can potentially 

be the cause of an accident caused by human errors. Various literature studies have 

been conducted on industrial accidents and the incorrect manipulation of process 

units by the operator was found to be the main source. An industrial accident can 

cause workflow interruptions, equipment damage, operator injury and even fatal 

accidents. A better training system can lead to fewer human errors by the operator, 

resulting in fewer abnormal situations / accidents. Training methods in the process 

industry have not been restructured and updated with the same pace as in the 

process industry and technological development. This lack of more appropriate 

training methods has been identified as one of the reasons for industrial accidents. 

About this need, the increasingly frequent use of Virtual Reality (VR) and 

Augmented Virtual Reality (AVR) is promoted and discussed, for the training and 

evaluation of industrial operators. 

Virtual Environments (VE), focused on cognitive processes and component 

attention, have been recently developed and validated for spatial abilities, learning, 

memory, and executive functions. The VE's ability to create dynamic, immersive 

and three-dimensional settings, where the behavioural response can be recorded, 

offers a series of evaluation and rehabilitation options that are not available with 

traditional assessment methods. A VE is an immersive environment that allows the 

operator to understand the diagrams of the process and of the installation, not only 

in terms of representation, but also to try out the corresponding feelings and 
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emotions. The operator, during the training session, experiences his physical 

presence in the environment shown; immersed in the VE, it is free to move around 

the virtual equipment without the risk of getting hurt, being exposed to heat 

radiation or being hit by real accidental events, with the advantage of experiencing 

the same emotions and feelings that you would actually experience, for example, 

the same anxiety, fears and concerns. 

Virtual Reality (VR) is an interactive and simulated immersive multimedia 

reality, which can digitally replicate a design, assembly or production environment 

and allows the operator to interact with any presence inside (for example a manual 

tool, a product, a machine tool, a robot, a production line), with reduced risk and 

real-time feedback. It can provide a combination of interactive virtual reality and 

advanced simulations of realistic scenarios to optimize decision-making and 

operator training. For example, during product design and engineering, VR can 

transform projects into 3D virtual models in which all types of rules, guidelines and 

design methodologies can be digitally linked to design decisions and verify their 

long impact the product life cycle; during product assembly, CAD models of parts, 

manual tools and assemblies can be transformed into interactive virtual simulations 

(assembly sequences) to train operators in complex assembly activities; and in the 

production phase of the product, VR can give life to the "virtual factory" as an 

integrated simulation model of the main subsystems of a factory in order to 

evaluate different factory layouts, production line configurations (production 

process sequences), production budget (automation vs. mechanization) and 

production programs (work planning and workload) in order to optimize the 

general production plan through what-if analysis, decision support systems and 

estimation methods. 

Augmented Reality (AR) is a technology that can enrich the operator's real 

factory environment with information and digital media (audio, video, graphics, 
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GPS data, etc.) that is superimposed in real time on his field of view (eg head gear, 

smart phone, tablet or AR space projectors). Therefore, the AR can be considered a 

fundamental enabling technology to improve the transfer of information from the 

digital world to the physical world of the operator in a non-intrusive way. It can 

offer significant advantages to support the operator in real time during manual 

operations, becoming a digital assistance system to reduce human errors and at the 

same time reduce dependence on printed work instructions, computer screens and 

operator memory. For example, AR can enable "poka-yokes digital systems" for 

labor-intensive functions (activities) in order to reduce defects, rework and 

redundant inspections. In addition, AR technology can incorporate a new human-

machine interface to produce applications and IT resources, displaying real-time 

feedback on intelligent manufacturing processes and machines in order to improve 

decision-making. This can be implemented at the machine level using traditional 

PLC (Programmable Logic Controller) and SCADA (Supervisory Control & Data 

Acquisition) systems, but also emerging technologies of the Internet of Things 

(IoT) for monitoring resource conditions. 

Conventional OTS (Operator Training Simulators), which are based on 

well-known and consolidated dynamic process simulators, are useful tools to allow 

CROPs (Control Room Operators) to understand the dynamics of the process and 

test their abilities to react promptly and correctly to abnormal situations; but only 

from the point of view of process dynamics. Without the possibility of interacting 

with the FOPs (Field Operators), the experience of a CROP, in a classic OTS, is 

too limited as it does not allow to contextualize what is happening, thus risking 

making the wrong decision when the skills acquired in the OTS are transferred to 

reality. The same applies to dynamic accident simulators, which are useful tools for 

quantifying the dynamics of the accident and for conveying the rational message on 

what the problem is and what the consequences are, but not to train operators. The 
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advantages directly linked to the improvement of training in consideration of the 

use of VR and AVR can be the following: 

• Efficient transfer of knowledge from expert operators to non-specialized 

operators, both during training and assessment sessions; 

• Real experience of the spatial sounds of process units, whose intensity 

changes with respect to the position of the operator within the virtual 

environment; 

• Possibility of obtaining the entire process image including visual and 

acoustic details; 

• Clear understanding of the position of process units, tubes, valves, gauges, 

switches, both for FOPs and CROPs, to obtain a similar and shared 

cognitive experience; 

• Greater confidence and trust between operators; 

• Increased knowledge of the process by the operator; 

• Increased level of operator confidence in the process; 

• Greater level of mental understanding and modeling among groups of 

operators. 

The review of the literature shows that the AVR today represents a 

technology favourably received in production: training (22%) and maintenance 

(19%) are the main fields of application. Many articles have studied the use of 

smart glasses technology in the A / V reality and their performance in an 

immersive environment. Hahn (2015), proposed an AR-based assistance system to 

teach employees the assembly process of printed circuit boards. The system works 

by using smart glasses and four indicators and, observing the QR codes, the system 

highlights the recovery position of a component and the installation point in the 

user's visual field. The study applied in a real company has led to an error-free 

performance by each individual employee. 
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In fact, these technologies are becoming an integral part of companies 

about decision-making processes. Virtual training is therefore present in many 

applications and is mainly used to improve the safety of production systems and 

support workers in assembly activities. 

 

 

2.2. Ergonomics and related Norms 

 
Ergonomics is a multidisciplinary science aimed at studying the functions 

and the interaction between the following three elements that achieve a work 

system: 

• Man: worker assigned to carry out a specific task, both in a physical sense 

(anthropometric characteristics, biomechanical aspects, etc.) and cognitive 

(induced mental load, social interactions, psychological factors as well as 

the set of mental processes, which are listed in the voice to action, passing, 

in order, to memory, decision and judgment); 

• Machine: the equipment, the instrument, etc. used to manage information 

flows or to perform the assigned task; 

• Environment: the set of characteristics of the place where the work is 

performed. These provisions are the layout of the space, of the workstation 

or of the room used for the performance of the work activity, all the 

physical parameters that describe them (presence of pollutants, 

temperature, relative humidity, ventilation, noise, lighting, etc.).  

 

The aim of ergonomics is to improve system performance and overall 

worker satisfaction, to protect well-being and safety. Being ergonomics a 

multidisciplinary applied science, the following paragraphs will report the 
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regulations, methods, tools and technologies related to the following domains: 

physical, cognitive, environmental and organizational. 

 

 

 

2.2.1 Physical ergonomics 

 
Physical or classical ergonomics deals with man-machine-environment 

interactions from a mechanical and physical point of view. In the specific context, 

it mainly refers to the study of the postures that the operators assume during the 

work shift; to efforts and load handling; handling tools and equipment; to the 

operating spaces and to the layout of the workstation. Table 3 shows the reference 

legislation for assessing the risk related to the assumption of incongruous postures. 

 

Table 3. Rules relating to postural risk 

Norms Description 

D.Lgs. 81/08 
Consolidated text on safety at work - "General protection 

measures" 

ISO/TR 

12295 

Ergonomics - Document for the application of ISO standards to 

manual handling of loads (ISO 11228) and evaluation of static 

work postures (ISO 11226). 

ISO 

11226:2000 

Ergonomics - "Evaluation of static work postures" 
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UNI EN 

1005:2009 

Machine safety - Human physical performance 

Part 1: "Terms and definitions" 

Part 2: "Manual handling of machinery and parts of machinery" 

Part 3: "Recommended force limits for the use of machinery" 

Part 4: "Evaluation of postures and work movements in relation to 

machinery". 

Part 5: "Risk assessment related to high frequency repetitive 

handling" 

 

Postural risk is generally considered in the risk assessment phase by 

manual handling of loads and / or by repetitive movements and is limited to the 

biomechanical overload of the upper limbs and lumbar tract. However, this type of 

analysis does not provide exhaustive information if the work activities mainly 

involved the assumption of incongruous postures with significant short and / or 

medium / long term consequences on the health of the operators (e.g. 

musculoskeletal disorders, DMS). 

In this regard, the literature provides several methods / tools for assessing 

the risks related to the assumption of incongruous postures, which are summarized 

in Table 4. 
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Table 4. Methods for posture assessing 

Method/Tool Description Part of 

the 

body 

Risk Factors Output 

RULA Ergonomic 

assessment tool that 

uses a systematic 

process to assess 
postural DMS of the 

upper extremities and 

the risks associated 

with work tasks. 

Neck 

Trunk 

Upper 

limbs 

Posture 

Force / Load 

Repetition 

Quantitative 

REBA  Ergonomic 

assessment tool that 

uses a systematic 
process to assess 

postural DMS of the 

entire body and the 
risks associated with 

work tasks. 

Neck 

Trunk 

Upper 

limbs 

Lower 

Limbs 

Posture 

Force / Load 

Repetition 

Action 

Coupling 

Quantitative 

OWAS  Method that studies 

the possible postures 

assumed by a worker, 

grouping them in 
various 

"configurations". 

Trunk 

Upper 

limbs 

Lower 

Limbs 

Posture 

Load 

Quantitative 

Indice OCRA  Synthetic index of 

exposure to repeated 
movements of the 

upper limbs. It 

expresses the 

relationship between 
the daily number of 

actions actually 

Upper 

limbs 

 

Posture 

Power 

repetition 

Duration 

Quantitative 
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performed with the 

upper limbs in 

cyclical tasks and the 

corresponding 
number of 

recommended 

actions. 

Recovery 

times 

Action 

Physical-

mechanical 

organizational 

Checklist 

OCRA  

Short procedure for 
identifying and 

estimating the risk of 

biomechanical 

overload of the upper 

limbs. 

Upper 

limbs 

 

Posture 

Power 

repetition 

Duration 

Recovery 

times 

Action 

Physical-

mechanical 

Quantitative 

Mini-checklist 

OCRA  

Rapid procedure for 

the assessment of the 

risk from 
biomechanical 

overload of the upper 

limbs in special 
sectors (crafts, small 

business, agriculture, 

etc.) where the 

organization of work 
does not present 

rhythms, times and 

cycles as well defined 
as in the classic 

Upper 

limbs 

 

Posture 

Power 

repetition 

Duration 

Recovery 

times 

Action 

Physical-

Quantitative 
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industry. mechanical 

QEC  Method of assessment 

of physical and 

psychosocial risk 
factors related to 

work through 

observation and self-

assessment *. 

Neck 

Trunk 

Upper 

limbs 

 

Posture 

Power* 

repetition 

Physical-

mechanical * 

Stress* 

Quantitative 

PLIBEL  Tool for a rapid 
screening of the main 

risk factors and the 

identification of 
situations that require 

further examination. 

It is based on a 
preliminary 

observation and an 

interview with the 

operator (checklist of 

35 questions). 

Neck 

Trunk 

Upper 

limbs 

Lower 

limbs 

Posture 

Load 

repetition 

Recovery 

times 

Physical-

mechanical 

environmental 

Qualitative 

Strain index  Method for the semi-

quantitative 

assessment of the risk 
of biomechanical 

overload in the 

performance of work 
activities involving 

repeated movements 

of the upper limbs. 

Upper 

limbs 

 

Posture 

Power 

repetition 

Duration 

Rhythm 

Semi-

quantitative 

OSHA  Method for the semi-
quantitative 

assessment of the 

most critical postures 

Trunk 

Upper 

Posture 

Force / Load 

Semi-

quantitative 
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and for determining 

the urgency of 

corrective actions. 

limbs 

Lower 

limbs 

repetition 

 

 

The EN 1005-5 and ISO 11228-3 standards consider the OCRA method as 

the preferred method for the evaluation of repetitive manual works, being 

considered the most complete. 

Different production compartments involve the need for the operator to 

carry out manual load handling activities. These, highly heterogeneous in terms of 

weight and size, can be moved according to methods, geometries and frequencies 

that are very different according to the individual working needs. This activity 

implies a heavy physical effort by the operator, with the involvement of the osteo-

muscular structures of the vertebral column. 

The handling of loads can therefore represent one of the causes favouring 

the onset of disorders and pathologies in this anatomical district. Table 5 shows the 

normative references and Table 6 summarizes the main methods for assessing the 

risk of manual handling of loads. 
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Table 5. Rules relating to manual load handling activities 

Norm Description Suggested Method 

ISO 11228-1 Ergonomics - Manual handling 

Part 1: "Lifting and moving" 

Revised NIOSH 

Lifting Equation 

ISO 11228-2 Ergonomics - Manual handling 

Part 2: "Pushing and pulling" 

"Psychophysical 

Tables" by Snook 

and Ciriello 

ISO 11228-3 Ergonomics - Manual handling 

Part 3: "Handling of small loads with 

great frequency" 

OCRA (mainly) 

Alternative: 

- Strain index 

- HAL/ACGIH TLV 

 

 

Table 6. Methods for assessing the risk related to manual handling of loads 

Method/Tool Description Body 

Part 

Risk factors Output 

Revised NIOSH 

Lifting Equation  

Equation that 
allows to define 

the harmfulness of 

the manual 
handling activities 

of loads (≥ 3kg) 

for the operator 

who performs 
them, resulting 

valid only for 

those carried out 
during the 8 hours 

of daily work, 

which imply the 

Trunk Load / Position 

Distance 

Frequency 

 

Quantitative 
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maintenance of the 

posture erected by 

part of the 

operator. 

Psychophysical 

Tables by Snook 

and Ciriello  

Tables that 

provide the 

reference limit 
values of the 

weight (transport 

actions) or of the 

force exerted in 
the initial phase 

and maintenance 

of the action 
(towing and 

pushing), based on 

frequency, height 

from the ground, 
transport meters, 

by sex and for 

different 
percentiles of 

'protection' of the 

healthy 

population. 

Trunk Load / Position 

Power 

Distance 

Frequency 

Quantitative 

HAL/ACGIH 

TLV  

Method for an 

assessment of the 

risk related to the 
applied force and 

the frequency of 

actions related to a 

single task. 

Hand Power 

repetition 

Quantitative 

MAC  Tool to evaluate 

the most common 

risk factors in 
lifting, lowering, 

transporting and 

Trunk Lift 

Transport 

Semi-

quantitative 
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handling heavy 

loads. 
Handling 

KIM  Risk assessment 

tool for manual 

load handling. 

Trunk Lift 

Transport 

Towing / boost 

Quantitative 

FIFARIM  Risk assessment 

tool for manual 

load handling. 

Trunk Posture 

Physical-

mechanical 

handling 

Environmental 

Qualitative 

ART  Risk assessment 
tool for the 

frequent handling 

of light loads or 

other repetitive 
tasks and physical 

risk factors that 

can contribute to 
the onset of upper 

limb disorders. 

Neck 

Trunk 

Upper 

limbs. 

Posture 

Power 

Repetition 

Recovery 

times 

Physical-

mechanical 

organizational 

Semi-

quantitative 

 

In the light of the most recent studies, however, it was found that the 

results provided by most of the methods cited up to now only constitute an initial 

screening, since they are rather disconnected from the overall context of the task or 

do not deal with all body segments. 
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Another line of research focused on the correlation between the evaluation 

of ergonomic risk and the definition of work times. The latter is, since the dawn of 

the first industrial revolution, one of the most important issues of labor-value 

theory, which states that the economic value of a good or service can be expressed 

as a quantity of the labor factor used directly or indirectly in the production 

process. In this case, the amount of work used in production is objectively 

measured as the amount of time needed to work in production (seconds, minutes, 

hours, etc.). In order to reduce the time needed to work and to acquire and / or 

maintain a competitive advantage in the market, in many company’s performance 

measurement systems are operative to define an efficient working time for each 

task. Normally, in manufacturing industries, the measurement and regulation of 

work times takes place through the application of a specific tool called work 

metrics. This term identifies a technical-organizational instrument whose essential 

function is to break down a work process into elementary parts, identifying for 

each of these the necessary time and concrete methods of execution. Among the 

work metrics on the market today, Ergo-UAS (Vitello et al. 2018) is one of the few 

that, in addition to defining work times, also integrates the assessment of risk 

factors for the psychophysical health of the workforce. The term Ergo-UAS is in 

fact a combination of the word "ergonomics" and the acronym UAS (Universal 

Analyzing System). Used above all in the area of batch production such as those in 

the automotive sector, Ergo-UAS is described by its authors as "an innovative 

technique for designing manual labor, which allows the measurement and control 

of workloads and the relative basic production times based on a regulatory base 

return [...] and a series of surcharges to cover the necessary recovery periods ". The 

novelty element of Ergo-UAS compared to other work metrics lies precisely in the 

fact that in order to calculate the "increases to cover the necessary recovery 

periods" this methodology, in addition to attributing an increase based on 
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technical-organizational factors, carries out also a specific analysis of ergonomic 

risk factors for the psychophysical health of the workforce. The "traditional" 

metrics, instead, focus exclusively on "technical-organizational" factors such as 

physiological rest (canteen, daily breaks etc.) and any extra unscheduled operations 

(eg supplies, contingencies, etc.). In a nutshell, we can say that Ergo-UAS is a 

performance measurement system composed of two sub-systems that are 

interdependent and complementary: one for the measurement of basic processing 

times (UAS-MTM, Methods Time Measurement) and another for measuring 

fatigue and biomechanical load (EAWS). The "ergonomic" part of the system is 

represented by EAWS (European Assembly WorkSheet), a checklist whose 

technical-organizational function is to analyze and evaluate the ergonomic risk 

factors related to the work process. The UAS part consists of a specific metric of 

the functional work to measure the basic work times. 

The implementation of the method can be supported by the TiCon 

commercial software, the most complete application for the management of 

Engineered Labor Standards (ELS) and certified by the International MTM 

Directorate, which allows for the coordination of every aspect related to work, 

productivity and ergonomics. 

For most of the methods mentioned in Table 4 and Table 6, tools are 

available on IT support (from simple Excel sheets to commercial software such as 

Job Evaluator Toolbox ™, Ergo / IBV, ErgoPlus, ErgoMaster, etc.) designed to 

facilitate collection of data and the estimate of the final risk indices. 

Furthermore, in order to perform a proactive ergonomic evaluation, there 

are digital simulation tools that allow you to reproduce the actions of a digital 3D 

model of a human body and simulate the interaction with objects in a virtual 

environment. Siemens JACK and Dassault Systèmes CATIA / DELMIA HUMAN 

are the most common for industrial applications. Although a wide range of 
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methods and tools for assessing the risk related to the main areas of physical 

ergonomics emerges, the acquisition of the data necessary to perform the analysis 

is almost exclusively manual. Generally, it is based on the direct observation of an 

operator of a specific workstation during the execution of a specific task by a 

experienced appointee. In this regard, the spread of IoT technologies could be 

exploited to automate this phase, as far as possible, with considerable benefits in 

terms of time, costs and accuracy of results and to extend the evaluation to other 

vital parameters. Table 7 summarizes possible applications of smart devices for 

monitoring key parameters for a complete ergonomic evaluation. 

However, the literature shows that their application in this area is still 

strongly lacking. 

 

 

Table 7. Parameters that can be monitored through smart devices 

Smart devices Monitorable parameters 

Thoracic bands Heart rate, respiratory rate, trunk posture, activity 

intensity level 

Watches and bracelets Heart rate, Steps, Activity intensity level 

Bracelet with EMG sensors Strength, Posture of the limb 

Clothing with EMG sensors Heart rate, Respiratory rate, Strength, Posture of 

multiple body segments 

Glasses Head posture, eye movements, blink of an eye 

Trackers Proximity, Presence, Localization, Traceability of 

vehicles and assets (e.g. vibration) 
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2.2.2 Cognitive ergonomics 

 
"Human" workers are still preferred in some circumstances compared to 

robots because of their superior ability to respond to variations in assembly 

instructions and to quickly make decisions to address deviations from the normal 

flow of the process. However, the fact that the human being is a being of thought, 

learning, elaboration, also poses some problems of coherence for performance. 

Sometimes, even based on a lot of experience, human beings can misinterpret 

information, make mistakes or make wrong choices, which in the past has even had 

fatal consequences for people's health and safety. The increase in professional 

activities that have a "mental dimension" has therefore encouraged the 

development of cognitive ergonomics for several decades. While the traditional 

"physical" ergonomics focuses on our bodies, cognitive ergonomics is interested in 

what happens in our brain: the way information is perceived, understood and 

interpreted, and therefore what determines the decision-making processes. It 

integrates theories and principles of ergonomics, neuroscience and human factors 

to provide valuable information on the function and behavior of the brain as found 

in natural environments. It therefore has as its object of study the interaction 

between the human cognitive system and information processing tools. Cognitive 

ergonomics focuses on the analysis of the cognitive process and is used to support 

the skills and limitations of human beings in their interaction with a system, taking 

into consideration: attention, perception errors, strategies, cognitive load 

(workload), visualization of information, decision support, human-machine 

interaction, situation awareness and training. It studies the cognitive artifacts that 

are used to achieve the objectives, as well as the cooperation between users. 

Its objective is to improve the performance of cognitive tasks in dynamic 

and technologically advanced environments, through the design of effective 

support, understanding the fundamental principles of human action and the 
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performance associated with the principles of development of engineering design 

and the development of user-friendly systems. The concept of domination is 

fundamental in this study: the largest environment in which the system must 

operate, presenting both the constraints and opportunities connected to it. The first 

domains studied by cognitive ergonomics were nuclear power plants or air traffic 

control systems. These situations in fact present complex environments and where 

special attention is needed to make decisions in potentially life-threatening 

situations. In the following years, many studies were conducted on "softer" 

domains, such as banks, office work and recreational activities, to which its 

principles proved to be transferable. 

Cognitive ergonomics provides a set of structured analytical methods that 

support the discovery of aspects of work that make performance challenging. The 

ergonomic assessment methods are a survey tool that can be used to evaluate both 

the characteristics of the user and the system itself. For the evaluation of human 

abilities and predispositions in the specific conditions of work systems, appropriate 

methods of ergonomic activities are used. The following methods, classified 

according to the purpose of use, supplement the standardized methods of 

ergonomic evaluation or at least respect the principles they determine. 

• Task analysis methods: they are used for the analysis of the human position 

and the human role in the execution of tasks and scenarios in the systems. 

The analytical methods specify tasks and scenarios (for example work 

procedures, activity contents) to single steps, for man-machine, man-man 

interactions. 

• Cognitive Task Analysis (CTA) methods: they are used for describing sets 

of provisions and activities not yet known. They are used in the description 

of the mental processes of the operators. 
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• Process processing methods: they are used for the graphic representation of 

tasks and processes using standardized symbols. 

• Methods of identification of human errors (HEI): they are designed for 

prediction, the identification of possible human errors in a work system, 

those that can occur in interaction with machinery. Among them we 

remember eg. The methods SHERPA (System Human Error Reduction and 

Prediction Approach), HET (Human Error Template), SPEAR (System for 

Predictive Error Analysis and Reduction), HEART (Human Assessment 

and Reduction Technique). 

• Methods of assessing Situation Awareness (situation awareness): they are 

used for the analysis of human preparation for situations that may occur in 

a system. They are useful for determining the requirements for the 

knowledge and skills of the operators and also represent a comparison with 

the determination of the target requirements for the functionality of the 

system and the quality of the preparation of the management in relation to 

the corresponding understanding of the formulation of the individual 

operations and their interrelationships. 

• Interface analysis methods: they are used for the evaluation, design and 

planning of requirements and interconnection functions between specific 

elements of the system with a view to optimization, including the 

evaluation of worker satisfaction and consideration of workers' opinion. 

Finally, the evaluation of mental load is one of the most widely studied 

topics in cognitive ergonomics. The concept assumes that everyone has a relatively 

fixed cognitive capacity from which it is possible to draw resources to satisfy the 

demands of all the tasks in progress; hence, the mental burden for a given task is 

the relationship between the required mental resources and the total resources 

available, moment by moment. The definition of cognitive workload, in order to 
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categorize the work, is based on the general principles of evaluation of mental load 

indicators in the cases indicated below, for example when the work is in 

disagreement with normal human biorhythms, is subjected to the operation of 

machines at a rate of forced labor or when the condition of monotony is satisfied. 

Other factors that affect the cognitive workload are the variables that disturb the 

concentration on work, organizational and material responsibility, jobs performed 

in remote places, jobs associated with social isolation, jobs with increasing 

demands, jobs where safety is not respected in the face of health risks. 

There are several methods for its evaluation: 

• Physiological measurements: they provide information on the 

physiological status (physiological response) of workers in certain working 

conditions; 

• Subjective measurements: they provide information on how workers 

subjectively assess various aspects of mental burden in their workplaces, 

for example using psychometric scales or questionnaires on how they feel 

in working conditions including NASA - Task Load Index (NASA-TLX ), 

and Bedford Scale; 

• Performance evaluation: these methods offer the possibility of evaluating 

human psychic and psychometric performance in certain working 

conditions, for example for the purpose of assessing the decrease or change 

in performance due to the mental workload; PTPM (Primary Performance 

Performance Measures), STPM (Secondary Task Performance Measures). 

Recent technological advances have enabled the integration of a wide 

variety of information systems in order to increase safety, productivity and 

comfort. However, improperly deployed technology can increase the operator's 

workload and consequently degrade security. So, identifying the operator's 

workload and spare capacity is crucial. 
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In this regard, a "personal analysis" would be advisable for each operator, 

who can use it to plan his work shifts, rest breaks and overtime, based on health-

related parameters, able to monitor the physical load and cognitive load during the 

work shift and set up alerts and alarms to manage adequate levels of occupational 

stress and stress. The use of advanced data analysis on bio-data could allow the use 

of subconscious cognitive states and therefore allow a warning mechanism for 

imminent danger and / or potential harm to the operator and / or others. In addition, 

the "analytical workforce" can prevent urgent threats to operator safety and 

production quality by monitoring health-related metrics and workloads and alerting 

for example production line supervisors and factory managers, if levels of stress or 

workload is too high; or, on the contrary, if the energy levels of the operators are 

high, the production objectives can be modified accordingly. Furthermore, the 

position of the operators within a large factory or warehouse can improve internal 

logistics (eg response time) and help locate and allocate the operator closest to an 

urgent (activity) function. 

 

2.2.3 Environmental ergonomics 

 
The microclimate is the set of physical aspects that characterize the air of 

confined spaces; a comfortable microclimate generates in most individuals a 

mental condition of satisfaction about the thermal environment, the so-called 

thermal comfort. The microclimatic conditions represent an important ergonomic 

factor to keep under control, because they can cause considerable discomfort to the 

workers, constitute a risk for their health and affect their performance. A research 

study found that a workstation with advanced thermal controls can lead to a 2.8% 

increase in productivity. 

The main physical factors that determine the microclimate are temperature, 

relative humidity, radiant temperature and air speed, while important individual or 
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subjective variables are metabolism, worn clothing and the type of activity 

performed. 

Legislative Decree 81/2008 obliges the employer to evaluate all the risks 

present in the workplace, including those related to the microclimatic conditions, 

and in Annex IV it provides general indications regarding the adequacy of the 

ventilation, of the temperature and humidity in the workplace, but does not provide 

quantitative information on the values of the microclimatic parameters to be 

respected. In fact, the Decree does not prescribe specific limit values, but 

recommends that the assessment be made considering the type of activity 

performed by the worker. For moderate thermal environments, since the stress 

induced by the thermo-hygrometric conditions is reduced due to the absence of 

important thermal exchanges between the subject and the environment, it is 

necessary to evaluate the gap between the real microclimatic conditions (measured) 

and the standard well-being conditions, through the calculation of specific indices 

of thermal comfort, function of objective and subjective variables. 

Noise is another fundamental aspect to consider in order to guarantee an 

ergonomic work environment. In fact, noise can negatively affect workers' 

performance and productivity or cause hearing loss, one of the most common 

occupational diseases. 

Furthermore, workplaces must have enough natural light and must be 

equipped with devices that allow adequate artificial lighting to safeguard the safety, 

health and well-being of workers. In a workplace or workstation the main features 

to consider are: luminance (amount of light that an illuminated surface reflects 

towards the eye of the observer; it influences the visual effort and consequently 

visibility and comfort); illuminance (average illuminance maintained, illuminance 

value below which the average illuminance on a specific surface can never go 

down, and uniformity of illuminance); glare (distracting and potentially disabling 
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effect) and the apparent heat of light (light of different shades depending on the 

spectral distribution of the radiation emitted and characterized by its own color 

temperature). 

Finally, healthy, safe and comfortable work environments must guarantee a 

good level of air quality. Many chemical compounds present in the indoor air are 

known or suspected of causing irritation or stimulation of the sensory apparatus 

and can give rise to a sense of sensory discomfort and other symptoms commonly 

present in the so-called "sick building syndrome". In general, the parameters that 

must be detected are CO, CO2, VOC, PM10 and PM2.5. On the other hand, certain 

sectors or processes require specific risk analysis and control of all those 

substances that could contaminate the air according to specific regulations. 

Table 8 summarizes the normative references for the evaluation of 

microclimatic comfort, noise, lighting and air quality in the workplace. 

 

 

Table 8. Rules relating to environmental factors 

Norm Description 

UNI EN ISO 7726: 2002 Ergonomics of thermal environments - Instruments for 

measuring physical quantities 

UNI EN ISO 7730: 2006 Ergonomics of thermal environments - Analytical 

determination and interpretation of thermal well-being 

by calculating the PMV and PPD indices and the local 

thermal comfort criteria 

UNI EN ISO 8996: 2005 Ergonomics of the thermal environment - 

Determination of energy metabolism 

UNI EN ISO 9920: 2009 Ergonomics of the thermal environment - Evaluation 

of thermal insulation and evaporative resistance of 
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clothing 

UNI EN ISO 10551: 

2002 

Ergonomics of thermal environments - Evaluation of 

the influence of the thermal environment using 

subjective judgment scales 

UNI EN ISO 11399: 

2001 

Ergonomics of thermal environments - Principles and 

application of the relevant international standards 

UNI EN ISO 13731: 

2004 

Ergonomics of thermal environments - Vocabulary 

and symbols 

UNI EN ISO 14505: 

2007 

Ergonomics of thermal environments - Evaluation of 

the thermal environment in vehicles - Part 2: 

Determination of the equivalent temperature 

- Part 3: Evaluation of thermal well-being through the 

use of human subjects 

UNI EN ISO 11690: 

1998 

Acoustics - Practical recommendations for the design 

of low-noise work environments containing machinery 

UNI EN 12464: 2004 Light and lighting - Workplace lighting 

UNI EN ISO 14123: 

2015 

Safety of machinery - Reduction of health risks 

deriving from dangerous substances emitted by 

machines 

 

Considering the regulatory pressure on the subject, environmental 

parameters are often considered when assessing safety in the workplace. Therefore, 

various tools for automatic data acquisition and related software are available on 

the market. Furthermore, some research on indoor air quality (IAQ) and thermal 

comfort in the workplace directly involved workers in order to assess perceived 

well-being in terms of comfort, satisfaction and health. However, almost always 
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reference is made to assessments aimed at the possible implementation of 

corrective actions rather than the definition of the design requirements. 

 

2.2.4 Organizational ergonomics 

 
Organizational ergonomics is based on the work of interdisciplinary groups 

that intervene on the social, cognitive, relational and physical dimensions of the 

work environment. In this field, as well as developing methodological studies and 

suitable tools for prevention, evaluation of emerging psychosocial pathologies 

(stress, mobbing and burn out, in particular), ergonomics also provides principles 

and models for the ergonomic design of work environments, with the intention of 

identifying the suitable activities to assign to each resource. In a business context 

such as that of Industry 4.0, it becomes of fundamental importance to design and 

develop a tool for assigning work focused on the worker in which the human 

dimension is a key factor. 

The task can be defined as an activity or as an aggregation of complete 

activities in themselves or that are part of a process. Proper planning of work for 

the organization is very important. In general, the division of labor can be done 

using different criteria such as functional decoupling, load sharing, worker 

competence or assignment for problem solving. Organizational ergonomics in 

production planning and organization take into consideration the knowledge, skill, 

and physical and psychological well-being of workers, in order to improve the 

allocation of resources to the various company activities. Fiasché (2016), for 

example, proposed a mathematical model that addresses the problem of job 

allocation with the aim of maximizing the worker's suitability for work, 

considering the following aspects: physical appearance, sensory and cognitive 

abilities, knowledge and skills and of workers' preferences on the activities to be 

performed. 
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Fast-Berglund, on the other hand, proposed an analysis of existing models 

for assigning the same tasks to machines and / or men. It proposed a taxonomy and 

a definition for the automation levels used in production, that is the assignment of 

physical and cognitive tasks between man and technology, described by a scale that 

goes from totally manual tasks to totally automatic ones. The result is a matrix that 

presents a quantitative method to measure the level of automation of the tasks and 

therefore allows to allocate the different tasks present in the company to men and / 

or machines. 

Hackman proposed a model that specifies the conditions that motivate 

individuals to do their jobs effectively. The model focuses on the interaction of 

three classes of variables: (a) the psychological status of the employees that must 

be present to develop this behavior in the workplace; (b) the characteristics of the 

work that can create this psychological state and (c) the characteristics of the 

individuals that determine how positively a person will respond to complex and 

challenging work. 

As for the design of individual works, in general the reference theory is 

that of Herzberg. According to this theory, there are two categories of factors that 

motivate workers: intrinsic reasons for the work itself (eg realization, recognition 

and responsibility) and hygiene factors, which are extrinsic to work (for example 

working conditions, pay and supervision). Later, Hackman and Oldham's identified 

five main features of the work, namely: task variety, task identity, task meaning, 

autonomy and feedback. 

However, the correct management of human resources remains the fulcrum 

of company growth. In an ever-expanding market to compete effectively in the 

global market, companies must necessarily increase the performance of their 

employees. In this context, therefore, it becomes essential to organize work in 

order to reduce stress, improve motivation and employee satisfaction. 
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3. Methodology 
 

 

 

3.1. Methodology for social sustainability assessment 
 

 

The proposed approach involves monitoring the operators' activities, as 

well as implementing corrective/improvement actions in order to make the factory 

environment more socially sustainable and improve the design of workplaces. The 

idea is to integrate the analysis of the work environment and the needs of the 

operator within a factory that is evolving towards Industry 4.0, where new skills 

and abilities are required.  

As shown in Fig. 3, the approach is divided into six main phases. 

 

 

Figure 3. Methodology for social assessment 

 

 



58 

 

The methodology contains guidelines to support companies for carrying 

out social sustainability assessments. The first three steps consist in the factory 

assessment, the definitions of the goals and finally the analysis model definition. 

The last three steps contain classification of risks factors, corrective actions and 

KPIs and investigate their correlation. It may be self-consistent or preceded by the 

configuration of an IoT framework, supporting both risks identification and KPIs 

assessment.  

The methods presented in Table 9 have been followed for the identification 

of risk factors, corrective actions and KPIs. 

 

Table 9. Method of data research 

 Literature       

review 

Workplace Health 

& Safety national 

DB 

Commercial 

solutions 

Risk factors  √ √  

Corrective 

actions  

√ √ √ 

KPI √   

 

 

For their classification the following inclusion criteria have been 

considered: manufacturing context, in particular, the production area, at least one 

of the four ergonomic domains and human-related performance. The resulting 

classification is presented and described in more detail below. 
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3.1.1 Factory Assessment 

 
The first step of the methodology consists in the definition of a clear State 

of the Art of the plant by a complete “Factory Assessment”. By the experience, in 

fact, many companies have a base line not clearly defined. With a focus on Italian 

manufacturing companies, they are grown fast in last 30 years but not in a 

homogeneous way; new technologies live together with old procedures and 

inefficient buildings or the opposite. This means that a structured innovation plan 

was not developed meaning lack of industrial culture and loss of money.  

The first step of the method permits to analyze this kind of situation 

understanding in a clear way the plant in terms of structure and resources. 

Understanding the plant from a structure point of view means identifying the layout 

of the plant considering also all spaces available. For this kind of analysis, the map 

and layout of the plant must be acquired.  

Knowledge about resources permits to identify a clear picture of the 

competitive advantage of a company including human resources. Resources are 

mainly energy and raw materials. Diagram or reports related to them are useful to 

define the company asset. For what concerns energy, it means to understand also if 

auxiliary systems as photovoltaic panels or other energy storage system are 

available in the plant.  

There are many forms of diagram but none of them is related to the human 

resource state of the art. Understand human resources consist in mapping all man 

and woman working in a plant considering their skills, age and experience. Also, 

an asset analysis should be performed in order to understand all machineries of the 

production plant.  

Last part of this analysis is the production flow analysis, this permits to 

understand all the manufacturing stages of the plant. For what concerns this kind of 

analysis it means to define the complete process layout by IDEF0, Value Stream 
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Mapping or any other diagram should define the work-flow plant and management 

system. This phase permits to completely understand the company and related 

improvement opportunity on a general level. 

The first phase is the data collection, which includes the creation of a data 

model of the factory environment and the monitoring of physical, cognitive and 

environmental parameters. 

The data model consists of three different and communicating databases in 

which the most significant variables related to the three different aspects that 

influence the well-being of the operator are cataloged: 

 

• Worker characteristics: demographic variables, anthropometry, 

functional skills, knowledge, personal needs, etc. 

• Workplace characteristics: temperature, brightness, noise, 

workstation layout, etc. 

• Task characteristics: type, duration, frequency, skills required, 

etc. 

Figure 4. Factory database 
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The correlation between these three domains, apparently independent of 

each other, is fundamental for an effective and reliable ergonomic analysis. For 

example, the activity of picking up a component, albeit light, may require 

significant physical effort for the operator according to the container placement and 

the worker’s height. There is therefore a need to correlate the height of the worker 

with the layout of the workstation with the type of activity to be performed to 

verify the actual feasibility without generating frustration in the worker himself. 

Different types of analysis are conducted to populate the three databases. 

First of all, an in-depth analysis of the plant is performed in terms of layouts, 

material flows, information flows and procedures. Interviews with the workers are 

conducted to collect subjective information to correlate with the results obtained 

from ergonomic analyses such as, for example, perceived exertion or level of 

satisfaction. Other data are collected with the support of the company process 

managers in order to know the best practices of reference in the execution of the 

various tasks. 

 

3.1.2 Re(design) goal and boundaries definitions 
 

This step consists in defining the main driver of the (re)design strategy. It 

is in fact important that the design process is driven by a main scope. It should 

consist for example in reducing the environmental impact of the plant or 

developing a more efficient layout of the same. In this step, it is then important to 

have a general overview on the main opportunity of a redesign. 

To make the analysis coherent and to be able to close the circle the 

objectives coincide with the KPIs. They will be classified below. 
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3.1.3 Analysis model definition 

 
Once the objectives have been selected, they are correlated with the 

variables necessary for the measurements.  

The variables can be measured using methods and regulations. Below is a 

classification of the methods identified in Table 10. 

 

Table 10. Method for ergonomic evaluation 

Borg CR10 Scale  

Ergo-UAS 

Golden Zone 

HAL/ACGIH TLV 

ISO 11226 

ISO 11228 

ISO/TR 12295 

MURI 

OCcupational Repetitive Action (OCRA) 

Ovako Working posture Assessment System (OWAS) 

Rapid Entire Body Assessment (REBA) 

Revised NIOSH Lifting Equation (RNLE) 

Rapid Upper Limb Assessment (RULA) 

Snook and Ciriello (1991) 

Spaghetti chart 

Strain index 

Strike Zone 

UNI EN 1005 
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360-degree feedback 

Behaviorally Anchored Rating System (BARS) 

Management By Objective (MBO) 

Bedford Scale 

Modified Cooper Harper Scale 

NASA-TLX 

Primary Task Performance Measures (PTPM) 

Rating Scale Mental Effort (RSME) 

Secondary Task Performance Measures (STPM) 

Subjective Workload Assessment Technique (SWAT) 

Directive 2003/88/EC  

ISO 10551 

ISO 11399 

ISO 13731 

ISO 14123 

ISO 14505 

ISO 7726 

ISO 7730 

ISO 8996 

ISO 9920 

UNI EN 12464 

ISO 10218 

ISO/TS 15066 

ISO 9241 

User experience evaluation methods 
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However, part of the data can be collected automatically during through the 

use of appropriate sensors. This allows data to be acquired more quickly and more 

accurately and to objectify a process of gathering information that emerges from 

literature to be still almost completely subjective, as it lacks standardized rules. The 

choice of the sensors to be used is the result of an in-depth technological scouting 

in compliance with the specifications of the analyses to be carried out and the 

company requirements. 

In this regard, there are devices capable of monitoring the key parameters 

of the different domains of ergonomics: physical, cognitive and environmental. It 

is: 

• Wearable sensors: able to monitor vital parameters (heart rate, 

respiratory rate, etc.) and / or postural (bending of the head, 

bending of the back, etc.). Table 11 summarizes possible 

applications of smart devices for monitoring key parameters of an 

ergonomic evaluation, which are usable across a whole spectrum 

of industrial processes. 

• Sensors for environmental monitoring: temperature and humidity 

probes, VOC sensors, CO2 sensors, etc. are included in this 

category. 

• Sensors able to monitor the activity of machinery in terms of 

vibrations, noise, etc. 

• Sensors able to guarantee a safe collaboration between man and 

machine / robot. In this case reference is made to presence, 

proximity, torque, etc. sensors. 
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Table 11. Smart devices for ergonomic evaluation 

Smart devices Parameters 

Chest bands Heart rate, respiratory rate, trunk posture, activity 

intensity level 

Watches and bracelets Heart rate, galvanic skin response, steps, activity 

intensity level 

Bracelet with EMG sensors Strength, posture of the limb  

Clothing with EMG 

sensors 

Heart rate, respiratory rate, strength, posture of 

multiple body segments 

Glasses and eye trackers Head posture, eye movements, blinks, attention 

Trackers Proximity, presence, localization, traceability of 

vehicles and assets (e.g. vibration) 

 

 

However, the literature shows that there are only a few applications in real 

industrial environment. This is the challenge of this methodology: starting to use 

wearables to obtain an objective assessment. 

The data must be analyzed and transformed into a content that makes them 

easy to understand, interpret, reorganize, sort and manipulate to generate useful 

information.  

At this point, the risk assessment is performed. Depending on the data 

collected and the knowledge management, the critical issues detected are 

associated to one or more of the following risk categories: posture; workstation; 

task; work organization; work environment and tools and devices. At the end of 

this phase, therefore, for each operator/station/task analyzed, the list of identified 

risks is available, sorted according to the intervention priority. 

 



66 

 

3.1.4 Risk factors evaluation 

 
Once the data have been analysed, the risk factors are identified. The trend 

of Italian and European statistics on the health of workers records an exponential 

increase in occupational diseases. Musculoskeletal disorders (DMS) are 

characterized, together with work-related stress, as the major pathologies of the 

new mode of production. If the former are the direct consequence of incorrect 

postures and movements, the latter are mainly linked to organizational factors and 

cognitive activity. 

In particular, the DMS from biomechanical overload are one of the main 

causes of absence due to illness in many activities. The most common ailments are 

a sense of weight, a sense of discomfort, numbness, tingling, stiffness, pain at: 

• rachis (neck and back); 

• upper limbs (shoulders, arms and hands); 

• lower limbs (legs and feet). 

These disorders often result from muscle fatigue, inflammation of tendon 

structures or degeneration of the spinal discs. Also, some pathologies of the 

circulatory system (for example swelling of the limbs, varicose veins, etc.) can 

derive from erroneous movements and / or incongruous postures. 

Moreover, with advancing age the intervertebral disc tends to lose its 

damping capacity: the back becomes more prone to disorders, especially at the 

lumbar level. This process is accentuated both by excessive efforts and by a 

sedentary lifestyle. In particular, at work, this happens when: 

• weights are raised by bending or twisting the back; 

• remain in a fixed position for a long time (standing or sitting); 

• towing or pushing activities are carried out. 
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Another fundamental risk is associated with the manual handling of a load, 

which means the operations of lifting or transporting a load by one or more 

workers, including the actions of lifting, depositing, pushing, pulling, carrying or 

moving a load which, due to their characteristics or as a result of unfavourable 

ergonomic conditions, entails risks of biomechanical overload disorders in 

particular back injury. In this case it is necessary to verify that the effort required is 

not excessive, that the distances are not too large and that the load is not too heavy, 

bulky or difficult to grasp, in unstable equilibrium, placed in a position such that it 

must be kept or handled at a certain distance from the trunk or with a twist or tilt of 

the trunk, etc. 

More generally, all needs related to work must be assessed: 

• physical strain, which particularly stress the spinal column, too frequent or 

too prolonged; 

• repetitive movements, for example typical assembly works; 

• high strength used; 

• high precision; 

• pauses or periods of insufficient physiological recovery; 

• a rhythm imposed by a process that cannot be modulated by the worker; 

• physical inability to perform the task in question also taking into account 

that physical strength is usually different depending on gender and age. 

The characteristics of the workstation, the environment and the work tools also 

contribute to the definition of risks: 

• the workplace is not well sized and set up so that there is enough space to 

allow position changes and all possible movements of the operator; 

• the free space, in particular vertical, is insufficient for carrying out the 

requested activity; 
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• the place or work environment does not allow the worker to manually 

move loads to a safe height or in a good position; 

• the floor or worktop is uneven or unstable, therefore it presents a risk of 

tripping or slipping for the worker, or presents differences in level that 

imply the handling of the load at different height levels; 

• the temperature, humidity or ventilation are inadequate; 

• use of incongruous individual devices (gloves, shoes, etc.); 

• use of non-ergonomic work equipment; 

• use of vibrating instruments. 

Visual disturbances, typical of VDT work, can be avoided by pauses or 

changes in activities that interrupt the close, protracted and static visual 

engagement. 

In recent decades, important changes in the world of work have led to the 

emergence of new risks in the context of health and safety in the workplace. The 

management of psychosocial risk factors represents one of the main challenges 

with which it is necessary to confront, in consideration of the potential impact that 

these have on stress related work, which is identified as a condition of imbalance 

that occurs when the worker does not feel able to correspond to work requests. It 

may arise on the occasion of: 

• Inadequate management of the organization and workload (shifts, breaks, 

tasks, etc.), according to which the worker is not able to satisfy the requests 

in terms of time and / or performance; 

• Poor autonomy / control of workers on how to carry out their work; 

• Lack of communication, lack of adequate information and support from 

superiors and lack of systems to respond to individual problems; 

• Poor promotion of positive jobs, valid initiatives and / or the correct work / 

life balance; 
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• Poor employee awareness of the position he holds in the organization in 

terms of role and responsibility; 

• Organizational changes, of any entity, badly managed and not 

communicated with little involvement of the worker; 

• Insufficiency or inadequacy of knowledge, training or training. 

 

However, based on literature review and workplace health & safety 

national database consultation, six macro-categories of risk factors were identified, 

as classified in table 12: 

 

• Awkward posture, where all the risks that can cause damage to physical 

parts of the body have been included; 

• Workspace considers risks deriving from an inadequate workstation, 

which do not allow workers operate within the recommended zones; 

• Work activity examines risks deriving from manual handling and 

movements required to perform the task; 

• Work organization analyses risks related to organizational choices, 

impacting on the overall workers experience; 

• Work environment, where are considered all environmental factors that 

indirectly affect the operator's activity; 

• Tools and devices, which includes aspects related to HMI that mainly 

affect the cognitive domain. 

 

 

 

 

 



70 

 

Table 12. Classification of risk factors 

R1. Awkward 

posture 

R1.1 Neck 

R1.2 Back 

R1.3 Upper limbs 

R1.4 Lower limbs 

R2. Workspace 
R2.1 Workstation layout 

R2.2 Reach distance 

R2.3 Work height 

R3. Work activity 

R3.1 Standing up at same position for a long period of 

time 

R3.2 Sitting down for a long period of time 

R3.3 Repetitive movements 

R3.4 Forceful movements 

R3.5 Precise and fine movements 

R3.6 Manual lifting 

R3.7 Manual carrying 

R3.8 Manual pulling 

R3.9 Manual pushing 

R4. Work 

organization 

R4.1 Task variety 

R4.2 Task repetitiveness 

R4.3 Work rhythm 

R4.4 Work demands 

R4.5 Shift management 

R4.6 Breaks management 

R4.7 Work scheduling autonomy 

R4.8 Decision-making autonomy 

R4.9 Work relationships 

R4.10 Lack of support from supervisors and/or co-

workers 

R4.11 Role conflict 

R4.12 Work/life Balance 

R4.13 Lack of incentives 

R4.14 Lack of awareness about health and safety risks 



71 

 

R4.15 Lack of skills 

R4.16 Lack of expertise 

R5. Work 

environment 

R5.1 Lighting 

R5.2 Noise 

R5.3 Smell 

R5.4 Microclimate 

R5.5 Agents exposure 

R6. Tools and 

devices 

R6.1 Lacking, arrangement and maintenance of work 

equipment 

R6.2 Lack of tools supporting healthy body posture 

R6.3 Lack of training tools 

R6.4 Vibration load 

R6.5 New technologies 

R6.6 Lacking or complex work instructions 

R6.7 Lacking or complex user interface 
 

 

3.1.5 Corrective actions identification 

 
Subjected to literature review, workplace health & safety national database 

consultation and commercial solutions, corrective actions have been divided into 

the following macro-categories: mechanical solutions, workplace design / redesign 

solutions, work environment improvement solutions, organizational solutions and 

training solutions 

The mechanical solutions classify all the technologies that can help the 

operator in carrying out operations that can represent a risk for the operator. For 

example, just think of the introduction of a semiautomatic manipulator for handling 

loads: this type of equipment eliminates the load on the spine, and therefore 

reduces the risk of musculoskeletal disorders resulting from biomechanical 

overload. Similarly, conveyor belts within the most diverse types of industry favor 

the movement of goods and materials ensuring both efficiency and maximum 
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safety for operators. These solutions also include the innovative wearable 

exoskeletons designed to improve the quality of work in an efficient and highly 

ergonomic way, providing constant and advanced assistance to the operator's 

movement during repetitive or daily operations. The mechanical solutions are those 

that mainly allow the resolution of risks related to work activities that require the 

use of force or precision movements. 

The workstation design / redesign solutions enlist all the corrective 

actions that aim to improve the workstation. It is in fact necessary to design 

workstations, equipment and auxiliary means so that they comply with ergonomic 

criteria, in order to protect the physical health of workers even if they have to carry 

out their duties for a prolonged period of time. Given the high frequency of 

musculoskeletal disorders related to work (eg back pain), particular attention must 

be paid to the risks to which the musculoskeletal system (muscles, bones and 

tendons) is exposed. In addition to the work-station, also the containers used in the 

manual handling of loads must be designed in such a way as to facilitate gripping 

and avoid excessive use of force by the operator. The design solutions are those 

most used to solve muscular and skeletal problems deriving from the prolonged 

assumption of incongruous postures or from the use of non-ergonomically suitable 

instruments. 

Workplace improvement solutions classify all the corrective actions that 

aim at resolving risks deriving from the work environment, and therefore not 

necessarily directly linked to the performance of the task. For example, the 

microclimatic conditions represent an important ergonomic factor to keep under 

control, because they can cause considerable discomfort to the workers. The 

microclimatic conditions can pose a risk to health and affect the feeling of well-

being. To protect the health and safety of workers, it is necessary to measure the 

deviation of the real microclimatic conditions from those of well-being: the 
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employer must ensure that the microclimate of the workplace is maintained in 

conditions close to those of well-being. Equally, it is necessary to monitor and 

optimize aspects related to lighting, noise, etc. 

The organizational solutions enlist the corrective actions aimed at solving 

risks related to the organization of work. Specifically, all aspects related to the 

psychological well-being of the workplace operator are solved. For example, job 

rotation allows a better distribution of resources with ergonomic advantages for the 

resource. Changing roles within the company, if done in a manner consistent with 

the professional path of the resource, will certainly contribute to an increase in 

skills and, in some cases, even to possible career advancements. Having the 

possibility to be part of several phases of the business production process will 

allow the resource to have a more complete vision of how the company works, thus 

increasing its knowledge and its performance. Reorganizing work shifts taking into 

consideration the skills of the workers and their needs will make the work 

environment positive and consequently reduce the possibility of the presence of 

stress factors. 

Training solutions classify all the corrective actions aimed at training the 

operator both in terms of safety in the workplace and in relation to the specific 

tasks that are performed. Specifically, it is necessary to insert customized training 

programs according to the workers' abilities as well as to foresee coaching times 

with different expert workers. Training hours can be entered with respect to new 

technologies included in the company, as well as AR / VR technologies to support 

specific activities. In general, in order to solve even the organizational ergonomic 

aspects, workers must also be trained on the correct management of work time in 

relation to tasks and / or objectives and on the identification of the first warning 

signs of stress and fatigue. Training solutions do not solve specific risk factors but 
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in general they can be applied in a preventive way to improve the psycho-physical 

well-being of the operator. 

Table 13 lists all the possible corrective actions applicable at the end of the 

risk factor analysis. 

 

Table 13. Classification of corrective actions 

A1 Equipment 

A1.1 Cart or platform truck 

A1.2 Hand truck 

A1.3 Pallet truck 

A1.4 Forklift 

A1.5 Stacker 

A1.6 Tilter 

A1.7 Lifter 

A1.8 Hoist or crane 

A1.9 Conveyor, slide, or chute 

A1.10 Carousel 

A1.11 Turntable 

A1.12 Use an airball table 

A1.13 Weightless positioning balancer 

A1.14 Reaction arms 

A1.15 Industrial manipulators 

A1.16 Collaborative material handling robot 

A1.17 Collaborative assembly robot 

A1.18 Collaborative quality inspection robot 

A1.19 Collaborative machining robot 

A1.20 Exoskeleton 

A2 Design 

A2.1 Reduce the weight of the load 

A2.2 Packing containers to increase handling 

A2.3 Tag the load to alert workers (heavy, 

fragile, unstable, etc.) 
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A2.4 Provide multiple grip points to facilitate 

lifting and transport of loads 

A2.5 Provide gloves that increase grip 

stability 

A2.6 Store loads so that they can be handled 
within the worker's power zone 

A2.7 Avoid manually lifting or lowering loads 
to or from the floor 

A2.8 Slide, push, or roll instead of carrying, 
when appropriate 

A2.9 Avoid carrying large or bulky loads that 
limit or obstruct your vision 

A2.10 Arrange spaces to improve access to 

materials or products being handled 

A2.11 Use team lifting as a temporary 

measure for heavy or bulky objects 

A2.12 Minimize the distances loads are 

handled 

A2.13 Provide appropriate shoes to avoid 
slips, trips, or falls 

A2.14 Improve access to containers (angled 
shelving, side-opening door, etc.) 

A2.15 Design easy gripping components 

A2.16 Workstation layout allowing operators 

work within the strike zone/golden zone 

A2.17 Adjustable work surface 

A2.18 Provide ergonomic workstation 
accessories to increase workers' comfort 

(footrest, armrest, headsets, etc.) 

A2.19 Ensure a proper sitting posture  

A2.20 Ensure an appropriate lighting on the 
work surface 

A2.21 Configure the workstation to allow easy 
cleaning and maintenance 
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A2.22 Provide equipment promoting reaching 

(hook, portable work platform or steps, etc.) 

A2.23 Consider using powered equipment 

when forces are excessive 

A2.24 Prefer lighter-weight equipment 

A3 Workplace 

A3.1 Avoid or display wet floor and obstacles 

A3.2 Ensure a safe and comfortable transit of 

vehicles and people 

A3.3 Installing barriers to reduce risk of 
accidents 

A3.4 Ensure thermal comfort 

A3.5 Ensure adequate lighting 

A3.6 Reduce noise source 

A3.7 Introduce suction systems and air 
recirculation systems 

A3.8 Reduce the use of biological and 

chemical agents or selection of less hazardous 

agents 

A3.9 Provide appropriate PPE 

A3.10 Introduce a system for sound insulation 

and noise absorption 

 

 

 

 

 

 

 

 

 

 

 

 

A4.1 Definition and adoption of a Code of 
Ethics or of Conduct 

A4.2 Plan meeting between 

executives/managers and workers for 
communication, feedback, idea sharing, 

problems solving, etc. 

A4.3 Improvement of company 
communication standards/methods 

A4.4 Provide sufficient information to enable 

workers to perform tasks competently, 

including adequate support and resources 

A4.5 Optimize the workflow 

A4.6 Definition and description of the roles 

and responsibilities of each worker 
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A4 Management 

A4.7 Plan realistic and feasible deadlines 

A4.8 Workload balancing 

A4.9 Redistribution of workload, even 

temporarily for critical periods, or extra work 

A4.10 Limit giving workers tasks that under-

utilize their skills 

A4.11 Task allocation according to workers' 
skills 

A4.12 Task allocation according to workers' 
physical characteristics 

A4.13 Team building according to workers' 

skills and characteristics 

A4.14 Dynamic scheduling of shared human-

robot operations 

A4.15 Rotate tasks and schedules 

A4.16 Redefine work breaks according to 
specific needs/activities 

A4.17 Give workers some control over the 
way they do their work 

A4.18 Flexible work arrangements 

A4.19 Promote a work-life balance and 
encourage workers to take annual leave or 

holidays 

A4.20 Strive to make working hours regular 
and predictable 

A4.21 Avoid encouraging workers to 

overwork 

A4.22 Rehabilitation and/or reinstatement 
programs 

A4.23 Benefits programs 

 

 

 

 

A5.1 Health and safety training 

A5.2 Training to ensure the safe use of 

working equipment 

A5.3 Training programs according to workers' 
skills 
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A5 Training 

A5.4 Training about new technologies 

A5.5 Cross-training programs 

A5.6 Pairing with expert workers in the event 

of new roles/tasks 

A5.7 Simple step by step work instructions 

A5.8 Provide best-practices to better execute 

tasks 

A5.9 Real-time feedback 

A5.10 Use visual management to convey 

messages more effectively 

A5.11 Digital assistant 

A5.12 Use AR/VR technologies to support 
workers during the task execution 

A5.13 Use AR/VR technologies or interactive 
methods to improve training experience 

A5.14 Educate workers about the early 
warning signs of stress and fatigue 

A5.15 Training on work time management 
with regard to tasks and/or objectives 

A5.16 Provide training to workers on how to 

develop relational skills 

A5.17 Provide training to workers on how to 

cooperate, diffuse difficult or manage conflict 

A5.18 Make psychological/medical support 

available to workers who are directly and 

indirectly involved in a traumatic event or in 

other emotionally demanding work 
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3.1.6 KPIs assessment 

 
Following literature analysis KPIs, classified in table 14, were identified 

and grouped into five categories: 

 

• Factory performance contains the most common objective indicators that 

help companies to evaluate productive benefits and resources management; 

• Perceived workload considers indicators related to the worker's perception 

of work. In particular, the first six indicators are part of NASA-TLX 

assessment tool; 

• Work-related diseases monitor acute, recurring or chronic health 

problems caused by work context. Usually, these indicators give long-term 

findings as some diseases have long latency periods, making difficult to 

identify the impact of each work-related risk factor; 

• Knowledge analyses workers’ awareness and skills about health and safety 

risks, operations and technologies; 

• Workplace includes indicators concerning all workplace’ ergonomics 

aspects and the collaboration between humans and human-automation. 

 

 

Each KPI could be evaluated by the set of specific indicators, belonging to 

the abovementioned categories, with which the company is more familiar. For 

example, for I1.2 they could be scraps, defects, First Pass Yield, human error 

incidence, etc.; for I5.1 there are OCRA Index, RULA score, percentage of 

activities within golden zone, etc. 
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Table 14. KPIs Classification 

I1. FACTORY 

PERFORMANCE 

I1.1 Increase productivity 

I1.2 Improve quality 

I1.3 Increase organizational incentives 

I1.4 Reduce employee complains 

I1.5 Reduce employee turnover 

I2. 

PERCEIVED WORKLOAD 

I2.1 Reduce perceived mental demand 

I2.2 Reduce perceived physical demand 

I2.3 Reduce perceived temporal demand 

I2.4 Improve perceived performance 

I2.5 Reduce perceived effort 

I2.6 Reduce perceived frustration 

I2.7 Increase job satisfaction 

I3. WORK-RELATED 

DISEASES 

I3.1 Reduce absenteeism 

I3.2 Reduce accident rate 

I3.3 Reduce sickness absence 

I3.4 Ensure vacation 

I3.5 Reduce musculoskeletal disorders 

I3.6 Reduce stress and mental health disorders  

I3.7 Reduce work-related cancer 

I3.8 Reduce biological agents’ exposure 

I3.9 Increase work capacity 

I4. KNOWLEDGE 

I4.1 Increase risk control 

I4.2 Increase operations skills 

I4.3 Increase technology skills 

I5. WORKPLACE 

I5.1 Ensure ergonomic workstation 

I5.2 Ensure ergonomic environment 

I5.3 Improve Human-Automation collaboration 

I5.4 Improve Human-Human collaboration 
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3.2. Correlation 

 
Once all risks, corrective actions and KPIs have been classified, it was 

necessary to identify the correlations between them, by answering to the following 

questions: Which corrective actions can be used to manage any individual risk? 

Which KPIs are affected (directly or inversely proportional) by the implementation 

of any corrective action? 

For this aim, the methodology represented in Figure 5 has been followed. 

Firstly, a knowledge base has been created by considering the evident logical 

correlations that exist “a priori” (e.g. R3.7/A1.1) and the hypotheses of 

correlations, then less obvious, coming from the literature analysis (e.g. A4.4/I3.6) 

or authors experience. 

At this point, a multidisciplinary team (2 management engineers, 2 

biomedical engineers, 1 design engineer, 1 mechanical engineer, 1 electronic 

engineer, 1 project manager, 1 psychologist and 2 doctors in work’s safety) was 

involved to confirm the a-priori correlations, identify other ones and favor the 

discussion to analyze different points of view. Brainstorming consisted of two 

sessions, during which the correlations between risks-corrective actions and 

corrective actions-KPIs were analyzed respectively. If unanimity was reached 

before or after discussion strong and weak correlations were defined respectively. 

In case of controversial opinions, uncertain correlations were preliminary 

established based on the majority. However, correlations need to be empirically 

validated. 
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Figure 5. Methodology for the validation of correlations 

 

 

Most of the members agreed from the beginning on which actions were 

most appropriate to manage a risk. No uncertain correlations resulted from the first 

brainstorming session. In general, stronger correlations involved R1, R2, R5, R6, 

A1, A2 and A3 and weaker correlations referred to organizational domain. In 

particular, it emerged: 

• All risks related to awkward posture (R1) are mitigated by ergonomic 

equipment (A1), task design (A2), task allocation strategies (A4) and 

training (A5); 

• Workspace risks (R2) are totally covered by equipment (A1) and 

workstation design (A2); 
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• Work activity risks (R3), especially manual handling, are mitigated by all 

action categories; 

• Work organization risks (R4) are mainly faced by management (A4) and 

training (A5) actions; 

• Work environment risks (R5) are directly covered by workplace actions 

(A3); 

• Risks related to tools and devices (R6) are mainly tackled by training 

activities (A5). 

The second session, instead, has been much more onerous and has led to 

numerous moments of discussion. The correlation between corrective actions and 

KPIs has not always been so foregone. The following considerations emerged: 

• Knowledge (I4) and workplace (I5) have almost exclusively generated 

strong correlations; 

• Work-related diseases (I3) mainly generated weak correlations due to the 

poorest knowledge of the domain by experts with engineering background 

compared to the medical one; 

• Uncertain correlations mainly refer to perceived workload (I2), especially 

frustration (I2.6) and job satisfaction (I2.7), because of its subjective 

nature. In general, it emerged that they are mainly influenced by 

management actions (A4), apart from physical demand (I2.2) and effort 

(I2.5) that are also positively influenced by A1 and A2; 

• Correlations involving factory performance (I1) are more articulated: 

stronger with A1 and A5, indeed, almost all corrective actions have a 

positive impact on productivity (I1.1); weaker with A2 and uncertain with 

A4. 

Overall, it emerged that the relation between A4 and I2 is the most 

controversial, needing further investigation. In particular, A4.10, A4.15 and A4.17 
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resulted the most critical management actions. Moreover, in some cases, it was not 

possible to define whether the impact on KPI was directly or inversely 

proportional. This is because the perception of some organizational solutions is 

subjective, then, strictly related to worker’s perception.  

All the correlations are presented in Appendix A and Appendix B. 

 

 

 

 

3.3. Workflow 

 
The methodology foresees the monitoring of the activities of the operators, 

as well as the implementation of corrective / improvement actions in order to make 

the factory environment socially sustainable. The idea is to integrate the analysis of 

the work environment and the needs of the operator within a factory that is 

evolving towards Industry 4.0, where new skills and abilities are required of the 

operator. In fact, the technologies enabling Industry 4.0 define not only a change in 

production, but also a new way of human interaction with the production system. 

The studied methodology is part of a process of innovation and continuous 

improvement of the company, as shown in Figure 6. The achievement of short- and 

long-term objectives is monitored through specific and significant KPIs, 

establishing a new one from time to time reference for future analysis. 
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The methodology workflow is shown in Figure 7. In general, the goal was 

to present a workflow that was as general as possible so as to allow the use of the 

method in different production contexts. The operator, who remains the fulcrum of 

this analysis, can carry out completely manual tasks, as well as interact with 

collaborative robots or technologically advanced machinery. In any case, the 

analysis includes standard action protocols that allow to evaluate aspects of 

environmental, physical and cognitive ergonomics, as well as keeping economic 

and productivity objectives fixed.  

Figure 6. Continuous improvement of the factory 
environment from the social point of view 
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As can be seen from the figure, the workflow is iterative and is divided into 

three macro-phases, described in detail in the following paragraphs. 

The first phase consists of data collection and includes: 

• The creation of a data model of the factory environment; 

• Monitoring of physical, cognitive and environmental parameters. 

Figure 7. Methodology workflow 



87 

 

First, a data model is defined consisting of three different and 

communicating databases in which the most significant variables related to the 

three different aspects that influence the well-being of the operator are cataloged: 

worker characteristics, characteristics of the working environment and task's 

characteristics. 

Different types of analysis will be conducted to populate the three 

databases. First of all, an in-depth analysis of the plant will be performed in terms 

of layouts, material flows, information flows and procedures. Interviews will be 

conducted with the workers themselves to collect subjective information to 

correlate with the results obtained with ergonomic analyzes such as, for example, 

perceived exertion or level of satisfaction. Another part of the data will be collected 

with the support of company process managers in order to know the best practices 

of reference in the execution of the various tasks. In fact, it is not certain that an 

action is carried out as it should be carried out. Finally, part of the data will be 

collected automatically during the monitoring phase using appropriate sensors. 

Some data relating to the environment, humans, machines and their interaction can 

be monitored using sensors. This allows data to be acquired more quickly and more 

accurately and above all to objectify a process of gathering information that 

emerges from literature to be still almost completely subjective, as it lacks 

standardized rules. In this regard, there are devices capable of monitoring the key 

parameters of the different domains of ergonomics: wearable sensors, sensors for 

environmental monitoring, sensors able to monitor the activity of machinery and 

sensors able to guarantee a safe collaboration between man and machine / robot. 

The second phase is the management of the data collected in order to 

identify the critical issues to be addressed. 

First of all the raw data must be analyzed and transformed into a form that 

makes them easy to understand, interpret, reorganize, sort and manipulate to 
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generate useful information. In other words, a descriptive analysis must be 

conducted that is preliminary to the actual processing. It aims to: 

• Clean data from errors and / or anomalies; 

• View the data in the correct context; 

• Identify relevant information; 

• Evaluate the quality and significance of information; 

• Differentiate isolated events from recurring ones; 

• Being able to define the hypotheses and limits of the proceeds. 

This type of analysis could add information relating to already known 

phenomena or could highlight new ones. 

At this point the risk assessment is performed. Depending on the data 

collected, it will be able to associate the critical issues detected with the related risk 

category: 

• Posture; 

• Workstation; 

• Task; 

• Work organization; 

• Work environment; 

• Tools and devices. 

 

At the end of this phase, therefore, for each operator / station / task 

analyzed, the list of identified risks will be available. 

In the decision-making phase each risk identified in the previous step will 

associate with a series of corrective actions capable of eliminating or mitigating it. 

Corrective actions may concern: 

• Components, tools and advanced ergonomic solutions for the assembly, 

screwing, handling of loads in total safety, etc .; 
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• The ergonomic design of products and components so that they can be 

easily handled, tasks so that they can be carried out without significant 

physical and / or cognitive efforts and workstations so that they are 

comfortable for the operator respecting his needs; 

• Measures to ensure the safety and health of the working environment; 

• Organizational actions to support the correct allocation of resources and 

activities; 

• Training of the operator with the aim of improving his well-being and 

avoiding the manifestation of occupational diseases resulting from the 

improper performance of a job or inappropriate use of an instrument. 

 

Suggested corrective actions may require financial investments, long 

implementation times, organizational changes, etc. The selection of the corrective 

action to be undertaken must therefore be the result of a careful cost-benefit 

analysis. In fact, the same risk could be solved by different corrective actions. The 

last step of the workflow will include the inclusion of further parameters that will 

allow to suggest the best solution taking into account the trade-off between 

ergonomic, economic and productivity aspects. Once the corrective actions have 

been implemented, new monitoring will be carried out to verify their effectiveness. 
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4. Case studies 

4.1 Social sustainability assessment in Sabelli Spa 

 
4.1.1 Factory assessment and Re(design) goal and boundaries definitions  

 

Sabelli SPA is a dairy factory, founded in 1921, based in Ascoli Piceno 

with a particular attention to artisan quality and dairy tradition. It produces a wide 

range of products such as mozzarella, caciotta, cheese, ricotta, burrate, stracciatella 

and scamorze. The production plant is composed of six spun paste lines 

(mozzarella and scamorza), a ricotta line and a pizzeria line. Quality of its products 

is always connected to the social corporate values and responsibility, which entails 

a particular attention to opera-tors’ health and well-being. 

The present case study focuses on physical ergonomics assessment in order 

to mitigate the relative risks. The ricotta storage workstation (Figure 8), which 

involves two operators, has been reported in this paper in order to exemplify the 

approach, but the main processes have been analyzed. 

Firstly, the main information related to the workstation, tasks and operators 

have been collected. The factory assessment included the workers’ interviews to 

gain an understanding of the job tasks and demands and the observation of 

workers’ movements and postures during several work cycles. The operators’ 

perspective has been considered by evaluating the perceived exertion trough the 

Borg CR10, a Category-Ratio (CR) scale anchored at number 10, that allows 

workers to subjectively rate their level of exertion during tasks execution. The 

selection of the postures to be evaluated and the relative methods was based on the 

most difficult postures and work tasks, the posture sustained for the longest period 

of time, or the posture where the highest perceived exertion occur. According to 
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this preliminary evaluation, RULA was applied to T1, T4 and T6 and NIOSH to 

T6. Following the methodology, the goal I3.5 was selected. 

. 

 

4.1.2 Analysis model definition 
 

The RULA method (Rapid Upper Limb Assessment) analyzes the exposure 

of individual workers to the risks of onset of musculoskeletal disorders (MSD) in 

the upper limbs. It considers the needs of biomechanical and postural loading of 

work tasks on the neck, trunk and upper limbs. 

First of all, a general observation of the work activity and an eventual 

interview of the operator must be carried out in order to identify the most critical 

postures that the worker assumes during a work cycle that will therefore have to be 

evaluated through the method. The selection of postures takes into account: more 

uncomfortable postures and work tasks, sustained posture for the longest period of 

Figure 8. Workstation layout and tasks 
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time and postures where higher force loads occur. The left and right sides of the 

body or both can be assessed as needed. 

Then proceed with the observation of the operator during the execution of 

the tasks and the compilation of the table shown in the following figure. 

The analysis is divided into two parts: in the first, in which the upper limbs 

are taken into consideration, a score is assigned to each of the joint deviations cited 

in a specific table. A similar procedure is followed in the second phase, in which 

the joint deviations in the neck and the trunk are examined. The final score, 

variable from 1 to 7, is the combination of the two scores obtained previously, and 

allows to establish the need for improvements to the ergonomics of the work task 

examined. 

Figure 9. RULA 
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Some parameters (back flexion, arm position, wrist twist, and muscle use) 

have been gathered from sensors to reduce the evaluator bias. The objective 

evaluation was carried out through two wearable devices: BioHar-ness 3.0 and 

Myo armband.  

• BioHar-ness 3.0 is a physiological monitoring telemetry device that 

consists of a chest strap and an electronics module that attaches to the 

strap. The device stores and transmits vital sign data including heart rate 

(HR), breathing rate (BR), posture and activity that have been analyzed by 

OmniSense™ Analysis Software. 

 

 

Figure 10. Fascia Zephyr BioHarness 3 
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Below is a brief description of the parameters selected for analysis: 

• Heart Rate (HR), or heart rate (average number of heartbeats per minute). 

HR is measured in bpm (beats per minute), because with every beat (or 

pulse), the heart muscle contracts to pump blood throughout the body. 

Heart rate is mainly determined by the previous 15 seconds of ECG data, 

which are filtered to take into account false or missing R detections and a 

little smoothing is applied. Values constantly above 200+ bpm indicate a 

noisy ECG signal. Causes include: sensor pads or dry skin; loose or poorly 

positioned headband; poor connection; failure. Values equal to 0 generally 

indicate a mechanical connection problem. 

The results obtained must be compared with the resting heart rate, to understand 

whether it is physiological or not. 

• Breathing Rate (BR), or respiratory rate measured in bpm (breaths per 

minute). The BR is detected by a pressure sensor located in the strap that 

detects the expansion and contraction of the chest due to breathing. 

• Posture, which is used to determine the orientation of the person wearing 

this band. It is measured in "degrees from the vertical", where: 

 

0 ° Vertical 

90 ° Subject in a prone position 

- 90 ° Subject in supine position 

 

In order to determine posture, the BH3 accelerometer uses gravity as a     

reference. The device then calibrates where it is on the person's body. The 

anterior inclination of the subject is therefore considered as a positive 

value, the latter is negative. 
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• Activity calculated through the VMU value, which stands for "unit of 

vector magnitude", which is a common measure for calculating types of 

activity (stationary, walking, running), as well as energy expenditure. The 

units of vector magnitude are expressed in 'g' - gravity, with g = 9.81 and 

where x, y and z are the averages of the three magnitudes of axial 

acceleration in the last second, sampled at 100Hz. The output of the axial 

accelerometer is filtered band-pass, to remove possible artifacts and 

gravity. In particular at VMU <0.2 g corresponds a low activity level 

(static work); at 0.2 g ≤ VMU <0.8 g corresponds to a modest activity level 

(walking) and at VMU ≥ 0.8 g corresponds to a high activity level (stroke). 

 

• Myo armband has 8 separate electromyography (EMG) sensors that allow 

measuring electrical activity from muscles and a 9-axis IMU (Inertial 

Measurement Unit) that senses the motion, orientation and rotation of 

forearm. Data are transmitted over a Bluetooth Smart connection. 

Figure 11. Myo armband 
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Raw EMG and IMU data have been utilized to evaluate the workers 

exposure to ergonomic risk factors associated with upper limbs musculoskeletal 

disorders (MSDs). 

Two video cameras were positioned to have a complete view of the testing 

area. They were useful to capture workers’ behaviors performing the working 

tasks, to detect any difference from the usual working pattern and interpret the 

variables trend appropriately. 

The IoT framework also included a network connectivity; a Wi-Fi router to 

ensure data collection in real-time and remotely; a PC for data storage and a tablet 

for real time monitoring. 

 

4.1.3 Risk factors evaluation 

 

The analysis results are summarized in Table 15. 

 
. 

 

 

 

Table 15. The analysis results 
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According to the Borg CR10 score, the most critical tasks are T6 and T1. 

In the first case, it is associate to the leg fatigue caused by boxes lowering and in 

the second case to the arms exertion to lower the pallet. Similar results are shown 

by RULA scores, which highlight a medium risk requiring corrective actions to be 

planned and implemented in the medium term. It mainly depends on trunk and 

neck position. In particular, for T1, a +4 score was used both for the neck position 

(extension) and the back position (more than 60 degrees). For T6, the assigned 

scores were +2 for the neck (0-20 degrees) and +3 for the trunk (20-40 degrees). 

They were collected by the chest belt (Fig. 12). 

 

No risk was associated to lowering activity according to NIOSH, as shown 

by the Lifting Index value less than 1.0. However, the individual multipliers have 

been analyzed to identify specific weaknesses in the workstation layout. Potential 

improvements are related to the horizontal location of the object relative to the 

body, the distance the object is moved vertically and the frequency and duration of 

lifting activity.  

The analysis of physiological parameters allows evaluating the worker 

stress and fatigue. In particular, the BioHarness measures the heart rate variability 

Figure 12. Back posture during a work cycle 
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(HRV) using the SDNN – the Standard Deviation of the Normal to Normal 

intervals, measured in milliseconds. It calculates an SDNN value over 300 heart 

beat detections and updates the SDNN value for each new detected heart beat. The 

SDNN is then reported once per second, showing the most up to date value. False 

and missed detections are filtered from the data and accounted for before the 

SDNN calculation is made. It resulted in the low-mid normal range, however, a 

decrease from 38 to 29 was observed after 2 work cycles. This result it was also 

confirmed by the physiological intensity that measures a person’s cardiovascular 

output. After two work cycles it increased from 3 to 4 (where a score of 0 is a 

resting level whereas a score of 10 is equivalent to the individual working at their 

maximal effort).  

Mechanical intensity, which is the measure of a person’s kinematic output, resulted 

less than 2 during the whole shift (where 0 means that the subject is not putting any 

impact onto their musculoskeletal system whereas a score of 10 is equivalent to a 

sprinting level of impact and movement). 

 

 

4.1.4 Corrective actions implementation 
 

According to the results, the main risk factors are related to the workstation 

layout (R2.1) and, consequently, to the awkward posture of operator’s neck and 

back (R1.1, R1.2). At the same time, other potential improvements could concern 

the manual lifting and the task repetitive-ness. Based on the classification different 

corrective actions have been selected and implemented to reduce the identified 

risks. 

In terms of equipment, a lifter (A1.7) using automatic height adjustment 

for safe and easy movements has been introduced to improve work postures and 
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reduce the force required to position the pallet and handling boxes (Fig. 12). It 

allows reducing the distance the object is moved vertically from 50 cm to 3 cm. 

Thanks to the lifter, the RULA total score is reduced from 6 to 3 (T6) and from 6 to 

0 (T1), as shown in Table 2. 

A training session (A5.1) was conducted to provide best-practices to better 

execute tasks and educate workers about the early warning signs of stress and 

fatigue. In the first case, a different box positioning at origin (i.e., 90 degree 

rotation) has been suggested, which allows reducing the horizontal multiplier factor 

of the revised NIOSH lifting equation. Indeed, the horizontal distance of the object 

is halved. 

In the second case, the alternation between the two operators every two 

cycles has been recommended in order to improve the HRV and the physiological 

intensity. How-ever, it has been given workers some control over the way they do 

their work to better satisfy their needs. 

 

Figure 13. Boxes handling at “as-is” (left) and “to-be” (right) workstation 
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4.1.5 Human experience evaluation 
 

Beyond the results obtained, the method application has been evaluated 

considering also the workers’ opinions. For this aim, an ad hoc questionnaire has 

been developed and administered to evaluate the human experience related to the 

ergonomic assessment. It aimed to investigate the following issues:  

• Devices’ intrusiveness in terms of physical and emotional discomfort;  

• Influence of monitoring devices on the usual way of carrying out the work;  

• Awareness about ergonomic risks and the perceived usefulness of the 

analysis.  

 

The questions were asked on a 7-point Likert scale from 1 (strongly 

disagree) to 7 (strongly agree). Fig. 13 reports the answers of the two operators of 

the ricotta storage workstation. Overall, both operators expressed a positive 

judgment on the study. They perceived the benefits deriving from the ergonomic 

analysis and proved to be collaborative and proactive. They said they became even 

more aware of the ergonomic risks arising from their work and behavior. The use 

of wearable devices did not seem to cause operators’ discomfort. However, they do 

Figure 14. Worker experience evaluation 
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not completely forget to wear them. Moreover, they said they felt under pressure 

just a little at first because they were under observation. One operator also stated he 

felt encouraged to assume a more correct posture. 

 

 

 

4.2 Social sustainability assessment in Santoni Spa 
 

4.2.1 Factory assessment and Re(design) goal and boundaries definitions 
 

Santoni is a family company, founded in 1975, which produces classic and 

luxury footwear, particularly for men, and which over the years has expanded its 

range of products including classic women's footwear (stilettos, sandals , boots, 

ankle boots) and sports shoes for men and women (sneakers), up to the creation of 

large and small leather accessories (bags, rucksacks, wallets). 

The company is in Corridonia, in the province of Macerata: it currently has 

650 employees, of which 450 are labor directly involved in the realization of the 

product. The company has a series of international partnerships with known brands 

and is present on the market through stores displaying the Santoni brand (Milan, 

Rome, Venice, Cagliari, Sardinia, Paris, Saint Moritz, Miami, New York). 

The international company, icon of "Made in Italy", is characterized by a 

constant search for quality and excellence in products and in the execution of 

production processes based on the skills and expertise of artisans. Among these 

traditional manufacturing processes are: 

• crafting from the leather piece and making the shoe by wrapping it directly 

to the assembly tool (the shape); 
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• hand sewing, carried out both on the upper and on the upper part of the 

shoe; 

• traditional polishing; 

• the antiquing, that is the coloring, carried out using brushes that give the 

product luminous effects of chiaroscuro. 

This last operation, considered fundamental in the production process as a 

symbol of the Santoni shoes, requires a lot of attention and precision. Therefore, 

the antiquing department was chosen to test the methodology. The objective was to 

assess visual comfort and of thermo-hygrometric comfort and air quality. In the 

antiquing department three operators were involved, whose posts are highlighted in 

Figure 14. Firstly, the main information related to the workstation, tasks and 

operators have been collected. The factory assessment included the workers’ 

interviews to gain an understanding of the job tasks. 

Following the methodology two goals were selected: Ensure ergonomic 

workstation (I5.1) and Ensure ergonomic environment (I5.2). 

 

Figure 15. Workstations within the department 
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4.2.2 Analysis model definition 

 

Model for ergonomic workstation 

 

An evaluation of visual comfort was carried out. Visual comfort in the 

workplace is a very important element for the psychology and physiology of 

workers that also affects productivity. The lighting requirements are determined by 

the satisfaction of three fundamental requirements: 

• Visual comfort, when workers have a feeling of well-being indirectly this 

also contributes to obtaining high levels of productivity and a higher 

quality of work; 

• Visual performance, when workers are able to perform their visual tasks 

even in difficult circumstances and for longer periods of time; 

• Security. 

An unfair or uncomfortable bright environment can lead to negative effects such 

as: 

• Decline of concentration; 

• Increase in the margin of error; 

• Tiredness. 

Furthermore, it may have influences for workers even after working hours. 

Adequate artificial lighting depends on the activity to be performed and is 

regulated by UNI EN 12464-1 which defines various control parameters for each 

specific type of interior, task or visual activity based on lighting engineering 

criteria. 

In particular, the main parameters that characterize the lighting 

environment in relation to artificial light are: 

• average illuminance and maintained illuminance; 
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• the color of light; 

• color rendering; 

• uniformity of illuminance. 

Illuminance E (lx) is the amount of luminous flux that affects a surface. 

The necessary illuminances are described by the relevant regulations. 

 

Illuminance: E (lx) = luminous flux (lm) / surface (mq) 

 

The average maintained illuminance (Ēm) is that level of light that in the 

area of the visual task should never be reduced. The lighting levels are set for the 

different types of activities and refer to the average state of aging of the lighting 

system, mainly due to the decay of the lamp flow and the fouling of the lighting 

bodies and the surfaces delimiting the environment. 

Within a room, different visual tasks may be present that require different 

levels of illumination in the specific area where they are performed. The prescribed 

value is defined by the EN 12464 standard. 

In addition to the illumination of the area of the visual task, the standard prescribes 

indications for two other areas: the immediately surrounding area and the 

background area. 
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The illumination of the immediately surrounding area is linked to the area 

of the visual task and can be slightly lowered (eg 300 lx against 500 lx in the area 

of the visual task), while the average illumination of the background area must be ≥ 

1/3 of that of the immediate surrounding area. 

 

 

Figure 17. Relationship between illuminances on the immediately surrounding area and illuminations 
on the task area (extracted from UNI EN 12464) 

 

Figure 16. Area of visual field, immediately surrounding area and background 
area 
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To carry out one's visual tasks it is necessary that the differences in 

luminance are not excessive, therefore it must not fall below a level of uniformity 

(OU). 

UO = Emin / Ē. 

 

For the evaluation of glare, the unified UGR (unified glare rating) method 

is used as required by the EN 12464-1 standard. The UGR value is calculated using 

a formula that takes into account the brightness of walls and ceilings and all the 

fixtures in a system that contribute to the impression of glare. 

 

UGR = 8 log 0.25 / Lb L2Ω / p2 

 

The color of the light describes the chromatic aspect of the light. The color of the 

light generated by the lamps depends on what is the spectral distribution of the 

radiation they emit. Indications on the color appearance of the light emitted by a 

lamp can be obtained through the correlated color temperature (CCT), measured in 

kelvin (K), which usually varies between 2000 K and 6000 K. The CCT value of a 

measured light generally the "heat" or the "coldness" of its appearance: below 3200 

K we speak of a "warm" light tone, while above 4000 K we consider the "cold" 

light tone. 

 

Table 16. Light coloring 

 

Color 

temperature    Appearance 

           

Association 

ww (hot) fino a 3300 K red hot 

nw 

(neutral) 3300–5300 K white neutral 

tw (cold) da 5300 K Light blue cold 
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The correlated color temperature (CCT) can be defined starting from the 

chromatic coordinates (x, y) detected in a given area through the CIE 1931 

chromaticity diagram. 

 

 

Figure 18. CIE 1931 chromaticity diagram 

 

The diagram contains all the chromaticity (colors) possible: the points of 

the curved contour represent the pure (saturated) monochromatic colors, from 

violet to red; the lower rectilinear base represents non-monochromatic saturated 

colors (purple and magenta, that is, non-spectral colors not contained in the 

rainbow, which arise from the mixture of blue and red lights). Pushing towards the 
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inside of the figure the saturation decreases: the colors mix and fade towards the 

central area that represents white. 

The color rendering is the property of a light source to return colors (8 test 

colors, from R1 to R8) as faithfully as possible with respect to a reference source. 

It is expressed with the color rendering index Ra. 

The absolute best color rendering and Ra = 100. The light sources are classified as 

follows: 

• Ra> 90 excellent color rendering 

• Ra> 80 good color rendering. 

Workplaces should never choose a color rendering of less than 80. In the 

case in question, reference is made to Table 5.17 of the UNI EN 12464-1 standard 

which indicates the specific requirements for industrial and craft activities of 

leather and leather goods processing. 

 

 

 

Table 17. Lighting requirements (extracted from UNI EN 12464) 
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For the assessment of visual comfort within the work areas an incident 

light colorimeter was used, an instrument that allows practically any object that 

emits light to be measured. 

 

 
 

Figure 19. Colorimetro a luce incidente (Konica Minolta CL-100) 

 

 

It is a luxmeter with a chromatic function capable of measuring and 

displaying various parameters including: 

• illuminance [lx]; 

• the chromatic coordinates (x, y). 

Through the use of the colorimeter the xm [lx] illuminance and the 

chromatic coordinates in 3 setting points were measured at regular intervals 

(approximately every hour): 

(1) on the work plan; 

(2) lateral to the work surface; 

(3) behind the operator (between one post and the other) 

with the aim of characterizing the three areas defined by the legislation. 
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Figure 20.Gripping points 

 

 

Model for ergonomic environment 

 

An evaluation of thermo-hygrometric comfort and air quality assessment 

was carried out. Environmental comfort largely depends on "external" factors such 

as temperature, air speed, humidity, and solar radiation that define the so-called 

microclimate of work environments, but also on "person-related" factors such as 

physical activity, clothing and adaptability in changing conditions. 

3) 

1) 

2) 
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In general, it can be stated that thermo-hygrometric well-being is that 

psychophysical condition for which satisfaction towards the microclimate is 

expressed, not perceiving any sensation of "too hot" or "too cold". 

Inadequate microclimatic conditions as well as being a factor of 

discomfort, can expose workers to risk factors. The effect can translate into a lower 

ability to respond to stimuli and an increase in inattention and deconcentrating as 

well as more serious pathologies. 

Furthermore, exposure to air pollutants contributes to enhancing the risk. Many 

chemical compounds present in the indoor air (VOC, PM, CO2, etc.) are known to 

cause irritation or stimulation of the sensory apparatus and may give rise to a sense 

of sensory discomfort and other disorders commonly present in the so-called 

building syndrome sick (SBS, Sick Building Syndrome) whose symptoms vary 

from irritation to the nose, eyes, respiratory tract and occasionally to the skin, to 

more general symptoms such as headache, malaise, fatigue, dizziness and difficulty 

concentrating. 

 

Table 18. Symptoms from SBS 

Affected body parts Symptoms 

Visual apparatus Sense of dryness of the eyeballs; foreign body 

sensation, burning, itching, conjunctival 

hyperemia; 

Respiratory system Breathing difficulties, nose and throat problems, 

rhinorrhea, nasal obstruction, sense of irritation 

and dry throat, chest tightness, dyspnea, 

tracheitis, bronchitis, asthma; 

Skin Erythema, dryness, itching; 

At a general level Headache, difficulty concentrating, reduced 

ability to work, drowsiness, fever, dizziness and 

nausea. 
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It is therefore of fundamental importance to guarantee a health and air 

quality in the workplace in order to reduce workers' exposure to thermo-

hygrometric discomfort factors and to polluting substances to limit health risks, 

which inevitably also affect the activity company. 

These aspects have been incorporated into international standards and 

regulations, including UNI EN ISO 7730 and UNI EN 16798-1: 2019, in which 

criteria have also been implemented, including for example on hearing protection. 

 

 

 
 

Figure 21. FOOTBOOT 

The environment has been characterized through the use of a portable 

sensor capable of measuring the concentration of environmental parameters such 

as: 

➢ Temperature: the temperature in the work rooms must be adapted to the 

human body during working time, taking into account the methods of work 

applied and the physical efforts imposed on the workers. The optimal air 

temperature level is generally indicated between 19 ° and 24 ° C. 
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➢ Humidity: in closed work areas of industrial companies where the air is 

subject to considerable humidity due to work reasons, the formation of fog 

should be avoided as far as possible, maintaining the temperature and 

humidity within the limit’s compatible with the requirements techniques. 

The optimal relative humidity values, i.e. the percentage of water vapor 

present in the air, are between 40% and 60%. 

 

➢ VOC (Volatile Organic Compounds): these are very different molecules 

in terms of harmfulness and organoleptic impact which, easily evaporable 

from the surfaces of the materials, are dispersed in the air at room 

temperature (eg: Formaldehyde, Toluene, Benzene, etc.). These vapors, 

released and accumulated in indoor environments, can be toxic or 

irritating. The dangerousness depends on the synergies with other 

substances, on the concentration of the compounds and on the exposure 

time. The recommended indoor concentration is less than 300 ppb. 

 
 

➢ PM (Particulate matter): consists of microscopic suspended particles 

including fibers, alloys and heavy metals. It is generated by combustion 

processes at high temperatures and represents the solid carbonaceous 

waste. Its inorganic nature prevents its metabolization by the human body 

and makes it a direct polluting factor. The diameter of the particles is 

considered the most important parameter to characterize their behavior: 

above 10 microns (coarse) no particle exceeds the larynx; from 10 to 2.5 

microns (PM 10) the powders are retained by the bronchi and trachea; 

under PM 0.1 the particulate matter is distinguished in the nanoparticles, 

particles that cannot be blocked by the defensive membranes of the 
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organism and therefore are assimilated and accumulated. The 

recommended concentration in indoor environments is less than 60 

migrograms / metrocubo. 

 

 

➢ CO2: Carbon dioxide is toxic to humans at a concentration of 2.5%, but 

already at a concentration of 0.08% (800 ppm) of carbon dioxide, 

performance, concentration and well-being are compromised. In closed 

environments such as classrooms, offices or meeting rooms, where many 

people are often found and where ventilation can be limited, carbon 

dioxide values of between 5,000 and 6,000 ppm can be found after just a 

few minutes. The recommended indoor concentration is less than 1300 

ppm. 

 
 

 

 

Figure 22. PM classification 



115 

 

➢ Global index: it is a weighted index of the different measured pollutants 

that defines air quality ranges: 

- 0-25     ➔ GREAT 

- 25-50   ➔ GOOD 

- 50-75   ➔ FAIR 

- 75-100 ➔ POOR 

 

To determine the operating temperature that guarantees comfort in 

a given environment it is possible to use the Fanger method which allows, 

for each type of clothing (clo) and activity (W / m2), to calculate the 

temperature combinations in the air ( ° C) and relative speed (m / s) that 

achieve thermal comfort for people in steady-state conditions. 

It is possible to determine the conditions of well-being according to the 

Fanger criterion, using a series of diagrams. The curves drawn on them 

define the place of the points corresponding to conditions of well-being; 

consequently, they can be used to determine the value of a set parameter 

that are the remaining ones. One of these allows to determine the 

admissible deviation for the operating temperature with respect to the value 

of well-being, reported in ordinate. 
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Figure 23. Diagram of thermal well-being, drawn according to Fanger's theory. 
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In the right-hand ordinate of it are reported the various types of activity, 

from the sedentary one at the top to the heavy one at the bottom, so that as they 

grow and that of the metabolism, the curves go down thus decreasing the operating 

temperature tO (° C) present in the order on the left. The thermal resistance of ICL 

clothing (clo) is shown on the abscissa; the lines drawn with a hatch are the 

equivalents of the constant TES lines and represent the comfort situation according 

to the degree of clothing and physical activity. 

 

4.2.3 Risk factors evaluation 

 

The following graphs show the results of the surveys carried out relating to 

the levels of illumination of the three areas (area of the visual field, immediate area 

and background area) of the analyzed stations: manual antiquing PDL 1, PDL 2 

and PDL 3.  

Figure 24. Illumination of the immediately surrounding areas and 
background of the manual antiquing workstation (PDL 1) 
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Figure 26. Illumination of the immediately surrounding areas and 

background of the manual antiquing workstation (PDL 2) 

Figure 25. Illumination of the immediately surrounding areas and 
background of the manual antiquing workstation (PDL 3) 
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With regard to the manual antiquing stations, the findings obtained show 

that the levels of illumination within the visual field area are not constant during 

the period of work shifts, strongly influenced by natural light coming from the 

skylights on the roof of the establishment. 

Furthermore, in some hours and for some stations the lighting levels are 

lower than the levels recommended by the standard (500 lx). In particular, we note 

that the PDL 2 and PDL 3 stations are particularly disadvantaged during the 

afternoon shift. 

The levels of illumination of the immediately surrounding and background 

areas are not attenuated with respect to the levels of the area of the visual task, 

rather they are in some cases greater. This is presumably due to the position of 

workstations compared to skylights and lamps with respect to workstations. They 

are in fact positioned to the left of the operator, a position that, in addition to not 

guaranteeing an adequate level of illumination inside the work area, is strongly 

disadvantageous for left-handed operators or those who work with their left arm 

risking to shade themselves. 

The level of uniformity is correct, ie above the value recommended by the 

standard (0.60) only in the case of PDL 1. In all the other positions it is lower. 

 

UO PDL 1 UO PDL 2 UO PDL 3 UO UNI EN 12464 

0.69 0.28 0.28 0.60 

 

 

For all the analyzed stations, the chromatic coordinates detected are around 

the values x = 0.35 and c = 0.34, corresponding to a correlated color temperature of 

TCP equal to 6000K in compliance with the indications given by the standard 

(4000 K ≤ TCP ≤ 6500). 
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Below are the acquisitions of the Foobot (temperature, humidity, VOC, 

PM, CO2, global Index), with the respective thresholds, carried out in the aging 

department. 

In the case in question, according to the Fanger method (1970), we can 

define the activity of light-type standing operators (light industry) with met = 1.6, 

with work clothing clo = 0.9. The well-being condition is at a temperature of 20 ° 

C, with a maximum acceptable variation of ± 4 ° C. 

Figure 27. TCP calculation 
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Figure 28. Calculation of the operating temperature according to activity and clothing 

 

From the surveys, on the other hand, the average temperature is equal to 25 

° C, oscillating between 23 and 27 ° C while the relative humidity levels are within 

the recommended limits (40% - 60%). 
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Figure 29. Internal temperature detected and indication of the recommended temperature according 
to the Fanger method (20 ° C ± 4 ° C) 

 

 
Figure 30. Relative humidity detected and indication of recommended value (40% - 60%) 
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The graphs show the concentration of pollutants detected and the results of 

the calculation of the global index for the manual antiquing station during a whole 

working day. The global index takes values between 50 and 75, indicating a 

sufficient air quality. However, from the analysis of the graphs it can be seen that 

the concentration of pollutants is higher. 

In particular, we note a peak concentration of PM 2.5 at 16:00 at 16:30 of 

the afternoon shift which reaches the value of 55 micrograms / m3 and 

concentrations of CO2 and VOC that exceed the recommended levels at three times 

of the day: at 6:00 am, 10:00 am and 3:00 pm, about an hour after the resumption of 

work in the two shifts. 

 

Figure 31. Global index values 
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Figure 33. VOC Concentration 

Figure 32. CO2 concentration 
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4.2.4 Corrective actions implementation 

 
According to the results, the main risk factors are related to incorrect 

lighting (R5.1), and exposure to an unsuitable microclimate (R5.4) and exposure to 

chemical agents (R5.4, R5. 5). At the same time, other potential improvements 

could include improving temperature and breaks. Based on the classification, 

various corrective actions were selected and implemented to reduce the identified 

risks. In terms of equipment, the suction systems and air recirculation systems 

(A3.7) have been improved through the implementation of a pipeline that ends 

directly at the workstation. In this way the ventilation system is direct and reduces 

air contamination (Fig. 35). Thanks to this system, the VOC and PM2 

concentrations have a net improvement as can be seen from Figures 36-37. 

Figure 34. PM 2.5 concentration 
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Figure 35. New PM 2.5 concentration 

Figure 35. New ventilation system 
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Correct lighting on the work surface (A2.20) was ensured through the 

integration of new lighting fixtures (Figure 38). This modification of the lighting 

system makes it possible to obtain: 

• a correct level of illuminance in the area of the visual field and in the 

immediately surrounding and background areas; 

• a good spatial distribution of light according to the different directions; 

• uniformity of lighting levels 

Thanks to this system, the Ēm [lx] – medio have an improvement as can be 

seen from Figures 39 

 

Figure 37. New VOC concentration 
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Furthermore, since the current work break (from 9:00 am to 9:10 am) 

considered to be not very functional due to the workers' visual fatigue, a new pause 

Figure 38. New lighting system 

Figure 39. Ēm [lx] – medio “as-is” (left) and “to-be” (right) 
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system was implemented (A4.16) around 10:00 am and an afternoon break was 

added mid-shift around 4:00 pm. 

 

4.2.5 Subjective assessment of ergonomics 
 

In addition to the results obtained, an ad hoc questionnaire was developed 

and administered to the three operators involved for a subjective evaluation of 

ergonomics. The questionnaire aims to investigate operators' awareness of 

ergonomic risks. The questions were asked on a 7-point Likert scale from 1 

(strongly disagree) to 7 (strongly agree). Fig. 19 reports the answers of the three 

operators of the antiquing workstation. All operators expressed physical discomfort 

resulting from incorrect lighting and temperature. These factors therefore influence 

the operator's psycho-physical malaise and indirectly on the quality of the work. 
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QUESTIONS OP1 OP2 OP3 

Q1 
I believe that lighting is adequate for the work I 

do 
2 1 1 

Q2 
After a while I do my work and I feel a visual 

fatigue 
2 5 7 

Q3 
Sometimes I feel discomfort in my eyes when I 

use certain substances 
5 7 7 

Q4 
I feel the air breathed inside the department at 

times annoying / heavy 
5 5 7 

Q5 
When I use particularly odorous products, I feel 

the need to wear the mask 
7 7 7 

Q6 
The noises inside the establishment distract me / 

disturb me 
2 5 1 

Q7 
When I move from one location to another the 

carts get in my way 
2 1 2 

Q8 
Repeatedly performing the same movements at 

the end of the day, I feel physical fatigue 
3 2 7 

Q9 
I find the movement to take work objects 

uncomfortable 
3 2 3 

Q10 
The posture assumed to carry out my activity 

bothers me at the end of the day 
2 2 7 

Q11 
I consider the temperature of the environment 

comfortable 
4 1 1 

 

 

 

 

 

 

 Table 19. Questionnaire for subjective assessment of ergonomics 
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5. Concluding Remarks 
 

 
In the present work, the importance of the application of the social 

sustainability pillar in the manufacturing context was demonstrated. The 

production system should keep the work activity in order to create a sustainable 

work environment. The goal is always to reach a situation in which the well-being 

of the operator and the productivity of the company are balanced, in a win-win 

perspective. 

Industry 4.0 represents a new mix of sustainability and technologies and 

opens new scenarios in terms of business productivity and skills development. 

The work therefore focused on the social pillar and proposed a 

methodology that allows a simplified and objective development of an analysis of 

social sustainability within different production contexts. 

The first objective in the development of the methodology was to 

understand and map all the data flows necessary to carry out a social sustainability 

analysis. The methodology should guide the Sustainability manager in the 

elaboration of an analysis starting from the choice of key and relevant indicators 

for the company. The innovation of the method was also to highlight the 

opportunities deriving from the use of devices to measure ergonomic parameters. 

Ergonomic measurements are now performed through observation methods and 

therefore sometimes subjective. The use of wearable provisions would make this 

data objective, in addition to simplifying the process in terms of time. The aim of 

this methodology is not to overcome the classical ergonomic analysis techniques 

(questionnaires, interviews, ..) but to integrate them into it. As well as integrating 

the various reference standards. In this way, however, the analysis becomes faster 

and more objective. On the other hand, the method offers flexibility to use the 
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classic method where there are personal problems. The advantage however remains 

in the integration of all the steps in a simplified procedure that guides the person in 

charge of the analysis. The second objective in the development of the 

methodology was to classify all risk factors and corrective actions in order to 

further simplify the process and guide the sustainability manager. 

In the two case studies analyzed, social sustainability analyzes were carried 

out focused on different ergonomic aspects to validate the different corrective 

actions identified. During the assessments, the tasks performed by the operators 

were analyzed in order to understand (through an interpretation of the sensor 

signals) the critical points with respect to human capabilities. Evaluations have 

allowed to understand many critical issues that should be improved by new 

technologies, better organizational choices and better process management. The 

improvement of the production system from the social point of view should have 

positive effects on the health of the operators and on the productivity of the 

company. 

 The two case studies, whose steps are reported in simplified form in table 

20, validated the effectiveness of the method. The identified corrective actions 

have been implemented in the various industrial contexts highlighting the actual 

improvements of the selected KPIs. 

 

 Case study 1 Case study 2 

Factory Assessment Sabelli SPA is a dairy 

factory, with an attention 

to artisan quality and dairy 

tradition. 

Santoni SPA is a family 

company which 

produces classic and 

luxury footwear, 

 Table 20. Results synthesis 
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Goal Definition Physical ergonomics 

assessment (I3.5) in order 

to mitigate the relative 

risks at the ricotta storage 

workstation 

Ensure ergonomic 

workstation (I5.1) and 

Ensure ergonomic 

environment (I5.2) 

Analysis model 

definition and 

device 

RULA method and two 

wearable devices: BioHar-

ness 3.0 and Myo 

armband. 

UNI EN 12464-1, light 

colorimeter.  UNI EN 

ISO 7730 and UNI EN 

16798-1: 2019, footboot 

Risk factors 

evaluation 

The main risk factors are 

related to the workstation 

layout (R2.1) and, 

consequently, to the 

awkward posture of 

operator’s neck and back 

(R1.1, R1.2). 

The main risk factors 

are related to incorrect 

lighting (R5.1), and 

exposure to an 

unsuitable microclimate 

(R5.4) and exposure to 

chemical agents (R5.4, 

R5. 5) 

Corrective actions 

identification 

A lifter (A1.7), A training 

session (A5.1) 

The suction systems and 

air recirculation systems 

(A3.7), Correct lighting 

on the work surface 

(A2.20), a new pause 

system was 

implemented (A4.16) 
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The main limitations of the methodology are related to the fact that, at 

present, the different goals cannot be treated in parallel, but the methodology 

should be repeated iteratively. Furthermore, it is not possible to trace the possible 

negative impacts that a corrective action could have on one of the objectives, not 

the subject of the study. Future work is directed precisely towards optimizing these 

weaknesses. System automation may be the right solution. 

Indeed, during the testing phases, the software related to the specific tools 

for the data analysis and interpretation phase were used, as well as the use of Excel 

sheets for correlation analysis. This required a great deal of effort and represents 

the major limitation in such an analysis. This required a great deal of effort and 

represents a limitation in such an analysis. The goal in the future is to develop a 

tool that allows the analysis to be carried out in a simplified manner. 

Firstly, the tool must have interfaces that allow you to communicate with 

the software of the different devices. It will also, using intelligent algorithms, 

automatically suggest the risk factors and subsequently the corrective actions. The 

software should also allow real-time monitoring of data and therefore suggest 

corrective actions involving real-time behavior using audio / video signals. 

The Factory of the future will have to integrate this type of analysis more 

and more into the design phase. It is important to understand the real effectiveness 

of innovation and implementation of plant and worker technologies. If a 

technology is not sustainable by man, there is a limit to the production system. The 

new scenario of collaboration between man and machine in the connected factories 

requires in-depth studies in order to address both human development and 

company productivity. 

In fact, these types of analyzes also have economic benefits: anticipating 

problems means saving and advantages. For example, occupational diseases have 

an average cost of € 30,000 per person per year for a company. The opportunity to 
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monitor operators makes it possible to anticipate illnesses and improve workplaces, 

achieving a win-win situation for both operators and the company. 

In conclusion, the integration of a sustainability analysis represents an 

opportunity for companies. Being able to identify appropriate technologies with a 

structured innovation plan is certainly an important step to lighten the work of 

operators. However, it is also necessary to consider the stress deriving from their 

use through an integrated analysis of the four aspects of ergonomics. The 

methodology presented has the objective of favoring this type of analysis in a 

structure and repeatable way, with the aim of achieving optimal factory 

sustainability: win for the operator & win for the company. 
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Appendix A. Risk Factors/Corrective 

Actions Correlation 
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A3.9                                 

A3.10                                 



151 

 

  

R
1

.1
 

R
1

.2
 

R
1

.3
 

R
1

.4
 

R
2

.1
 

R
2

.2
 

R
2

.3
 

R
3

.1
 

R
3

.2
 

R
3

.3
 

R
3

.4
 

R
3

.5
 

R
3

.6
 

R
3

.7
 

R
3

.8
 

R
3

.9
 

A4.1                                 

A4.2                                 

A4.3                                 

A4.4                                 
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A4.14 2 2 2             2             

A4.15 2 2 2 2       2 2 2 2 2 2 2 2 2 

A4.16               2 2 2 2 2 2 2 2 2 
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A5.11                                 
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A5.13                                 
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A1.19   2 2 2                         

A1.20                                 
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A2.2                                 

A2.3                           2     
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A2.5                           1     

A2.6                                 
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A2.9                                 
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A2.11                                 

A2.12                                 

A2.13                           1     
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A3.1                            2     

A3.2                           2     

A3.3                           2     

A3.4       1                         

A3.5       1                         

A3.6       1                         

A3.7                                 

A3.8                                 

A3.9                                 

A3.10       1                         

A4.1                 2 2 2 2 2 2     

A4.2               2 2 2 2   2   2 2 

A4.3                 2 2 2       2 2 

A4.4 2     2       2 2 2 2       2 2 

A4.5     2 2                         

A4.6       2     2 2 2 2 2       2 2 

A4.7     2 2 2   2     2   2         

A4.8 2 2 2 2 2 2     1     2         

A4.9     2 2 2 2           2         

A4.10   2         2 2         2     1 

A4.11       2                     2 2 

A4.12       1                         

A4.13       2                     2 2 

A4.14   2 2 2   2 2 2             2 2 

A4.15 -2 2 2 2 2             2     2 2 

A4.16     2 2   2 2                   

A4.17 2 2 2 2     2 2               1 

A4.18         2   2         2         

A4.19       2 2             2 1 1     

A4.20         2             2         
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A4.21       2 2 1           2   1     

A4.22 2 2 2 2 2 2 2 2 2 2 2 2 2 2     

A4.23               2 2   2 2 2       

A5.1            2               2 2 2 

A5.2                           2 2 2 

A5.3               2             2 2 

A5.4               2             2 2 

A5.5 2 2           2             2 2 

A5.6 2             2   2       2 2 2 

A5.7 2     2       2             2 2 

A5.8 2     2       2             2 2 

A5.9 2     2   2   2             2 2 

A5.10 2     2   2   2           2 2 2 

A5.11 2     2   2   2             2 2 

A5.12 2     2   2   2             2 2 

A5.13 2     2       2             2 2 

A5.14   2 2 2   2 2 2       2   2     

A5.15     2   2 2 2 2       2     2 2 

A5.16                 2 2 2       2 2 

A5.17                 2 2 2       2 2 

A5.18     2 2 2     2 2 2 2 2   2     
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A2.12                         
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A2.18   2 2   2   2           

A2.19                         

A2.20 2                       

A2.21         2 2             

A2.22           2 2           

A2.23           2             

A2.24                         

A3.1                          

A3.2                         

A3.3                         

A3.4       2 1               

A3.5 2                       
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A4.7                         
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A4.10                         

A4.11                   2 2 2 

A4.12                         

A4.13                   2     

A4.14                         

A4.15 2 2 2 2 2       2       

A4.16 2 2 2 2 2       2       

A4.17                         

A4.18                         

A4.19                         

A4.20                         

A4.21                         

A4.22                         

A4.23                         

A5.1  2 2 2 2 2       2       

A5.2   2     2 2     2     2 

A5.3                   2     

A5.4                   2   2 

A5.5                         

A5.6                     2 2 

A5.7               2     2 2 

A5.8         1   2 2     2   

A5.9 2 2 2 2 2   2 2     2   

A5.10 2 2 2 2 2   2 2     2 2 

A5.11             2 2   2 2 2 

A5.12             2 2     2 2 

A5.13               2         
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A5.14 2                       
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LEGEND: 

➢ 1 - Weak correlation 

➢ 2 - Strong correlation 
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Appendix B. Corrective Actions/KPIs 

Correlation 

 

  

I1
.1

 

I1
.2

 

I1
.3

 

I1
.4

 

I1
.5

 

I2
.1

 

I2
.2

 

I2
.3

 

I2
.4

 

I2
.5

 

I2
.6

 

I2
.7

 

A1.1  1     1     2     2     

A1.2 1     1     2     2     

A1.3 1     1     2     2     

A1.4 2     1     2     2     

A1.5 2     1     2     2     

A1.6 2     1     2     2     

A1.7 1     1     2     2     

A1.8 1     1     2     2     

A1.9 2     1     2     2     

A1.10 2     1     2     2     

A1.11 2     1     2     2     

A1.12 1     1     2     2     

A1.13 1     1     2     2     

A1.14 1     1     2     2     

A1.15 2     1     2     2     

A1.16 2     1     2 2   2     

A1.17 2 2   1   2 2 2 1 2 1   

A1.18 2 2   1   2 2 2 1 2 1   

A1.19 2 2   1   2 2 2 1 2 1   

A1.20       1     2     2     

A2.1  2           2     2     

A2.2             2     2     

A2.3   1                     

A2.4             2     2     

A2.5             1     1     

A2.6 1     1     2     2     
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A2.7 1     1     2     2     

A2.8 1     1     2     2     

A2.9             2     2     

A2.10 1           2     2     

A2.11             2     2     

A2.12 2     1     2     2     

A2.13                         

A2.14 1           2     2     

A2.15 2         2         2   

A2.16 1     1     2     2     

A2.17                         

A2.18                         

A2.19                         

A2.20 1 2   1     2     2 1   

A2.21 1 2                     

A2.22 1           2     2     

A2.23 2           2     2     

A2.24 1           2     2     

A3.1                          

A3.2                         

A3.3                         

A3.4 1     2 1 1 2     2     

A3.5 1     2 1 1 1     2     

A3.6 1     2 1 1 1     2     

A3.7 1     2 1 1 1     2     

A3.8 1     2 1 1 1     2     

A3.9 1     2 1 1 1     2     

A3.10 1     2 1 1 1     2     

A4.1     2 2                 

A4.2 1   2 2 2             2 
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A4.3 2 1   2                 

A4.4 2 2   2   2     1 2 2 1 

A4.5 2         2 2 1   2     

A4.6 2     2 2       1   2 1 

A4.7       2 2 2   2 1 2 2 1 

A4.8 2     2 2 2 2 2   2 2   

A4.9 2     2 2 2 2 2   2 2   

A4.10 1   2 2 2       2   2 2 

A4.11 2 2   2 2 2     2 2 2 2 

A4.12 2     1     2   2 2 2 1 

A4.13 2 2   2   2 2   2 2 2 2 

A4.14 2             1         

A4.15 1 1   1 1 2 2   2 2 2 2 

A4.16 1     2   2 2 2   2     

A4.17 1   1 2 2 2   2 2 2 2 2 

A4.18 1   1 2 2     2       1 

A4.19     2 2 2           2 1 

A4.20 1   2 2 2           2 1 

A4.21     1 2 2           2 1 

A4.22     2   2 2 2 2 2 2 2 2 

A4.23     2 2 2             2 

A5.1                          

A5.2                         

A5.3 2 2 2     2   1 2 2   2 

A5.4 2 2 2     2   1 2 2 2 2 

A5.5 2 2 2     2   1 2 2 1 2 

A5.6 2 2       2   1 2 2 1 2 

A5.7 2 2       2   1 2 2 2 1 

A5.8 2 2       2     2 2 1 1 

A5.9 2 2       2   2 2 2 2 1 
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A5.10 2 2       2   1 2 2 1 1 

A5.11 2 2       2     2 2 1 1 

A5.12 1 2       2     2 2 1 1 

A5.13 1 2       2     2 2 1 1 

A5.14 1 1   2 2 1 1 1   2 2   

A5.15 1         1   2 1 1 2 1 

A5.16 1 1   2 2       2   2 2 

A5.17 1 1   2 2       2   2 2 

A5.18 1 1 2   2 2 2 2 2 2 2 2 
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I4
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I5
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I5
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I5
.4

 

A1.1  2 1     2       1               

A1.2 2 1     2       1               

A1.3 2 1     2       1               

A1.4 2 1     2       1               

A1.5 2 1     2       1       2       

A1.6 2 1     2       1       2       

A1.7 2 1     2       1       2       

A1.8 2 1     2       1       2       

A1.9 2 1     2       1       2       

A1.10 2 1     2       1       2       

A1.11 2 1     2       1       2       

A1.12 2 1     2       1       2       

A1.13 2 1     2       1       2       

A1.14 2 1     2       1       2       

A1.15 2 1     2       1       2       

A1.16 2 2     2       2           2   

A1.17 2 2     2 1     2           2   

A1.18 2 2     2 1     2           2   
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A1.19 2 2     2 1     2           2   

A1.20 2 1     2       2               

A2.1  2 2     2                       

A2.2 2 1     2                       

A2.3 2 1     2         2             

A2.4 2 1     2                       

A2.5 2 1     2         1             

A2.6 2 2     2               2       

A2.7 2 2     2               2       

A2.8 2 2     2               2       

A2.9 2 2     2                       

A2.10 2 1     2               2       

A2.11 2 1     2                       

A2.12 2 2     2               2       

A2.13 2 2     2         1             

A2.14 2 1     2               2       

A2.15                                 

A2.16 2 2     2               2       

A2.17 2       2               2       

A2.18 2       2         1     2       

A2.19 2       2               2       

A2.20                 2       2       

A2.21               2         2 2     

A2.22 2 2     2               2       

A2.23 2 2     2                       

A2.24 2 2     2                       

A3.1  2 2               2             

A3.2 2 2               2             

A3.3 2 2               2             

A3.4     2       2 2           2     

A3.5                           2     
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A3.6                           2     

A3.7     2       2 2           2     

A3.8     2       2 2           2     

A3.9     2       2 2           2     

A3.10                           2     

A4.1                   2           2 

A4.2     1                         2 

A4.3                               2 

A4.4     1     2         2 2     2 2 

A4.5                                 

A4.6     1     1                   2 

A4.7     2     2 1                   

A4.8     2     2 1                   

A4.9     2     2 1                   

A4.10     2     2 1       1           

A4.11           2 1       1           

A4.12 2 2     2                       

A4.13           2 1       2         2 

A4.14                       1     2   

A4.15 2   2   2 2 1 2     2 2         

A4.16 1 1                             

A4.17     2     2 1       1 1         

A4.18 2   1 1   1 2   2               

A4.19 2   2 2   2 2                   

A4.20 2   2 2   2 2                   

A4.21 2 1 2 2 2 2 2 2                 

A4.22 2 2 2   2 2     2             1 

A4.23 2   2     2 1                   

A5.1  2 2 2   2   2 2   2       2     

A5.2 2 2         2 2   2   2   2     

A5.3     1     1     1   2           
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I4
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I5
.1
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I5
.4

 

A5.4     1     1           2     2   

A5.5     1     1         2           

A5.6                     2 1       2 

A5.7     1     1     2 1 2 2     2   

A5.8 1 1     1       2 2 2       2   

A5.9 1 1 1   1 1     2 2 2 2     2   

A5.10 1 1     1       2 2 2 2     2   

A5.11                 2   2 2     2   

A5.12 1 1     1       2   2 2     2   

A5.13 1 1 1   1 1     2 2 2 2     2   

A5.14 2 2 2   2 2 2   2 2             

A5.15 1   1     1         1           

A5.16 1   1     1         1         2 

A5.17 2   2     2         1         2 

A5.18 2 2 2   2 2 2   2 2           2 

 
LEGEND: 

➢ 1 - Weak correlation 

➢ 2 - Strong correlation 

 


