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The objective of this research was developed to evaluate the working conditions of workers in an electronic
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operating personnel of this manufacturing area. The workers frequently visited the company doctor and
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with eyestrain. In addition, certain employees in the production areas presented symptoms of respiratory
diseases caused by an environment contaminated by pollutants, essentially derived from sulfur (sulfides),
as well as variations in temperature and relative humidity in the four seasons of the year.
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anthropometric adjusts, maintenance, and installation on the user. The Shoulder-X exoskeleton was
selected as the best, serving as a reference for the acquisition of characteristics for recommendations for
the development of new models for use in occupational tasks.
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Recently, the interest in being part of more competitive companies has increased. For this, organizations
apply various strategies of continuous improvement that allow them to maintain high standards of
competitiveness. In this sense, organizations make use of various techniques, tools, and methodologies
that support the achievement of objectives. This research presents an approach towards the Six Sigma
(SS) strategy, one of the main continuous improvement strategies used to achieve competitiveness. On
the other hand, organizations currently seek that during manufacture of their products, caring for the
environment is naturally part of their objectives, seeking to achieve benefits with a sustainable impact.
Therefore, this research seeks to define the CSF for implementation of SS through a factor analysis
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This chapter presents the application of the concept of gradual technology to improve and increase the
productivity of a workshop for the manufacture of handcrafted furniture owned by a cooperative formed
by members of the Guarijia ethnic group, located in San Bernardo, Alamos, Sonora. The production
process of the rustic furniture called “stool” was systematized and equipment was designed taking
into account basic ergonomic aspects. Production sub-processes of the workshop and equipment were
improved, including machinery design, purchase of basic technology, adaptation of electric current,
water, and air conditioning systems. The basic inputs for manufacturing the furniture, such as wood and
cowhide, were studied to determine whether the production of the stool affected the environment. The
operating personnel in charge of the cooperative were trained in the use of the equipment and in the
visualization of the improved processes.
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Preface

AN OVERVIEW OF THE SUBJECT MATTER

Ergonomics is important in the workplace because it increases comfort and in doing so, it improves
productivity and reduces stress. When a person is doing a job, their body is affected by it. These effects
can be reflected mainly in problems to the musculoskeletal system with symptoms such as: fatigue,
discomfort, and pain, caused by an awkward posture, extreme temperature, or repeated movement.

It is well documented that workers frequently visit health institutions and health practitioners due to
symptoms of discomfort and pain related to their jobs. So, it is very important that organizations hire or
listen to an ergonomist when designing or modifying the workplace in order for it to fit the worker, not
the other way around. The goal is to eliminate discomfort and risk of injury due to work.

Although the health effects of poor workplace design have been studied extensively, ergonomic regula-
tions are relatively recent, particularly in emerging countries. Generally speaking, it is the organizations
that devise industry standards that have developed regulations on this issue more consistently, and it is
these standards that are implemented most regularly in organizations. However, more needs to be done
on this area in order to enforce the ergonomic mindset when designing or improving a workplace.

HOW THE TOPIC FITS IN THE WORLD TODAY

Recently, the interest of companies in becoming more competitive has become more relevant. In order to
achieve this objective, organizations apply various strategies of continuous improvement that allow them
to maintain high efficiency standards. Health problems associated with poor ergonomic design impact
disabilities and days lost due to work injury or illness. On the other hand, no matter the age, occupation,
ethnicity, religion, and culture, the psychosocial work factors and their effects on health have a strong
influence on productivity, resulting in economic losses for both the organization and its employees.

Now into the Post-COVID-19 era of work, organizations should make use of various techniques, tools,
and methodologies that support a holistic physical, mental, and social health approach or eudaemonic
well-being, to achieve their company objectives. This book presents an approach to how organizations
are considering ergonomics as a valuable tool to achieve benefits to the bottom line with a positive
impact for the employees.
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TARGET AUDIENCE

This book was written for people who are interested in ergonomics: employers that are looking for new
methods and strategies that increase the comfort, well-being, and emotional health of workers; students
who want to learn more about ergonomics and related information; teachers who want up-to-date infor-
mation and real cases to share in their classes; and researchers who require sources of information and
support for their projects.

CHAPTERS

Chapter 1: Eudaemonic Design to Achieve Well-
Being at Work — Wherever That May Be

The term eudaemoniaoriginates fromneo-Aristotelian philosophy and is associated with human flourishing.
Self-Determination Theory, a means to achieve eudaemonia, is proposed here as a foundational approach
to drive Eudaemonic Design to achieve holistic physical, mental, and social health, or endaemonic well-
being. This chapter advances Eudaemonic Design as an architectural and organizational design approach
to create healthful work environments that support employee and business flourishing. The authors argue
that the importance of adopting Eudaemonic Design has grown in need and complexity as work is (re)
shaped by the constraints and opportunities presented by the pandemic. By contrasting dominant Pre-
COVID-19 Work from Office expectations against the Post-COVID-19 Work from Anywhere model,
this chapter explores the application of Eudaemonic Design to deliver holistic workplace well-being,
rather than single variable health and wellness alone, now and into the Post-COVID-19 future of work.

Chapter 2: The Impact of Job Demands Variables
in the Job Demands Resources Model

The purpose of this chapter is to report on the findings of a study that was conducted by the author to
investigate the impact of job demands variables on emotional exhaustion and emotional ill-health. A
sample of 173 was drawn from employees who worked for different organizations in the pacific mainly
Australia, the African region, the Indian subcontinent of India, Nepal, Pakistan Bangladesh, and Sri
Lanka, and employees who professed Christian and Hindu religions. A broad range of ages, occupa-
tions, ethnicities, religions, and cultures was represented in the sample. i.e. the targeted population were
employees whose different contexts and characteristics (e.g. attitudes, occupations, ages, marital status,
religion, opinions, behaviors, and other defined variables) could be measured and allowed to generalize
the results. the study used a quantitative research design. A diversity of findings was established with
some findings being consistent with the JD-R theory and previous studies across the cultures while other
findings were not consistent with previous studies and the JDR theory.

XV
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Chapter 3: NOM-035-STPS-2018 Opportunities
for Better Implementation — A Review

Looking at the structure of NOM-035-STPS-2018, there is an assumption that there are areas of op-
portunity to improve the implementation of the standard. Thus, the purpose of this research is to iden-
tify through a review whether there are areas of opportunity that can improve the implementation of
NOM-035. For the review, articles addressing the psychosocial risk factors evaluation were selected
and analyzed. Four topics of discussion were identified: impact of psychosocial risk factors, policy and
regulations, management systems, and evaluation of psychosocial risk factors. Subsequently, a synthesis
was made, and it was found that there are 3 areas of opportunity to improve NOM-035-STPS-2018: it
does not have a risk management system, its instruments do not present evidence of statistical validity,
and the instruments do not take into account indicators of consequence.

Chapter 4: Productivity Evaluation in Function of Worker Psychosocial Factors

Workers are exposed to different factors which can be detrimental to their well-being, being the most
known safety and hygiene factors. It is until a few years ago that the concepts of harmful factors for
workers have been updated by adding now the psychosocial factors. Although there is literature on psy-
chosocial factors and their effect on health, this work focused specifically on seeking the relationship
between productivity and psychosocial factors to know how it impacts the organization. The investigation
was applied in a case study for a doorknob locks manufacturing company in its final assembly area. Data
collection was done by applying the questionnaire provided by NOM-035-STPS-2018 and the company’s
productivity databases for the subsequent analysis using statistical tools. The results were that, for the
violence factor, its correlation with productivity was R* = 0.8886, indicating a strong correlation with
which it is concluded that there is an influence on productivity.

Chapter 5: Evaluation of Working Conditions as a Factor of Well-
Being of Workers in an Electronic Industry in Mexicali

The objective of this research was developed to evaluate the working conditions of workers in an
electronic industry located in the city of Mexicali, analyzing a process in a work table where welding
operations of electronic components are made and presented certain factors that generated discomfort to
the operating personnel of this manufacturing area. The workers frequently visited the company doctor
and to health institutions in Mexicali, due to symptoms of discomfort and pain in the head, neck, back,
spine, arms, hands, and shoulders; in addition to discomfort in the eyes due to not having a position
due to poor structure (work table and chair) and low light intensity, which caused fatigue and stress and
discomfort with eyestrain, which caused discomfort in the mentioned parts of the body. In addition,
certain employees in the production areas presented symptoms of respiratory diseases, caused by an
environment contaminated by pollutants, essentially derived from sulfur (sulfides), as well as variations
in temperature and relative humidity in the four seasons of the year.

XVi
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Chapter 6: Determinants of Employee Motivation — A
Comparison of Operational and Non-Operational Staff

The objective of this research was developed to evaluate the working conditions of workers in an
electronic industry located in the city of Mexicali, analyzing a process in a work table where welding
operations of electronic components are made and presented certain factors that generated discomfort to
the operating personnel of this manufacturing area. The workers frequently visited the company doctor
and to health institutions in Mexicali, due to symptoms of discomfort and pain in the head, neck, back,
spine, arms, hands, and shoulders; in addition to discomfort in the eyes due to not having a position
due to poor structure (work table and chair) and low light intensity, which caused fatigue and stress and
discomfort with eyestrain, which caused discomfort in the mentioned parts of the body. In addition,
certain employees in the production areas presented symptoms of respiratory diseases, caused by an
environment contaminated by pollutants, essentially derived from sulfur (sulfides), as well as variations
in temperature and relative humidity in the four seasons of the year.

Chapter 7: New Model to Promote Well-Being in Work Areas of
the Aerospace Industry in Mexicali — Ergonomic Analysis

This investigation was made to evaluate the health and well-being of workers who made activities in the
manufacturing processes of an aerospace industry installed in the city of Mexicali, based on the evidence
presented in certain stages of a production line. The cost-benefit of applying ergonomic methods was
analyzed, developing a descriptive model, which involved important aspects. Said aspects analyzed
were (1) work methods, (2) training of employees in the operational area, (3) evaluation of times and
movements of industrial operations, and (4) working conditions as the relationship of workers with
supervisors and managers.

Chapter 8: Model for Determination of Musculoskeletal
Disorder Cost/Benefit — Base for Strategy for Implementation
of a Preventive DME Program for a Company

This study generates an analysis tool to estimate the incidence of Musculoskeletal Disorders (MSDs)
and its economic costs, which also serves as a baseline to evaluate the possible benefits derived from
the sustainable prevention program for this type of work-related disease, consider the need to know the
current and future prevalence of MSDs, as well as understand if these data vary by economic sector,
geographic location, and demographics.

Chapter 9: Comparison of Six Passive Exoskeletons
for Upper Limbs Using the TOPSIS Method

This chapter presents the comparison of six exoskeletons that are used in occupational tasks through the
TOPSIS method, to understand their advantages and disadvantages through databases of patents and
commercial products. Experts in the design and / or use of exoskeletons evaluated the criteria: weight
of the exoskeleton, load capacity, anthropometric adjustments, maintenance and installation by the user.

XVii

printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Preface

Chapter 10: Factorial Solution for Determination of Critical Success
Factors (CSF) in Deployment of Six Sigma and Its Relation to
Sustainability — Case Study: Baja California Aerospace Industry

Recently, the interest in being part of more competitive companies has increased, for this, organiza-
tions apply various strategies of continuous improvement that allow them to maintain high standards of
competitiveness. In this sense, organizations make use of various techniques, tools, and methodologies
that support the achievement of objectives. This research presents an approach towards the Six Sigma
(SS) strategy, one of the main continuous improvement strategies used to achieve competitiveness. On
the other hand, organizations currently seek that during the manufacture of their products, caring for the
environment is naturally part of their objectives, seeking to achieve benefits with a sustainable impact.
Therefore, this research seeks to define the CSF for implementation of SS through a factor analysis
that allows identifying the relationship between SS and obtaining Sustainable Benefits (SB) through its
implementation.

Chapter 11: Gradual Technology Development for Ethnic
Groups — Ergonomics, Processes, and Education

This paper presents the application of the concept of gradual technology to improve and increase the
productivity of a workshop for the manufacture of handcrafted furniture owned by a cooperative formed
by members of the Guarijia ethnic group, located in San Bernardo, Alamos, Sonora. The production
process of the rustic furniture called “stool” was systematized and equipment was designed taking
into account basic ergonomic aspects. Production sub-processes of the workshop and equipment were
improved, including machinery design, purchase of basic technology, adaptation of electric current,
water, and air conditioning systems. The basic inputs for manufacturing the furniture, such as wood and
cowhide, were studied to determine whether the production of the stool affected the environment. The
operating personnel in charge of the cooperative were trained in the use of the equipment and in the
visualization of the improved processes.

CONCLUSION

This book contributes to the ever-growing body of research on the well-being of workers and its rela-
tionship to the economic impacts that job-related health problems have on both organizations and the
economy in general. By providing information on new and emerging methods to improve conditions in
the workplace, this book benefits not only those who read it, but the workers affected by the measures
that can be implemented from its review.

It also benefits the field of ergonomics, in particular, and the field of occupational health in general,
by showcasing techniques that favor the development of person-centered workplaces.

It is the desire of the editors and authors, that this book favors a better approach to the safe design of
workplaces and the consideration of the worker as the center of the work space.

xviii
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ABSTRACT

The concept of eudaemonia originates from neo-Aristotelian philosophy and is associated with human
flourishing. Self-determination theory, a means to attain eudaemonia, is examined here as a foundational
approach to drive Eudaemonic Design--a novel design strategy that aims to achieve holistic physical,
mental, and social health, or eudaemonic well-being. This chapter advances Eudaemonic Design as an
architectural and organizational approach to create healthful work environments that support employee
and business flourishing. The authors argue that the importance of adopting Eudaemonic Design has
grown in need and complexity as work is (re)shaped by the constraints and opportunities presented by
the pandemic. By contrasting dominant pre-COVID-19 Work from Office expectations against the post-
COVID-19 Work from Anywhere model, this chapter explores the application of Eudaemonic Design to
deliver holistic workplace well-being, rather than single variable health and wellness alone, now and
into the post-COVID-19 future of work.
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INTRODUCTION

In early 2020, design for health became a global priority as the world encountered the COVID-19 pan-
demic. This reprioritization prompted significant shifts in how and where people live and work (Boland
et al., 2020; Thompson, 2020), which in turn highlighted the need to consider the physical, mental, and
social dimensions of the places people work, rest, and play (WHO, 2020). This change also precipitated
a shift in the range of locations considered legitimate workplaces. Indeed, wherever people worked
became their place of work, including their homes. Conversations quickly transitioned from encourag-
ing acceptable levels of health support in homes (Walsh, 2019) and offices (Caramela, 2018; Daum,
2017) to creating environments that not only sought to limit the spread of the disease (CDC, 2020) but
also were attentive to meeting physical, mental, and social health needs (Khazan, 2020; Pirschel, 2020;
Shade, 2020; Spangler & McLeod, 2020; Weed, 2020). As more homes and non-office environments
became workplaces, what was originally envisioned as a temporary strategy quickly morphed into a new
reality requiring a sustainable long-term plan. Attention logically shifted toward ensuring that these new
places of work were health-protective (Work in Mind, 2020) and health-promoting (Taysom, 2021). This
chapter explores the importance of workplace wellness in a Post-COVID-19 world and the contribution
of the built environment in promoting wellness at work in the context of these changes.

The challenges and opportunities presented by the global COVID-19 pandemic and its impact on
the spatial and temporal dimensions of work and working provide the chance to fundamentally shape
understandings of achieving well-being at work. Whether workers find themselves continuing to work
from home, returning to work from their Pre-COVID-19 office, or working from a “near home” office,
public, or shared coworking place (Ashworth & Martinuzzi, 2020), workplace wellness remains an impor-
tant consideration for employers. However, despite this recognized significance and push for supporting
policy (Timm et al., 2018), there have been few concrete suggestions on how to achieve these aims. A
proactive approach to designing for an optimal balance of the World Health Organization’s three aspects
of health (physical, mental, and social health) (WHO, 2020) is needed—one that puts people first and
balances their needs for health and happiness via enhanced well-being. By focusing on designing for the
well-being of workers, their workspaces, and their workplaces and the intersection of human, technical,
and socio-technical factors, Eudaemonic Design is proposed as a design solution to enhance physical and
digital work environments and improve wellness of workers and the organizations in which they work.

This chapter commences by discussing the impact of the built environment on wellness and well-
being before discussing the origins of Eudaemonic Design, its differences and similarities to existing
approaches for designing for workplace wellness, and its potential for realizing autonomy, competence,
and relatedness-driven outcomes derived from Self-Determination Theory (SDT). The potential applica-
tion of Eudaemonic Design for achieving well-being at work across a wide variety of workplaces is also
discussed. The chapter concludes with a discussion of areas for future research, including the potential
role of technology in delivering Eudaemonic Design.

THE IMPACT OF THE BUILT ENVIRONMENT ON HEALTH AND WELLNESS
Globally it has been estimated that 98% of people spend 90% of their lifetimes inside buildings (Allen &

Macomber, 2020a; Roberts, 2016). Before the COVID-19 pandemic, the amount of time spent indoors
was already increasing (Klepeis et al., 2001), and it is expected to have increased further as physical and

2

printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Eudaemonic Design to Achieve Well-Being at Work, Wherever That May Be

social distancing practices restricted many to their homes. Considering these trajectories and the impact
of COVID-19 in particular, it is apparent that buildings can either help or hinder well-being by “[mak-
ing] you sick or [keeping] you well” (Allen, 2020, p. 1). If buildings are designed to support health and
well-being, they can prevent sickness and support occupants to be healthier and happier.

The human body is a product of its environment. While this chapter does not explore the granular
aspects of exposomes (Dai et al., 2017), it recognizes the significant impact built environments have on
human health and wellness (Priiss-Ustiin & Corvalan, 2006). In recent years, there has been a height-
ened interest in designing ‘healthy’ buildings and developing associated standards and certifications to
define and regulate the creation of such structures (CfAD, 2021; IWBI, 2021). Because workers spend
approximately 25-40% of their lifetimes at work (Campbell, 2017; Vaughn, 2018), there has been an
associated emphasis on improving the physical, mental, and social conditions of work environments
to harness the power of health-focused design, resulting in healthier bodies and thus less absenteeism,
minimized risk of depression and anxiety, enhanced productivity, and heightened morale (BCO, 2018;
Burton, 2010; Hatcher, 2018; UKGBC, 2017; WorldGBC, 2016). This improves worker lives and busi-
ness profitability and performance.

Indeed, it has been noted the built environment matters for both the “health and wealth” of organiza-
tions (Allen & Macomber, 2020a, p. 42). Considering that the Wellness Real Estate market was valued at
$134 billion in 2017 and is anticipated to reach $197 billion by 2022 (GWI, 2020), there is a tremendous
business financial opportunity in improving the quality of the built environment as a means to design
for wellness. By doing so, it is possible to significantly impact company recruitment and retention—by
enhancing company brand appeal (e.g., depth and breadth of amenities) to recruit new quality appli-
cants (Arruda, 2018; Petersen, 2020) and by designing-in elements of mental health support (e.g., more
flexible space, better safety procedures) to benefit current employees (Lass, 2018; Orsini & Rodrigues,
2020), respectively.

Achieving Workplace Wellness Through Health-based Architectural Design

Workplace wellness has been a fundamental consideration for businesses since the Seoul Declaration on
Safety and Health at Work (ILO, 2008) and the World Health Organization’s Healthy Workplace Frame-
work and Model (Burton, 2010). The latter document positioned the argument for a global audience,
augmenting awareness on the need for better approaches to achieving healthy workplaces and position-
ing workplace health and wellness as an ethical, operational, and legal obligation (Burton, 2010; WHO,
2020). Despite the pioneering work of the Wellness Council of America and others in advocating for
employee empowerment in workspaces (Knight & Haslam, 2010), initial adoption of workplace wellness
was slow as organizations instead chose the formerly prevalent approaches of rapid turnover, realloca-
tions, and reductions in force to maintain fresh, seemingly motivated workers (T. Allen, 2018; Society
for Human Resource Management (SHRM), 2020). However, in more recent years, organizations have
begun to recognize the power of proactive design to infuse energy into existing workforces. Deliberately
enhancing the work-related built environment was found to be a successful mechanism of influencing
and improving the health of workers via their workspaces and workplaces to promote symbiotic health,
while having the added benefit of potentially maintaining the workforce.

In 2014, to encourage the adoption of healthy building work, the World Green Building Council
(WorldGBC) assembled a group of 60 experts from 20 countries to discuss the relationship between
health and buildings. Together, they documented how a combination of quality air, temperature, humidity,
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daylight, views, sound, and more could “play a crucial role in creating a healthy, productive workplace”
(Alker, 2014, p. 2). The WorldGBC definitively linked health-based design to business finance by ap-
proximating that typical real estate costs break down into three parts: energy costs (1%), rental costs
(9%), and staff costs (90%). The dominance of staff costs within this model underscores that “a healthy,
happy workforce is a vital component of a productive, successful business in the long-term” (WorldGBC,
2016, p. 8). This cost distribution was confirmed by Jones Lang LaSalle (JLL, 2016) through global
dissemination of their 3:30:300 rule, which demonstrated an average order of magnitude across com-
pany costs associated with utilities, rent, and payroll, respectively, per square foot annually. Just as the
WorldGBC report had done, JLL’s work highlighted the financial value to organizations in positively
impacting the payroll metric by proactively designing for people rather than focusing efforts on saving
negligible amounts of money on “green building”-related efforts affecting utility spend-related energy
costs or on space allocation efforts impacting rental costs.

Designing for human health via built environment health has become a driving business, especially
over the past decade; but that evolution has taken time. Countless books have been written on the subject
(Allen & Macomber, 2020a; Channon, 2019; De Botton, 2007; Goldhagen, 2017) and multiple interest
groups and professional certifications formulated around it. This collective body of research stemmed
from interest initially expressed by architects, public health practitioners, clinicians, and engineers who
saw first-hand how published building standards (e.g., American Society of Heating, Refrigerating and
Air, Conditioning Engineers) were not adequately supporting human health and wellness. Wellness-
focused design accreditation bodies that focus on designing the built environment for human health and
wellness, such as the WELL Building Standard (IWBI, 2021) and Fitwel (CfAD, 2019), have raised
awareness, promulgated knowledge, and provided guidelines for effective health-driven design.

EUDAEMONIC DESIGN FOR OPTIMAL WELLNESS
AND WELL-BEING AT WORK

Despite the upwards trajectory health-based design experienced prior to the pandemic, COVID-19 has
transformed the meaning of the term. It is no longer just about designing for protection from the ele-
ments. It is now about preventing active pandemic spread, while also “nudging” better health practices
(Thaler, 2008). Eudaemonic Design’s positive take on designing for optimal well-being while designing
out disease may serve as a mechanism to accomplish all goals. By pursuing health-based design more as
a means towards flourishing occupant (employee) and organizational (business) health and by centering
those concepts around SDT’s tenets and values, rather than a defensive means of protection, prevention,
and survival, it is possible to accomplish all goals.

Eudaemonic well-being or flourishing human health and wellness has roots in the neo-Aristotelian
concept of eudaemonia (i.e., literally combining ideas of eu, good or healthy, and daimon, true self),
which encourages people to be the best versions of themselves. In recent years, a variety of research has
explored designing for eudaemonia-related ideals, including flow (Csikszentmihalyi, 2008, 2014), hap-
piness (Channon, 2019; de Botton, 2007; Layard, 2005; Medina, 2019; Stevens et al., 2014), and thriving
(Buettner, 2011). However, these explorations have primarily emphasized a subjective well-being focus
rather than a comprehensive objective and subjective health approach, such as is offered by eudaemonic
well-being (i.e., the eudaemonia-derived concept of well-being that balances optimal physical, mental,
and social health, enabling people to be their best selves).
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For years, psychologists have built practices on positive psychology and the philosophy of eudae-
monic thought to prompt meaningful change for patients (Waterman, 2013). Considering the impact of
buildings on occupant health, a similar onus could and arguably should fall on the curators, constructors,
and controllers of the built environments (Jones et al., 2019) and on the businesses whose employees
occupy those spaces and whose health they should protect (Allen & Macomber, 2020a). It is imperative
that Eudaemonic Design be included in architectural design and organizational management plans to
manage risk, meet needs, and most importantly prompt flourishing well-being in the workplace.

Applying Self-Determination Theory to Achieve Eudaemonia

Optimal health and wellness in the form of eudaemonia occurs when humans are self-determined to thrive
and experience well-being. SDT explores this idea and defines what is needed to prompt intrinsic, or
inwardly driven, motivation to enhance health. According to Ryan and Deci (2000), the theory “aims to
specify factors that nurture the innate human potentials entailed in growth, integration, and well-being,
and to explore the processes and conditions that foster the healthy development and effective functioning
of individuals, groups, and communities” (Ryan & Deci, 2000, p. 7).

Figure 1. A Model for Eudaemonic Design
Source: Adapted from (Ryan et al., 2008)
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SDT is built on three tenets or needs that must be met for someone to feel engaged, supported, and
intrinsically motivated: autonomy (having a feeling of control in life); competence (being able to do
enjoyable activities); and relatedness (enjoying good social relations for a sense of belonging) (Deci
& Ryan, 2008). This theory can therefore be used to understand people’s needs and to design physical
environments for those requirements. Therefore, as depicted in Figure 1, SDT-designed environments
can prompt experiences of flourishing eudaemonic well-being and consequently be used as a means to
design for optimal workplace health.

Eudaemonic Design is by its nature inclusive. It allows a variety of stakeholders to implement ideas
supportive of autonomy, competence, and relatedness tactically (bottom-up) or strategically (top-down)
(Waterman, 2013). This method of organizational ownership has the potential to improve the likelihood
of sustainable success. By focusing on Eudaemonic Design, rather than prescriptive health-based design
methods, work environments become less about disjointed perspectives on people, places, and technology
and more about the resulting collaborative experience. This means supporting workers to feel, function,
and connect with their work, workspaces, workplaces, and colleagues both in-person and remotely.
Eudaemonic Design provides an underlying logic or ‘why’ to environmental design by emphasizing
the value in human-centric design, empowering all individuals, and centralizing company purpose. In
essence, designing for the individuals via their environments benefits the overarching group, enabling
an organization to also be the best version of itself.

Integrating Workplace Wellness Models and Eudaemonic Design

Considering Eudaemonic Design’s foundation in SDT, it benefits from the universality of the theory’s
application (Chen et al., 2015) and can complement and enhance existing models striving for workplace
wellness from organizational and architectural wellness perspectives.

A Eudaemonic Comparison with an Organizational Wellness Model

An organizational wellness model example that can be used in concert with the three tenets of SDT to
achieve Eudaemonic Design is the Wellness Council of America’s (WELCOA) (2021) seven areas of
successful workplace wellness. As shown in Figure 2, each of the WELCOA areas—health, meaning,
safety, connection, achievement, growth, and resiliency—fully or partially supports at least one of the
SDT tenets, with most supporting two or more. As a result, it is possible to address each of the seven
areas of organizational wellness best practices when designing through the three tenets. For example,
if someone works in an environment in which they feel truly in control of their workload and environ-
ment, does something they love using skills they possess while also feeling appropriately challenged,
and experiences support and connection with colleagues for motivation, they will likely meet the criteria
of organizational wellness-related models like WELCOA’s and feel healthy, purpose-driven, safe, con-
nected, accomplished, challenged, and resilient.
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Figure 2. The relationship between Self-Determination Theory (SDT) and Wellness Council of America’s
(WELCOA) Elements of Wellness
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A Eudaemonic Comparison with an Architectural Wellness Model

A built environment model that can also be used symbiotically with the three tenets is Harvard’s 9 Foun-
dations of a Healthy Building, which include air quality, thermal health, moisture, dust and pests, safety
and security, water quality, noise, lighting and views, and ventilation (Allen et al., 2017). As shown in
Figure 3, each one of these nine foundations corresponds to at least one of the SDT tenets. This means
that, when employing Eudaemonic Design, SDT’s three tenets will be satisfied, and all nine foundations
will likely be met. In turn, when the 9 Foundations’ aspects are considered in a design, those will support
SDT and thereby Eudaemonic Design. Therefore, it is possible to address each of the 9 Foundations of
a Healthy Building when designing for the three tenets, and experience aspects of Eudaemonic Design
if done vice versa.

For the built environment comparative example, those foundations or areas of architectural wellness
that align with all three tenets are those that allow for feelings of control, being more functional, and
feeling connected. Four such examples include air quality, thermal health, noise, and lighting and views,
which are enhanced when built on architectural science best practices mixed with SDT’s needs. If these
criteria are met, it is likely occupants will be happier, healthier, more productive, and more connected.
Research shows that if air quality maintains humidity levels between 30% and 60%, then odor issues are
less likely, thus enabling workers to avoid unnecessary distraction (Harvard T. H. Chan, 2021). Optimal
thermal health occurs when temperatures are in the low 70s Fahrenheit with humidity levels between
20% and 60% (Rosone, 2019), but maintaining 71.6 degrees Fahrenheit (22 degrees Celsius) indoors
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results in 6-9% productivity increases (Wyon, 2004). When considering noise, open-plan offices allow
for better interaction and socialization, however enclosed private spaces result in better air quality, noise,
privacy, control, and therefore less stress (Kim & de Dear, 2013). For lighting and views, access to natural
daylighting increases better sleep quality for workers and results in approximately 10% fewer sick days
taken (Boubekri et al., 2014), and the incorporation of plants or elements of nature (i.e., to encourage
biophilia or human’s innate connection with nature) results in increased productivity of approximately
15% (Nieuwenhuis et al., 2014). Therefore, there is a logical correspondence between architectural

design and Eudaemonic Design.

Figure 3. The relationship between Self-Determination Theory (SDT) and Harvard University’s 9 Foun-

dations of a Healthy Building
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Eudaemonic Design is supportive of existing organizational and architectural wellness models. As
described in the model examples above, it offers a logical and inclusive alternative to the use of formal
standards while upholding the core needs of SDT, thus prompting workers, managers, and executives to

feel autonomous, competent, and related.
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Designing for Workers, Workspaces, and Workplaces

It is possible to design eudaemonia into an organization through physical and digital design by focusing
on the interconnected levels of the worker, the workspace, and the workplace. Eudaemonic Design can
be applied outside the standard office environment because it is attentive to these three levels of design
need. As all organizations must consider design with respect to workers, their immediate workspaces
(e.g., desks, cubicles, offices), and their workplaces (e.g., home, office, public), a robust yet simplified
and flexible alternative that targets all three would likely prove useful. Figure 4 visualizes the applica-
tion of eudaemonia in the workplace by incorporating Eudaemonic Design concepts from the inside out
and outside in.

Figure 4. Eudaemonic Design for Well-being at Work

physical
health

relatedness autonomy

competence

workspace

workplace

The Eudaemonic Design for Well-being at Work model depicted in Figure 4 is flexible and widely
applicable. Its sensitivity to gender, race, and culture among other differences allows application to a
variety of workers, workspaces, and workplaces. Psychological research describes that when autonomy,
competence, and relatedness are designed for, they contribute to individual, team, and organizational
human flourishing (Ryan & Deci, 2017). Further, when all three SDT tenets are addressed on all or-
ganizational levels simultaneously, a multiplier effect occurs, encouraging people to be intrinsically
motivated to choose to act, to act effectively, and to relate to others while doing so.

The Workplace

The workplace is the comprehensive “office” environment, consisting of individual cubicles or a con-
glomeration of workspaces or desks in an area of a building, throughout an entire building, or spanning a
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campus. The workplace has traditionally been narrowly defined to focus on the Work from Office model
and associated place of work, but the definition has now been extended to include any areas where work-
ers carry out their day-to-day work. This change has been unprecedented, especially considering having
transitioned from a nearly exclusive Work from Office model Pre-COVID-19, when the vast majority
(90%) of workers went to a physical office every day (GWI, 2018).

Despite ongoing workplace changes, Eudaemonic Design can be applied to achieve autonomy, com-
petence, and relatedness in every workplace. Some examples of how to enact this include: encouraging
autonomy with targeted employee engagement (e.g., occupant surveys) to ensure the organization and
workplace are providing workers with what they want and need (Penny, 2020) and inclusive signage
for easier, more logical wayfinding for intergenerational and neurodiverse workforces (Barton, 2019);
facilitating competence with flexible work schedules based on worker work style, hour, activity, and
location preferences and work location options (e.g., providing quiet “library zones” for noise sensitive
workers to reduce stress and avoid heightened blood pressure) (Brown, 2020); and providing a variety
of social engagement options in ““social hubs” to engage workers of varying abilities, engagement styles,
and play preferences and prompt relatedness (Deloitte, 2021; Smith, 2020). By providing environmental
and organizational support from the outside-in, workplaces facilitate the satisfaction of the SDT tenets.
This enables and encourages workers to function as their best selves physically, mentally, and socially.

The Workspace

Workspaces refer to the immediate work areas of employees. This may include something as simple as
a desk, outfitted with a laptop, mouse, and chair; a cubicle or office; or a temporary hot desk or phone
room. The workspace may no longer be located in an office and instead encompasses physical space
wherever a worker happens to be working, whether in an office, at home, or in a near home location.

Just as there are ways to facilitate Eudaemonic Design for workplaces, there are methods of supporting
autonomy, competence, and relatedness within the workspace: facilitating autonomy with funding for
flexible, ergonomic furniture arrangement options (Knight & Haslam, 2010) and optional “declutter-
ing parties” to organize workspaces and limit excess cortisol production (Lucchesi, 2019); encouraging
competence with workspace personalization policies (Byron & Laurence, 2015), personal décor prefer-
ences (Kondo & Sonenshein, 2020), and access to natural daylight, fresh air, optimal thermal comfort
(Rosone, 2019), and nature via biophilia (Beatley, 2018; Tabb, 2021) to enhance mood and reduce
anxiety (Brown, 2020; IWBI, 2021); and providing optional socialization opportunities, both physically
and digitally (e.g., enabling Zoom “happy hours”), to accommodate relatedness preferences (Work in
Mind, 2021a). As with workplace design, workspace design provides outside-in support for each worker.
The difference is that workspaces offer this support on a more granular scale, oftentimes resulting in
impact the worker can feel viscerally, given the frequency of and tangible contact with the workspaces
they inhabit. By having a eudaemonic workspace, workers can exercise choice—maintaining flexibility
in when, where, and how they work and socializing on their preferred terms.

The Worker
Workers are the employees who perform paid or unpaid work on the behalf of an employer, business,

or organization. These may be part-time or full-time employees, contractors, or subcontractors. While
workers benefit from intentional Eudaemonic Design done for the workplace and workspace, there are
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ways it can focus on the worker themselves and strengthen flourishing-focused design overall. Workers
are central to the Eudaemonic Design philosophy; thus, all design decisions must focus on and support
on their needs. Some examples include: ensuring managers support intrinsic, autonomous motivation
(e.g., Swiss insurance worker study) (Giintert, 2014) rather than extrinsic, controlled provocation (Orsini
& Rodrigues, 2020); empowering workers through competence-supportive training opportunities and
validating feedback loops (Reis et al., 2000), not micromanaging or providing burnout-precipitating
pressure (Moss, 2019, 2021); and considering biophilic (i.e., nature-referencing) and salutogenic (i.e.,
health-supporting and stress-suppressing) elements in interior architectural design to enable workers
to feel more connected with the world, less overwhelmed, and more motivated to be good-natured and
caring (Ryan et al., 2010) with greater feelings of sustainability and beneficence (Martela & Riekki,
2018). This worker-centered approach has the potential to result in healthier, happier workers who are
likely to care about their work, workspace, and workplace and have the intrinsic motivation to maintain
and improve conditions to facilitate eudaemonia.

THE IMPACT OF COVID-19 ON (RE)SHAPING THE
PLACES AND SPACES OF WORK

The effects of COVID-19 can be defined as a set of overlapping eras shaped by risk, pandemic prevalence,
time period, and geographical location (refer Figure 5). The COVID-19 era notionally commenced in
early 2020, when COVID-19 was recognized as a global pandemic. At this time, utilizing healthy build-
ings as a means to design for human and business health was already on an upswing. However, as human
health became the core priority, health-based design transitioned from being a luxury to becoming an
organizational priority (Kehrt, 2020).

Figure 5. The evolution of the COVID- 19 eras, progressing from Pre-COVID-19 era through COVID-19
and culminating in the present-future Post-COVID-19 era

Pre-COVID-19 era COVID-19 era Post-COVID-19 era
Prior ta February 2020 March 2020 — February 2021+ '

Although COVID-19isstill a very real problem as of February 2021, vaccine introduction has prompted
a deflection point from which many countries are transitioning from COVID-19 to Post-COVID-19 ac-
tivities, whether that involves minimal physical distancing measures alone (e.g., Australia) or extreme
physical distancing measures with mandatory Personal Protective Equipment (PPE) usage (e.g., United
States). Therefore, COVID-19 is likely to extend past February 2021 for many countries, just as Post-
COVID-19 is likely to be underway in other countries, with post-vaccine sub-eras occurring as vaccines
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become available. Regardless, it appears that hybrid work practices will be the preference going forward
(Gensler Research Institute, 2021; McLaurin & Barber, 2020; (PwC), 2021; Work in Mind, 2021a).

The Evolution of the COVID-19 Workplace

COVID-19 has reshaped where and how people work. As of late February 2021, COVID-19 has caused
over 2.5 million deaths worldwide and continues as a global pandemic with serious public health conse-
quences (WHO, 2021). The world now falls into two evolving groups—those still in an active COVID-19
era and those moving toward the Post-COVID-19 era. Post-COVID-19 countries are considered those
with minimal risk of contagion and therefore no longer requiring the mandatory PPE use or large-scale
lockdowns. Some of these will include vaccinated countries as those increase in prevalence while oth-
ers will result from effective lockdown measures. It is likely that this era will overlap with COVID-19
eras of other countries and will be significantly shaped by the widespread uptake of global vaccination
programs underway. However, the transitions between eras and the reintroduction of mitigation measures
will likely continue to change for some time. Thus, it is important to understand how the workplace
evolved from Pre-COVID-19 to the current ongoing COVID-19 and Post-COVID-19 eras to learn from
our history to curate a better future.

Pre-COVID-19 to Early COVID-19 Era

When COVID-19 was declared an international pandemic in early 2020, an epic experiment began. To
reduce risk of exposure, companies around the globe shuttered offices and transitioned operations to be
based at home. As the months elapsed and people became more comfortable in their home environments,
many were hesitant to return to office buildings for work. Since then, employees continue to receive notice
of Human Resources-related policies allowing and even advocating for working from home temporarily
(e.g., Google (Liu, 2020)), part-time going forward (e.g., Salesforce (Rizzi, 2021)), and indefinitely (e.g.,
United States (US)-based Twitter and Facebook (Liu, 2020), Australia-based Atlassian (Novet, 2020),
and most recently US-based Spotify (Gourarie, 2021)).

Prior to COVID-19, workspaces varied from being makeshift (if at home) (Detwiler, 2020) or overly
sterile (if in an office) (Mudditt, 2020), both oftentimes ineffective or at least sub-optimal. Many com-
pany cultures were considered “toxic”, and remote working was the exception (~10% of the workforce)
and oftentimes an unacceptable option due to a pervasive lack of trust (Kehrt, 2020). However, once
COVID-19hit, the conversation shifted almost overnight from Pre-COVID-19 talks of maintaining barely
adequate levels of health support in homes and offices to COVID-19 discussions focused on proactively
curating optimal health-supportive environments for personal and professional use, for the unforeseen
future and perhaps forever as a new way of working.

COVID-19 Era

In March 2020, a Harvard Business School report described how COVID-19 was already impacting the
future of business only one month into the pandemic (Gerdman, 2020). Allen (a public health practitioner,
researcher, and academic) and Macomber (a real estate finance practitioner, researcher, and academic)
indicated that people and buildings would need to become significantly healthier in the future—setting
higher standards to actively monitor and attain. Just three months after their prediction, a shift occurred
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emphasizing the interest of tenants and investors in “healthy buildings” for economic organizational
survival (Allen & Macomber, 2020b). Websites such as Glassdoor began reporting on office conditions,
which factored into workers’ decisions relating to their work in general, where they did it (i.e., at home,
in an office, or elsewhere), and if they kept or left their jobs.

Looking back on 2020, according to the UK-based Chartered Institute of Personnel and Develop-
ment’s (CIPD) 2020 report, more organizations (44%) were executing a strategic approach to employee
well-being, being more proactive (than reactive) in their well-being strategies than those from 2019
and “taking a holistic approach to supporting people’s health and well-being, with mental health the
most common priority” (CIPD, 2020, p. 7). That is certainly a step in the right direction. In December
2020, WIRED Magazine published an article entitled “The ‘Healthy Building’ Surge Will Outlast the
Pandemic”, and indeed it has (Kehrt, 2020). Healthy buildings for workplace wellness are no longer a
trend. They are becoming a business strategy and general best practice.

Post-COVID-19 Era

At the time of this book chapter, knowledge about workplace wellness is becoming more widespread,
recognized, and respected each day, and the interest in understanding, designing, and learning new ways
to facilitate healthy buildings is increasing. Businesses are no longer relying on the 3:30:300 rule to ra-
tionalize design for worker health and productivity. They are now seeking simple, smart ways to design
for disease-free health-promoting environments that enable employees to feel protected yet autonomous,
supported yet competent, and physically distanced yet connected.

The post-pandemic future provides humanity with an opportunity to make impactful changes for people
and society (Kehrt, 2020). There has already been talk about how the pandemic offers opportunities
to rethink wrongs of the past and rewrite the future (IFTF, 2020). A theory-based, industry-supported
approach that is founded on positive psychology, empowerment, and community meets this need while
also addressing the desired autonomy, competence, and relatedness tenets. Eudaemonic Design offers
this with pragmatic application to intrinsically motivate and empower workers so they can be their best
selves while “at work”—be it when working in the office, at home, or elsewhere.

Anticipated Post-COVID-19 Global Trends

Global workplace studies were conducted by Gartner, JLL, and Gensler between mid-2020 and early
2021, identifying anticipated future trends globally but focusing on Australia, the US, and the UK in
particular. Each varied in some ways, but there were key themes across all three sets of findings. Gartner’s
2020 report (Baker, 2020) highlighted what company leaders were willing to allow in a Post-COVID-19
workplace. This included terms around remote work (82% to permit remote work part of the time and
47% all of the time) and flexibility (40% to support flex hours and days). A follow-up report in 2021
(Baker, 2021) increased these figures to 90% and 65%, respectively, and included the addition of needs-
based benefits for 44%. JLL’s 2020 report (Murray, 2020; Pradere, 2020) highlighted needs paralleling
Eudaemonic Design objectives: flexible working locations and hours (autonomy); improved work-life
balance and allowances for work support (competence); and enriched human connection (relatedness).
Most people wished to have an opportunity to come to an office, but half wanted to work both in an
office and remotely. Locations were said to vary by purpose with each place having its advantages for
collaboration, focus, and socializing. Gensler’s 2021 reports (Cohen et al., 2021; Gensler, 2021) focused
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on experience and the desire to reconnect. For workplaces, they emphasized the need for work and place
“uncoupling”; a culturally enticing work experience; enhanced “choice, autonomy, health, and well-
being”; and flexibility and adaptability (Gensler, 2021, p. 3).

Of the findings, the most compelling and consistent findings related to accommodating hybrid work
(McLaurin & Barber, 2020; PwC, 2021); providing choice through flexibility (Parker et al., 2020); cu-
rating workplaces with cultural experiences and connections (Davis, 2020); and strengthening meaning
and purpose (Gershon, 2017; Leinonen, 2020). Workers expressed a wish to prioritize work-life balance,
even if it meant sacrificing approximately 10% salary (Murray, 2020). But companies now know that
if they want to be competitive and retain their best employees, they should be proactive in addressing
these wishes so employees do not have to make concessions. Good workplaces make for good workers
and thus good business.

DESIGNING FOR POST-COVID-19 WELL-BEING AT WORK

There are a variety of Post-COVID-19 workplace models that are anticipated to be part of the future.
These include Working from Home (WfH), Working from Near Home (WfNH), Working from Office
(W1O), and the all-encompassing Working from Anywhere (WfA) model. Each has evolved as a result
of the pandemic and each has its own Eudaemonic Design considerations and unique challenges and
opportunities.

Eudaemonic Design Considerations for Working from Home

Working from Home (WfH) is a spatial model of work in which the worker engages in work from their
home. It is a type of remote work that originated over the past 10-20 years with the proliferation of high-
speed internet and Wi-Fi bandwidth, enabling connection while at home. While up until COVID-19,
this was a limited way of work (accounting for between 10% and 20% of the workforce), it has become
the “new normal” in the COVID-19 world.

In a US-based FlexJobs survey of 4000 people working remotely during the pandemic, 95% said
productivity has been at the same level or greater than that of the past due to fewer interruptions, more
focused time, quieter work environments, more comfortable workplaces, and lack of office politics (Pelta,
2020). Two-thirds of this group would like to become full-time remote employees while one-third would
prefer a hybrid option. One reason WfH became feasible was because of companies such as Zoom Video
Communications, which provides the now well-known remote videoconferencing software that grew
thirtyfold in the first half of 2020 (Igbal, 2020). While collaboration-promoting software like Zoom
provided the flexibility appreciated by many early in the COVID-19 era, allowing endless opportuni-
ties to address autonomy, competence, and relatedness needs (Pelta, 2020), others experienced negative
repercussions such as lack of work-life balance (Boland et al., 2020) and longer hours (Work in Mind,
2021c), an ongoing “cycle of [physical, cognitive, and emotional] fatigue” (Work in Mind, 2021b) or
inability to “disconnect” (AP, 2020), as well as “Zoom fatigue” (Franklin, 2021).

There is a tremendous opportunity in learning how to design for WfH effectively. Studies show that
most people have enjoyed the flexibility and safety on offer when working from their homes (Baker,
2020; Gensler, 2021; Pradere, 2020); and because workers are assumed to have control over their home
environment, it seems possible that they could personalize a workspace to their optimal work specifi-
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cations without having to compromise with colleagues. Unfortunately, they may not be able to do this
easily due to family obligations or financial issues.

Eudaemonic Design can play an important role when incorporated across WfH workplaces, work-
spaces, and workers. When considering and planning WfH support options, companies should address
assumptions early to identify what is needed for each worker to work best when at home. Only then can
support mechanisms be put in place, such as providing home care monetary support, establishing flexible
working hour policies, providing guidelines of how to set up optimal working conditions, supplement-
ing ergonomic furniture purchases, furnishing technology to ensure seamless co-worker interaction, and
conducting training to ensure trust-based collaboration. Workers can augment these workplace initiatives
by designating work hours and sticking to them, establishing a family code of conduct when working-
from-home, and prioritizing work-life balance. By combining these Eudaemonic Design workplace,
workspace, and worker strategies, it is possible to make WfH work.

Eudaemonic Design Considerations for Working from Near Home

Working from Near Home (WfNH) is a spatial model in which the worker engages in work in a loca-
tion within geographical proximity to where the worker lives, thereby reducing commute time. Options
include company satellite offices; public options such as a library, park, or café; or coworking spaces.
This model has become popularized over the past five to ten years but only recently been named (Ash-
worth & Martinuzzi, 2020). Pre-COVID-19 work done from this model commonly involved isolated
tactical work, such as finishing a report or conducting a client meeting, rather than entire days of work.
The exception was coworking spaces (e.g., WeWork), which people used similar to everyday offices.

While many home workers wish to continue to do remote work, others have expressed interest in
returning to a place of work with their colleagues for socialization purposes without necessarily return-
ing to the office of old, per se.

...People don’t really want to get back to the office. They want to get out of their apartments, their houses,
their parents’ houses. They want their children back in school, and also out of the house. They want to
see people’s faces again, and have conversations with people who are closer than six feet from them.
But that doesn’t mean that they actually want to be back in the office — at least not the way the office
was before. (Petersen, 2020, p. 1)

The WINH model offers a “happy medium” alternative for people undecided between whether they
wish to work from home or from the office. It provides an opportunity to do work the worker wants,
when and how they want; to experience location flexibility enabling the worker to choose a place that
facilitates activity-based working and background noise and lighting levels of choice; and to socialize
with non-work-colleagues if desired.

While WfNH is a good option for working, it does not provide much choice for personalization options
that can be maintained. Instead, WfNH locations offer temporary solutions which should be considered
when choosing this as a work environment. If someone wishes a change of condition, they may have to
choose anew location or even venue, requiring a potentially taxing relocation of workspace hardware and
interrupting train of thought. Therefore, when selecting a WfNH location, workers should be cognizant
to sit in a position where they will not experience excess noise, smell, glare, or temperature fluctuation
and where they anticipate feeling comfortable, at least for the day.
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It is difficult to truly personalize WfNH options unless a worker discovers an already curated envi-
ronment that meets their needs. While this scenario is possible in coworking locations that design for
wellness (Bolt, 2019), it is not always an available option, based on cost or location. As an alternative,
workers can formulate a “work kit” to customize workspaces. Kits often include ergonomic set-ups such
as a laptop shelf for better posture, a comfortable mouse for ergonomic support, and noise-cancelling
headphones for noise pollution protection. These kits can be easily constructed and carried, and com-
monly result in a more work-conducive environment.

A W{NH model works especially well if workers allocate appropriate activities agreeable with the
venue. Such activities may include socializing or creating new material—actions that are best suited to
times when workers are inspired while comfortable, motivated but not stressed, and connected but not
distracted. If workers can strike this balance and deliberatively align work activities suitable to work
locations, WfNH options could prove effective for them and for downsizing companies who no longer
have the office footprint to accommodate employee needs.

Eudaemonic Design Considerations for the New Working from Office

The new Working from Office (WfO) model is likely to be different in size, shape, and design than that
of the past. While a majority of workers spent time in offices Pre-COVID-19, few organizations are
expected to grow their office or portfolio footprint Post-COVID-19 (Smith, 2021) and many are already
downsizing (Griffiths & Clarence-Smith, 2021). As organizations sacrifice square footage quantity, they
are transitioning to focus on quality design solutions instead. Organizations now have the opportunity to
entice employees by “[cultivating] an aesthetic and culturally relevant environment that enables people
to feel comfortable and reach their potential” (Taysom, 2021).

A variety of studies have been conducted to identify workforce needs for new WfO models (Baker,
2021; Pradere, 2020; Cohen et al., 2021). While some have involved new requirements, many relate
to issues prevalent Pre-COVID-19 but exacerbated by the pandemic. Of the five future office trends
identified by Gensler (Gensler Research Institute, 2021), all relate to SDT tenets and therefore align to
Eudaemonic Design. These include but are not limited to provisions of mobility, choice, privacy, unas-
signed seating, and health and well-being (McLaurin, 2021).

Most of the identified needs can be met with an agile approach to Eudaemonic Design, allowing for
options that meet workers’ resounding preferences for choice. Examples include open inclusive entryways,
collaborative hot-desking versus library quiet zones, supplemental health support and exercise facilities,
as well as flexible workspaces appealing to a variety of workers (Smith, 2021). Adaptable workspaces
may include “Zoom Rooms” and Breakout Spaces with whiteboard walls and moveable furniture for
collaboration and interactive ideating (Smith, 2021) versus quiet enclosed areas such as library zones or
meditation rooms that allow for contemplation, deep thinking, and analysis (IWBI, 2021).

While number of hours and days worked per week have become more flexible over the past five
to ten years, a 40-hour work week spread across five days has been the ongoing accepted standard of
work. Revisiting this antiquated scheduling model would augment feelings of work choice and promote
work hour variations that enable meeting home life responsibilities, provide opportunities for working
at times they personally work best and experience “flow” (Csikszentmihalyi, 2008), and decrease risk
of unnecessary interaction during high sessions of flu or cold sickness. The office of the future should
be a place of inspiration, support, collaboration, and connection (Pradere, 2020) and provide opportuni-
ties for excitement, intrigue, and culture for added allure and engagement (Taysom, 2021), not be stuck
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in illogical standards and protocols that worked poorly in the past. Transformational change through
Eudaemonic Design is possible and feasible.

Eudaemonic Design Considerations for the
Emerging Work from Anywhere Model

As clearly indicated in the JLL, Gensler, and Gartner reports (Baker, 2021; Pradere, 2020; Cohen et al.,
2021), it is likely that the Post-COVID-19 working world will require a hybrid approach to workplaces.
One term that has recently gained momentum in industry is the Working from Anywhere (WfA) model,
which encompasses working from home, near home, and/or the office, as shown in Figure 6.

Figure 6. The Post-COVID-19 Work from Anywhere (WfA) Model that occurs at the intersection of Work

from Home (WfH), Work from Near Home (WfNH), and Work from Office (WfO)

Work From
Near Home

From

Anywhere

Work From Work From
Home H Office
HHE

The new WfA model accommodates all work models and is therefore appropriate for all workers,
including their range of work preferences, styles, and industries. Though the remote work movement
has been most embraced and encouraged by the 18-24-year-old demographic (Work in Mind, 2021a),
all generations have the potential to benefit. Whether conducted by design firms (Gensler Research
Institute, 2021; McLaurin & Barber, 2020), real estate groups (Deloitte, 2021; Murray, 2020), remote

17

EBSCChost - printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Eudaemonic Design to Achieve Well-Being at Work, Wherever That May Be

working companies (Pelta, 2020), or research think tanks (Baker, 2020; Parker et al., 2020), all 2020-
2021 studies declare that 60% to 70+% of the workforce favor a flexible hybrid workplace future, such
as that offered by the WfA model.

This amount of flexibility will require an agile way of thinking and intensive inclusive design efforts,
as well as inherent trust among co-workers and between workers and management. Therefore, design-
ing for the WfA of the future must involve a key understanding—*“Remote work will have to be viewed
as equally important as in-person work™ (Petersen, 2020, p. 3). Only with mutually valued recognition
can a proper balance of autonomy, competence, and relatedness be realized and therefore organizational
eudaemonia achieved. Work models must work seamlessly. This will require physical, organizational,
and digital infrastructural support so workers can “plug into” a work environment effortlessly when
remote such that they can continue to work from their last stopping point, manage data without issue,
and collaborate with colleagues as needed and desired.

Despite the variation across the WfA model, best practices exist when applying Eudaemonic Design.
These consider the SDT tenets across the workplace, workspace, worker model in ways that promote
WHA flexibility. Having the opportunity to WfA is the best way of encouraging autonomy at work (e.g.,
enabling workers to fully control when and where they work). Providing workers with the conditions
they need to do their work at home (by providing them with funding for ergonomic furniture), when near
home (by allowing them to select activity-based near home locations), or at the office (by creating zones
of varying light, noise, and temperature levels) encourages competence. Further, identifying policy and
physical space protocols that designate social versus library zones allows for intentional or unintentional
interaction that supports relatedness but allows for individual preference. As the Post-COVID-19 era
evolves to include vaccinations and recurrences of new strains, workplace requirements and worker needs
will continue to vary. Workers® work styles, workloads, and preferred working conditions will change.
Offices will likely transition to be more social hubs for people to connect and collaborate with colleagues,
and homes and near home work locations will continue to offer both opportunities for focus as well as
distraction. Change is inevitable, yet it must be planned for and accommodated through adaptable design.

The WA model provides what workers desire—flexibility, convenience, and support—and what
companies are willing to accommodate—worker needs without maintaining a large real estate portfolio
in a high-cost central business district location. Companies can lease annex locations outside of the city
closer to employee homes or occupy coworking locations in those areas. With this flexible approach,
workers and organizational preferences can evolve and be accommodated over time. It is a realistic ap-
proach and therefore one likely to succeed.

FUTURE RESEARCH DIRECTIONS

Suggested future work involves building upon the Eudaemonic Design model. Co-design can be used as
a methodology to customize user or organization-centric Eudaemonic Design processes and outcomes.
Eudaemonic Design as a Service could be explored as a potential offering by WfA affiliates, such as
coworking companies, and technology can be utilized to operationalize design protocols that evolve as
appropriate and proven.
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Developing and Implementing the Model

Future research directions include validating the proposed Eudaemonic Design model and cross-referencing
it more closely with existing models to understand implementation efficacy for workplaces and other
asset types where health and wellness are of high importance (e.g., healthcare, schools). It may also
prove useful to understand how co-design could factor into this process and how coworking companies
can meet prime WfA requirements.

Co-Design as a Means of Achieving Work from Anywhere Eudaemonic Design

Co-design has long been considered an effective means of designing with and for a user group, especially
when considering health (Slattery et al., 2020). More recently, scholarship has surfaced around research
through co-design as a means to understand the process of co-design and how it can inform not only
the design it results in but also the process through which that output is derived (Busciantella-Ricci &
Scataglini, 2019). One possible way of deriving Eudaemonic Design specific to one company or one
workforce is via research through co-design. By building on the core concepts of autonomy, compe-
tence, and relatedness, a co-design facilitator could work with user groups to fully develop what they
individually desire with respect to work. Doing so will likely result in curated Eudaemonic Design that
accounts for current worker to workplace needs and processes that may be repeatable when revisiting
Eudaemonic Design at times of flux in the future.

Coworking Companies as Work from Anywhere
Eudaemonic Design Service Providers

According to 2020-2021 reports on Post-COVID-19 projections, companies may return to the coworking
model as one means towards WfA in the Post-COVID-19 future as they decrease their historical office
footprints. Therefore, the new WfA preferred future model could infuse new energy into the cowork-
ing spaces that were burgeoning prior to COVID-19 but have since lost momentum (Scruggs, 2021).
As workers look for alternative means of socializing on their own terms (outside of their offices and
homes), coworking spaces could provide not only that relatedness aspect but also the competence and
autonomy desired through choice, not to mention the favorable beauty-related neuroaesthetics that are
commonly associated with coworking spaces. Global coworking company WeWork proclaims that “A
well-designed workspace is more than just visually appealing—it enables you to get work done, keeps
you motivated, and connects you to your team” (Bolt, 2019). That very definition encapsulates what
Eudaemonic workspaces can offer. If coworking spaces can be designed with those qualities in mind
and offered as a service while corporate culture is maintained and employee experience optimized
(Baker, 2020), coworking indeed may offer the next best WfA solution to providing what workers and
companies require to thrive.

The Role of Technology in the Post-COVID-19 Workplace
While technology should not be seen as a “panacea” (de Lange, 2013; Wiig, 2015), it does have a place

in the Post-COVID-19 future. Its incorporation into work must be done intentionally, with employee
health and well-being in mind, and operationalized once optimized.

19

printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Eudaemonic Design to Achieve Well-Being at Work, Wherever That May Be

Applying Technology for Employee Health and Well-Being

According to the UK’s CIPD, technology’s impact on employee well-being is primarily positive (42%)
rather than negative (30%) (CIPD, 2020). However, it is vital that technology be incorporated into Eu-
daemonic Design with intention and care.

Ultimately, the benchmark for successful technology comes down to whether it’s helping the humans
in an organization do what they need to do. Businesses that want to continue to deliver value and help
ensure enterprise resiliency in this time of rapid change should aim to become Human Enterprises—
putting humans and their needs at the center of their strategies, values, processes, and operations, with
technology serving as an enabler rather than a driver of change. (Higgins & Bianzino, 2020, p. 4)

If this call for human-centric technology as a necessary centralized concept for the built environ-
ment’s new normal (Deloitte, 2021) is done right, technology integration can meet Eudaemonic Design’s
requirements for autonomy (feeling of control), competence (ability to do things), and relatedness (good
social relations) and be applied for the worker, their workspace, and the workplace to achieve wellness.
Some Eudeamonic Design-supportive technology examples include project management technologies
(e.g., Trello) for autonomy, online centralized collaboration tools (e.g., Miro) for competence, and vid-
eoconferencing software (e.g., Zoom) for relatedness. From a built environment perspective, these needs
can be further accommodated by providing spaces conditioned to worker specifications.

Operationalizing Eudaemonic Design with Smart Building Technology

Smart building technologies have the potential to operationalize Eudaemonic Design-supportive envi-
ronmental conditions and do so predictively. They have also been recognized as a means to support SDT
needs satisfaction (Chirkov et al., 2003). Therefore, while this chapter does not focus on technology’s
role in Eudaemonic Design, it does recognize the potential for technology to serve as a facilitator of
Eudaemonic Design when considering the built environment’s role in workplace wellness in the near
future, especially as technology becomes less expensive, more attainable, more user friendly, and thereby
ubiquitous.

Assuming buildings have Building Management Systems, it is possible to set and ensure delivery of
“aworkplace that is consistently conducive to health and productivity” (e.g., air quality, light levels, noise
levels, temperature and humidity) (Hatcher, 2018). Therefore, once Eudaemonic Design requirements
are established for a project, they can be built into the back end building management system algorithms
for optimal workplace conditioning and enforced using Fault Detection and Diagnostics notification
software to trigger alarms if conditions drift outside of the acceptable thresholds.

Indeed, there is opportunity in employing the technical factor (technology) for the socio-technical
factor (environment) to improve the human factor (humans). The Human-Building Interaction field of
domain focuses on three similar subjects—computing, built environment, and people (Wiberg, 2020)—
and emphasizes the “multifunctional phenomenon of the building” (Alavi et al., 2019, p. 6:4). Given the
interaction of these cross-factors, there is potential for exploring Eudaemonic Design in the context of
Human-Building Interaction, whichever “workplace” model is being considered—whether the building
in question is a home, an office, a local coworking space, or a public library.
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Indoor Location Technologies and Occupancy Analytics

As physical distancing continues to be a standard policy for workforce reintegration, one technology that
is of interest is occupancy-related technology. Market interest in related analytics was projected to be
high before COVID-19 hit but is already accelerating more quickly than anticipated (Memoori, 2020).
With indoor location technologies, it is possible to count people anonymously (i.e., to ensure maximum
occupancy levels are met); determine distance among occupants (i.e., to confirm social distancing is
adhered to); track vaccinated and unvaccinated occupants (Abate, 2021); and machine learn worker,
workspace, and workplace activity, including movement and object placement. While much of this data
is meant to be anonymous, privacy is at risk if for example identification badges are used for access.
Therefore, while it is possible to monitor occupancy using indoor location technologies and dynamic
occupancy management software and to measure body temperature levels using infrared kits, these
protocols contradict Eudaemonic Design ideals and are therefore discouraged by the authors.

CONCLUSION

The global vaccination programs currently underway may prove to be a turning point from which many
countries may transition to a Post-COVID-19 era, whether that involves the continuation of physical
distancing measures alone or extreme physical distancing measures associated with the mandatory use
of PPE. What is certain is that the pandemic has had a significant impact on the spatial and temporal
dimensions of work globally, as workers have developed new preferred ways and locations of working.
Physical workplaces have long served a disciplining function where work could be observed while being
performed, resulting in toxic cultures based on notions of presenteeism where physical presence was the
measure of performance and burnout pervaded work culture (Moss, 2019). COVID-19 has presented the
opportunity to rethink how people work and how people design for work.

It is vital that a new design approach be considered to foster flourishing health and well-being in the
new agile “workscape” of working from literally anywhere. Like health-based design, Eudeamonic De-
sign can contribute to organizational profitability and sustainability. However, Eudaemonic Design goes
beyond wellness to advocate design that not only meets health needs but also meets needs for autonomy,
competence, and relatedness and allows for the possibility to extend efforts towards inclusive design.
The Eudaemonic Design focus on flourishing and well-being at the level of the worker, the workspace,
and the workplace also responds to Petersen’s provocation:

If the future of work is flexibility, our challenge now is to make sure that future doesn’t just worsen the
ever-widening divide in American society between those promised a new vision of the good, balanced
life, and those for whom ‘flexibility’ means effacing your wants and needs and dreams, once again, to
the fickle demands of your employer. (2020, p. 4)

Applying Eudaemonic Design to provide flourishing work environments for workers can deliver
well-being at work, wherever that might be.
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KEY TERMS AND DEFINITIONS

Autonomy: One of the three tenets of Self-Determination Theory; refers to the need to have a feeling
of control in life, feel ownership of behavior, and maintain volition in actions.

Competence: One of the three tenets of Self-Determination Theory; refers to the need to be able
to do enjoyable activities, feel effective in taking action (ideally to the point of mastery), and produce
good outcomes and desired results.

COVID-19 Era: The period commencing in early 2020, when COVID-19 was recognized as a global
pandemic.

Eudaemonia: Originating from neo-Aristotelian philosophy, refers to flourishing health, happiness,
and “living life in a full and deeply satisfying way” (Deci & Ryan, 2008, p. 1). Alternate spelling is
Eudaimonia or Eudemonia.

Eudaemonic Well-Being: A perspective on well-being that originated with Ryan and Deci’s (2001)
take on eudaemonia and evolved into a combined subjective and objective interpretation considered in
both narrow (self-realization) and broad (flourishing) terms; this paper recognizes the broad (flourishing)
definition by Waterman (2013) that represents a eudaemonia-driven perspective on flourishing physical,
mental, and social health (compare to well-being).
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Exposome: A measure of all the exposures of an individual in their lifetime and how these relate to
health; includes exposures before birth and environmental and occupational sources.

Health: The physical, mental, and social conditions of the body; being free of illness, disease, or
injury (compare to well-being).

Miro: A software tool that enables online mind-mapping and a centralized means of team collaboration.

Personal Protective Equipment (PPE): Anything used or worn to minimize risks to workers’ health
and safety, including face masks.

Post-COVID-19: A term relating to countries or areas considered to be of minimal contagion risk and
therefore no longer requiring mandatory personal protective equipment use or large-scale lockdowns; an
era that is likely to overlap with COVID-19 eras of other countries and likely to be significantly shaped
by the widespread uptake of COVID-19 vaccines.

Pre-COVID-19: The period occurring before the COVID-19 era began in early 2020.

Relatedness: One of the three tenets of Self-Determination Theory; refers to the need to enjoy good
social relations, promote effective relationships, and establish a sense of belonging.

Self-Determination Theory (SDT): A theory established by Richard Ryan and Edward Deci (Ryan
& Deci, 2000) that is based on empowerment and concepts of intrinsic motivation, centering around
three cornerstones: autonomy, competence, and relatedness.

Trello: A software tool that supports individual worker task organizing and collective team project
management scheduling.

Well-Being: A holistic balance of optimal physical, mental, and social health dimensions (compare
to wellness).

Wellness: The quality or state of being in good health; the process of improving aspects of health to
attain well-being (compare to well-being).

Worker: Anyone who performs paid or unpaid work in any capacity for an employer, business, or
organization; synonymous with employee and may include contractors and subcontractors.

Working From Anywhere (WfA): The idea that work can occur in any location, including any his-
torical model; encompasses Work from Home, Work from Near Home, and Work from Office workplace
models; also known as Work from Anywhere.

Working From Home (WfH): A spatial model of work in which the worker engages in work from
their home; also known as Work from Home.

Working From Near Home (WfNH): A spatial model of work that has evolved into a variety of
locations within local geographical proximity to the worker’s home, reducing the need for significant
commuting; includes a company’s decentralized or satellite office; local café, public library, or park; or
coworking space; also known as Work from Near Home.

Working From Office (WfO): A spatial model of work in which the worker attends a physical cor-
porate workplace, often referred to as the office, to engage in work; also known as Work from Office.

Workplace: The comprehensive “office” environment (e.g., individual cubicle or conglomeration of
workspaces); was traditionally defined to focus on the Work from Office model and associated “work-
place”, but the definition has now been extended to include all Work from Anywhere model places where
workers carry out their day-to-day work.

Workplace Wellness: A concept relating to the ongoing improvement of workplace conditions to
improve worker and thereby organizational health (compare to wellness).

Workspace: The immediate working area (e.g., desk, chair, computer) of a worker, regardless of physi-
cal workplace; may include desk-space alone, a cubicle, or an enclosed office (compare to workplace).

Zoom: A software tool that offers video-conferencing capabilities to remote workers.
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Chapter 2

The Impact of Job Demands
Variables in the Job Demands
Resources Model

Henry Milimu Shililu

Excelsia College, Australia

ABSTRACT

The purpose of this chapter is to report on the findings of a study that was conducted by the author
to investigate the impact of job demands variables on emotional exhaustion and emotional ill-health.
A sample of 173 drawn from employees who worked for different organizations in the Pacific, mainly
Australia, the African region, the Indian subcontinent of India, Nepal, Pakistan, Bangladesh, and Sri
Lanka, and employees who professed Christian and Hindu religions. A broad range of ages, occupations,
ethnicities, religions, and cultures was represented in the sample, that is, the targeted population were
employees whose different contexts and characteristics (e.g., attitudes, occupations, ages, marital status,
religion, opinions, behaviors, and other defined variables) could be measured and allowed to generalize
the results. The study used a quantitative research design. A diversity of findings were established with
some findings being consistent with the JD-R theory and previous studies across the cultures while other
findings were not consistent with previous studies and the JDR theory.

INTRODUCTION

The purpose of this chapter is to report on the findings of a study that was conducted to investigate the
impact of job demands variables on emotional exhaustion and emotional ill health in diverse workplaces
using the job demands-resources (JD-R) model. The chapter commences with the background and
rationale of the study followed by a brief overview of the antecedents and consequences of emotional
exhaustion and emotional ill-health. This is followed by the theoretical framework, research questions,
and hypothesis, the conceptual framework, research methodology, a summary of findings, a summary of
the discussion, theoretical contributions, management contribution for practice followed by limitations
and recommendations for future study, and finally, a chapter summary.
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BACKGROUND AND RATIONALE

Anxiety and depression among employees at the workplace have increased at an alarming rate in recent
years because of the negative imbalance between job demands and job resources. An estimated 264 mil-
lion people globally suffer from depression and anxiety (World Health Organization, 2019). According
to Maslach and Leiter (2016), employee mental illness is caused by depression and anxiety as a result
of high job demands.

In a recent study by the World Health Organization (2019), it is estimated that the global economy
loses annually US$ One (1) Trillion in lost productivity due to employee disorders associated with anxiety
and depression. The study further revealed that employee mental and physical ill-health is caused by
bad working conditions that lead to employee absence from work due to illness that subsequently leads
to lost productivity. The study recommended workplaces to promote support for mental health through
good working conditions to help reduce workplace illness so that as a consequence, an organization
can benefit from the resulting economic growth and productivity (World Health Organization, 2019).

The literature indicates that although a significant number of studies linking job demands or job re-
sources to employee emotional exhaustion and emotional ill-health have been conducted in both Europe
and non-European contexts (Schaufeli & Taris, 2014), relatively few studies have directly examined the
influence of societal cross-cultural dimensions across geographical and religious contexts.

The rationale of conducting this study was to uncover the influence of culture within the JD-R theory
framework with a view of prescribing antidotes to combat emotional ill health in different cultures. Pre-
vious research has demonstrated that cross-national heterogeneity in culture has shaped perceptions of
job demands—burnout relationships at the individual employee level (Yang et al., 2012). However, it is
currently uncertain whether different JD-R variables mean the same thing in different cultures (Luchman
& Gonzalez-Morales, 2013). Despite the JDR theory’s universal adoption, limited research has examined
whether culture influences relationships within the JD-R model with a view of managing emotional ill
health (depression and anxiety) at different individual cultural levels.

RESEARCH ON EMOTIONAL EXHAUSTION AND EMOTIONAL ILL-HEALTH

A review of the literature regarding the antecedents and consequences of emotional exhaustion and
emotional ill-health in the health impairment process of the JD-R model is discussed below:

Antecedents of Emotional Exhaustion and Emotional IlI- Health

Traditionally, scholars have classified the antecedents of emotional exhaustion and emotional ill-health
in two general categories: personality or individual factors (e.g. Self-efficacy), situational factors e.g.,
work overload (Xanthopoulou, Bakker, Demerouti, & Schaufeli, 2007).

Situational Factors Antecedents

A meta-analysis by Lee and Ashforth (1996) established that the most prominent predictor of burnout
which is the antecedent of emotional exhaustion is job demands. Findings by Lee and Ashforth (1996)
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concluded that job demands are considered stressors because “meeting such demands requires the invest-
ment of valued resources” (p. 129).

Alarcon (2011) in her more recent meta-analysis supported the critical role that job demands play
in predicting burnout and emotional exhaustion within the JD-R model. In a review of between 37 and
86 different studies from various career groups, the author established that the significant predictors of
burnout and emotional ill health were workload and role ambiguity. Therefore, it is not surprising that
psychological costs (e.g., exhaustion that leads to high blood pressure) increases an employee’s heart
rate, and elevated hormonal activity and are correlated to job demands (Maslach & Leiter, 2016).

Individual Factors

According to Xanthopoulou et al. (2007), individual factors are also referred to as personality traits.
Alarcon, Eschleman, and Bowling (2009) established that personality traits may influence burnout
through how employees perceive the nature of their work environment. For example, personality may
predispose employees to view their jobs positively irrespective of the nature of their work environments
(Brunborg, 2008). Employees with high emotional stability may perceive a high workload as a challenge
while similar jobs may be perceived as hindrances by staff with low emotional stability. One possible
explanation could be that certain personality traits can cope with stressful job demands than others.
Furthermore, Alarcon et al. (2009) established that self-esteem, confidence, optimism, self-efficacy,
and positive personality were all negatively correlated with burnout and consequently emotional exhaus-
tion and emotional ill-health. This indicates that variations in human personalities may play a role in the
development of burnout and ultimately emotional exhaustion and emotional ill-health. Employees with
positive ratings on these individual variables feel that they have control over their workplace environment
and can therefore manage their job demands effectively (Bickerton, Miner, Dowson, & Griffin, 2014).

Consequences of Emotional Exhaustion

Traditionally, scholars have classified the consequences of emotional exhaustion into two general cat-
egories: health-related outcomes and job-related outcomes (Maslach, Schaufeli, & Leiter, 2001).

Health-Related Outcomes

Studies have established that heavy job demands make employees report more psychological and physi-
cal health problems because they are usually emotionally exhausted by persistent job demands (Maslach
& Leiter, 2016). Further, Ahola and Hakanen (2008) in their study that used a nationally representative
survey sample of the Finnish working population to investigate psychological health problems estab-
lished that psychological health issues were linked to increased occurrence of depressive and anxiety
complaints and alcohol addiction among employees.

Similarly, Hillhouse, Adler, and Walters (2000) in their study among medical staff identified that
patient-related exhaustion increased mood disturbance among health care staff. In addition, emotional
exhaustion increases the risk of musculoskeletal problems among apparently healthy employees (Armon,
Melamed, Shirom, & Shapira, 2010). Additionally, emotional exhaustion among apparently healthy
employees increased the likelihood of musculoskeletal problems (Armon et al., 2010). It has also been
established that emotional exhaustion condition is an independent risk factor for influenza (e.g., the
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common cold; (Mohren et al., 2003) and type 2 diabetes (Melamed, Shirom, Toker, Berliner, & Shapira,
2006). Many studies have established that burnout and depression are positively correlated (Renzo.
Bianchi, Schonfeld, & Laurent, 2015). Further, in their systematic analysis, Ahola and Hakanen (2014)
established that emotional exhaustion—the core component of burnout—was positively associated with
depressive symptoms.

Job-Related Outcomes

Specifically, future absence duration from work by employees due to sickness is associated with emotional
exhaustion since an increase in emotional exhaustion positively correlates to an increase per year in sick
leave (Borritz et al., 2006). Additionally, according to Toppinen-Tanner, Ojajirvi, Vdéininen, Kalimo,
and Jdppinen (2005), medically certified absences from work is correlated to an increase in emotional
exhaustion. Further, Mark and Smith (2012) established that increased levels of anxiety were correlated
to extrinsic effort and over-commitment. According to Turnipseed (1998), a state of anxiety is elevated
due to the interaction between bad working conditions and individuals’ personality traits as this creates
and contributes to the onset of psychological health issues.

THEORETICAL FRAMEWORK

This study was anchored on the Job Demands—Resources (JD-R) theory (Bakker & Demerouti, 2017).
At the core of the JD-R theory lies the premise that all job characteristics are categorized as either job
demands, or job resources, and the concept can be extended to different work settings regardless of the
job resources and job demands involved.

The JD-R model has two parallel simultaneous processes, the health impairment process and the
motivational process (Bakker & Demerouti, 2018). The health impairment process is when an employee’s
mental and physical resources are exhausted by high job demands with limited job resources and result
in negative health issues while the motivational process is when high job resources with limited job
demands foster employee engagement (Bakker & Demerouti, 2018).

Specifically, the study was anchored primarily on the health impairment component of the JD-R
model which predicted the potential effects of job demands on employee’s wellbeing through everyday
experiences of emotions in the workplace. The JD-R model provides a framework that assists in compre-
hending employees’ wellbeing in the workplace. The model assists in elucidating the widely recognized
beliefs that employees’ stress is caused by job characteristics that result in emotional exhaustion and
subsequently emotional ill-health and that such negative effects of job demands may be buffered by job
resources (Bakker, Demerouti, & Euwema, 2005).
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Figure 1. Below explains the JD-R theory
Source: Schaufeli & Taris (2014)

Health impairment process
1

Motivational process

RESEARCH QUESTIONS AND HYPOTHESES

The research questions and hypotheses that were investigated in this study are listed in Table 1 below.

Table 1. Research questions and hypotheses

Research Question Hypotheses

H1: Work overload increases emotional exhaustion

H2: Work-home interference increases emotional exhaustion
H3: Inter-personal conflict increases emotional exhaustion
H4: Role ambiguity increases emotional exhaustion

RQI1
What is the impact of job demands
on emotional exhaustion?

HS5: Work overload increases emotional ill-health

H6: Work-home interference increases emotional ill-health
H7: Inter-personal conflict increases emotional ill-health
HS: Role ambiguity increases emotional ill-health

H9: Emotional exhaustion increases emotional ill-health

RQ2

What is the impact of job demands,
and emotional exhaustion on
emotional ill-health?

Dimensions of the variables
e Job Demands - Work overload; work-home interference; Inter-personal conflict; Role ambiguity

CONCEPTUAL FRAMEWORK

Hypotheses linking the variables of job demands and emotional exhaustion and emotional ill health
investigated in this study are discussed below:
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Job Demands and Emotional Exhaustion

Job demands are “physical, social, or organizational aspects of the job that require sustained physical or
mental effort and are therefore associated with certain physiological and psychological costs’” (Dem-
erouti, Bakker, Nachreiner, & Schaufeli, 2001, p. 501). Further, Thisera and Nawaratne (2018) propose
that when job demands are very high, employees indulge in greater effort and energy, and subsequently,
their efficiency is adversely impacted leading to emotional exhaustion. The dimensions of job demands
(work overload, work-home interference, role ambiguity, and interpersonal conflict) are defined and the
relationships between them and emotional exhaustion are discussed in the subsequent sections to derive
hypotheses H1, H2, H3 and H4 indicated in table 1 above.

Work Overload and Emotional Exhaustion

Work overload refers to jobs characterized by the unreasonable expectation of a heavy workload and
doing work that is beyond an employee’s capacity within a limited given time and with limited available
resources (Altaf & Awan, 2011). Previous studies have established that once work overload depletes the
emotional capacity of employees to accomplish the demands of a job, psychological-emotional exhaus-
tion is occasioned (Schaufeli & Taris, 2014). Therefore, the following hypothesis is derived:

H1: Work overload increases emotional exhaustion.

Work - Home Interference and Emotional Exhaustion

Work-home interference refers to situations where expectations from work and family roles are not
compatible so that the presence in one role makes it impossible to engage in the other role (Verweij et
al., 2017). According to the JD-R theory read together with the work-home resources (W-HR) model
by Brummelhuis, Lieke, and Bakker (2012), work-home interference exhausts employees emotionally.
Such conflict between work and home responsibilities weakens the cognitive levels of employees mak-
ing it hard for them to cope emotionally. Involvement in work—home roles induces a depleting process
whereby demands in one role drain emotional and mental resources in the other role limiting cognitive
resources for optimal functioning (Tayfur & Arslan, 2013).

Previous research has established that work-home interference is one of the main antecedents of
emotional exhaustion and that employees who experience work-home interference are at a greater risk
of developing emotional exhaustion because the phenomenon is associated with certain physiological
and psychological costs (Tayfur & Arslan, 2013). Therefore, based on previous studies and the JD-R
theory, the following hypothesis is derived:

H2: Work-home interference increases emotional exhaustion

Role Ambiguity and Emotional Exhaustion

Role ambiguity refers to uncertainty about the expectations involved in performing activities in one’s
role (Ebbers & Wijnberg, 2017). According to the JD-R theory, Bakker and Demerouti (2017), role am-
biguity negatively exerts pressure on employees’ physical and emotional level because when employees
are uncertain of their roles and their boundaries, they experience frustration that results in emotional
exhaustion. Employees who perceive incongruence with their roles may also experience uncertainty and
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this may result in dissatisfaction resulting in psychological costs that consume emotional and physical
energy leading to emotional exhaustion (Panari, Caricati, Pelosi, & Rossi, 2019).

Previous research established a positive association between role ambiguity and emotional exhaus-
tion (Lepine, Podsakoff, & Lepine, 2005; Panari et al., 2019). For example, Tetrick et al, (2000: cited
in Sunhee & Wang (2018) surveyed 160 licensed morticians and established that decreased levels of
emotional exhaustion were positively correlated to perceived lower levels of role ambiguity. Based on
these findings and the JD-R theory, the following hypothesis is derived:

H3: Role ambiguity increases emotional exhaustion

Inter-Personal Conflict and Emotional Exhaustion

Inter-personal conflict is defined as “a dynamic process that occurs between interdependent parties as
they experience negative emotional reactions to perceived disagreements and interference with the at-
tainment of their goals” (Barki & Hartwick, 2004, p. 234). Inter-personal conflict at the workplace can
occur in many forms, ranging from gossip to physical attacks (Spector & Jex, 1998). According to the
JD-R model (Bakker & Demerouti, 2017; Demerouti et al., 2001), inter-personal conflict negatively
exerts pressure on the physical and emotional levels of employees. For example, the spreading of office
rumors about an employee due to inter-personal conflicts in the office may create anger that may lead
to emotional exhaustion for the employee being talked about.

Previous studies Giebels and Janssen (2004 ) established that inter-personal conflict at the workplace
is associated with higher levels of emotional exhaustion. In a study to examine associations between
inter-personal conflict in work settings and emotional exhaustion, Fujiwara, Tsukishima, Tsutsumi,
Kawakami, and Kishi (2003) investigated home care workers in a cross-sectional survey in Sapporo,
Japan. The study established that conflict with clients and their families was strongly associated with
emotional exhaustion among home care workers. Conflict with supervisors too was strongly linked to
emotional exhaustion. Based on existing research and the JD-R theory, the following hypothesis is derived:

H4: Inter-personal conflict increases emotional exhaustion

Job Demands and Emotional lll-Health

Consistent with the JD-R theory Bakker and Demerouti (2017), the dimensions of job demands are
significantly associated with emotional ill-health and the relationship is mediated through emotional
exhaustion. The relationship between the four dimensions of job demands and emotional ill-health to
derive hypotheses H5, H6, H7, and H8 are discussed below:

Work Overload and Emotional lll-Health

According to the JD-R theory, Bakker and Demerouti (2017), work overload increases emotional exhaus-
tion, which in turn increases emotional ill-health. In previous research by Maslach and Leiter (2016), it was
established that work overload is significantly related to employees’ depressive symptoms. Furthermore,
de Beer, Pienaar, and Rothmann (2016) examined the causal associations of the well-being of employees
in the JD-R model and the mediating role of emotional exhaustion in the relationship between emotional
ill-health and work overload. It was established that emotional ill health was predicted by emotional
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exhaustion and that emotional exhaustion was predicted by work overload. Indirect relationships were
established between emotional ill-health and work overload via emotional exhaustion.

The findings were consistent with the JD-R theory Bakker and Demerouti (2017) where emotional
exhaustion had a causal mediation mechanism between emotional ill-health and work overload in the
JD-R model. Therefore, the following hypothesis is derived:

H5: Work overload increases emotional ill-health

Work-Home Interference and Emotional llI-Health

According to the JD-R theory Bakker and Demerouti (2017), work-home interference being a dimension
of job demands increases emotional exhaustion which subsequently increases emotional ill-health due
to the depletion of emotional energy at work and home. For example, if an employee is exhausted at the
end of the day, he or she will be less likely to engage in his or her family duties at home which may result
in work-home interference (Ilies, Huth, Ryan, & Dimotakis, 2015). Previous research studies Blom et
al. (2014) established that an imbalance between the roles of work and home was correlated with sub-
optimal wellbeing in employees including mental health. Therefore, the following hypothesis is derived:
H6: Work-home interference increases emotional ill-health

Inter-Personal Conflict and Emotional lll-Health

According to the JD-R theory, Bakker and Demerouti (2017) inter-personal conflict as a dimension of
job demands increases emotional ill-health with emotional exhaustion as the mediator. For example,
inter-personal conflict at the workplace may lead to decreased individual well-being through increased
alcohol intake and low-quality sleep, which are all manifestations of emotional ill-health (Danna &
Griffin, 1999).

A longitudinal study by Nixon, Mazzola, Bauer, Krueger, and Spector (2011) established that inter-
personal conflict at work is associated with higher levels of gastrointestinal problems and sleep distur-
bances, resulting in doctor visits by employees. In addition, Stoetzer et al. (2009) investigated a cohort
of Swedish employees over two years and established that inter-personal conflict at work increased
employee depression levels. Therefore, the following hypothesis is derived:

H?7: Inter-personal conflict increases emotional ill-health

Role Ambiguity and Emotional lll-Health

According to the JD-R theory Bakker and Demerouti (2017), role ambiguity influences emotional
exhaustion and subsequently emotional ill-health. Further, in a study by Wu, Hu, and Zheng (2019) on
contractors, subcontractors, and supervisors in the Chinese construction industry, it was established that
role ambiguity caused employees to develop negative emotional experiences including increased stress,
extreme internal tensions, and anxiety. Therefore, the following hypothesis is derived:

H8: Role ambiguity increases emotional ill-health
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Emotional Exhaustion and Emotional lll-Health

Emotional exhaustion refers to human wear and energy loss and is characterized by a feeling of being
over-extended emotionally by job-related activities (Maslach & Leiter, 2016). Emotional exhaustion,
being the most important dimension of burnout exhibits the depletion of emotional resources and energy
leading to depression and anxiety (Maslach & Leiter, 2016). Chronic fatigue, emotional distress, and
cognitive dysfunction are among the clinical signs and symptoms of emotional exhaustion (Maslach &
Leiter, 2016; Sharpe & Wilks, 2002).

Emotional ill-health is a “’psychological-emotional disorder characterized by irrational and uncon-
trollable fears, persistent anxiety, or extreme hostility related to a psychological-emotional disorder’’
(American Psychological Association, 2018). Further, (American Psychological Association, 2018;
Maslach & Leiter, 2016) argue that emotional ill-health is characterized by depression and anxiety.

Occupational depression is a component of emotional ill-health and is characterized by the lack of
motivation or enjoyment, dejected mood, tiredness or energy loss, diminished focus, worthless feelings,
reduced or elevated appetite, sleep disturbances, and suicidal thoughts (Maslach & Leiter, 2016). Ac-
cording to Maslach and Leiter (2016), there is evidence in the literature that ties occupational depression
to occupational burnout which is further linked to job demands as the main cause.

Anxiety according to the American Psychological Association (2018) is defined as emotions marked
by an emotional state of strain, worries, and elevated blood pressure among employees. Further, anxiety
is also described as a normal psychological disorder that serves as a defensive protective mechanism
against threatening condition however, chronic anxiety can contribute to psychological distress impact-
ing an employee’s daily functioning (Cole, 2014)

Consistent with the JD-R theory, Bakker and Demerouti (2017), employees who continuously work
under stressful or demanding conditions may increase their risk of developing long-term psychological
conditions such as depression and panic attacks which impair employees’ psychological functioning
(Maslach & Leiter, 2016). Previous research has further established that emotional exhaustion may lead
to serious mental and physical health problems according to Ruotsalainen, Verbeek, Mariné, and Serra
(2014), often leading to several forms of withdrawal, such as absenteeism from work due to ill-health
(Fernet, Torres, Austin, & St-Pierre, 2016). Finally, emotional exhaustion fully mediates the relation-
ship between job demands and depression (Alarcon, 2011; Renzo Bianchi, Schonfeld, & Laurent, 2014).
Therefore, based on previous studies and the JD-R theory, the following hypothesis is derived:

H9: Emotional exhaustion increases emotional ill-health

RESEARCH METHODOLOGY

Details of the methods applied to collect and analyze the data are presented as follows: Research philosophy
and design; sampling and sampling procedure, data collection followed by a brief discussion of survey
instruments, measurement of variables, instrument reliability, and validity, and finally data analysis.
Research Philosophy and Design

To address the two research questions and to objectively quantify defined variables to generalize the

findings, the study used a quantitative research design. The JD-R model was tested quantitively in the
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cultures of Africa, Asia, the Pacific, and the religions of Christianity and Hinduism. A diversity of find-
ings were established with some findings being consistent with the JD-R theory and previous studies
across the cultures while other findings were not consistent with previous studies and the JDR theory.
The positivism cross-sectional design was chosen as the main philosophical stance for the study

Sampling and Sampling Procedure

Non-random sampling techniques (convenience and snowballing) were used to sample the respondents. A
perfect representative sample was to be at least 30% of the total population sampled (Borg, Gall, & Gall,
2007). To comply with that assumption, five hundred (500) invitations were sent out but 173 (34.6%)
responses were received back for analysis which was above 30% of the total population sampled. The
criterion was fulfilled. The study’s primary representation was drawn from employees who worked for
different organizations and occupations in the regions of the Pacific (mainly Australia and New Zealand).
Africa, Asia (Indian sub-continent of India, Pakistan, Nepal, Bangladesh, Siri-Lanka), and the religions
of Christianity and Hindus. A broad range of ages, occupations, ethnicities, religions, and cultures was
represented in the sample. The sample included mainly employees over the age of 18 from any occupa-
tion, religion, and region.

Data Collection

The data was collected using a survey instrument that was sent out electronically to the entire sampled
population. To address privacy, a password was employed to protect the web-based survey platform with
further measures taken to increase participant anonymity. Participants were to provide consent once they
accessed the survey instrument so that they could continue filling the questionnaire. After consent, par-
ticipants were required to answer qualifying questions, such as “what is your occupation, age, and sex?

Survey Instruments

The first part of the survey instrument captured the respondent’s demographic characteristics while the
other sections were organized in line with the main study themes. Instruments were selected considering
two main criteria: (1) whether the tools fulfilled acceptable criteria of reliability and validity (2) whether
the questions were concise and realistic to answer in terms of the time required to complete them. All the
above two criteria regarding the instruments were fulfilled. The scales had been validated in other stud-
ies undertaken by (Bickerton et al., 2014). There were a total of 40 items in the instrument used in this
study and it was estimated that it would take less than 15 minutes to finish completing the questionnaire.

Although the reliability and validity of the four scales of measures (job demands, emotional exhaus-
tion, and emotional ill-health) had been established in previous studies (Bickerton et al., 2014; Bickerton,
Miner, Dowson, & Griffin, 2015; Demerouti et al., 2001; Miner, Bickerton, Dowson, & Sterland, 2015;
Schaufeli & Bakker, 2004), this study’s sample was used by the researcher to estimate the reliability and
cross-validated all the scales. All items (job demands, emotional exhaustion) were scored on a seven-
point Likert scale (1=strongly disagree, 7= strongly agree) except emotional ill-health which was scored
on a four-point Likert scale (1 = strongly disagree, 4= strongly agree).
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Table 2. Variables and the Likert scale type

No Variables Items Likert Scale

1. Work overload 3 Seven-point Likert scale
2. Work-home interference 3 Seven-point Likert scale
3. Inter-personal conflict 3 Seven-point Likert scale
4. Role Ambiguity 3 Seven-point Likert scale
5. Emotional Exhaustion 5 Seven-point Likert scale
6. Emotional 11l Heath 4 Four-point Likert scale

Measurement of Variables

Measurement items for the variables investigated in this study are presented in this section in the follow-
ing order: work overload, role ambiguity, inter-personal conflict, and work-home interference, emotional
exhaustion, and emotional ill-health.

Work Overload

Two items drawn from Zohar (1999) subscale and a third item drawn from Peterson et al. (1995) subscale
were used to assess work overload. These scales were used to assess the impact of work overload on
self-assessments of work quality on employees (Beebe, 2007). The scales were preferred because their
validity and reliability were tested in previous research by Bickerton et al. (2015) and were found to be
stable. Measurement items for work overload are listed below:

1.  There is not enough time for me to finish my work.
2. I am responsible for an unmanageable number of tasks at the same time.
3. The amount of work I must do interferes with the quality of my work.

Role Ambiguity
Three items adapted from Ivancevich and Matteson (1980) subscale were used to measure role ambigu-

ity. These scales were preferred because their validity and reliability were tested in previous research by
Bickertonetal. (2014) and were found to be stable. Measurement items for role ambiguity are listed below:

1. My work duties and objectives are unclear to me.
2. Ido not know what the people I work with expect of me.
3. I must act without knowing exactly what is expected of me.

Inter-Personal Conflict

Inter-personal conflict was assessed using three items adapted from Pearson, Ensley, and Amason (2002)
Intragroup Conflict subscale These scales were preferred because their validity and reliability were
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tested in previous research by Bickerton et al. (2014) and were found to be stable. Measurement items
for inter-personal conflict are listed below:

1. Others are critical of me and the things I do at work.
2. I experience personal friction with others at work.
3. There are tensions at work when making group decisions.

Work-Home Interference

Three items adapted from Netemeyer, Boles, and McMurrian (1996) work-family conflict subscale were
used to measure work-home interference. These scales were preferred because their validity and reliability
were tested in previous research by Bickerton et al. (2014) and were found to be stable. Measurement
items for work-home interference are listed below:

1. The demands of my work interfere with my home/family life.
2. My work schedule stops me from fulfilling my domestic obligations.
3. My work leaves little time for other activities.

Emotional Exhaustion

The five-item exhaustion subscale of the Maslach Burnout Inventory—General Survey (MBI-GS) Emotional
exhaustion was used to assess emotional exhaustion (Schaufeli, Leiter, Maslach, & Jackson, 1996). This
subscale was selected because their validity and reliability was tested in previous research by Bickerton
et al. (2014) and was found to be stable. Measurement items for emotional exhaustion are listed below:

1 feel used up at the end of the workday

1 feel tired when I get up in the morning and must face another day on the job
1 feel emotionally drained from my work

Working all day is a strain for me

Ml NS

1 feel burned out from my work
Emotional lll-Health

Four items from the 12-item version of the General Health Questionnaire (GHQ-12) were used to
measure emotional ill-health (Goldberg & Williams, 1988). This subscale was selected because their
validity and reliability was tested in previous research by Bickerton et al. (2014) and was found to be
stable. Measurement items for emotional ill-health are listed below:

1. Lost much sleep over worry

2. Felt constantly under strain

3. Felt you could not overcome difficulties
4.  Been feeling unhappy and depressed
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Instrument Reliability and Validity

The reliability of the scales was based on Cronbach Alpha Coefficients while instrument validity was
based on Pearson’s correlation coefficient to validate the degree to which the measuring scales accurately
measured the constructs (job demands, emotional exhaustion, and emotional ill-health). A discussion
regarding instrument reliability and validity is presented below:

Instrument Reliability

A generally accepted rule according to Hulin, Netemeyer, and Cudeck (2001) is that a Cronbach Alpha
Coefficient of between 0.6 - 0.7 implies a reasonable degree of reliability, and 0.8 or greater is a very
strong level. However, values higher than 0.95 aren’t inherently good, since they may strongly indicate
redundancy. In this study, none of the Cronbach’s alpha Coefficients for both the independent and de-
pendent variables were under 0.6 and above 0.95 suggesting an acceptable level of reliability (Hulin et
al., 2001). The results of the Cronbach Alpha Coefficients are provided in Table 3 below.

Table 3. Variables and the Likert scale type/reliability Statistics

Variable Items Cronbach Alpha Coefficient
Work overload 3 0.652
‘Work-home interference 3 0.755
Inter-personal conflict 3 0.692
Role ambiguity 3 0.756
Emotional exhaustion 5 0.816
Emotional ill heath 4 0.851

Overall, the scales demonstrated a satisfactory reliability.
Instrument Validity

The validity of Pearson’s correlation coefficient is a number between 0 and 1.00 which shows the
magnitude of the relationship “r,” between the test and the measure of criterion. The confidence of the
researcher in the predictions from the test scores is greater when the coefficient is high. The degree to
which the test is associated with the criterion shows a reliable predictor of the criterion measured. Below

are the Pearson’s correlation coefficient (r) and the p-values as presented in Table 4 below.
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Table 4. Correlation statistics

Variables Correlation Coefficients (r) p- value
Workover load and Emotional Exhaustion 0.477%* 0.000
Workover load and emotional ill-health 0.455%%* 0.000
Work-home interference and Emotional Exhaust. 0.435%%* 0.000
Work-home interference and emotional ill-health 0.434%% 0.000
Inter-personal conflict and Emotional Exhaustion 0.407%*%* 0.000
Inter-personal conflict and emotional ill-health 0.490%* 0.000
Role Ambiguity and Emotional Exhaustion 0353%%* 0.000
Role Ambiguity and emotional ill-health 0.383%#* 0.000
Emotional Exhaustion and emotional ill-health 0.541 0.000

*%_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

According to Table 4 above, the correlation coefficients between the dimensions of job demands
and emotional exhaustion and emotional ill-health and the correlation coefficients between emotional
exhaustion and emotional ill-health were high above 0.3 indicating that the researcher had a lot of con-
fidence in the predictions made from the test scores and the tests were valid.

Data Analysis

Path analysis modeling was used to represent the hypotheses of the model. Each of the variables in the
model was included as a latent factor operationalized by the observed variables. M-plus 7 (Muthen &
Muthen, 2013) was used to test the measurement model, and latent-variable hypothesized structural re-
lationships through regression analysis. Data analysis was conducted in one single step where all paths
were simultaneously tested, and significant beta weights were identified and reported.

Descriptive statistics including coding and quality checks were done in Statistical Package for Social
Sciences (SPSS) Windows Version 26 (2019). Data entry quality was not of concern because the survey
was entered by respondents directly online, so there were no errors in data entry anticipated.

SUMMARY OF THE FINDINGS

Findings on hypotheses investigating the impact of the dimensions of job demands on emotional exhaus-
tion and emotional ill health are presented in this section. Table 5 below summarizes the coefficients
results of the hypotheses tests and significant ones indicated by an (*).
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Table 5. Summary of path analysis significant coefficients indicated with*

Research Question

Hypotheses

Hypotheses supported?

All
respondents

Christians

Hindus

Asia

Africa

Pacific
Region

RQl
What is the impact of job demands
on emotional exhaustion?

HI1: Work
overload
increases
emotional
exhaustion

0.007*

0.125

0.301

0.034*

0.025*

0.088%*

H2: Work-home
interference
increases
emotional
exhaustion

0.028*

0.007*

0.546

0.521

0.366

0.000*

H3: Inter-
personal conflict
increases
emotional
exhaustion

0.622

0.143

0.774

0.925

0.495

0.695

H4: Role
ambiguity
increases
emotional
exhaustion

0.209

0.300

0.086%*

0.087%*

0.806

0.002*

RQ2

What is the impact of job
demands, and emotional
exhaustion on emotional ill-health?

HS: Work
overload
increases
emotional ill-
health

0.354

0.601

0.065%*

0.026*

0.568

0.810

H6: Work-home
interference
increases
emotional ill-
health

0.107

0.375

0.128

0.277

0.580

0.202

H7: Inter-
personal conflict
increases
emotional ill-
health

0.067%*

0.538

0.085%*

0.012%*

0.248

0.771

HS: Role
ambiguity
increases
emotional ill-
health

0.547

0.124

0.360

0.830

0.415

0.689

H9: Emotional
exhaustion
increases
emotional ill-
health

0.000*

0.000*

0.170

0.039*

0.000*

0.693

Dimensions of the variables

Job Demands - Work overload; work-home interference; Inter-personal conflict; Role ambiguity

* Beta coefficient is significant at the 0.05 level (2-tailed)
** Beta coefficient is significant at 0.1 level (2-tailed)
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CONCLUSION AND DISCUSSION

The concluding discussion to the findings of this study regarding the impact of the dimensions of job
demands on emotional exhaustion and emotional ill health are presented below:

Job Demands and Emotional Exhaustion

To answer the first research question, findings investigated the impact of the dimensions of job demands
on emotional exhaustion and are discussed below.

Work Overload and Emotional Exhaustion

The findings were supported across the overall respondent category and within the three geographical
regions namely, Asia, Africa, and the Pacific. The findings were consistent with the JD-R theory Bakker
and Demerouti (2017) and were also supported by previous studies (Schaufeli & Taris, 2014; Thuyn-
sma & de Beer, 2016) who established that work overload predicted emotional exhaustion. However,
the findings were not supported among Christians and Hindus indicating that work overload does not
predict emotional exhaustion in the religious realm. Overall, however, the findings indicated that work
overload predicted emotional exhaustion.

The findings according to Munroe and Munroe (1972) are attributable to the culture of obedience in
Africa and Asia where employees take on more jobs beyond their capacity as it is culturally disrespectful
to disobey a person in authority. This is unlike the culture of disobedience in the United States of America
where employees do not take on more jobs citing abuse of human rights (Munroe & Munroe, 1972).
Due to the culture in Africa and Asia, the effects of such a heavy workload lead to emotional exhaustion
(Munroe & Munroe, 1972). In most cases in Africa, Asia, China, and Latin America employees take on
more jobs without adequate compensation, such as the lack of overtime payments including non-fully
paid holiday leave, and inadequate job resources such as training to upskill. This leads to frustration and
employee emotional disturbance

Further, according to (Asia Society, 2020; BBC News, 2019), the caste system in the Indian sub-
continent has contributed to bad working conditions and relations at the workplace because employees
are looked down upon by their employers because they are not regarded as members of their club in
status and class. Employees feel emotionally disturbed with such pathetic attitudes by employers.

In the Pacific region mainly in Australia and New Zealand, the British/European culture is practiced
where working conditions are good and working long hours is compensated under normal circumstances.
However, work overload in this region is manifested in employees’ perceptions regarding the amount
of work and the job characteristics of work to be performed (Ryan & Deci, 2000). Intrinsic employees
may find solace in routine jobs and any change in job design may cause emotional exhaustion (Ryan &
Deci, 2000).

The British/European culture is also practiced in the United States of America and Canada where
working conditions are good and working long hours is also compensated under normal circumstances.
Work overload in this region is manifested in employees’ perceptions regarding the amount of work and
the job characteristics of work to be performed (Ryan & Deci, 2000). Intrinsic employees may find sol-
ace in routine jobs and any change in job design may cause emotional exhaustion (Ryan & Deci, 2000)
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Work-Home Interference and Emotional Exhaustion

The finding was supported across the overall respondent’s category and the respondents within the geo-
graphical region of the Pacific and those who profess Christianity. The findings are consistent with the
JD-R model Bakker and Demerouti (2017) and previous studies (Bakker et al., 2011; Yunsoo & Eissen-
stat, 2018) which established that work-home interference predicted emotional exhaustion. However, the
finding was not supported among Hindus and the regions of Asia and Africa indicating that work-home
interference does not predict emotional exhaustion in those categories. Overall, however, the findings
indicate that work-home interference predicts emotional exhaustion.

In the Pacific region which includes Australia and New Zealand, for example, according to Kashima,
Halloran, Yuki, and Kashima (2004), this finding could be attributable to the British and European
individualistic conservative culture where it is generally known to emphasize individual goals at the
expense of group or community goals. This individualistic mindset contributes to the negative attitude
of “my problem not anyone else’s business’’ in that neighbors do not share, for example, child nanny
responsibilities on a rotation basis while working on shifts. The other attributing factor is the high cost
of nannies and childcare centers in the Pacific region to relieve working parents to concentrate on work.
All these factors combined leave employees mainly female employees with children at home frustrated
and exhausted while combining work and family roles.

Similar British and European individualistic conservative culture is shared in the United States of
America which often places a greater emphasis on characteristics such as assertiveness and independence
(William, 2007). Americans are more likely to prioritize themselves over a group and they value inde-
pendence and autonomy (William, 2007). For example, a reasonable request like wearing a face mask
in exchange for saving thousands of lives because of the effects of COVID 19 is met with skepticism by
employees in the U.S.A. There are those American employees who rail against being told what to do by
employers. This is so that the employees sacrifice a minor inconvenience for the greater good (Matthew,
2020). Such an individualistic culture has made employees frustrated and exhausted.

In the Hindu faith, Africa, and Asia, the finding was not supported for this category of respondents
and this could be attributable to employees not having children at home. This finding supports the view
that having children at home may cause work-home interference that subsequently increases emotional
exhaustion among employees in all cultures (Hubert & Aujoulat, 2018). Further, the finding could be
attributable to the Hindu faith and African culture where women remain at home to take care of chil-
dren and family (Sharma, Pandit, Pathak, & Sharma, 2013). This support by the wife to the husband
is assumed to buffer the negative effects of work-home interference on emotional exhaustion since the
husband concentrates on work while the wife looks after the home (Flood & Genadek, 2016).

This is contrasted in the United States of America, Canada, and Australia who follow the European
way of life where both husband and wife work and leave children in childcare centers (William, 2007).
This practice reduces emotional exhaustion among couples who have children at home. Additionally,
the Hindu, Christian, and African cultures encourage married couples to share roles and those who
share family roles do not feel emotionally exhausted (Sharma et al., 2013). This sharing of roles among
couples is also supported in the United States of America, Canada, and Australia including China and
Latin America (Flood & Genadek, 2016).

This finding may also be attributable for example to the culture where Asians including the Chi-
nese just like Africans and Latinos live in a collectivist structure where the *’problem of a neighbor is
a problem for us’’ (Hui & Triandis, 1986). Hence, aunties and uncles assist in taking care of children

49

printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

The Impact of Job Demands Variables in the Job Demands Resources Model

when parents go to work. Also because of high unemployment in Asia and Africa and the Latino world,
well-learned house helps (nannies) are employed to take care of the home and children while the parents
are busy working.

Inter-Personal Conflict and Emotional Exhaustion

The finding was not supported across all the respondent’s category, Africa, Pacific, Asia, Christians, and
Hindus indicating that inter-personal conflict did not predict emotional exhaustion in all the categories
of respondents This finding is not consistent with the JD-R theory Bakker and Demerouti (2017) which
proposes that inter-personal conflict as a dimension of job demands predicts emotional exhaustion.

Further, this finding is not consistent with previous studies (Barki & Hartwick, 2004; De Dreu, van
Dierendonck, & Dijkstra, 2004; Fujiwara et al., 2003; Giebels & Janssen, 2004) which established that
inter-personal conflict as a dimension of job demands is associated with higher levels of emotional ex-
haustion. These findings were not expected, and further research using a larger sample is recommended.
Overall, however, the findings indicate that inter-personal conflict does not predict emotional exhaustion.
The reasons for the predictions are listed below:

Inthe Pacific region, the finding although not expected may be attributable to well-established rules and
conflict management procedures and policies at the workplaces in Australia (NSW, 2021). Australia has
relied extensively on a scheme of mutual conciliation and arbitration to deal with workplace interpersonal
conflicts. Such processes have been encouraged to facilitate the responsibility of each party (Hancock,
Polites, & Fitzgibbon, 1985). The realization by employees that conflict resolution mechanisms are in
place in workplaces in the Pacific region influences positive work mentality (Hancock et al., 1985). This
mutual conciliation and arbitration to deal with workplace interpersonal conflicts are also practiced in
the European Union countries including Britain (Sverdrup, 2021).

The cultural Asian, African, Christian, and Hindu orientation propagates the value of love and a
collectivist culture where the responsibilities and obligations of an individual are to a group and any
misunderstanding within a work environment is solved within a cultural group context (Chadda & Deb,
2013). This realization of duty of care and respect within a group setting reduces the negative effects of
inter-personal conflict on emotional exhaustion by increasing positive work relations and hope (Bickerton
etal.,2015). Further, the fear of being psychologically expelled or punished by the group initiates positive
behavior within an employment group contributing to less inter-personal conflict (Chadda & Deb, 2013).

The value of love and a collectivist culture where the responsibilities and obligations of an individual
are to a group setting to sort out misunderstanding in the workplace is also practiced in Latin countries
of South America (Velez-Calle, Robledo-Ardila, & Rodriguez-Rios, 2015). Similarly, inter-personal
resolution mechanisms are practiced in the Muslim Arab world and China who also practice a collectivist
culture. The three regions show common trends in their societal patterns oriented toward collectivism
in resolving conflicts at the workplace (Velez-Calle et al., 2015).

Role Ambiguity and Emotional Exhaustion
The finding was not supported across the overall respondent’s category, Christian and among Africans

indicating that role ambiguity did not predict emotional exhaustion in those categories. This is not in line
with the JD-R theory Bakker and Demerouti (2017) which proposes that role ambiguity as a dimension
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of job demands predicts emotional exhaustion. These findings were not expected and further research
using a larger sample is recommended.

However, the finding was supported in Asia, the Pacific and among the Hindus, indicating that role
ambiguity predicted emotional exhaustion in those categories. These findings are consistent with the
JD-R theory Bakker and Demerouti (2017) which proposes that role ambiguity as a dimension of job
demands predicts emotional exhaustion. The finding is also aligned with previous studies conducted
by (Erica & Barak, 2015; Panari et al., 2019) who established that emotional exhaustion was positively
correlated to role ambiguity.

The findings relating to Asia, Pacific, and among the Hindus could be attributable to perceived
employees incongruence with their roles which make them experience uncertainty and this may result
in dissatisfaction resulting in psychological costs that consume emotional and physical energy leading
to emotional exhaustion (Ngo, Foley, & Loi, 2005; Panari et al., 2019). Overall, however, the findings
indicate that role ambiguity does not increase emotional exhaustion.

Job Demands and Emotional lll-Health

To answer the second research question, findings investigated the impact of the dimensions of job de-
mands on emotional exhaustion and are discussed below.

Work Overload and Emotional llI-Health

The finding was not supported across the overall respondent’s category, among Christians, Africans, and
respondents from the Pacific indicating that work overload did not directly predict emotional ill-health.
The findings were consistent with the JD-R theory (Bakker & Demerouti, 2017) which proposes that work
overload does not directly increase emotional ill-health but indirectly predicts emotional ill-health through
emotional exhaustion. The findings were also consistent with previous studies (Bickerton et al., 2015)
indicating that work overload does not directly increase emotional ill-health. This could be attributable
to Christian religious beliefs in the Pacific and African regions and among Christians where work is seen
as a calling and a benefit to humanity and nature (Bickerton et al., 2015). Such beliefs about work may
not lead directly to emotional ill-health as confirmed by the JD-R theory (Bakker & Demerouti, 2017).

However, the finding was supported in Asia and among Hindus suggesting that work overload di-
rectly predicts emotional ill-health. This finding could be attributable to Hindu religious beliefs where
people are very emotional and do not compromise on their beliefs be it work or otherwise (Richardsone,
Sinha, & Yaapar, 2014). It follows therefore that work-related stress will sometimes directly influence
emotional ill-health without being mediated through emotional exhaustion.

Work-Home Interference and Emotional lll-Health

The finding was not supported among the overall respondents’ category, Africa, Asia, Pacific, Christians,
and Hindus, suggesting that work-home interference as a job demand does not directly predict emotional
ill-health. These findings are consistent with the JD-R Theory of Bakker and Demerouti (2017) which
proposes that work-home interference as a job demand does not directly predict emotional ill-health but
is influenced through emotional exhaustion as a mediating variable. However, this finding is not con-
sistent with previous studies by (Huang, Ribeiro, Musacchio, & Franklin, 2017; Thuynsma & de Beer,
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2016) who established that work-home interference was found to be significantly related to employees’
depressive symptoms.

However, Peeters, Montgomery, Bakker, and Schaufeli (2005) disagreed, arguing that the mismatch
between work—home is triggered by certain occupational stressors which lead to emotional exhaustion
and subsequently depression and anxiety (emotional ill-health). Further, it should be remembered that
working people with concurrent family responsibilities have shown to experience higher levels of stress
and exhaustion. (Kinnunen & Mauno, 1998). Therefore overall, work-home interference did not directly
predict emotional ill-health.

This is attributable for example to the culture where Asians just like Africans live in a collectivist
structure where the “’problem of a neighbor is a problem for us’” (Hui & Triandis, 1986). Hence, aunties
and uncles assist in taking care of children when parents go to work. Also because of high unemploy-
ment in Asia, well-learned house helps (nannies) are employed to take care of the home and children
while the parents are busy working. Also, culturally Asia and African, women take care of the home and
children while men work (Sharma et al., 2013). This causes low incidences of work-home interference
that lead directly to emotional ill-health.

Role Ambiguity and Emotional lll-Health

The finding was not supported among the overall respondents’ category, Africa, Asia, Pacific, Chris-
tians, and Hindus suggesting that role ambiguity as a job demand does not directly predict emotional
ill-health. These findings are consistent with the JD-R Theory of Bakker and Demerouti (2017) which
proposes that role ambiguity as a job demand does not predict emotional ill-health directly but through
the mediation of emotional exhaustion. However, this finding is not consistent with previous studies
by (Huang et al., 2017; Maiias et al., 2018; Thuynsma & de Beer, 2016) who found that role ambiguity
as an emotional job demand was found to be significantly related to employees’ depressive symptoms.
Therefore overall, role ambiguity does not directly increase emotional ill-health. This could be attribut-
able to employees being unable to predict a workload and strategize a work plan causing confusion and
frustration and subsequently causing emotional exhaustion and subsequently emotional ill-health (Ngo
et al., 2005; Panari et al., 2019).

Inter-Personal Conflict Increases Emotional lll-Health

The finding was supported indicating that inter-personal conflict significantly predicted emotional ill-
health in the overall respondent category, Asia, and among the Hindus. However, these findings were not
consistent with JD-R Theory Bakker and Demerouti (2017) which proposes that inter-personal conflict
as a job demand does not predict emotional ill-health directly but through the mediation of emotional
exhaustion. This finding is aligned with previous studies Raeve, Jansen, Brandt, Vasse, and Kant (2009)
which established that inter-personal conflict had a direct positive effect on emotional ill-health.

This finding is also consistent with previous studies by (Huang et al., 2017; Maiias et al., 2018;
Thuynsma & de Beer, 2016) which established that job demands (Inter-personal conflict) was found to
be significantly related to employees’ depressive symptoms. This finding could be attributable to Hindu
religious beliefs where people are very emotional and do not compromise on their beliefs be it work or
otherwise (Richardsone et al., 2014). It follows therefore that work-related stress will sometimes directly
influence emotional ill-health without being mediated through emotional exhaustion.
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However, the finding was not supported among the respondents who were Christians, Africa, and
the Pacific indicating that inter-personal conflict did not predict emotional ill-health directly in those
categories. This could be due to having conflict resolution mechanisms in place in workplaces in this
category of respondents that may reduce the negative effects of job demands on emotional ill health by
increasing positive work orientation. Such processes have been encouraged as a way to facilitate the
responsibility of each party (Hancock et al., 1985). Further, the cultures of African, the pacific mainly
Australia, and the Christian orientation propagates the value of love. This realization of duty of care
and respect within a group setting reduces the negative effects of inter-personal conflict on emotional
exhaustion by increasing positive work relations and hope (Bickerton et al., 2015)

The findings from these categories are consistent with the JD-R Theory of Bakker and Demerouti
(2017) but are not aligned with previous studies of Raeve et al. (2009) which established that inter-
personal conflict had a direct positive effect on emotional ill-health. Further, this finding is also not
consistent with several previous studies that established that job demands (inter-personal conflict) were
found to be significantly related to employees’ depressive symptoms (Huang et al., 2017; Maiias et al.,
2018; Thuynsma & de Beer, 2016).

Emotional Exhaustion and Emotional lll-Health

The finding was supported in the overall respondent category, Africa, Asia, and among Christians indicat-
ing that emotional exhaustion increased emotional ill-health. The findings are consistent with previous
research findings by Bickerton et al. (2014) who established that emotional exhaustion directly influenced
emotional ill-health. Further, in previous studies, burnout (exhaustion) fully mediated the relationship
between job strain and depression (Ahola & Hakanen, 2008, 2014; Ahola, Hakanen, Perhoniemi, &
Mutanen, 2014). The findings are also consistent with the JD-R theory Bakker and Demerouti (2017)
which proposes that emotional exhaustion directly influences emotional ill-health.

However, the finding was not supported among the Hindus and the Pacific indicating that emotional
exhaustion does not increase emotional ill-health. This finding is not consistent with the JD-R theory
Bakker and Demerouti (2017) which proposes that emotional exhaustion increased emotional ill-health.
The finding was not consistent with previous research findings either by (Bickerton et al., 2014; Maslach
& Leiter, 2016) who established that emotional exhaustion predicted emotional ill-health. This finding
was not expected, and further research is recommended with a larger sample. Therefore overall, emotional
exhaustion reduces emotional ill-health.

Theoretical Contributions of the Study

The study represented a novel investigation of the effects of job demands on emotional exhaustion and
emotional ill-health thus extending the health impairment process of the JD-R model in the context of
the cultures of Asia, Africa, and Pacific and the Christian and Hindu religions thus providing valuable
lessons on the universality of the JD-R model. The design of this study was based on the theoretical
framework of the JD-R theory (Bakker & Demerouti, 2017). The study established two main contribu-
tions to the JD-R theory:

Firstly, the study provided valuable insight into the potential impacts of each dimension of job demands
on emotional exhaustion or emotional ill-health in the context of the cultures of Asia, Africa, Pacific,
the Christian and Hindu religions in the health impairment component of the
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JD-R theory (Bakker & Demerouti, 2017). In this study, the universality of the JD-R theory was
tested, and mixed findings were established within the cultures under review. It can be concluded from
the findings that different cultures influence the outcomes of the health impairment process of the JD-R
theory differently. Therefore, regarding the findings, job demands positively predicted emotional exhaus-
tion and emotional ill health in some cultures and not others. This means that job demands regardless of
the combinations of the dimensions could exert harmful effects on employee’s health.

The findings also collaborated with previous studies on the outcomes of job demands and extend the
theory of the health impairment process of the JD-R model (Bakker & Demerouti, 2014, 2017; Demerouti
et al., 2001). However, based on the contrasting outcomes of this study, the JD-R theory can be used
by practitioners to combine specific dimensions of job demands applicable to different cultures hence
extending the robustness of the theory and providing valuable insights on the mechanism of emotional
exhaustion and emotional ill-health. This is a theoretical contribution to the literature as each job demand
dimension predicts differently in each culture.

Secondly, the study provided valuable insight into the potential impacts of emotional exhaustion on
emotional ill-health in the context of the cultures of Asia, Africa, and the Pacific and the Christian and
Hindu religions. Overall, the findings confirmed the JD-R theory (Bakker & Demerouti, 2017). How-
ever, some findings within the cultures returned mixed results. It can be concluded from the findings
that different cultures influence differently the operation of the JD-R theory. Significantly, emotional
exhaustion did not predict emotional ill-health in the Pacific region and Hindu religion. This finding
was not consistent with the JD-R theory and previous studies and was not expected. Further studies are
recommended.

Managerial Contributions of the Study

The findings have some implications for human resource practitioners, for example, investment in JD-R
interventions may offer organizations the opportunity to meet employee expectations by providing high-
quality working environments compatible with the type of job demands in their culture. The study sug-
gested that work overload had a positive significant relationship with exhaustion and multiple regression
analysis showed that work overload was a statistically significant predictor of employee exhaustion and
subsequently emotional ill-health. Therefore, practitioners need to know that, having high workloads, the
need to meet deadlines, and working under tight time pressure significantly creates employee exhaustion
and subsequently emotional ill-health. Practitioners must moderate the amount of work allocated to each
employee since the moderation significantly decreases emotional exhaustion directly and subsequently
emotional ill-health.

The findings further suggested that work-home interference created aconflict that aggravated emotional
exhaustion and subsequently emotional ill-health These findings support the conclusion that work-home
interference is positively related to emotional exhaustion and subsequently emotional ill-health. Therefore,
to curtail employees’ feelings of exhaustion, practitioners should design and prioritize organizational
interventions to decrease work-home interference to manageable levels, for example, creating a fine bal-
ance in the way in which work is assigned to employees and also designing working from home rosters.
In addition, it would be beneficial to determine the minimum, maximum, and optimal number of hours
an employee should work per week while making sure that employees equally share the workload, not
only quantitatively but qualitatively. Other programs could include assisting membership fees in childcare
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centers. Such incentives could contribute to employee wellbeing that could see a reduction in work-home
interference. This may increase employee emotional nourishment.

Practitioners should also pay attention to gender differences, practitioners need to know that mar-
ried employees with children at home might experience higher levels of job demands, thus resulting in
emotional exhaustion and subsequently, emotional ill-health Practitioners should also keep in mind that
such employees take many days of sick leave meaning they have higher levels of exhaustion. Practitioners
should work to resolve these work situations by moderating the workload as this may affect employee
performance.

The study further established that role ambiguity was positively related to emotional exhaustion
subsequently emotional ill-health This is because if the role of an employee is uncertain, the workload
cannot be strategized or predicted. To eliminate incompetence and psychological concerns resulting
from role ambiguity, organizations should inform employees about their roles and the expectations of
the organizations regarding their roles and these should be properly documented.

The study further established that interpersonal conflict in the workplace was positively related to
emotional exhaustion and subsequently to emotional ill-health. To reduce conflict, organizations should
establish conflict resolution mechanisms and rules, and these should be properly documented.

Overall, this study demonstrated the potential predictive power of the JD-R model (Bakker & Dem-
erouti, 2014, 2017; Demerouti et al., 2001). Therefore, the study contributed to the literature by assess-
ing the different effects of the dimensions of job demands in different cultures within the context of the
JD-R theory. The findings indicate that organizations may use different combinations and approaches
of interventions based on the dimensions that relate to each culture to reduce exhaustion and emotional
ill health and improve labor laws of each culture.

LIMITATIONS/RECOMMENDATIONS FOR FUTURE STUDY

The researcher relied on self-completed questionnaires which depended on the perception of respondents.
However, there is a possibility that common method bias could affect the strength of the contributions
(Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). Nevertheless, the researcher did not expect this to
be a problem because common method bias generally declines when studying interactions (Siemsen,
Roth, & Oliveira, 2010). Further, the instruments had direct questions which could not obtain objective
answers. The study further did not include success cases by organizations where they had done well in
maintaining a conducive work environment.

Future studies could change the questions so that objective answers are obtained. Further, future
studies could include success cases by organizations where they had done well in maintaining a condu-
cive work environment. Additionally, future studies could minimize this potential effect by collecting
data across different periods (longitudinal study) including collecting data from multiple sources (e.g.,
conducting semi-structured interviews). Further, this study utilized non-random sampling methods. For
practical reasons, this sampling design was chosen because of time constraints and a limited budget.
A major disadvantage of this design method is that the results might not be representative. It is recom-
mended that future studies use larger samples selected through random sampling methods to make the
findings more representative.
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CHAPTER SUMMARY

The chapter explored the effects of job demands on emotional exhaustion and emotional ill-health on
employee’s wellbeing in the health impairment process of the JD-R model. Overall, the findings largely
confirmed the JD-R health impairment process hypothesis. The study further confirmed that job de-
mands variables are seen to be directly associated with emotional exhaustion but indirectly associated
with emotional ill heath with emotional exhaustion as a mediator. The findings also suggested that the
effects of the work environment factors such as job demands (work overload, interpersonal conflict, role
ambiguity, and work-home interference) on emotional exhaustion and emotional ill health may differ
across cultures.
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ABSTRACT

Looking at the structure of NOM-035-STPS-2018, there is an assumption that there are areas of op-
portunity to improve the implementation of the standard. Thus, the purpose of this research is to identify
through a review whether there are areas of opportunity that can improve the implementation of NOM-035.
For the review, articles addressing the psychosocial risk factors evaluation were selected and analyzed.
Four topics of discussion were identified: impact of psychosocial risk factors, policy and regulations,
management systems, and evaluation of psychosocial risk factors. Subsequently, a synthesis was made,
and it was found that there are three areas of opportunity to improve NOM-035-STPS-2018: it does not
have a risk management system, its instruments do not present evidence of statistical validity, and the
instruments do not take into account indicators of consequence.
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INTRODUCTION

In recent years, studies have found that the impact of psychosocial risk factors such as work stress, anxi-
ety, and depression, affect the mental health and well-being of a significant percentage of the working
population (Cruz, Lépez, Cruz, & Llanillo, 2016; Memish, Martin, Bartlett, Dawkins, & Sanderson,
2017; Meunier, Roberge, Coulombe, & Houle, 2019; ILO, 2016). Epidemiological studies also point
to the positive association between occupational psychosocial risks and physiological damage such as
cardiovascular disease and musculoskeletal disorders [MSDS] (Navinés, Martin-Santos, Olivé, & Valdés,
2016;1L0,2016). In this regard, a growing body of research has demonstrated the socio-economic impact
that psychosocial risk factors and their various psychosocial consequences have had on productivity,
direct and indirect manufacturing costs, and the competitiveness of organizations (Cruz et al., 2016;
Leka, Jain, Iavicoli, Vartia, & Ertel, 2011; Meunier et al., 2019; ILO, 2016; R. Potter, O’Keeffe, Leka,
Webber, & Dollard, 2019; Victor H. Charria O, Kewy V. Sarsosa P, 2011). As a result of this research,
many policy efforts have been made around the world to counter this issue. In particular, Mexico has
recently developed a Mexican Official Standard NOM-035-STPS-2018. It is a regulatory instrument
that requires mental health care in the workplace through specifications and guidelines for the iden-
tification, analysis, and prevention of psychosocial risk factors (Uribe-Prado, Gutiérrez-Amador, &
Amézquita-Pino, 2020). Since this new standard has not been yet fully implemented, it may be relevant
to identify, through a systematic review, the most significant topics of discussion concerning the study
of psychosocial risk factors, as well as to analyze the good practices that exist in the literature for their
evaluation, to find areas of opportunity that may have the possibility to improve the implementation of
NOM-035-STPS-2018.

METHODOLOGY

A systematic review of the literature was performed through Google Scholar and the Elsevier database.
The keywords used were: Management, Evaluation, Psychosocial Risk Factors, Labor, Industry/Man-
agement, Assessment, Psychosocial risk factors, Workplace, and Industry. To gather as many potential
topics of discussion as possible, articles that were thought to address the topic of psychosocial risk factors
evaluation were selected regardless of the approach applied by the article, and no exclusion criteria were
considered in regards to publication date or the article’s subject. The first selection was made through a
title and summary analysis. The chosen articles were subsequently reviewed in full to identify whether
they contained useful information regarding potential topics of discussion. The search was conducted
for 4 months, from August 2019 to November 2019. A comparative table to list the different articles by
author and topic of discussion identified was created. Then, the articles were grouped according to the
main topic of discussion identified. Finally, a second review was performed to identify the necessary
measures to be taken to address psychosocial risks that the NOM-035 does not currently consider to
designate them as areas of opportunity.
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FINDINGS

After the review was completed, 30 articles were included that coincided with the eligibility criteria.
From these, 4 main topics of discussion regarding the study and evaluation of psychosocial risk factors
were identified: 1) impact of psychosocial risks, 2) policy and policy regulation, 3) risk management
systems, and 4) evaluation of psychosocial risk factors. Table 1 shows the identified discussion topics.
It is important to note that there are articles that consider more than one of these topics.

Table 1. Main topics of discussion per Author

Impact of psychosocial Policy and policy . Evaluati'o " o'f
Authors risks resulation Risk management systems psychosocial risk
factors
Potter, O’Keeffe, Leka, Webber & X X
Dollard, 2019
Ribeiro, Teixeira & Ambiel, 2019 X
Metzler, Groeling-Muller & X
Bellingrath, 2019
Da Silva & Amaral, 2019 X X
Llorens et. al, 2019 X
Meunier et. al, 2019 X
Uribe Prado et.al, 2019 X
Hohnen et. al, 2018 X
Aminian, Moradi & Efteqhari, 2018 X
Oakman et. al, 2018
Bergh et.al, 2018 X X
Ncube, 2018 X
Bl & Lok, 2017 X X X X
Memish et. al, 2017 X
Kyaw-Myint et.al, 2017 X X
Nordlof et.al, 2017
Jespersen et. al, 2016 X
Unda et.al, 2016 X
Navinés et.al, 2016 X
Vera-Calzaretta et. al, 2015 X
Sivris & Leka, 2015
Reavley et. al, 2014 X
Aranda, Pando & Ronquillo, 2014 X
Lucchini, 2014 X
Persechino et. al, 2013
Zoni & Lucchini, 2012
Leka, Jain, Cox & Kortum, 2011 X
Leka, Jain, Iavicoli, Vartia & Ertel, X X
2011
Charria, Sarsosa & Arenas, 2011 X X X X

Source: Self made
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Figure 1 shows the number of papers that belong to each area of discussion identified. It was found that
the main topic addressed was risk management systems with 14 articles. It is followed by psychosocial
risk factors evaluation with 12 articles, impact of psychosocial risks with 10 articles, and regulations
and policies with 9 articles.

Figure 1. Number of papers per topic

Source: Self made
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Four main topics emerged from the review, here each of them is discussed in more detail. First, many
authors talk about the impact that psychosocial risks generate on an individual level as well as on a
large scale. There is a wealth of evidence to indicate that psychosocial risk factors are associated with
the emergence of various mental and physiological conditions, such as depressive disorders, anxiety
disorders, and musculoskeletal and cardiovascular problems. Also, a considerable economic impact of
the various psychosocial risk factors has been found. A large number of studies consider psychosocial
risk factors-related expenditures to be approximately 4% of countries’ Gross Domestic Product [GDP]
(Leka, Jain, Cox, & Kortum, 2011; Lucchini & London, 2014; Memish et al., 2017; Meunier et al., 2019;
Navinés et al., 2016; Ncube & Kanda, 2018; R. E. Potter et al., 2017; R. Potter et al., 2019; Reavley,
Ross, Martin, LaMontagne, & Jorm, 2014; Victor H. Charria O, Kewy V. Sarsosa P, 2011).

On the other hand, several authors indicate the importance of creating regulations and policies for the
management of psychosocial risk factors. Various authors consider it necessary for working conditions to
remain standardized through legislative guidelines to lessen the impact of poor mental health on work-
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ers. It is noted that Occupational Health and Safety [OSH] policies, including psychosocial risks, play a
critical role in leading organizations to accept responsibility for meeting specific requirements relevant
to employee health, primarily by delineating specific duties and regulations. However, it is ensured that
OSH regulations do not indicate how requirements should be implemented, but will be addressed at the
convenience of each case, i.e. the requirements of the regulations are what is standardized, while the
implementation will depend on each situation (Da Silva & Amaral, 2019; Hohnen & Hasle, 2018; Jes-
persen, Hohnen, & Hasle, 2016; Leka, Jain, lavicoli, et al., 2011; Persechino et al., 2013; R. E. Potter et
al., 2017; R. Potter et al., 2019; Victor H. Charria O, Kewy V. Sarsosa P, 2011; Zoni & Lucchini, 2012).

In a different perspective, many authors point out the importance of also having management systems
for the OSH department, including the management of psychosocial risk factors. On this issue, it is argued
that risk assessment should be included in a process that considers interrelated phases that are generally
comprised of three main stages: risk identification and measurement, risk assessment or classification,
and risk reduction. It is emphasized that this process should be integrated into the management systems
and strategic policies of the organization. In this sense, the assessment of psychosocial factors should
be treated from a systemic perspective, considering its relationship with the organizational environment,
its internal processes, and the people that comprise it. In addition, several examples of existing manage-
ment models for the assessment and management of psychosocial risks use a holistic, comprehensive,
interdisciplinary, and participatory approach, always emphasizing the active role and need for worker
participation, as well as the practice of continuous improvement (Bergh, Leka, & Zwetsloot, 2018; Da
Silva & Amaral, 2019; Kyaw-Myint, Strazdins, Clements, Butterworth, & Gallagher, 2017; Leka, Jain,
Cox, etal., 2011; Leka, Jain, lavicoli, et al., 2011; Memish et al., 2017; Nordlof, Wiitavaara, Hogberg, &
Westerling, 2017; Oakman, Macdonald, Bartram, Keegel, & Kinsman, 2018; Persechino et al., 2013; R.
E. Potter et al., 2017; Reavley et al., 2014; Sivris & Leka, 2015; Victor H. Charria O, Kewy V. Sarsosa
P, 2011; Zoni & Lucchini, 2012).

Last but not least, several considerations have been discussed about the assessment of psychosocial
risk. Several authors indicate that it is necessary to take into account health-related variables to calcu-
late psychosocial risk, to establish whether the calculated exposure levels of psychosocial risk factors
are effectively affecting the health of the worker. In this way, the psychosocial risk assessment should
distinguish two indicators: exposure indicators and consequence indicators. Exposure indicators cor-
respond to the elements surrounding the worker that trigger responses in workers, i. e. psychosocial risk
factors; and consequence indicators are reactive indicators, that measure the exposure-response, which
can include the various health problems that have already been mentioned, such as work stress. About
the identification and measurement of psychosocial risk factors, many authors stipulate the need to sta-
tistically validate the instruments that measure these factors, i.e. that psychosocial risk factors evaluation
instruments must have adequate reliability and validity tests, as well as standardization processes for
the specific application of these (Bergh et al., 2018; Kyaw-Myint et al., 2017; Llorens, Navarro, Salas,
Utzet, & Moncada, 2019; Moreno, 2014; R. E. Potter et al., 2017; Ribeiro, Teixeira, & Ambiel, 2019;
Unda et al., 2016; Uribe-Prado et al., 2020; Vera-Calzaretta, Carrasco-Déjer, Da Costa, & Paez-Rovira,
2015; Victor H. Charria O, Kewy V. Sarsosa P, 2011).

According to the findings of this review, it may be suggested that establishing a management process
aimed at psychosocial risk factors and, in turn, conducting a statistically validated psychosocial risk fac-
tors assessment and proactively focusing on consequence indicators, are the most important aspects to
consider in the management, analysis, and prevention of psychosocial risks. In this regard, three areas
of opportunity were established that can enrich the application of NOM-035-STPS-2018.
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First, on the issue of risk management systems, it was found that the formulation of the standard does
not consider any systematic method for carrying out the management of psychosocial risk factors. It is
therefore suggested that a more comprehensive analysis of the literature be developed about proposals
for management systems already in use around the world, to adapt and build an appropriate management
system for the implementation of NOM-035 about the management of psychosocial risks.

In addition, two niches of opportunity to improve NOM-035 were identified on specific psychosocial
risk measurements and assessments. The first concerns the lack of evidence of reliable data and statistical
validity due to the recent publication of the standard’s instruments. This means that, once they begin to
be implemented, it will be essential that all possible data be reported and stored for statistical validity
testing, to generate evidence to ensure that the instruments function properly.

Finally, the second gap in NOM-035 on the specific assessment of psychosocial risks concerns the fact
that the instruments of the standard do not present evidence that they take into account health-associated
indicators of consequences for the assessment of psychosocial risk. This means that measurements of
current versions of NOM-035 instruments only focus on assessing exposure to certain psychosocial risk
factors, without actually analyzing whether these exposures are in any way influencing the health of
the worker. This is why it is considered necessary to build evaluative alternatives from the NOM-035
instruments so that they can take measurements both at the level of exposure to certain psychosocial risk
factors and the possible consequences of these, thus allowing to determine the potential risk of harm
associated with the health and well-being of workers.

CONCLUSION

From the results of this review, it can be concluded that, while it is true that the recent development of
the NOM-035 regulation represents a considerable advance in psychosocial risk management in Mexico,
the scope of the standard today is still quite limited and with ample room for improvement. Having said
that, it will be of great importance that works shortly be done on the development of solutions for these
areas of opportunity, since, according to the discussion built here, these guidelines can be interpreted
as representing a minimum standard of what good practice should look like to the management of psy-
chosocial risks.
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ABSTRACT

Workers are exposed to different factors that can be detrimental to their well-being, being the most known
safety and hygiene factors. A few years ago, the concepts of harmful factors for workers were updated by
adding the psychosocial factors. Although there is literature on psychosocial factors and their effect on
health, this work focused specifically on seeking the relationship between productivity and psychosocial
factors to know how it impacts the organization. The investigation was applied in a case study for a
doorknob locks manufacturing company in its final assembly area. Data collection was done by applying
the questionnaire provided by NOM-035-STPS-2018 and the company’s productivity databases for the
subsequent analysis using statistical tools. The results were that, for the violence factor, its correlation
with productivity was R* = 0.8886, indicating a strong correlation with which it is concluded that there
is an influence on productivity.
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INTRODUCTION

The International Labour Organization [ILO] was created in 1919, as part of the Treaty of Versailles when
the First World War ended, and it reflected the conviction on how social justice is essential to achieve
universal peace (Lecca, Guevara & Boza, 2013). In 2013, this organization pointed that, even though
some traditional risks have diminished due to safety, technological advances, and better normativity,
although, some still affect workers while an increase has been registered in a new type of professional
illness without them been prevented or controlled adequately, these risks been called psychosocial risk
factors (Secretaria del Trabajo y Prevencion Social, 2016).

Different authors have taken the task to learn more about the psychosocial factors using evaluation
and prevention tools, for example, the ones being used by the Instituto Nacional de Seguridad e Higiene
en el Trabajo [INSHT] in Spain, who since 1987 started applying surveys that included elements about
psychosocial analysis, like the one from 2011 which showed how several indicators relative to the work
demands have worsened over the years (INSHT, 2011).

ISSUES, CONTROVERSIES, PROBLEMS

At a global level, psychosocial risks are more likely to cause harm to workers’ health and affect their
productivity in the company. Such is the case of work stress, which is considered a current pandemic
(Moreno, 2011; Benavides et al., 2002).

This is how this research work seeks to identify, from a case study within the production area of a
manufacturing company, the relationship between psychosocial factors of workers and their productivity
to know how both interact with each other.

HYPOTHESIS

There is a correlation between psychosocial factors and the productivity of manufacturing companies.

GENERAL OBJECTIVE

Analyze and evaluate the psychosocial factors of a manufacturing company located at Circuito, Siglo
XXI #1926, Rivera, 21259, in Mexicali, B.C., México, and their relationship with productivity.

SPECIFIC OBJECTIVES

Identify the psychosocial factors to study in the research.

Evaluate existing instruments that measure psychosocial factors.

Select the instrument that best suits the problem studied.

Select a manufacturing company to apply the instrument. Obtain information on the productivity
of the company.

B
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5. Using statistical tools to determine if there is a relationship between psychosocial factors and
productivity

6. Analyze and evaluate the results.

7. Propose solutions to control, eliminate or minimize the psychosocial factor (s) present, using tools
from industrial engineering, ergonomics, and psychology, among other sciences.

BACKGROUND

The psychosocial risk factors topic has been expanded over years thanks to a great variety of authors
from all around the world.

Work is defined as the means through which human beings relate and interact with the environment
to obtain the goods and services necessary to live (Acevedo, Farias, Sanchez, Astegiano & Fernindez,
2012). At present, far from constituting exclusively a means of subsistence, work is an important ele-
ment of social appreciation and development of a creative activity, as it represents a right and a duty of
the person (Diaz, 2007).

It is impossible to imagine organizations without humans, even with technological advances the hu-
man resource is who gives life and humanizes the relation between client-company (Mufioz, Orellano
& Hernandez, 2018).

The concept of psychosocial factors has been used to point out conditions that present themselves
in work situations and that are directly related to the organization and work content, being these able to
affect the well-being or health [physical, psychic, or social] of the employee, as well the completion of
the task (Pando M., Aranda C., Parra L. & Ruiz D., 2013). The concept is relatively recent and probably
originates in the last quarter of the past century, it is when the first official reference comes in 1984
with the title of “The psychosocial factors in work: acknowledgment and control” published by the ILO
(Jiménez, 2011).

These psychosocial factors at work are inherent to the act of working; they can become risky or
protective for health according to how they are conceptualized, identified, measured, and controlled
(Ortiz, Jaramillo, 2013).

By now considering the employee as the main actor in the organization, recent studies expose psycho-
social factors that cause socioeconomic problems by causing absenteeism, low efficiency, psychological
and heart diseases, there is solid scientific evidence that assesses the adverse effects of stress as a source
of disease coronary arteries in people who are in constant environments of hostility, urgencies against
time and strict fulfillment of goals (RB Williams, JC Barefoot, N. Schneiderman, 2003).

Given this approach, it is important to solve these problems that directly impact both the health of
the worker and the organization.

The task of researchers and professionals has been to reveal the psychosocial aspects that play a role
in the way in which people currently establish their relationship with work, and how the labor market
demands certain ways of working (Ortiz, Jaramillo, 2013).

Although the delimitation between psychosocial risk factors and psychosocial risks is not always
clear, there is a tendency to recognize as psychosocial risks situations such as violence and aggression
at work, workplace and sexual harassment, chronic work stress, burnout or professional burnout, and
contractual insecurity (Izquierdo, 2012).
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Health, Job Accidents, and Psychosocial Factors

This relation between health and psychosocial factors has been studied for decades, a consensus has
been that at a greater number of psychosocial factors higher the influence in the development of skeletal
muscle problems in men (Silva & Gontijo, 2017). Some Venezuelan industries also had a relation of
skeletal muscle problems with insecurity and esteem, since more than 50% of the workers perceived
them negatively (Marquez Gémez & Marquez Robledo, 2015). This has made researchers focus their
attention on organizational variables and job risks as sources of illnesses and anguish in the population
(Salazar & Ruvalcaba, 2012).

Authors have related their investigations to labor accidents and psychosocial risk factors. Holland
studied these in two types of industries: construction and health. The study showed that occupational
accidents in the construction industry typically involved physical damage, while the health sector rela-
tively resulted in mental damage (van der Klauw, Hengel, Roozeboom, Koppes & Venema, 2016). The
United States has also done research aimed at their workforce and found that factors as hostile work
environment, job insecurity, and family-work unbalance, were associated with work injuries, being
hostile work environment the most significant among all, suggesting workers health could be improved
if psychosocial risks are worked on (Farnacio, Pratt, Marshall & Graber, 2017).

The United States approaches the subject of psychosocial factors to find the relationship between
stressful occupations and psychosocial symptoms against injuries in the construction industry, which
resulted in associations between the occurrence of injuries with job control, training, job certainty, orga-
nizational climate, and responsibility for the safety of others (Abbe, Harvey, Ikuma, & Aghazadeh, 2011).

Also in the United States, a study aimed at the American workforce was carried out to examine
whether psychosocial risk factors were related to occupational injuries and it was found that the occu-
pational factors studied - hostile work environment, job insecurity, and family imbalance -work- were
all positively associated with work-related injuries, with the hostile work environment being the most
significantly associated with injuries, suggesting then that workers’ health can be improved if any of the
psychosocial risks in the work environment are addressed (Farnacio, Pratt, Marshall, & Graber, 2017).

On the other hand, Abbe et al. (2011) find that all the variables in charge of measuring occupational
stress do not infer the result of injuries due to psychosocial factors, the only possible factor of creating
occupational injuries being feeling sad, which can cause headaches or strain the worker what has to do
with workplace injuries.

Karasek’'s Study

One of the most known and utilized works in the topic of the psychosocial factors is the “Job Demands,
Job Decision Latitude, and Mental Strain: Implications for Job Redesign’ and the Job Content Question-
naire authored by Robert Karasek in 1979 (Gomes, 2015, Neffa, 2002, Souza et al., 2006, Alavinia et
al., 2008, Salazar & Ruvalcaba, 2012, Astudillo, 2003, Gontijo, et al., 2017, Meerding et al., 2005, Abbe
etal., 2011, Moreno & Béez, 2011, Law et al., 2011, Ocampo et al., 2015, Awang et al., 2012, Ortiz &
Jaramillo, 2013, Umeda et al., 2015).

Karasek shows in his work a model that predicts mental tension according to the interaction between
job demand and job decision latitude. He represents it like the following figure.
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Figure 1. Job Demands
Source: Karasek (1979)
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Also, Karasek with Brisson, Kawakami, Houtman, Bongers, and Amick made the Job Content Ques-
tionnaire [JCQ] in 1998. This instrument has been used by several authors to study psychosocial factors
(Goémes, 2015, Estrada et al., 2013, Souza et al., 2006, Alavinia et al., 2008, Garcia et al., 2014, Neffa,
2002, Espeleta, 2015, Salazar & Ruvalcaba, 2012, Gontijo et al., 2017, Law et al., 2011, Ocampo et
al., 2015, Awang et al., 2012, Umeda et al., 2015). JCQ will evaluate five scales: job decision latitude,
psychological demand, social support, physical demand, and job insecurity, all within 49 questions
(Karasek et al., 1988).

Demographic Differences

Japan is known for being a country with a high job demand, where their workers suffer constantly from
psychosocial risks especially from social pressure; studies in this country indicate how woman when
they better their job status, their mental health could be at risk due to social unbalances and not because
of the work itself (Umeda et al., 2015).

Another aspect that has been related is the education level since it has high-level depersonalization
in personal with lower education, which is most likely due to the presence of operational-level jobs that
involve, multiple routines, repetitive activities and with reduces responsibility and decision making,
which translates in a risk factor of the depersonalization of the worker (Pérez, 2013). A similar study
found the same relation where uncompleted elementary education was predominant (Original, 2014).
More demographic statistics indicate that women have higher emotional exhaustion compared to men.
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This situation is explained by several authors as a consequence of the multiple roles that women cover
by attending job demands and home demands (Gil-Monte, 2002; Maslach, 2009).

This cultural perception changes in countries from Latin America and Spain, where a study researched
the perception of innovation in organizations, being this negatively associated, the results indicated that
meanwhile autonomy is positively perceived in the work role and individual auto efficiency workers
will be motivated (Gondim, Mazzieri & Torres, 2016).

Productivity and Psychosocial Factors

When talking about productivity in companies, healthy organizations do systematic work to benefit
their workers’ well-being, as well as higher productivity, being achieved with good workstation design,
support channels, career development, and equal opportunities so a balanced of work and private life
can happen (Wilson, DeJoy, Vandenbert, Richardson & McGrath, 2004).

As Barrios (2013) points out interactions between organizational components, worker abilities,
synergy in work relationships, and work conditions can provoke employees to develop work exhaustion
and lower productivity levels. At the same time, Enrique Diaz, Kotzab, Sytch & Frieling (2012) found
when increasing production, a perceived psychosocial risk also increases, although, if work tasks are
combined with social interactions and ergonomic factors, it is possible to increase productivity without
negative impacts in psychosocial risks.

A negative individual perception has been found due to performance and low motivational activity,
related to organizational factors, in workplaces where lack of incentives, job insecurity, missing job
recognition, low salary, and insufficient training exists (Salazar, Beltrdn, Moreno & Romero, 2014).

Solutions for these risks have been fomenting communication strategies between structural levels,
establishing systems for conflict resolutions, improving motivation on workers, facilitate internal group
cohesion, impulse creativity and promote support groups for workers (Aranda et al., 2013).

In this sense, it is important that directives of any company compensate adequately their employees,
as well as take measures to lower controlling supervision and job insecurity since it is common to find
these psychosocial risks (Ocampo, Juarez, Arias & Hindrichs, 2015).

Productivity must be seen as the result of the human talent performance, being surrounded by condi-
tions and basic safety measures and work comfortably in the organization, can offer all of their efforts
to produce goods and services efficiently, meaning that every intervention to better productivity has its
genesis in the people (Cox, 2000).

Psychosocial Factors Evaluation

When it comes to the identification and evaluation of psychosocial factors, give the nature of the phe-
nomenon and the amplitude, the evaluation of these risks has implicated some difficulties to the profes-
sionals in charge of the prevention in organizations since it requires a different methodology from the
commonly used to evaluate psychical risks, ergonomics, hygiene, and mechanicals (Artacoz y Molinero,
2004; Blanch, Sahagin y Cervantes, 2010; Charria et al., 2011; Meli4, 2006; Villalobos, 2005).

Blanch (2010) points out that, contrary to other types of risks, this evaluation must be made through
questionnaires that lets people’s perception be captured over the workplace conditions and workers
experience in their psychosocial dimensions.
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The proposal of algorithms seems like an effective tool to design rotative schedules as temporal
alternatives to support critical positions with high repetitively, in such a way that risks can be balanced,
preventing workers from high risks levels and higher recuperation, although proposals like these are
simply temporal and do not eliminate the risk itself ((Asensio Cuesta, Diego Mas, Cremades Oliver, &
Gonzalez Cruz, 2012).

Other solutions are methods to manage psychosocial risks comprehensively and that helps leaders
with information to be prepared (Mathisen, Brgnnick, Arntzen, & Bergh, 2016).

Studies have helped to have a first approach to psychosocial risks in different types of industries, with
tools like the Copenhagen Psychosocial Questionnaire [COPSOQ] that let research find job dissatisfac-
tion, discrimination, and burnout syndrome.

MAIN FOCUS OF THE CHAPTER
Methodology

The research strategy employed was a case study applied to a manufacturing company that makes knob
locks for doors in their final assembly area, ubicated in the city of Mexicali, Baja California, México.
This company has been operating for over 30 years in the city, offering over 1350 jobs, and has been
taking security and well-being more seriously. The employees that will take part in this study will be the
ones in the final assembly area since the research aims to study both productivity and psychosocial risks;
they are all adults and of both genders. A case study was chosen given the intention is to gain knowledge
of a real situation, since modifying factor levels may originate a result that does not represent reality.

Exploration and analysis of existing literature about psychosocial factors and data gathering tools

Literature findings were made using three databases, primordially: EBSCOHost, ELSEVIER, and
SPRINGER. The next step was an advanced search prioritizing documents that included psychosocial
factors in industries. Also, only arbitrated, and complete texts were utilized. Of all found results, they
all were analyzed for this research utility.

In the end, only 46 articles complied with the established requisites, showing what factors and instru-
ments they used and why.

The 22 factors found in the studies is the next:

Job stability
Workplace harassment
Work-Family interference
Organizational climate
Leadership

Work rythm
Recognition

Role definition
Authonomy

10. Job satisfaction

11. Training

12. Psychological demand

A i A o e
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13. Depersonalization
14.  Work overload

15. Hability

16. [Extra time

17. Physical load

18. Stress

19. Labour conditions
20. Growth

21. Support

22. Fatigue

PSYCHOSOCIAL FACTORS AND INSTRUMENTS
SELECTIONS UTILIZED FOR THE CASE STUDY

In the investigation process, a large number of factors and instruments were found, like the General
Health Questionnaire [GHQ], Job Content Questionnaire [JCQ], ISTAS21, and more. However, while
investigating, the past October 23 of 2018 an Official Mexican Norm [NOM] was approved, called Norma
Oficial Mexicana: Factores de riesgo psicosocial en el trabajo - Identificacion, andlisis y prevencion
[NOM 035], which translates to Psychosocial risk factors at Work-Identification, analysis, and prevention.
These norms are mandatory in Mexico, so it was opted to utilize the instrument provided by the norm.

MEASURING INSTRUMENT

The questionnaire to Identify the Psychosocial Risk Factors and Evaluate Organizational Environments
in Work Centers has 2 types of questionnaires depending on the number of workers studied.

For organizations with less than 50 employees, guide reference I is used, which counts 46 questions
and evaluates the fields of work environment conditions, job load, lack of work control, working hours,
interference in work-family relation, leadership, work relations, and violence.

For organizations with more than 50 employees, guide reference III is used, it has 72 questions and
evaluates the fields of work environment conditions, job load, lack of work control, working hours,
interference in work-family relation, work relations, violence, performance recognition and insufficient
sense of belonging and instability.

In the case study, the final assembly area counts 272 employees, for this reason, guide reference III
was utilized.

The instrument comes with its evaluation method, which generates a result classified in one of five
levels:

Null: The risk results negligible.

Low: Better psychosocial factors prevention.

Medium: Intervention programs are needed.

High: Sensitization campaigns are needed.

Very high: Specific actions needed to stop or prevent risks.

Al
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It was also added to the questionnaire a demographic section to know age, antiquity, assembly line,
work shift, and gender.

INSTRUMENT APPLICATION

An agreement with the company was made, 3 dates were scheduled to apply the questionnaire. For better
results, it was opted to not use a sample and instead survey all workers. The questionnaire was applied
in person, appointments were made for all employees to assist and all the questions were read to them.
Each reactive manages a scale from O to 4, where the value depends on what question they are answering.

Productivity measurements were taken from a production history, where the engineering department
registered a production plan and real production day by day. This plan-reality relation was utilized as a
productivity percentage, by dividing the volume by the production plan [this was done to each produc-
tion lane].

The data collected was put in a database and analyzed through the NOM 035 evaluation. The aver-
ages were calculated by production lane, and with the results from the norm and with the production
data a correlation analysis was made. Table 1 exemplifies the database that was used for productivity;
the whole database is confidential to keep company privacy.

Table 1. Productivity by assembly line example

Lane Production plan (pieces) Prodzl:;(l:s(;lume Productivity %
1 11525 10740 93%
3 11300 12124 107%
4 11000 10080 92%
5 6045 6078 101%
6 11023 11550 105%
7 4318 5292 123%
8 8995 8928 99%
9 8781 6564 75%

Table 1.2 exemplifies the database that resulted from the nom 035 questionnaire, where the number
represents the average risk level for each psychosocial risk. For example, the first row shows the first
questionnaire applied, which corresponds to assembly line number 1. For the work environment factor,
the questionnaire sums up the results of the corresponding questions and depending on where the value
locates within a range, it will be its score.
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Table 2. Example of psychosocial factors average levels by questionnaire

Lane Questionnaire Number Wori{oelellg;itli'zz;nent Job load Leadership
1 10 37 17
1 9 18 4
7 7 20 19
RESULTS

Descriptive Statistic

The following are the results obtained from polling 272 employees. There were 158 females and 92
males; ages ranged from 18 to 28 years (74 persons), 29 to 38 years (53 persons), 39 to 48 years (74
persons), and 49 years and older (71 persons). When it comes to antiquity, it ranged from O to 1 year
(106 persons), up to 5 years (67 persons), up to 10 years (8 persons), and above 10 years (91 persons).

Figure 2. Population by gender
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Figure 3. Population by ages
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Figure 4. Population by antiquity
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Figure 5. Population by marital status
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The following factors were rated: Conditions in the work environment, Workload, Lack of control over
work, Work shift, Interference in the work-family relationship, Leadership, Work relationships, Violence,

Recognition of performance, and Insufficient sense of belonging and instability, based on the score table
by NOM 035. The results were divided by the assembly line and the overall result. A color code is used to

symbolize the risk levels: zero [blue], low [green], medium [yellow], high [orange], and very high [red].
The average scores of all the lines are those shown in table 2. As it can be seen, the two factors that
show a high risk are the lack of control overwork and the recognition of performance, while only leader-

ship and violence present a medium level, however, not risky.

Table 2. Average levels of the global psychosocial factors

Psychosocial factors

Work Environment Workload Lack of control Work shift Interfef'ence m the “./ork-
overwork family relationship
7.12 17.58 23.18 0.76 4.74
Psychosocial factors
Leadership Work relationships | Violence Recognition of Insufficient sense of belonging and instability
performance
14.75 10.73 11.43 13.76 5.69
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Next are the bar graphs for each factor broken down by the final assembly line and their respective
percentage of responses.

STACKED BAR CHART (100%)

The following graphs will be used to compare by final assembly line (Y-Axis) where the data is most
concentrated and find out in greater detail where there is a greater or lesser percentage of psychosocial
risk (X-Axis).

Looking at figure 6 highlights the low level of psychosocial risk, and even only three assembly lines
show a small hint of high risk, which can represent very specific cases.

Figure 6. Work Environment, general

Work Environment
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In figure 7 the risk percentage is almost zero, however, it does reach a low level. This shows how the
company does not overload its employees or that employees are not affected by the workload assigned
to them.
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Figure 7. Workload, general
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In figure 8 most lines show a high level of risk and even three lines show their mean at a very high
level. This indicates little freedom for workers to make decisions.

Figure 8. Lack of control over work, general
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For the working day, figure 9 indicates that this factor does not present any risk for most of the personnel.

Figure 9. Work shift, general
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In figure 10 there is a low risk for the most part, only with two assembly lines showing a medium
level, which shows that the risk is largely controlled, only a few cases were reported where work inter-
feres with the family or vice versa, but not at a high level.

Figure 10. Interference in the work-family relationship, general
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Unlike the previous figures, figure 11 shows a clear variety in the results and how each assembly line
views its leaders differently. While in one assembly line there is a low level, in another it reaches the
highest level of risk. However, globally speaking as an assembly area, the risk reaches medium levels.

Figure 11. Leadership, general
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Figure 12 shows the existence of violence at a medium to a high level for certain assembly lines and
a line at a mostly null level. This can lead to problematic relationships with coworkers, among other
possibilities. Even so, at the assembly area level, the risk is seen at a medium risk level.

Figure 12. Violence, general
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For figure 13, the risks are low or null, demonstrating a healthy employment relationship between
the different work areas, not representing any psychosocial risk.

Figure 13. Work relationships, general
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Figure 14, the psychosocial risk it presents is visible. At the area level, the risk shows a medium level,
however, the graph shows a trend of few results for low or no risk levels, and more loaded at medium,
high and very high levels.

Figure 14. Recognition of performance, general
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As can be seen in figure 15, the sense of belonging and instability does not show high risks that can
affect the worker. Most of the results show low levels for most assembly lines.

Figure 15. Insufficient sense of belonging and instability, general
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Visualizing the ten graphs, those of Lack of control over work, Recognition of performance are those
that present the highest levels of risk; Leadership and Violence are what are found at medium levels,
while the others have low to zero levels. This should be considered when relating these results with their
respective coefficients of determination R2,

THE DETERMINATION COEFFICIENT (R?)

When applying this coefficient, the correlation between ‘Psychosocial risk factor’ and ‘Productivity’ is
sought to find out if the higher the level of the psychosocial factor, the lower or the higher productivity.
To find this number, the scatter charts in Excel were used, where the level of psychosocial risk per as-
sembly line was related in a column with its respective percentage of productivity to find the correlation
of both factors.
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Table 3. Results of work environment psychosocial risk and productivity

Productivity Evaluation in Function of Worker Psychosocial Factors

Assembly line Risk level Productivity percentage
1 6.96 97%
3 6.8 101%
4 6.95 95%
5 7.52 109%
6 6.7 103%
7 7.96 130%
8 7.7 98%
9 6.97 91%

Figure 16 shows a value for R? of 0.4528 with a slight positive inclination, this indicates a medium
correlation showing that the factor does not significantly influence the productivity response.

Figure 16. Work environment and productivity
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Table 4. Results of psychosocial risk, workload, and productivity

6.8

7.2 7.4 7.6
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Assembly line Risk level Productivity percentage
1 17.56 96%
3 17.11 101%
4 21.11 91%
5 18.52 101%
6 16.6 105%
7 19 91%
8 17.41 97%
9 19.41 84%
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For the graph shown in figure 17, a negative trend and a median correlation due to the R? of 0.528
are shown, indicating that there is no significant influence on the productivity response.

Figure 17. Workload and productivity
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Table 5. Results of psychosocial risk, lack of control overwork, and productivity

Assembly line Risk level Productivity percentage
1 24.36 96%
3 23.13 105%
4 18.11 93%
5 22.8 111%
6 25.52 107%
7 26.79 113%
8 26.58 96%
9 19.38 88%

In figure 18 the R? result of 0.3516 shows a low and positive correlation. Similarly, this indicates that
there is no significant influence on the productivity response.
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Figure 18. Lack of control over work and productivity
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Table 6. Results of psychosocial risk, workday, and productivity

Assembly line Risk level Productivity percentage
1 0.48 98%
3 0.77 97%
4 1.05 88%
5 0.90 97%
6 1 98%
7 0.93 80%
8 0.83 101%
9 0.94 95%

Of the graphs with the lowest correlation, figure 19 shows an R? of 0.1714, with a slight negative
trend, with practically no influence on the productivity response.
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Figure 19. Work shift and productivity
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Table 7. Results of psychosocial risk, interference in the work-family relationship, and productivity
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Assembly line Risk level Productivity percentage
1 5.08 96%
3 4.77 105%
4 3.94 93%
5 6.04 111%
6 591 107%
7 4.89 113%
8 3.83 96%
9 3.86 88%

Within figure 20, the positive trend shown by the graph gives a moderate indication that the greater
the interference in the work-family relationship has a positive influence on the productivity response,
however, the correlation is medium, so this result does not it is significantly correlated.
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Figure 20. Interference in the work-family relationship and productivity
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Table 8. Results of psychosocial risk, leadership, and productivity

Assembly line Risk level Productivity percentage
1 17.36 97%
3 15.11 101%
4 9.64 95%
5 14.23 109%
6 13.69 103%
7 19.93 130%
8 14.08 98%
9 10.88 91%

For the leadership factor shown in figure 21, the R? of 0.5575 shows a moderate and positive cor-
relation, so that there is a medium influence on productivity with better leadership.
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Figure 21. Leadership and productivity
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Table 9. Results of psychosocial risk, relationships at work, and productivity

Assembly line Risk level Productivity percentage
1 13.4 96%
3 11.82 101%
4 5 91%
5 12.28 101%
6 13.95 105%
7 11.10 91%
8 10.58 97%
9 6.94 84%

The graph of relationships at work shown in figure 22 shows a median positive correlation, therefore,
it does not significantly influence productivity.
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Figure 22. Work relationships and productivity
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Table 10. Results of psychosocial risk, violence, and productivity

Assembly line Risk level Productivity percentage
1 11.04 96%
3 11.37 105%
4 10.41 93%
5 14.14 111%
6 14.04 107%
7 14.58 113%
8 11.70 96%
9 9.19 88%

Of all the R? graphs, figure 23 stands out as it shows a significant positive correlation, indicating
that the more violence there is an influence on the higher productivity. This factor will be specifically
discussed later.

96

EBSCChost - printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost

Productivity Evaluation in Function of Worker Psychosocial Factors

Figure 23. Violence and productivity
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Table 11. Results of psychosocial risk, recognition of performance, and productivity

Assembly line Risk level Productivity percentage

1 16.04 96%

3 13.55 105%
4 9.52 93%

5 15.90 111%
6 16.13 107%
7 15.58 113%
8 13.5 96%
9 10.75 88%

Figure 24 shows a slight positive trend, but with a median R?, again indicating that there is no sig-

nificant influence on productivity.
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Figure 24. Recognition of performance and productivity
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Table 12. Results of psychosocial risk, insufficient sense of belonging and instability, and productivity

Assembly line Risk level Productivity percentage
1 5.52 98%
3 5.66 97%
4 6.17 88%
5 6.09 97%
6 5.86 98%
7 6 80%
8 5.45 101%
9 5.47 95%

Finally, for figure 25, having an R? of 0.3574, it can be concluded that the factor of insufficient sense
of belonging and instability does not influence the response more than moderately.
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Figure 25. Insufficient sense of belonging and instability and productivity
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DEMOGRAPHIC RESULTS

Productivity behavior was analyzed depending on gender, age, and work shift, in addition to its quali-
fication according to NOM 035.

It was found in the ratings by gender that both men and women share the lack of control over work
with a high or very high level of risk. In the recognition of performance factor, both genders have similar
risk levels, with only a slight increase in risk for women.

Figure 26. Lack of control over work, morning shift

Lack of control over work
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For the results by work shift, again the lack of control over work indicates high and very high levels of
risk for both shifts, as shown in figures 26 and 527, however, it is clear that the evening shift is the main
group that is affected by having its staff at high and very high risks. Also in what is violence (figures 28
and 28) for the morning shift, the risk is slightly higher than that of the evening shift, which may mean
that it is in a specific shift where a greater number of violent acts occur. The next section will discuss
this factor in more detail.

Figure 27. Lack of control over work, evening shift
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Figure 28. Violence, morning shift
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Figure 29. Violence, evening shift
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Finally, for people 39 years of age and older, there is an increase in the level of risk of violence to

the medium level.

VIOLENCE FACTOR ANALYSIS

It was decided to break down the items that make up the violence factor to visualize in detail what kind
of violence the employees perceive the most since it is the factor that obtained the higher R? result and

contrary to the literature, the higher the violence the indicator had a productivity improvement.

The violence factor is made up of eight items:

In my work I can express myself freely without interruptions.
I receive constant criticism of my person and/or work.
I receive teasing, slander, defamation, humiliation, or ridicule.

Work situations are manipulated to make me look like a bad worker.

My job successes are ignored and attributed to other workers.

They block or impede my opportunities for promotion or improvement in my job.
I have witnessed acts of violence in my workplace.

P NN R LD =

The results of average levels per reagent are as follows:

My presence is ignored, or I am excluded from work meetings and decision-making.

Table 13.
Average level 2.04 1.72 1.19 1.32 1.15 1.24 1.03 1.73
Question 1 2 3 4 5 6 7 8
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As it can be seen by the results, expressing freely without interruptions does not always happen and
this contributes to violence ending up at a high-risk level. Also, workers feel like they receive critics of
their person and/or work on a medium scale plus having witnessed acts of violence in their workplace.
All other items had a low average level, so employees do not consider this when talking about violence.

DISCUSSION AND CONCLUSION

When viewing the general qualifications by the NOM-035 instrument, the factors of Recognition of
performance and Lack of control over work are those that present high levels perceived by workers.
These are the factors that possibly significantly influence productivity.

For this, using the correlation coefficient R * 2, the factors that are significantly influencing pro-
ductivity can be appreciated. In this way, the following factors are found with a medium correlation:
Conditions in the work environment, Workload, Leadership, Relationships at work, and Recognition of
performance. While the Workday, Lack of control overwork, and Insufficient sense of belonging show
a low correlation. The low correlation workday maybe because overtime is not allowed in the study
company and the employees are used to it.

The high correlation factors were violence and interference in the work-family relationship, both
showing a positive correlation. This is unusual because, according to the literature, both factors are det-
rimental to the worker (Amor, 2014). Analyzing these same factors with the instrument of NOM 035,
both factors are found at low and medium levels respectively, which shows that there is no great risk for
the worker based on the standards of the norm, even so, it will be interesting in future studies will show
if this correlation continues at higher risk levels for both factors, or if productivity decreases after a
certain level. Possibly workers are already familiar with minimal acts of violence that do not negatively
affect work, on the contrary, they drive them to work.

When delving into the violence factor, it is visualized how employees consider violence mainly for
three reasons: they cannot express themselves freely, they receive constant criticism and violent (physi-
cal) acts have been witnessed. Although this type of practice is not considered acceptable in a healthy
work environment, somehow employees have become accustomed to a slightly hostile treatment that
causes the worker to pay no attention to anything other than their work and end up being more productive.

The relationship at work and leadership also shows an interesting result, since an increase in pro-
ductivity is demonstrated while both factors deteriorate. This may mean that people in this area prefer
to work without having to constantly interact with others since relationships at work present a low level
of risk according to the norm.

On the other hand, Workload shows a trend that, with the greater workload, whether mental or physi-
cal, productivity tends to decrease and inversely, the Performance Recognition factor tends to improve
productivity in the face of improvements in both factors.

Taking into account the demographic variables of gender, both men and women show medium and
high-risk levels for Lack of control over work, Leadership, Violence, and Recognition of performance,
the only difference is in the Recognition of performance, with women being the increase the risk level
to high.

For the work shift variables, while the evening shift suffers mainly from Leadership and Lack of
control over work, the morning shift maintains the risk level for Lack of control, but increases violence,
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relationships at work, and recognition performance significantly, marking a notable difference between
shifts that may be due to poor practices by morning staff.

Finally, the age variables did not have any difference between them, only people in the 49-year-old
range did have high levels of risk for 5 factors. This allows us to see the situation from another perspec-
tive, since it may be that the people who have the greatest influence on increasing risk levels are the
older personnel, but in turn, these are the people who are increasing productivity, as seen above that
these factors are the ones that influence the response.

Then there are enough elements to conclude that the psychosocial factors of Violence and Interfer-
ence in the work-family relationship do show a correlation with the productivity result of 88.86% and
61.4% respectively.

SOLUTIONS AND RECOMMENDATIONS

In general, the company treats its employees with care, it is only recommended to train line supervisors in
conflict management to take care of attitudes that can cause violence out of control, in addition to some
type of reward for being a distinguished worker or with values. In this way, physical or mental risks for
employees can be prevented and at the same time continue with efficient productivity.

FUTURE RESEARCH DIRECTIONS

Future studies are recommended that visualize individual productivity and another instrument that al-
lows the analysis of psychosocial factors in an individualized and non-group way, to have even more
precise results.
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ABSTRACT

The objective of this research was developed to evaluate the working conditions of workers in an electronic
industry located in the city of Mexicali, analyzing a process in a work table where welding operations
of electronic components are made and certain factors are presented that generated discomfort to the
operating personnel of this manufacturing area. The workers frequently visited the company doctor and
health institutions in Mexicali due to symptoms of discomfort and pain in the head, neck, back, spine,
arms, hands, and shoulders in addition to discomfort in the eyes due to not having a position due to poor
structure (work table and chair) and low light intensity, which caused fatigue and stress and discomfort
with eyestrain. In addition, certain employees in the production areas presented symptoms of respiratory
diseases caused by an environment contaminated by pollutants, essentially derived from sulfur (sulfides),
as well as variations in temperature and relative humidity in the four seasons of the year.
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INTRODUCTION

One of the important aspects in a workplace is to maintain working conditions, especially for workers in
the manufacturing areas, because this is an index of the levels of productivity and quality in any type of
industry at the level global (Bruzzonne, et al, 2012). Throughout the world, there are laws that regulate
the working conditions of all industrial companies, in addition to the fact that in the region and country,
other types of laws are adhered to according to environmental factors (climate and pollution), as well as
being based on equal participation of men and women, ethnic origin, religion and nationality (customs),
social levels, people with disabilities, health conditions and family responsibilities; being important as-
pects in the performance of operating personnel in each industry (Loss, et al, 2016). In the legislation,
the rights and obligations are defined according to each activity, so it is necessary to constantly supervise
industrial operations; to determine the satisfactory working conditions that lead to generate a cordial
environment among the workers in the manufacturing areas, supervisors and managers (Grosse, et al,
2015). Usually, in all industries, it is desired to maintain a good working relationship, with which the
development of activities are optimally developed; only that sometimes the way of thinking of certain
people in the operational area (workers, supervision and managers) of each industrial company, act in
surprising ways, wanting to force the operational workers to made unnecessary, constantly repetitive,
uncomfortable, heavy activities no tools or work equipment; and sometimes pregnant women are forced
to work in areas where certain industrial equipment or machines emit air pollutants or need to lift heavy
items, which are harmful to the health of women and the fetus (Arunesh Ch, et al, 2009). Figure 1 shows
the main factors of working conditions in industrial plants in the city of Mexicali; where the relationship
between these is observed. In this city are around 150 industrial companies of manufacturing sector
where 70% are of electronic area (INDEX, 2020).

Figure 1. Principal factor of labor conditions

Equality Protection Health Coordination
Rest LABOR Living wage
CONDITIONS
Training Fixed Planning Adaptation
Contract
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All the factors are of vital interest and each one must be evaluated with the same level of importance,
to avoid some kind of problematic situation.

NECESSITY OF MADE INVESTIGATION OF ERGONOMICS IN THE INDUSTRY

Most of the objectives that focus on the manufacturing areas are to increase productivity and quality
levels, without considering ergonomic aspects, which are fundamental in the productive performance
of operating personnel. Analysis prepared by specialists on the subject of ergonomics in industries of
the city of Mexicali (Carlos Rauil Navarro Gonzalez et al, 2020), recommend preparing scientific stud-
ies of basic and specialized times and movements to avoid some type of injury or health symptom of
the operating personnel of areas of manufacturing that generates low performance of the workers of
the industrial processes and visits to the doctor that could originate some type of fine to the industries.

Labor Laws and Conditions

This concept is defined worldwide, only that in each region of the world, certain aspects that are added
to international laws are considered, according to the characteristics of each population, because each
area of each country may have different ways of thinking for work activities, being an example in eastern
countries where they can work up to twelve hours a day, being that the normal working day is usually
eight hours (Ahram, et al, 2014). In addition, the circumstances of rest periods in work activities are
considered, in order to have relaxation times that promote the motivation to develop work operations
with greater optimism and operational performance. In certain industries worldwide and some in the city
of Mexicali, where this study was carried out, the practice of labor gymnastics is considered, where ac-
tions are carried out to separate from their work areas, achieve stretching of the extremities of the human
body and develop movements relaxing; with the aim of eliminating stress in parts of the human body
where work activities suffer the most, especially when they are repetitive, inadequate or without tools
or work equipment. This is why regulatory bodies of working conditions in each region of the world, at
certain times supervise the work areas of any type of industry, where the way in which manufacturing
activities are developed, as well as the environments to which they are made, were evaluated those that
are exposed the operational workers and the labor relationship with those in charge of the manufacturing
processes (supervisors, personnel specialized in certain operations and managers) (Kuhlang, et al, 2011).
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Figure 2. Relation of labor and law conditions

Legal aspects Labor welfare

Psychological Environmental
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Figure 2 shows the factors of labor and legal conditions, where legal aspects are important in the
labor processes of any industry or workplace, which sometimes in certain industrial companies, are not
explained in detail to workers of the conditions where they should be made their industrial activities
(Kalpakjian, 2014).

Industrial Ergonomics

Currently, one of the aspects of interest in industrial plants around the world is the evaluation of the
issue of occupational health, achieving great progress in improving working conditions. This was, to
have industrial operations in the most adaptable way possible to made operations in a comfortable way,
achieving maximum operational efficiency. Since the beginning of the 21st century, efforts have been
duplicated to be very attentive to the working conditions of operational employees in manufacturing
areas, with the creation of departments dedicated to this process and the improvement of industrial
activities, including personnel specialized in health, manufacturing, engineering, and ergonomics top-
ics (Wilson, et al, 2009). The main objective of this department in each industrial plant is to prevent
accidents or health symptoms that cause severe damage to workers in industrial plants. This can be, in
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work or subsequent periods that lead to inactivity actions in some limbs or organs of the human body,
as has been generated in certain industries installed around the world. On some occasions, a situation of
severe discomfort or pain can occur, and cause a temporary or permanent disability of a worker, causing
a person not to return to work throughout their life (Thatcher, 2013). The theme of industrial ergonom-
ics has been strengthened in the last twenty years, in all industrial activities, where a large number of
operating employees in manufacturing areas have suffered mild and severe symptoms in their limbs and
organs. Most of the time, industrial plants, including those established in the city of Mexicali, are not
aware of the seriousness of not applying ergonomic methods in industrial processes, or are not aware of
this. That is why the Mexican authorities of the health and labor sector (Secretaria del Trabajo y Previ-
sion Social-STPS) have acted with great firmness regarding these events (Carrasco Martinez 2010).
According to the Mexicali health authorities, in the last ten years, a considerable increase in accidents
and illnesses has been observed, mainly due to work stress, with symptoms of discomfort and pain in
the head, neck, shoulders, arms, hands, back and hips of workers in the manufacturing area of industrial
plants installed in this city, as showed in figure 3, observed as men suffered when try to lift a heavy box.
The main causes of the occurrence of these events, is to develop inappropriate operations and without
adequate ergonomic methods and tools, with the greatest presence of manual activities and in some
cases when operating employees interact with automated industrial equipment and machines (Saniog,
et al, 2015). That is why those in charge of the industries from the directive, managerial level, and even
the supervisory and specialized personnel to support analysis and improvement of working conditions,
have been making great efforts to prevent their employees from operating areas, leaving to go to work,
generating extra expenses due to health symptoms and also avoid the large turnover of personnel that is
generated in industrial plants in Mexicali. The high turnover of personnel in industry in this city, causes
that the industrial operations are developed by inexperienced workers because the people who have the
experience, are in situations of deteriorated health due to accidents or diseases by not having the optimal
working conditions. This originated in the evaluated industrial company, that errors were generated due
to inexperience of its workers, in addition to an increase in accidents and illnesses due to not giving the
correct follow-up to industrial activities and not having adequate working conditions, causing a low level
of productivity and quality in the evaluated industry (Aven, et al, 2013).

An aspect of interest in the industries is to determine the economic amount that is dedicated to the
health of their workers and when it is caused by inadequate working conditions in manufacturing areas,
where workers can quickly suffer some health symptoms (Salvendy, 2012) which can damage the finances
of industrial companies. In addition to the payment for recovery in the health of the operational person-
nel, where the investigation was required to pay fines for a large amount of money to Mexican health
authorities, which is known as a risk premium, for the large amount of workers treated in public health
clinics mostly and private on certain occasions. One of the relevant factors considered in industrial activi-
ties is that the city of Mexicali is located in an arid zone with extreme temperatures (in summer up to 45
°C and in winter close to 0 °C), being an important factor in comfort of workers, to develop industrial
operations (Lopez, 2008). This was considered from 2000 to date, as an aspect of interest in the analysis
of occupational health by the World Health Organization (WHO), which is part of ergonomic issues.
This aspect is very relevant in the manufacturing areas of industrial plants, to preserve the good health
of workers (Lopez Torres et al. 2012). That is why analyzes have been developed in the manufacturing
processes in manual and automated operations, evaluating the times and movements of workers in each
industrial activity, to determine if there is any type of risk that causes a negative effect on the health of
the personnel that works. . in industrial plants. That is why evaluations in industrial processes include
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activities that analyze operations development factors to determine if any of these may cause a risk to
the health of workers in the manufacturing area. In addition, the productivity and quality indices of the
manufactured products are evaluated, balancing these two factors with the manufacturing processes of
the manufacturing personnel activities (Chandra, et al, 2009).

Figure 3. Action of man injured by improperly lifting a heavy box

Source: https://es.familydoctor.org/seguridad-al-levantar-consejos-para-prevenir-lesiones-en-la-espalda/

|

Electronics Industry

The electronics industry is a very important sector with the manufacture of a great diversity of products
that are marketed in all regions of the world, being a factor of interest in the economy of each country.
This type of industry had its greatest boom in the 1970s of the last century, being televisions, computers,
cell phones, control of various equipment for industrial manufacturing areas, in addition to means of
transport such as cars, buses, boats and motorcycles (Lopez, et al, 2010). The wide variety of products
manufactured in the electronics industry is to achieve better comfort in daily activities, noting that they
are used in all regions of the world, being mainly the digital type the most used and in some cases, they
remain constantly on, without having rest periods. The electronics industry also manufactures sensors for
detecting objects, as well as indices of weight, mass, volume (liquid levels) in industrial and commercial
companies, as well as in health institutions, which is very important in the gross domestic product (GDP)
of each country. The electronics industry has contributed enormously for ten years to the economy of
each country and region, generating profits of several billion dollars each year. For the manufacturing
process of electronic devices, equipment and systems, various chemical substances are required that
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can generate polluting gases in the manufacturing areas, which can cause complicated situations in the
internal environment of each industry (L6pez, 2008). This could have a negative effect on the health of
workers, where every day we seek to have favorable conditions for the optimal performance of employees
in the operational area. That is, from the safety and hygiene departments of industrial plants installed
anywhere in the world, and this factor was evaluated in this research as part of the aspects of analysis
of working conditions, in the electronics industry, where the scientific study. These atmospheric gases,
can penetrate the respiratory tract of workers, they can suffer health symptoms such as a simple flu or
cough, can cause side effects in some organs of the body such as the heart, and causing problems of re-
spiratory arrest and being an expense not contemplated in the planning of each industry. For this reason,
as part of the investigation, an analysis was developed with specialized equipment, of the monitoring of
pollutants generated by industrial processes with chemical substances in the interiors of the evaluated
industry and abroad emitted by vehicular traffic and industrial companies of the city of Mexicali, and
that penetrate the interior through cracks or holes in the buildings and generate aggressive environments
in the manufacturing areas and originate health symptoms that have incalculable costs, and for this rea-
son, the working conditions in the industries located in Mexicali are not presented (Carlos Navarro, et
al, 2020). There are basic and complex industrial processes, where certain types of work methods, tools
and equipment are required. This is important in planning, where the types of process flow are also con-
sidered, to determine the number of operating personnel in the manufacturing areas. In addition, in the
last decade, working conditions have been taken into account with greater strength, applying ergonomic
and manufacturing methods, contemplating innovations developed by experts from various engineering
areas that participate in all industries in the world, including those located in industrial parks from the
city of Mexicali (INDEX, 2020).

Health Symptoms by Inadequate Movements in Industrial Processes

Occupational risks are events that can occur in activities of any kind, focusing in this research on the
operations carried out in industrial companies located in Mexicali, specifically in an electronic industry,
where according to the health authorities of this city (Carlos Navarro, et al, 2020). This scientific study
refers to a problematic situation, which was reflected in the presence of an increase in health cases in
reference to work stress, discomfort and pain in shoulders, arms, hands, back and neck. This generated
lack of attendance at work, errors of inexperienced personnel causing low levels of productivity and
quality of manufactured products. In addition to costs to the company evaluated by labor risks, where
the concept of risk premium is fundamentally considered, where it is considered as a process where the
employer (in this case the industrial plant evaluated), must protect its workers from possible occupational
risks. One of the causes was due to the inadequate method of performing the functions when holding
the soldering iron as shown in the following in figure 4:
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Figure 4. Forms to make the in soldering process of electronic components: (a) inadequate and (b)

adequate
Source Analysis of the investigation

In the last figure was detected that the soldering iron was showed the forms to make the soldering
process as inadequate in figure 4a and adequate in figure 4b. In figure 4a, was generated a tension in the
hands, arms and shoulders; and in figure 4b the tension disappeared. It causes discomfort in few short
periods of work and intense pain in long periods of activity, which is why it was necessary to visit to
medical assistance in indoor of the evaluated electronics industry and also the health authorities. This
caused the industrial company where the investigation was carried out, to receive fines from the Mexican
authorities of regulation of working conditions, for the lack of prevention of health symptoms, such as
accidents and illnesses of the operating personnel of the manufacturing areas of this analyzed industry,
and there will be health consequences for workers, also affecting the productivity and quality indices of
manufactured products. The health symptoms that occurred in industrial operations workers are called
musculoskeletal disorders, the soft tissues, muscles, tendons, ligaments, nerves, joints and blood vessels
being affected (Bevan, 2015). The muscles have the function of providing energy for the movements of the
arms, shoulders and hands; and being injured, they cannot exert the necessary force to make the activities
of the industrial processes. The tendons are the pulleys that have the function of joining the muscles to
the bones of the human body for the arms, hands and shoulders; elaborate the operational activities. The
ligaments generate the union of the bones for an efficient and adequate performance of the functions.
The articles are considered as the joints between the bones, for optimal functionality. The nerves have
the function of sending information to and from the brain to the muscles to carry out operational activi-
ties in a coordinated way. In addition, the vertebral discs are considered in any operation generated by
the human body, which are the arm-absorbers for the spinal column. Based on this, the appropriate way
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to apply the prevention of occupational hazards in the manufacturing areas of the evaluated electronics
industry is analyzed. It was observed from the beginning of the investigation that the way of elaborating
the operations in the work tables attached to the production line, generated discomfort on the shoulders
of the operational workers (Aven, 2015). The necessary measures were developed, such as the change of
method and work equipment, such as taking the soldering iron in a suitable way, to avoid discomfort, as
well as the times and movements of the performance of the welding functions of electronic components
in electronic boards of products manufactured in the evaluated industry (Lopez, 2008).

Mexican Normativity

In addition to consultations for work-related stress, certain serious health symptoms of workers in
industries located in Mexicali sometimes occur, such as medical treatments and surgeries that health
institutions support operational employees who made out activities in industrial processes. Said health
institutions prepare charges to industrial plants, for the risk premium factor, which is due to the genera-
tion of accidents or illnesses due to inadequate working conditions. In the Mexican Republic, there is a
regulation called the Labor Risk Prevention Law (LPRL); whose antecedent is the Federal Labor Law
(LFT) elaborated in 1970 and the Federal Regulation of Safety and Health at Work (RFSST) documented
in 2014 (NOM 172, 2019, NOM 011, 2001, NOM 015, 2001, NOM, 024, 2001, NOM 025, 2008).
The LPRL gave rise to the generation of the Official Mexican Standards (NOM) in the labor aspect,
which is what protects the worker from what executives, managers and supervisors of industrial plants
throughout the country do, supporting the operating personnel of manufacturing areas. Also, was used
an international normativity as OHSAS (OHSAS, 2007).

METHODOLOGY
Methods

The development of the research consisted of evaluating the working conditions in which there were
four work tables located in a production line of the electronic sector company where the scientific study
was prepared, located in Mexicali. With the analysis process, a problematic situation was detected that
generated low levels of productivity and quality of the manufactured products. This was due to the fact
that the operating personnel of the manufacturing areas did not present the maximum performance due
to suffering from discomfort and pain in the upper extremities, due to the lack of understanding of how
to elaborate the welding functions of electronic components in electronic boards (Carlos Navarro, et al,
220). Experimental tests were conducted to determine possible causes by means of an Ishikawa cause-
effect analysis. Based on this, it was observed that the industrial process workers at the work tables
elaborated their activities in an uncomfortable way, explaining in detail below the six factors of the
Ishikawa diagram (Lo6pez, et al, 2012):

a) Material. On certain occasions the electronic components were a little larger than their normal
size, even though they had the same characteristics, such as the value of each component in each unit
of measurement (ohms for resistance, volts for diodes, farads for capacitors, henry for coils; being the
most used electronic devices), as well as the operating power in watts. Sometimes, the solder used in
joining the electronic components to the electronic boards is of low quality, and it is difficult for the
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joint to be made, generating poorly joined electronic components, poor connection and lack of electrical
conductivity. In addition, there were areas in the electronic boards with missing electronic components,
originating a low level of productivity and quality of the manufactured products.

b) Method. A detailed analysis was made of each step (times of each function and movements of the
upper extremities (arms, hands, shoulders)) of the process of how to develop the welding activity, with
the aim of taking the necessary actions and generating actions comfortable for workers in the manufac-
turing area of the evaluated electronics industry.

¢) Workforce. Several experts and inexperienced people in the activity of soldering electronic com-
ponents in electronic boards were evaluated in the four work tables. With this analysis, it was observed
that inexperienced people did the activity inadequately and suffered more frequently from discomfort and
pain in the sections of the upper extremities (hands, arms and shoulders). This also generated tension in
the neck, head and back, causing the health symptoms that originated the assistance to the doctor within
the evaluated industrial company and to the public health centers outside this industry.

d) Environment. Climate and pollution parameters were evaluated as part of the atmospheric envi-
ronment, in addition to the work environment, linking the relationship of directive personnel, managers
and supervisors with the operational personnel of the manufacturing area. The first evaluation showed
that the climate levels (temperature and relative humidity (RH) measured in °C and% respectively, were
not adequate at certain times, especially in the summer periods, with temperatures and relative humid-
ity greater than 45 °C in the welding zone due to the soldering iron, and 70% (in July and August) and
winter, with temperatures close to 0 °C and greater than 70% RH (in December and January). Regarding
the work environment, a detailed analysis was made of the way in which all the people in the manufac-
turing area were related, in the period of the investigation, where it was observed that at times a very
tense environment was generated, due to the increase in production rates. This action generated concern
on the part of the management and supervision staff, thinking that the production goal could not be met
(AHRAE, 1999).

e) Measurement. The way to evaluate if the electronic components were installed in the electronic
boards was visually elaborated by the same workers who carried out the welding activity. This was not
adequate, because with the same process of the welding functions of the four people of this activity,
generated a tired view, a tension to perform the two operations in a single activity and with it even bore-
dom that was not adequate. This caused that the workers of these steps of the industrial processes, did
not perform their functions optimally and with it, the presence of errors and defective products, causing
defective by-products and with it low levels of productivity and quality. For this, an analysis guide was
developed to be placed on electronic boards to detectincorrectly installed or missing electronic components.

f) Machine. At this stage of the industrial processes of the analyzed production line, the way to prepare
the welding operation was evaluated, focusing on the welding equipment (soldering iron), considering
that it was in good condition to generate the necessary heat to produce the proper union of electronic
components in electronic boards, and avoid defective by-products with more installed or missing elec-
tronic components. Another important aspect was the use of the guide designed and tested by specialized
personnel for continuous improvement to generate a better comfort for the operational workers to detect
the aforementioned failures.
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Materials and Equipment

The scientific study carried out in an electronic industry located in the city of Mexicali, was developed
with the cooperation of the personnel of this industry and expert researchers from two higher level
educational institutions, with a research project. In this analysis process, numerical data were obtained
during 2018 and 2019, from the various stages of a production line of the analyzed industrial plant, with
the instruments, equipment or specialized industrial machines provided by this electronic industry. In ad-
dition, educational institutions provided some types of systems or guides developed in previous research
projects and in this research. With these evaluations, the pertinent studies were elaborated to evaluate
the working conditions of the evaluated industrial plant. In addition, the company relied on two desktop
computers to capture numerical data from the evaluations carried out at each step of the manufacturing
process. The research staff provided two laptops to have the supporting information, in addition to car-
rying out the mathematical analysis between four researchers with different sections of the information,
and thus obtaining the analysis of the results of what happened in the manufacturing process as quickly
as possible processes. The computer programs required for the research were MATLAB (Magrab, et al,
2011) and Excel (Alexander et al 2016), which were provided and used by the staff of the participating
educational institutions. With these programming systems, the capture of numerical data and its evalua-
tion were prepared to determine what was happening in each stage of the industrial processes analyzed.
The instruments used to obtain numerical data that were organized and represented in tables and graphs
were used based on the six aspects evaluated with the cause-effect diagram. Each aspect generated an
analysis process that is described below:

1. Evaluation of materials. Various analyzes were made of the materials used in the four work tables
of the electronic components welding activity, evaluating operating characteristics and material
handling methods for this stage of the industrial process of a production line, managing to understand
how to use them, to prevent operating workers from suffering any health symptoms. In this phase,
no instrument was used, only observations from the company manager and supervisory personnel
specialized in the development of continuous improvement.

2. Analysis of the work method. Evaluations of the times and movements of the upper extremities
and positions of the workers were performed, using Notch sensors with their respective analysis
methodology and this instrument provided by an educational institution. With this analysis, the
position angles of the operating personnel were determined, as well as the angles of the extremities
at the time of the welding activity. In this way, it was possible to obtain better positions and with it
a comfort to carry out operations in this manufacturing stage, and achieve maximum operational
performance of the workers of the four work tables considered as a manufacturing cell.

3. Workforce evaluation. An analysis was carried out on how to obtain the right people for each
specific function, where this process was developed in two aspects. The first was an evaluation of
experience and skills in pilot testing of manufacturing stages. The second was an analysis of dis-
cussions in certain work periods of different shifts, to know the possible problematic situations of
this stage of the industrial process and to give them quick solutions to have the adequate working
conditions for the operative person.

4.  Evaluation of the work environment. In this phase, five variables that are part of the work envi-
ronment were evaluated, being the levels of climate (temperature and humidity) and air pollu-
tion (chemicals). The humidity and temperature measurements were prepared according to the
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NOM-015-STPS-2001 (NOMO15 2001) standard with a CW-T20WIFITH Model Datalogger Wifi
thermohygrometer with temperature ranges from -40°C to + 80°C (z 0.3 °C) and humidity from
0% to 100% RH (+ 2RH%) and with wireless internet connection to quickly and easily send data
to a computer for analysis. The contamination levels according to NOM-172-SEMARNAT-2019
(NOM1722019), were evaluated with a multiple gas monitor that detects oxygen, carbon monoxide,
hydrogen sulfide, sulfides and nitrogen oxides. Grainger Model 337WY5.

5. Analysis of the measurement activity. This activity was developed with specific instruments de-
termining the use of a high-quality stopwatch H5671, with a countdown timer, step marker and
programmable memory, to measure time and movements, and the speed of industrial machines to
be manufactured. at every step.

6. Evaluation of th ration of industrial machines. The workers worked with the welding equip-
ment (soldering iron). In this phase, a high-quality H5671 stopwatch, with countdown timer, step
marker and programmable memory, was used to measure the speed of this great machine at each
step.

RESULTS

The investigation made included detailed evaluations of the six mentioned factors of the cause-effect
diagram, where relevant numerical data were generated, to determine the main causes and quickly and
efficiently develop the solutions that originated comfort in the welding activities in the four work tables.

Materials Analysis

An analysis of the use of the materials required for the welding processes of electronic components
in electronic boards was carried out, to determine by evaluated periods (spring, summer, autumn and
winter, from 2018 to 2019), being observed in figure 6 illustrating a comparison by color of the four
factors that generated a bottleneck in this stage of the manufacturing area. These four factors, which are
explained below, were related to the attitude of the workers, which were an effect of inadequate working
conditions, at the beginning of the investigation:

1. Damaged material. When electronic components were received, it was considered that they were
fractured, scratched, with some incomplete section and wet from being exposed to rain or humid
environments. This caused that this material was discarded and with it generate waste, causing an
increase in garbage.

2. Incomplete material. It was the material that was received with the least amount of electronic
components in the shipping boxes, as well as not receiving a full box of an electronic component
in a production batch.

3. Inappropriate material. At the time of receiving electronic components, it was considered that it
was not the one that should be attached to the electronic boards, being those with a different power
value than those required.

4.  Misused material. It was the material that was misused by the workers due to inappropriate at-
titudes, damaging them in the welding process and generating waste from electronic components
and boards.
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In all four cases, there were unnecessary expenses for requesting more material and preparing pro-
duction stoppages and thus late delivery to the customer and fines for breaches of contract. The dates of
the times of the year, considered in the evaluation processes were: spring (March 21, 2018 to June 21,
2018), summer 2018 (June 21, 2018 to September 21, 2018), fall 2018 (September 21, 2018 to December
21, 2018) and winter (December 21, 2018 to March 21, 2019); shown in figure 5.

Figure 5. Analysis of materials used in the soldering process

Inspections

2
1

Winter

Autumn

100

Percentage, %

Damaged [_] Incomplete [_] Inadequate ] Misuse

The previous figure shows an evaluation of the four factors of how materials are affected, being
observed in the four seasons of the year with the aforementioned factors, identified by colors, being the
orange color for the damaged material, the yellow color for the incomplete material, the sky blue color
inappropriate material and light green color material misused by workers improper attitudes. These fac-
tors were evaluated with percentage levels (from 0% to 100%), with 0% to 50% being the first inspection
process that was developed, the first inspection being at 6AM and the second at 2PM each business day.
to obtain a better quality of the materials used. Yellow was the color with the greatest presence, followed
by blue, green and finally orange. From 50% to 100%, the yellow color continued as the one with the
highest incidence, followed by blue, orange and green.
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Work Method Evaluation

The evaluation of aspects of interest of the use of the work method that was used before elaborated the
investigation in the electronic industry analyzed and located in the city of Mexicali was developed. Two
important factors were evaluated in this section, being the amount of movements of each operating per-
sonnel of this manufacturing area and rest periods in a period of eight hours, to determine if any type of
health symptom could be presented with the method used, as shown in figure 6.

Figure 6. Evaluation of factors of Work method used in the soldering process
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In the previous figure, the aspects that are considered in a process of analysis of work methods are
observed, with the amount of movements, rest periods and ways of elaborating the activities with uncom-
fortable, boring movements, of long or short periods; To thereby determine if there is the possibility of
some type of health symptom. In figure 7, it is illustrated how from an analysis of 100 movements with
four rest periods, the yellow color in an evaluation from 0% to 50%, being repetitive movements that as
the hourly period of each day passed, it was observed as the of higher incidence, and the same happened
from 50% to 100%. This aspect was followed by the orange color representing uncomfortable move-
ments, that from 0% to 50% and from 50% to 100%, the same incidence occurred. Later the blue color
is illustrated and finally the green color, as well as in the range from 0% to 50% and from 50% to 100%.
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ATMOSPHERIC AND HUMAN ENVIRONMENTAL
Atmospheric Evaluation

An analysis of climatic factors (temperature and relative humidity) and air pollutants, essentially those
derived from sulfur, nitrogen and carbon was carried out; that are emitted by the vehicular traffic and
industries of the city of Mexicali and that must be regulated by Mexican environmental authorities. Air
quality standards are determined by the Secretary of Environment and Natural Resources (SEMARNAT)
of Mexico and the Environmental Protection Agency (EPA) of the United States, mainly in the border areas
between the two countries. The analysis showed that in certain periods of the year, the quality standards
indexes are exceeded, where the pollutants derived from the mentioned agents (SOX, NOX, CO); and
penetrated through holes and cracks into the evaluated electronics industry, generating an environment
not suitable for workers in the manufacturing areas of the evaluated industrial company. Due to this, there
were work periods in which the operating personnel presented discomfort with a headache and a tense
environment was generated that decreased their operating performance. The aforementioned is observed
in table 1, where the levels of pollution and climate in the part of the production line analyzed are illus-
trated, in addition to the health symptoms presented by the people in this manufacturing cell evaluated.

Table 1. Evaluation of atmospheric factors in indoor of electronics industry (2018)

Levels Average Average Health symptoms

Month SO, NO, CO T, °C RH%,

January 0.99 223 58 11 47 Headache and nausea
February 0.84 199 51 16 43 Headache and nausea
March 0.76 186 45 20 40 Headache

April 0.64 158 39 25 37 Headache

May 0.53 134 29 29 34 Headache

June 0.48 105 23 32 39 Headache and nausea
July 0.45 96 31 35 43 Headache and nausea
August 0.58 99 36 37 49 Headache and nausea
September 0.62 113 40 31 42 Headache

October 0.77 146 45 28 37 Headache

November 0.89 179 49 15 32 Headache and nausea
December 0.96 214 58 13 40 Headache and nausea

*Air quality standard: https://www.epa.gov/criteria-air-pollutants/naaqs-table. (a) SO,: 0.5 ppm in 3 hours, (b) NO,:100 ppb in 1 hour and
(c) CO: 35 ppm in 1 hour.

**Climatic factors: file:///C:/Users/Irene/Downloads/publication---public-health-advice-on-protecting-health-effects-of-heat.pdf. T, °C:
From 20°C- to 28°C as a confortable range and RH%: From 30% to 50% as a confortable range, in both parameters in close rooms as the
electronics industry evaluated.

The table above shows the levels obtained from the evaluated air pollutants and climate, as well as
some health symptoms that generated discomfort in the operating workers, which required visits to the
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medical area inside the evaluated industrial plant and the outside of this in Mexican public health centers.
It is illustrated that in most of the months of 2018, the air quality and climate indices are not in the de-
sired ranges, which is why they caused at least headaches and nausea and especially in pregnant women.

Employee Attitude Evaluation

This aspect is of vital importance in the development of operations and in the analysis of the levels of
productivity and quality of the manufactured products. In this research, various types of attitudes were
presented that were evaluated as part of the ergonomics theme, being observed in Table 2 those with the
highest incidence, reflected in percentage levels of six months (from April to September of 2018) evalu-
ated of 30 workers that was participating in the soldering process of the manufacturing cell analyzed.

Table 2. Analysis of attitude of workers (2018)

Level Level Level
Percentage, % Percentage, % Percentage, %
Attitude Attitude Attitude
Submissive 4 Manipulative 9 Collaborative 14
Positive 6 Sardonic 4 Emphatic 11
Negative 7 Confident 6 Suspicious 5
Analytical 5 Aggressive 3 Emotional 6
Flexible 6 Pessimistic 6 Uncompromising 8

As the first part of the analysis in the aforementioned period, it was determined as positive attitude
with 53% and negative with 47%, to later elaborate a more detailed evaluation with 15 types of attitudes,
which was carried out in this way because in the Six months of analysis, 30 people were in the work
tables, being 70% women (21) and 30% men (9), for being an activity of patience and tolerance, where
women have more frequency. The 15 types of attitudes were organized based on the behavior of the 30
people evaluated, holding talks with the operational workers, as well as observations from continuous
improvement specialists, determining the types of attitudes. The highest percentage was people with a
collaborative attitude with 14%, followed by workers with empathy with 11%. These two types of attitude
are positive. Subsequently, people with a manipulative attitude are illustrated, this being a negative aspect,
followed by workers with an inflexible attitude. And so the negative (7%), positive (6%), flexible (6%),
pessimistic (6%), emotional (6%), analytical (5%), suspicious (5%), submissive (4%) attitudes continue
%), sardonic (4%) and finally the aggressive attitude (3%). It should be noted that people presented
various types of attitudes, where a worker came to present up to four types of attitudes; whose behavior
varied on emotional days, family and economic problems, being female.

Evaluation of Measurement Processes
In the process of the investigation, it was observed that observations were made visually to detect poorly

joined or missing electronic components, only that the workers’ eyesight was not the same at the begin-
ning of each work period, than at the middle or at the end, for the decision to support with a plastic guide
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to detect more easily and avoid any health symptoms, especially with the eyes, which generated tension
and discomfort in the head, neck and back, due to the different positions taken to inspect the electronic
boards and strain your eyes. Based on this, an analysis of the difference between using and not using
the guide developed in the research to improve working conditions was developed, as a continuous im-
provement and expressing the information in table 3. This table represents the evaluation of the levels
of discomfort and pain in the head, neck and back; Due to the fact that depending on the analysis period
without and with the guide, an effort was made by each person who made the inspection of the electronic
components in the electronic boards. These levels are listed from 1 to 5, observing that in the inspec-
tion process without guidance, levels from level 2 to 5 were presented in all months, and with guidance
from level 1 to 3, information was also obtained from the main health symptoms which were headache,
neck and back pain; Most of the headaches were present and in some months together with neck and
back pain and from May to July 2018, pain in the head, neck and back, and later once the improvement
with the guide was applied, they were reduced the levels of discomfort and the only cases of pain were
headaches. For 2019, this activity continued to be evaluated and this health symptom was eliminated.

Table 3. Evaluation of measurement processes (2018)

Levels Without guide With guide
Health symptoms
Month A B C A B C
January 2 2 1 1 1 Headache
February 2 2 2 1 1 1 Headache, Neck pain
March 3 3 4 1 1 2 Headache Back pain
April 3 3 3 1 2 2 Headache, Back pain
May 3 4 4 2 2 2 Headache, Neck pain, Back pain
June 4 4 4 2 2 2 Headache, Neck pain, Back pain
July 4 4 4 2 2 2 Headache, Neck pain
August 4 4 4 2 2 2 Headache, Back pain
September 4 4 5 2 2 3 Headache
October 4 5 5 2 3 3 Headache
November 5 5 5 3 3 3 Headache
December 5 5 5 3 3 3 Headache

A. Discomfort and headache, B. Neck pain and discomfort, C. Back pain and discomfort
1-No pain; 2-Mild; 3-Moderate; 4-Severe; 5-Worst.

Welding Equipment Analysis

An analysis of the use of the welding equipment used (soldering iron) was developed, with the times
and movements, as well as the way to take the soldering iron, where the information in the inadequate
and adequate way on how to take the soldering is represented in Table 4, where soldering iron, as well
as the time periods in which each welding operation was made and the amount of movements made.
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Table 4. Analysis of soldering processes (2018)

Management of iron Inadequate | Adequate
Consequences in health of workers
Month A B A B
January 5 200 X X Discomfort and pain in the hands, arms, shoulders, head, neck and back
February 5 200 X X Discomfort and pain in the hands, arms, shoulders, head, neck and back
March 5 200 X X Discomfort and pain in the hands, arms, shoulders, head, neck and back
April X X 3 150 | Discomfort and pain in the hands, arms, shoulders and head
May X X 3 150 | Discomfort and pain in the hands, arms, shoulders and head
June X X 3 150 | Discomfort and pain in the hands, arms and shoulders
July X X 3 120 | Discomfort and pain in the hands, arms and shoulders
August X X 3 120 | Discomfort and pain in the hands and arms
September X X 3 120 | Discomfort and pain in the hands and arms
October X X 3 100 | Only mild discomfort in hands, shoulders and arms, generating tiredness
November X X 3 100 | Only mild discomfort in hands, shoulders and arms, generating tiredness
December X X 3 100 | Only mild discomfort in hands, shoulders and arms, generating tiredness

The table 4 shows the information on the times and movements of the welding process, where the
electronic components are joined in the electronic boards, illustrating that from January to Marc2018,
which was in the month of January of this year, When the investigation began and once the improvements
to the welding method were made, the working conditions were improved from the method, climate,
with minimal contamination; with the aim of avoiding inconvenience to workers in these manufactur-
ing areas. From April to December 2018, continuous improvement was applied and it continued to be
evaluated to continue improving the working conditions of this stage of the evaluated production line.
One of the aspects of interest was the reduction of times and movements and health symptoms, which
were presented at the beginning of the scientific study, with a total of six symptoms (discomfort and pain
in the arms, shoulders, shoulders, head, neck and back) and reduce it to only having mild discomfort
in the arms, shoulders and hands, which occurred due to repetitive and constant movements; generat-
ing fatigue. The times and movements were reduced from 200 seconds to 100 seconds, and from five
movements to three movements.

Assessment of Health Symptoms

With this investigation, it was observed that the working conditions in the evaluated electronics industry
were not adequate, so this company had high risk premium costs. Due to this, the evaluation was made
with which the main causes and health consequences of the workers in this manufacturing area were
determined. This information obtained was very useful for directive, managerial, supervisory and spe-
cialized personnel in continuous improvement; to make decisions and improve working conditions that
will generate a better industrial operation process in a more comfortable way for operating personnel
and thereby obtain maximum operational performance. Table 5 shows the information obtained in this
scientific study.
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Table 5. Evaluation of health symptoms in the soldering processes (2018-2019)

Year 2018 2019 Upper extremities with discomfort and pain
Month A B A B 2018 2019

Arms, back, hands, head, neck and

January 1,2,3 1,2,3 1 1,2 shoulders (B24, B2.5) Arms and hands (B21, B22)
Arms, back, hands, head, neck and

February 1,2,3 1,2,3 1 1,2 shoulders (B24, B2.5) Arms and hands (B21, B22)
Arms, back, hands, head, neck and

March 1,2,3 1,2,3 1 1,2 shoulders (B23, B24) Arms and hands (B21, B22)

April 1,2 12 | 1|12 g;‘;‘)s’ hands, head and shoulders (B22, |, . 14 hands (B21, B22)

May 12 12 | 1]12 g;;;is, arms, shoulders and head (B22, Arms and hands (B21, B22)

June 1,2 1,2 1 1,2 | Arms, hands and shoulders (B21, B22) Arms and hands (B21, B22)

July 1,2 1,2 1 1,2 | Arms, hands and shoulders (B21, B22) Arms and hands (B21, B22)

August 1,2 1,2 1 1,2 | Arms and hands (B21, B22) Arms and hands (B21, B22)

September 1 1 1 1,2 | Arms and hands (B21, B22) Arms and hands (B21, B22)

October 1 1 1 1,2 | Arms and hands (B21, B22) Arms and hands (B21, B22)

November 1 1 1 1,2 | Arms and hands (B21, B22) Arms and hands (B21, B22)

December 1 1 1 1,2 | Arms and hands (B21, B22) Arms and hands (B21, B22)

printed on 2/8/2023 8:39 PMvia .

A. Causes; B. Consequences
Al-Inadequate movement; A2-Repetitive movement, A3-Fast movement.
B1-Fatigue; B2-Discomfort; B3-Pain: B21-No pain; B22-Mild; B23-Moderate; B24-Severe; B25-Worst.

Table 5 shows a relevant evaluation where the causes of the activities carried out in the soldering
iron process are illustrated and the consequences that are represented by the health symptoms of the
upper extremities of the human body, in addition to the head, neck and back. This information greatly
supported the development of the relevant improvements and thus have the optimal working conditions
in this industrial process. In Table 5, it was observed that in the first three months of initiation of the
investigation, the three analyzed causes were presented and as the analysis period passed, eliminating
repetitive and rapid movements and until September 2019 until the whole year of 2019. Regarding the
consequences, the three evaluated causes and the five levels of discomfort and pain were presented at the
beginning of the scientific study; coupled with the parts of the human body with some health complication.

DISCUSSIONS

The development of ergonomics research in the industry is of great importance for the development of
systems, equipment, structures and adapted machines, so that the operating personnel of the manufac-
turing areas develop their functions in a comfortable way and based on this, you can get the maximum
operational performance from each worker. The results obtained from the research show the need to
evaluate the industrial processes of each manufacturing stage, to determine the activities that require
the need to apply continuous improvement to increase productivity and quality levels. In this chapter
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that integrates the book entitled “Ergonomics and Business Policies for the Promotion of Well-Being
in the Workplace”, provides a detailed analysis of what is required in manufacturing areas with regard
to ergonomic factors, with the objective to improve the functionality of workers in these areas of in-
dustries. The development of this research is of great importance to evaluate the problematic situations
that occur daily in the industries of this city of Mexicali and companies in any sector around the world.
This book chapter can be improved by analyzing the application of automated electronic equipment to
improve the working conditions of operating personnel in manufacturing areas. The weaknesses of this
research reflected in this chapter was the obtaining of the information on the industrial processes of the
industry where the scientific study was made. This chapter is aimed at anyone who wishes to evaluate
the information from ergonomic analysis, where improvements are observed in working conditions in
industrial companies. For the development of this chapter, the references made in an industry in the city
of Mexicali.

CONCLUSION

In the last five years there has been a growing increase in the turnover of personnel in the machining
industry installed in the city of Mexicali, of any type of sector, originating a setback in the retention
of trained people in industrial plants. These people want to change companies constantly due to salary
increases or the inadequate working conditions where they are working, even when they have received
specialized training that makes them have a better value as a worker in the labor market. This has created
problematic situations in the manufacturing areas of various types of industries, where these compa-
nies have considerable expenses due to specialized training processes. In addition to the fact that when
making personnel changes in some industrial processes, errors and failures are generated, causing low
productivity and quality of manufactured products. It is considered that since ergonomic methods were
applied in industrial plants, occupational risks began to be reduced, reducing the ailments suffered by
workers in industrial operations. Prior to this, the number of cases of operating personnel injured by
work activities and the presence of work stress had increased. This had happened due to the increase
in the pace of industrial operations, which increased from the presence of industrial machinery, due to
advances in technology, especially since the beginning of the 21st century, forcing operating personnel
to a greater number of functions, faster and harder, causing the presence of accidents and diseases. The
generation of illnesses or minor accidents, such as work stress, has caused in several people, the birth of
serious diseases such as diabetes and cardiovascular disease, mainly. This has caused that once having
this type of illness, industrial companies, whether national or foreign, are not interested in this type of
aspect, condoning that if a worker can no longer work, there will always be. The generation of illnesses
or minor accidents, such as work stress, has caused in several people, the birth of serious diseases such
as diabetes and cardiovascular disease, mainly. This has caused that once having this type of illness,
industrial companies, whether national or foreign, are not interested in this type of aspect, condoning
that if a worker can no longer work, there will always be. This is due to the fact that in specialized
manufacturing activities, or in no part of the production lines of the manufacturing areas; who do not
have the application of ergonomic methods, and do not have suitable working conditions. Because of
this, discomfort or pain arises when operating workers perform their duties. Another aspect of interest is
that on certain occasions, the number of personnel has decreased, in some industrial operations, which
has generated greater functions for operating personnel and with it more stress due to rapid, repetitive
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and inappropriate movements. This caused the joints and certain parts of the human body of the work-
ers to be forced, making it necessary to visit the doctor inside the industrial plants located in Mexicali
and abroad, mainly in Mexican public clinics. What is the risk premium is also considered, being an
important factor in the economic stability of each industry located anywhere in the world. In this inves-
tigation, it was observed that the four workstations located in the evaluated manufacturing cell, even
with the improvements developed by specialized personnel, physical and mental fatigue was present in
the workers, convincing directors, managers and supervisory personnel to have increased number of rest
periods. This was modified, being four in periods of eight working hours, where previously there were
only two, and thus achieving a better physical and mental condition of the workers and obtaining the
maximum operational performance of. This helped to increase the levels of productivity and quality, and
thereby obtain the planned goals and even achieve weekly, monthly and annual productivity bonuses. In
a scientific study, it was observed that sometimes some workers with experience in industrial processes
want to miss their work activities, due to inadequate working conditions, so they had to change inexpe-
rienced personnel, which caused errors, causing economic losses for rework actions, paying overtime
in wages to workers. By developing the improvements in the four workstations, the number of visits to
the doctor inside and outside the evaluated electronics industry was reduced, reducing the risk premium.
With this, the operating personnel were working with greater comfort and a favorable attitude for the
company where the investigation was made. At the beginning of this scientific study, it was considered
by managers and supervisory personnel that the comments of the workers of these industrial processes
were only complaints, without paying attention to the opinion of the operating personnel. But once infor-
mation was obtained from the evaluations that was considered of great interest, they made it possible to
elaborate the necessary improvements and the relationship between the workforce between both parties
was considerably improved, being very cordial and each worker developing their functions efficiently.
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ABSTRACT

This chapter integrates collectivism with the dimensions of the Expectancy Theory to investigate the
direct and indirect impact of horizontal and vertical collectivism on employee motivation of operational
and non-operational staff. Data were collected from 205 employees using a cross-sectional survey.
Hypotheses were tested with multiple regression analysis. Across both employee categories, horizontal
collectivism improves motivation while vertical collectivism does not have a significant impact on mo-
tivation. Mediation effects were significant in the relationship between horizontal collectivism across
both employee categories. However, there were some variations in the mediation effects on the relation-
ship between vertical collaboration and motivation across the two categories. This chapter contributes
to motivation literature by integrating the Expectancy Theory with two under-investigated dimensions
of collectivism to compare motivation determinants among operational and non-operational staff. This
chapter presents implications for managers and policy for improving employee motivation.

DOI: 10.4018/978-1-7998-7396-9.ch006

Copyright © 2022, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use


https://orcid.org/0000-0002-3330-1374
https://orcid.org/0000-0002-1492-4277

EBSCChost -

Determinants of Employee Motivation

INTRODUCTION

Given the increasingly difficult times in which contemporary organisations operate, there is increasing
pressure on managers to keep employees motivated to ensure that work obligations are met (Esther,
Christian, & Jiirgen, 2020). Employees are motivated when they have the drive and will to perform their
duties as stated in the terms and conditions of their employment (Sultana, Salman, & Irfan, 2020). Market
environment conditions such as global economy uncertainties, policy changes or rapid technological
advancements leave organisations and employees overwhelmed with increased workloads, unrealistic
work expectations and often, difficult working conditions (Habanik, Martosova, Letkova, & Dubcek,
2020). Usually, employees end up demotivated by such workplace conditions (Ann & Blum, 2020).
Demotivation has negative consequences for both organisations and the economy (Parker, Jimmieson,
& Amiot, 2017).

Within organisations, demotivated employees may engage in absenteeism, avoid additional responsi-
bilities, have poor inter-personal relationships or put minimum effort into their work (Al-Tkhayneh, Kot,
& Shestak, 2019; Antosz, Rembiasz, & Verhagen, 2020). At the economic level, employee demotivation
leads to losses. For instance, a 2016 report indicated that the Australian economy had lost 34 Billion
Dollars due to lost productivity (Carter, 2016). An article published in 2021 showed that 56% of 2000
employees that were surveyed felt demotivated at work and maintained their jobs for the sole reason of
paying bills (Doraisamy, 2021). Additionally, 74% of the surveyed workers recommended that employ-
ers should implement more initiatives to support and motivate workers better to minimise the negative
effects of work-related stress. Given the negative effects of employee demotivation, it is important for
organisations to identify effective strategies to motivate employees, otherwise the companies risk failure
as companies cannot survive without motivated staff (Kanfer, Frese, & Johnson 2017). When employees
are motivated using appropriate strategies, employees will always make an effort to positively contribute
to the organisation (Bani-Melhem, Zeffane, & Albaity, 2018).

Existing research has widely investigated the determinants and consequences of employee motiva-
tion or demotivation by applying a range of theories such as Expectancy Theory, Maslow’s Hierarchy
of Needs, Herzberg’s Motivation-Hygiene Theory, McClelland’s Needs Theory, Self-Determination
Theory and Motivation Crowding Theory (AkdemiR, 2020; van der Kolk, van Veen-Dirks, & ter Bogt,
2019). Findings show that motivation is determined by a range of antecedents in the workplace that
include, but are not limited to rewards, expectancy, opportunities for improvement, perceptions of ac-
ceptance and culture (Cerasoli, Nicklin, & Ford, 2014). Furthermore, the findings on the impact of the
determinants on motivation are mixed, hence requiring further research to understand the relationships
better (Franco, Bennett, Kanfer, & Stubblebine, 2004; Hanaysha & Majid, 2018; Kuvaas, Buch, Weibel,
Dysvik, & Nerstad, 2017).

Additionally, the limited focus on comparing the impact of motivation determinants across different
employee categories calls for additional research to shed more light on the specific motivation enhanc-
ers for various employee categories to support the design of customised motivation strategies (Chiang
& Jang, 2008; Chiang, Jang, Canter, & Prince, 2008; Sultana et al., 2020). Because the contextual fac-
tors across employee categories vary, the impact of motivation determinants may be different as well.
Understanding the different contextual factors of different employee groups is important for identifying
relevant solution strategies and achieving efficient and rewarding results (AkdemIR, 2020). Another
area that has not received significant attention in motivation literature despite its significance, is the
integration of cultural factors in motivation theories to explain motivation (Ritz, Brewer, & Neumann,
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2016). Cultural dimensions influence behaviour in the workplace as well, and it is important that their
impact is widely investigated to support informed decisions (Islam & Ismail, 2008)

This chapter addresses these limitations in motivation literature by investigating employee motivation
across two employee categories, operational and non-operational. Based on the Cultural Dimensions
Theory and Expectancy Theory, this study makes two propositions. First, horizontal collectivism and
vertical collectivism improve employee motivation. Second, the relationships between horizontal and
vertical collectivism and employee motivation are mediated by expectancy, extrinsic instrumentality,
intrinsic instrumentality, extrinsic valence, and intrinsic valence. This study seeks to answer the follow-
ing questions:

RQ1: What is the impact of horizontal collectivism and vertical collectivism on employee motivation?

RQ2: What is the mediation effect of expectancy, extrinsic instrumentality, intrinsic instrumentality,
extrinsic valence, and intrinsic valence on the relationships between horizontal collectivism and
vertical collectivism and employee motivation?

RQ3: What are the implications for managers regarding employee motivation?

This chapter contributes to employee motivation literature by extending the testing of the collectiv-
ism, a dimension of Hofstede’s Cultural Dimensions Theory and Expectancy Theory across employee
categories of operational and non-operational staff. Additionally, the study identifies company strate-
gies for improving the motivation of operational and non-operational staff. The chapter comprises four
sections. The theoretical framework and hypotheses are presented in the first section, followed by the
conceptual framework. The third section discusses the research methods and findings. The last section
is the conclusion, summarising the theoretical contribution, managerial and policy implications, limita-
tions, and future research direction.

THEORETICAL FRAMEWORK

Employee motivation is the degree of dedication, creativity and dynamism that employees apply in their
jobs (Shahzadi, Javed, Pirzada, Nasreen, & Khanam, 2014). While several theories have been applied to
explain employee motivation, the Expectancy Theory proposed by Vroom (1964) is one of the dominant
theories (H.-W. Lee, 2019). This theory assumes rationality in individuals and suggests that employee
motivation is the outcome of three components, namely expectancy, instrumentality, and valance (Chiang
et al., 2008; H.-W. Lee, 2019). Expectancy is the belief that exerting effort in tasks and responsibilities
results in good performance (Ghoddousi, Bahrami, Chileshe, & Hosseini, 2014a). Organisations apply
the expectancy principle when rewards are given to employees who meet or exceed performance targets
that are usually defined in the Key Performance Indicators (KPIs) (HemaMalini & Washington, 2014).
Thus, employees are motivated to do their best in order to realise the benefits associated with good
performance (Baciu, 2018). The positive impact of expectancy on motivation is confirmed in empirical
studies (e.g Abadi, Jalilvand, Sharif, Salimi, & Khanzadeh, 2011; Chiang & Jang, 2008; Chiang et al.,
2008; De Simone, 2015).

Instrumentality is the belief that exerting effort in tasks and responsibilities at work leads to good
performance (Nimri, Bdair, & Al Bitar, 2015). According to Chiang & Jang (2008), instrumentality
may be extrinsic or intrinsic and both categories have the potential to inspire employee to do their best.
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Extrinsic instrumentality is the perception that good performance will lead to external rewards such as
increased salary, bonuses, or promotion opportunities while intrinsic instrumentality is the belief that
good performance yields internal rewards such as a deep sense of accomplishment or satisfaction (Chiang
& Jang, 2008). While studies such as Harris, Murphy, DiPietro, & Line (2017) find a positive relation-
ship between extrinsic instrumentality and motivation, other studies (e.g., Abadi et al., 2011; Chiang &
Jang, 2008) find a negative relationship. Furthermore, the positive relationship between intrinsic instru-
mentality and motivation is confirmed in empirical studies (e.g. Abadi et al., 2011; Harris et al., 2017).

Valence is the value that an individual places on rewards or benefits that are provided when performance
goals are met or exceeded (H.-W. Lee, 2019). Employees will be motivated to work hard in their jobs to
receive valued rewards (Parijat & Bagga, 2014). Like instrumentality, valence has two categorisations,
extrinsic and intrinsic. (Chiang & Jang, 2008). While extrinsic valence is the significance attached to ex-
ternal rewards in the workplace, intrinsic valance is the significance attached to internal rewards. Existing
studies (e.g., Abadi et al., 2011; Chiang & Jang, 2008) have confirmed that valence influences employee
motivation. In summary, the Expectancy Theory argues that high levels of expectancy, instrumentality,
and valance enhance employee motivation (De Simone, 2015). Thus, a work environment that improves
and maintains motivation should have robust expectancies, instrumentalities, and valence (Baciu, 2018).

While the Expectancy Theory is a relevant framework for explaining employee motivation and has
received considerable support (e.g. Abadi et al., 2011; Y. Chen & Lou, 2002; Chiang & Jang, 2008;
Chiangetal., 2008; Chopra, 2019; De Simone, 2015; Ghoddousi, Bahrami, Chileshe, & Hosseini, 2014b;
H.-W. Lee, 2019), one limitation applies to the theory. This shortcoming arises from the fact that this
theory does not consider external or environmental factors that may influence expectancy, instrumen-
tality, and valance to determine motivation in the workplace. Understanding the role of these factors
is vital for a more comprehensive understanding and application of the Expectancy Theory. Existing
studies (e.g. Chiang & Jang, 2008; Chiang et al., 2008; Ghoddousi et al., 2014b) have emphasized the
need for further research to address some of the shortcomings of the Expectancy Theory to extend its
application and relevance. This study addresses the identified limitation by incorporating Hofstede’s
Cultural Dimensions Theory (Hofstede, 1980) to investigate the impact of cultural factors on expectancy,
instrumentality, valance and motivation. Culture, is one of the strongest determinants of perceptions,
beliefs, values and behaviour yet its impact on motivation remains understudied (Chopra, 2019). Thus,
our knowledge of the extent to which culture influences motivation is constrained due to the limited
empirical studies undertaken on this relationship.

Hofstede’s Cultural Dimensions Theory identifies six cultural dimensions that influence behaviour
(Hofstede, 1980, 2011). The dimensions are power distance, uncertainty avoidance, individualism ver-
sus collectivism, masculinity versus femininity, long term versus short term orientation and indulgence
(Litvin, 2019). Power distance is the degree to which less powerful individuals or institutions acknowl-
edge and believe that power is unequally distributed while uncertainty avoidance is the extent to which
individuals feel threatened by uncertain or unfamiliar circumstances (Hofstede, 2001). Individualism
focuses on one’s self and independence while collectivism focuses on inter-dependence and the well-
being of others (Hofstede, 2011). Under masculinity, individuals are motivated by the desire to be the
best whereas under femininity, individuals are inspired by what they do (De Mooij & Hofstede, 2010).
Long-term orientation refers to the strategies implemented by communities to maintain links with the
past while managing present and forthcoming challenges (Erdman, 2018). Indulgence is the degree to
which individuals attempt to regulate their longings, based on how they were raised (Minkov & Hofst-
ede, 2011). While the initial focus of the cultural dimensions was at national level, they are applicable at
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individual level too based on existing literature (Gabor, Contiu, & Oltean, 2012; Litvin, 2019; Minkov
& Hofstede, 2011). Hence the application of the Cultural Dimensions Theory in this study.

For this study, the selected dimension was collectivism because it was deemed the most relevant
given that it focusses on inter-dependence while thinking about other people, therefore delivering
positive benefits (C. C. Chen, Meindl, & Hunt, 1997; Rhee, Zhao, Jun, & Kim, 2017). This is in line
with the argument proposed by Hofstede (1980) that in some contexts, some cultural dimensions are
more influential than others. These are key because they align with other theories of motivation such
as Maslow’s Hierarchy of Needs and Needs Theory that argue that individuals are motivated in the
workplace when there is a sense of belonging. Furthermore, inter-dependence is key for today’s work
environment where collaboration and teamwork are encouraged both online and in person. Collectivism
will deliver the desired benefits. Collectivism is categorised in two dimensions, horizontal and vertical
(Triandis & Gelfand, 1998). Horizontal collectivism emphasizes inter-dependence, equality, coopera-
tion, and positive relationship norms within groups to create a good feeling amongst team members such
that they are inspired to keep working towards their work goals (Triandis & Singelis, 1998). Vertical
collectivism stresses the sacrificing personal gain for group gain and preservation of group integrity
(Singelis, Triandis, Bhawuk, & Gelfand, 1995; Triandis & Gelfand, 1998). This in turn creates a sense
of collective responsibility to aspire members to work towards improving performance (W.-N. Lee &
Choi, 2005). Therefore, the following hypotheses are derived:

H1: Horizontal collectivism improves employee motivation.
H2: Vertical collectivism improves employee motivation.

When individuals work together and make group effort, it is expected that performance will improve,
and this will in turn enhance motivation to work hard. Also, groups work harder when they believe that
their efforts will be recognised to created external and internal rewards which will in turn increase mo-
tivation. Thus, the following hypotheses are derived:

Expectancy, extrinsic instrumentality, intrinsic instrumentality, extrinsic valence, and intrinsic valence
have a positive meditation effect on the relationship between horizontal collectivism and motivation.
(Hla, HIb, Hlc, Hld, Hle)

Expectancy, extrinsic instrumentality, intrinsic instrumentality, extrinsic valence, and intrinsic valence
have a positive meditation effect on the relationship between vertical collectivism and motivation. (H2a,
H2b, H2c, H2d, H2e)

CONCEPTUAL FRAMEWORK

The hypotheses derived in Section 4.0 are illustrated in the conceptual framework in Figure 1. The con-
ceptual framework comprises two independent variables, five mediating variables and one dependent
variable. Gender, employment tenure and number of hours worked per week were incorporated in the
conceptual framework as control variables based on the argument that motivation levels may vary based
on these aspects (Hitka, Kozubikova, & Potkany, 2018; Lizbetinova & Hitka, 2020).
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Figure 1. Conceptual framework
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RESEARCH METHODS

The research methods used in this study are discussed in the following order: data collection and sample,
measurement, tests for validity, reliability, common methods variance and multi-collinearity, hypotheses
testing and findings.

Data Collection and Sample

Data was collected in Australia using an online survey administered via the Google Forms. An overview
of the study was provided along with the survey link. For a wider reach, the survey was shared via email
and social media platforms such as Facebook and WhatsApp. The survey comprised nine (9) parts.
Part A comprised questions on demographic characteristics such as age, gender, highest qualification,
hierarchical level at work, number of hours worked per week and employment tenure. Parts B and C
comprised items assessing expectancy and extrinsic instrumentality. Items for intrinsic instrumentality
were in Part D, followed by items for extrinsic intrinsic valance in Parts E and F. Parts G and H contained
measurement items for vertical and horizontal collectivism, respectively. Part I contained measurement
items for motivation. The survey did not contain any identification requirements for the respondents, thus
ensuring privacy. Furthermore, given that the survey was anonymous, completing the survey implied
respondent consent.

The targeted respondents for this study were employed individuals, aged 18 years and above to ap-
propriately provide responses related to motivation in a workplace environment. Respondents were
selected using convenience sampling, a non-probability sampling technique. This sampling approach
was preferred because it would guarantee a wider reach of respondents within the researchers’ networks
in a short period of time with limited costs incurred (Taherdoost, 2016). The targeted number of respon-
dents was 300 and this size was determined based on Roscoe’s (1975) criteria which proposes that an
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adequate sample should be ten times or more the number of variables investigated in a study. Since this
study investigated eight variables, a sample size of 80 respondents was deemed adequate. The number of
usable responses received was 205, yielding a response rate of 68%. As per the Roscoe (1975) criteria,
the received number of responses was an adequate sample because it is greater than the recommended
number of 80 for this study. The demographic characteristics of the 205 respondents are presented in
Table 1. Majority of the respondents were in the 20 — 30-year-old age range and the minority were in the
41 — 50-year-old age range. Respondent distribution across genders was also equal and majority of the
respondents had a bachelor’s degree qualification. The largest proportion of the respondents worked in
operational positions, had been employed for 1 — 5 years and worked between 21 — 30 hours per week.

Table 1. Demographic characteristics

Demographic characteristics Category Frequency Percentage
Below 20 years 39 19.0
20 - 30 years 109 532
Age
31 -40 years 56 27.3
41 — 50 years 1 0.5
Female 94 459
Gender Male 105 51.2
Prefer not to say 6 2.9
High School 9 4.4
Certificate 16 7.8
Highest qualification Diploma 41 20.0
Bachelor’s degree 71 34.6
Postgraduate degree (Honours, Masters, Diploma, Doctorate) 68 332
Operational 121 59.0
Hierarchical level
Non-operational 84 41.0
1 — 10 hours 12 0.5
11 — 20 hours 86 59
21— 30 hours 18 42.0
Number of hours worked per week
31 —40 hours 74 8.8
More than 40 hours 14 36.1
Did not indicate 1 6.8
Less than 1 year 59 28.8
Employment tenure 1-5 years 124 60.5
6 — 10 years 22 10.7
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Measurement

Items adapted from existing studies were used to measure the variables investigated in this study. Thus,
content validity content was met in this study. Vertical and horizontal collectivism were each measured
using eight items adapted from Lu, Chang, & Yu (2013). Measurements for the remaining variables were
adapted from C. F. Chiang & S. S Jang (2008). Expectancy, extrinsic instrumentality, intrinsic instrumen-
tality, and motivation were each measured using four items while extrinsic valance and intrinsic valance
were each evaluated using three items. See Table 2 for the measurement items, their sources, means and
standard deviations. A five-point Likert scale ranging from 1-strongly disagree to agree 5-strongly was
used for responses to the measurement items. Given that measurement items were obtained from existing
studies, face validity was met (Sekaran & Bougie, 2016). Content validity was ascertained by pre-testing
the survey to get feedback on the adapted measurement items (Sekaran & Bougie, 2016). Following the
pre-test, revisions were made to the survey to make it suitable for the respondents.

Validity, Reliability, Common Methods Variance and Multi-Collinearity Tests

The significant Bartlett’s test of sphericity (approximate chi-square = 5892, df = 703) and Kaiser-Meyer-
Olkin (KMO) measure of adequacy (0.919) confirmed the suitability of the sample for factor analysis.
As shown in Tables 2 and 4, convergent validity was met because all factor loadings for all measure-
ment items and Average Variance Extracted (AVE) for all variables were greater than 0.50 (Fornell &
Larcker, 1981). Also, the composite reliability for all variables was greater than 0.70 further confirming
convergent validity. Discriminant validity is met based on two factors. First, all item loadings on the
parent variables were greater than cross-loadings on other variables (see Table 3) (Hair, Black, Babin,
Anderson, & Tatham, 2006). Second the square root of the AVE for each variable is greater than all
correlations between the variable and other variables (Fornell & Larcker, 1981).

Instrument reliability was assessed using Cronbach’s alpha co-efficient and item-to-total correlations
(Nunnally & Bernstein, 1994). For the Cronbach alpha co-efficient, the acceptable level is 0.70, while
for the item-to-total correlation it is 0.30 (Nunnally, 1978). Reliability criteria was met because Cron-
bach alpha co-efficient for all variables were greater than 0.70, ranging from 0.82 to 0.89 (see Table 2).
Furthermore, all item-to-total correlations were greater than 0.30, ranging from 0.42 to 0.80.

Common Methods Variance (CMV) was assessed using Harman’s (1976) single-factor method
(Harman, 1976; Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). CMV was ruled out because the first
factor that emerged from the Principal Component Analysis accounted for 26.2% of the variance. As a
rule, CMV is present when the first extracted factor explains 50% of the variance (Podsakoff & Organ,
1986). Furthermore, as shown in Table 5, multicollinearity was ruled out because for all variables, the
Variance Inflation Factor (VIF) were less than 10 and the tolerance statistics greater than 0.20 (Myers
& Myers, 1990).
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Table 2. Measurement items, descriptive, validity and reliability statistics

Item-
Variable Measurement Items Indicator Mean SD Sl Fact.or to-total Sronbach
SD Loadings " Alpha
Correlation
The well-being of my co-worker is HC1 400 0.67 075 0.63
important to me
If a co-worker gets a prize, I would feel HC2 3.80 0.84 0.67 054
proud
If a relative w.erg in financial difficulty, T HC3 373 0.69 076 0.65
would help within my means
Horizontal It is important to maintain harmony within HC4 407 0.83 0.77 0.63
L. my group 3.69
collectivism 0.86
(Lu et al., 2013) 0.65
1 ll.ke sharing little things with my HCS 300 116 071 0.66
neighbours
I feel good when I cooperate with others HC6 3.93 0.80 0.79 0.69
My h‘appmess depends very much on the HCT 37 095 076 0.68
happiness of those around me
To me, pleasure is spending time with HCT 329 115 0.62 0.55
others
I would SaC}’lflCB an §ctlv!ty that T enjoy vel 208 0.97 0.66 053
very much if my family did not approve it
I would do what would please my family,
even if I detested that activity vez 297 1.01 0.72 0.60
Before taking a major trip, I consult with
most members of my family and many vC3 3.44 1.10 0.74 0.61
friends
Vertical collectivism T usually sacrifice my self-interest for the
. . X 31 . X
(C.F.Chiang & S. S benefit of my group vea 312 1.00 3)26 0.80 0.70 0.82
Jang, 2008) :
Children should be taught to place duty VCs 345 0.88 072 0.60
before pleasure
T hate to disagree with others in my group vCo6 3.04 1.03 0.58 0.44
‘We should keep our aging parents with veT 374 0.95 0.59 047
us at home
Children sh{)uld fe'el hono'ured if their VCs 375 091 0.54 0.42
parents receive a distinguished award
Ff T work hard, my job performance will EX1 404 0.89 0.79 0.64
improve
E If T work hard, I will get accomplished EX2 3.98 0.89 0.86 0.74
xpectancy 3.99
(C.F. Chiang & S. S . . ’ 0.86
Jang, 2008) IFIput more effort into my job, my EX3 3.99 0.90 0.74 0.86 074
productivity will improve
If I put more effort u?to my job, I will be EX4 395 087 0.85 0.71
regarded as an effective employee
Perf_ormmg well in my work will result in Ell 333 0.96 0.90 0.79
getting good pay
Extrinsic Performing well in my work will result EI2 3.19 0.95 0.85 0.73
ngt;ug?'lahyt)é‘ S.s Performing well in my work will result in ?);EIS 0.88
(C.F. Chiang . getting pay increases in getting monetary EI3 3.34 0.90 ) 0.90 0.80
Jang, 2008) b .
onuses
Performmg well in my Work will resu!t in El4 367 0.96 0.77 0.62
having more opportunities for promotion
Continued on following page
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Table 2. Continued

Item-

in my job

Variable Measurement Items Indicator Mean SD Mse]z)m Lﬂ:flt;: s to-total Cl;:ln I::::h
8 Correlation P
Performing well in my work will result in
having feelings of accomplishment m 379 0.89 0.86 0.74
Intrinsic Performing well in my work will result in I 403 0.91 0.88 078
instrumentality feeling very good about myself : ) 387 . .
;C‘ F.ZCO}(l)i;ng &S.S Performing well in my work will make me m 37 0.95 078 0.82 0.68 058
ang. ) feel like a high achiever N - ) . :
Per.formmg well in my work will make me 14 3.96 0.93 0.88 076
aspire to do better
Performing well in my work will result in a EVI 334 0.6 091 078
good salary/wage
Eéll;ng;i\;lelzes s Performing well in my work will result in EV2 316 0.88 3.26 0.90 077 0.89
Jar;g '2008) s : more monetary bonuses : : 0.81 ) ) .
Performlng well in my work will result in EV3 328 0.93 0.91 0.80
more pay increases
Perfor‘mmg well‘n} my work will resu]l. i 374 0385 086 0.69
more in responsibility/control over my job
i?rgsgh‘(:]:en;fs s Performing well in my work will result in v2 381 0.98 3.80 0.87 0.70 0.83
Jar;g '2008) s : full use my skills and abilities . : 0.79 . ) .
Perf»ormmg well in my work will result in V3 387 0.93 0.86 0.69
feelings of accomplishment
I expend more effort on my job MOl 3.85 0.73 0.85 0.73
; work hard to enhance the quality of my MO2 400 0.87 0.85 073
Motivation job performance 20
.(Tgn F'ZCO}(I)ig;lg &S.S I work hard to increase my productivity MO3 3.99 087 0.71 0.87 076 088
2 in my job ’ ’ . )
I am always willing to be more involved MO4 3.90 0.83 0.87 0.75

Hypotheses Testing and Findings

Hypotheses were tested using Jamovi software. Hypotheses investigating the direct effects were tested
using regression analysis while hypotheses investigating mediation effects were tested using mediation
analysis. Results of the hypotheses tests are presented in Tables 6 and 7. During the regression analysis,
three factors namely age, gender and employment tenure were included as control variables during the
regression analysis. While age and employment tenure do not have a significant impact on motivation
across both employment categories, gender had a significantimpact on motivation among operational staff.

Among both operational (f = 0.654; p = <0.001) and non-operational staff (f = 0.664; p = <0.001)
horizontal collectivism improves motivation, providing support for H1 across both employee catego-
ries. Vertical collectivism however does not have a significant impact on motivation among both the
operational (f = 0.160; p = <0.109) and non-operational staff (f = 0.047; p = 0.644). Thus, H2 is not
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Table 3. Cross loadings

Item HC vC EX EI I EV v MO
HC1 0.77 042 047 033 051 0.32 0.52 055
HC2 0.68 0.31 0.39 0.24 0.39 0.28 045 0.50
HC3 0.77 0.52 052 039 0.47 0.34 053 0.58
HC4 0.78 0.60 0.54 030 0.53 0.25 0.59 0.59
HCS5 0.69 0.52 036 0.29 0.40 0.28 0.40 043
HC6 0.79 0.44 0.50 0.34 0.49 0.26 059 0.54
HC7 0.75 0.50 0.44 0.26 045 021 0.54 0.44
HCS 0.60 047 0.29 0.26 041 0.25 036 0.41
vCl1 0.30 0.58 0.14 0.19 021 0.20 0.18 0.24
vC2 0.34 0.66 0.25 0.23 0.32 021 023 0.29
vC3 0.56 0.73 037 0.24 0.37 0.18 035 037
vC4 0.49 0.78 038 033 0.37 0.26 035 0.40
Vs 047 0.76 0.40 034 0.40 0.27 0.41 038
VC6 0.28 0.52 0.24 0.17 0.25 0.14 0.19 021
ve7 0.43 0.63 0.24 0.16 032 0.13 036 033
vCs 0.50 0.64 0.42 0.26 043 0.19 0.48 0.42
EXI1 0.50 045 0.80 0.48 0.65 0.36 0.64 0.62
EX2 0.54 0.38 0.86 0.52 0.67 0.44 0.70 0.62
EX3 0.50 0.37 0.86 051 0.59 042 0.63 0.64
EX4 051 041 0.84 0.56 0.54 0.55 0.61 0.59
Ell 0.28 0.28 043 0.87 0.48 0.75 0.50 0.40
EI2 0.35 0.34 0.46 0.85 0.51 0.74 0.55 0.44
EI3 0.28 0.27 050 0.88 0.49 0.78 055 039
El4 0.46 0.35 0.65 0.82 0.62 0.63 0.62 053
1m 0.50 041 0.64 0.56 0.85 045 0.75 0.60
j1¢) 0.60 0.48 0.65 0.49 0.89 0.46 0.69 0.70
3 052 045 059 0.60 0.81 0.56 0.68 0.56
14 0.53 0.43 0.62 052 0.87 0.40 0.70 0.63
EV1 0.29 0.26 0.44 0.73 047 0.89 0.48 0.40
EV2 0.40 0.29 0.50 0.77 0.47 0.91 0.53 047
EV3 031 0.26 050 0.78 052 0.91 053 0.44
V1 0.59 0.49 0.68 055 0.66 043 0.86 0.63
V2 0.57 042 0.65 057 0.73 051 0.86 0.59
V3 0.63 0.39 0.66 0.59 0.74 0.53 0.87 0.68
MO1 0.54 0.33 0.60 045 0.61 042 0.60 0.85
MO2 0.67 0.52 0.65 0.54 0.72 041 0.73 0.86
MO3 0.62 0.46 0.64 0.41 0.61 0.39 0.62 0.87
MO4 0.56 0.43 0.62 0.41 055 045 0.56 0.86
@ Numbers in bold are item loadings on the parent constructs
@ * Significant at p < 0.001
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Table 4. Reliability, Average Variance Extracted (AVEs) and correlation coefficients

Variable ﬁg;:;‘;‘:;‘t‘; AVE 1 2 3 4 5 6 7 8
Horizontal Collectivism (1) 0.90 0.54 0.73
::’z::':c‘::mm @ 0.87 0.50 0.64 %!
Expectancy (3) 091 0.71 0.58 045 0.84
Extrinsic Instrumentality (4) 0.92 0.73 0.39 0.35 0.60 0.85
Intrinsic Instrumentality (5) 0.92 0.74 0.62 0.50 0.73 0.62 0.86
Extrinsic Valence (6) 0.932 0.82 0.36 0.29 0.53 0.85 0.54 0.91
Intrinsic Valence (7) 0.90 0.75 0.67 0.47 0.77 0.65 0.82 0.57 0.87
Motivation (8) 0.92 0.74 0.68 0.49 0.73 0.52 0.72 0.48 0.73 0.86
@ Bold numbers in diagonal - square root of AVE
@ Numbers beneath the square roots of the AVE are variable correlations
Table 5. Multi-collinearity statistics
Variable VIF Tolerance
Horizontal collectivism 2.59 0.386
Vertical collectivism 1.82 0.549
Expectancy 275 0.363
Extrinsic instrumentality 4.36 0.229
Intrinsic instrumentality 3.56 0.281
Extrinsic valence 3.58 0.280
Intrinsic valence 4.68 0.214

Table 6. Regression analysis results for direct effects across operational and non-operational staff
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Antecedent/Control Stands:died Std. A Hypothesis
Category Variable Eeth Error t Sig. Supported?
Coefficient PP .
Age 0.016 0.091 0.177 0.860
Gender -0.174 0.094 -1.850 0.067*
Employment tenure 0.131 0.101 1.301 0.196 F=17.1
Operational staff Sig. = < 0.001
Hours worked per week 0.091 0.060 1.517 0.132 Adj.R? = 0.446
Horizontal collectivism 0.654 0.101 6.466 <0.001* Yes
Vertical collectivism 0.160 0.099 1.616 0.109 No
Age -0.006 0.0905 -0.0616 0.951
Gender -0.009 0.0962 -0.0978 0.922
Employment tenure 0.107 0.1000 1.0674 0.289 F=129
Non-operational staff Sig. = < 0.001
Hours worked per week 0.054 0.0549 0.9852 0.328 Adj.R* = 0.468
Horizontal collectivism 0.664 0.1140 5.8244 <0.001* Yes
Vertical collectivism 0.047 0.1010 0.4640 0.644 No
Dependent Variable: opportunism
“p <0.05
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supported across both categories. The model accounts for 44.6% of the variation in motivation among
operational staff and 46.8% of the variation in motivation among non-operational staff.

Hypotheses Hla, H1b, Hlc H1d and Hle are supported across both employee categories, implying
that horizontal collectivism improves expectancy, extrinsic instrumentality, intrinsic instrumentality, and
intrinsic valence to improve employee motivation (see Table 7). Expectancy, intrinsic instrumentality,
and intrinsic valance have positive mediation effects on the relationship between vertical collectivism and
motivations across both employee categories. Therefore, hypotheses H2a, H2¢ and H2e are supported for
both operational and non-operational staff. Across both employee categories, extrinsic instrumentality
is does not mediate the relationship between vertical collectivism and motivation. Thus, hypothesis H2b
is not supported across both employee categories. Extrinsic valence mediates the relationship between

Table 7. Mediation effects across operational and non-operational staff

Hla: HC > EX > MO 0.354 0.087 0.192 0.529 <0.001* Yes
Hlb: HC > EI > MO 0.091 0.044 0.016 0.195 0.037* Yes
Operational staff Hlc: HC > I > MO 0.340 0.102 0.148 0.535 <0.001* Yes
Hld: HC > EV > MO 0.072 0.037 0.012 0.152 0.047* Yes
Hle: HC > IV > MO 0.355 0.091 0.176 0.548 <0.001* Yes
Hla: HC > EX > MO 0.236 0.100 0.0556 0.437 0.019% Yes
Hlb: HC > EI > MO 0.129 0.065 0.0247 0.267 0.046* Yes
Non-operational staff | Hlc: HC > II > MO 0.219 0.083 0.0545 0.373 0.008* Yes
Hld: HC > EV > MO 0.109 0.056 0.0899 0.222 0.053%* Yes
Hle: HC > IV > MO 0.311 0.093 0.151 0.488 <0.001* Yes
H2a: VC > EX > MO 0.318 0.095 0.127 0.495 <0.001* Yes
H2b: VC > EI > MO 0.105 0.048 0.024 0.210 0.029 No
Operational staff H2c: VC > 11 > MO 0.311 0.101 0.108 0.488 0.002* Yes
H2d: VC > EV > MO 0.084 0.044 0.015 0.180 0.056%* Yes
H2e: VC > IV > MO 0.263 0.092 0.075 0.445 0.004* Yes
H2a: VC > EX > MO 0.245 0.118 0.0524 0.491 0.038* Yes
H2b: VC > EI > MO 0.158 0.088 0.0301 0.355 0.071 No
Non-operational staff | H2c: VC > II > MO 0.288 0.120 0.083 0.545 0.017* Yes
H2d: VC > EV > MO 0.107 0.071 0.0067 0.282 0.130 No
H2e: VC > IV > MO 0.362 0.124 0.151 0.618 0.003* Yes

Dependent variable — MO - Motivation

Independent variables — HC — Horizontal collectivism; VC — Vertical Collectivism

Mediators — EX- Expectancy; EI — Extrinsic Instrumentality; II — Intrinsic Instrumentality; EV — Extrinsic Valence; IV — Intrinsic valence
LLCI - Lower Limit Confidence Interval; ULCI — Upper Limit Confidence Interval

SE - Standard Error

Bootstrapped sample size = 1000; p < 0.05; *#p< 0.1
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vertical collectivism and motivation among operational staff but not operational staff. Consequently,
hypotheses H2d is supported for operational staff but not non-operational staff.

CONCLUSION

This section comprises the following: theoretical contribution, managerial and policy implications,
limitations, and future research directions.

Theoretical Contribution

This study has contributed to employee motivation literature by investigating the direct and indirect
effects of the two dimensions of collectivism, namely horizontal and vertical collectivism on motiva-
tion across operational and non-operational staff. Findings have shown no variations in the direct and
indirect effects across the employee categories, thus demonstrating that the impact of both horizontal
and vertical collectivism on motivation may not always vary across the two employee categories. Hence,
when motivating staff from both categories in the context of collectivism, managers can apply similar
strategies. However, in designing motivation strategies for operational staff, gender aspects need to
be taken into consideration, given that gender has a positive significant impact on motivation in this
employee category. While the positive relationship between horizontal collectivism and motivation is
consistent with studies that have found that horizontal collectivism creates positive workplace behaviour
(e.g. Moorman & Blakely, 1995; Rhee et al., 2017; Van Dyne, Vandewalle, Kostova, Latham, & Cum-
mings, 2000), the finding on the impact of vertical collectivism is inconsistent with these studies. This
difference in the direct impact of the collectivism dimensions has confirmed the distinctiveness of the
aspects of collectivism proposed by Triandis & Gelfand (1998), thereby validating the concept and its
application across diverse contexts.

Additionally, this study has extended the Expectancy Theory by incorporating the cultural dimen-
sion of collectivism, to respond to calls for more empirical studies on cultural factors and motivation
across diverse employee categories (Chiang & Jang, 2008; Chiang et al., 2008; Ghoddousi et al., 2014b).
Furthermore, regarding mediation effects, this study finds no variations in the mediation effects of the
Expectancy Theory dimensions on the relationship between horizontal collectivism and motivation across
both employee categories. One difference is identified in the mediation effect of extrinsic valence in
the relationship between vertical collectivism and motivation. While this mediation effect is significant
among operational staff, it is insignificant among non-operational staff. This difference may be attrib-
uted to differences in the level and extent of interaction among staff in the two categories. Operational
staff tend to interact a bit more, therefore creating an environment where more value is attached to the
rewards received within the organisation. Non-operational staff, on the other hand do not interact as
much, implying that vertical collectivism would not have a significant impact on extrinsic valence to
improve motivation.

Managerial and Policy Implications

Given the positive impact of horizontal collectivism on motivation, organisations should put in place
systems and resources that support aspects such as inter-dependence, cooperation, mutual relational
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norms, and equality. These norms are characteristics of horizontal collectivism and can be promoted
through organisational awareness campaigns, team building initiatives and exercises. Also, the positive
mediation effects of expectancy, instrumentality and valance implies that these dimensions need to be
enhanced to improve employee motivation. Therefore, management should build policies that empower
employees to improve their performance based on trainings received and reward the good performance
attained with benefits that are valued by employees. It should be noted that the value attached to some
benefits will vary among employees, even within the same organisation for different reasons. Therefore,
context needs to be considered when deciding on the benefits that will be tied to performance. Since
policies serve as guides and foundations to determining organisational culture, management can utilise
their implementation as the first step towards creating a desired state of employee motivation within
organisations. In this case, policies should clearly state the aims, processes, and requirements from
each employee such that each employee’s attitude and behaviour at work are reconstituted towards the
managerial agenda of enhancing motivation.

Management should take a further step to create engaging work formats that are motivation focused.
Such work formats should structure work processes to indicate specific work expectations and account-
ability, either manually or electronically from each employee. This will provide a platform for measuring
work effort and outcomes to support the evaluation of effort/performance to assign relevant rewards.
When this happens, employees become aware of what they should be doing, making it possible for a
self-evaluation of work performance. In addition, since there is accountability for work done, managers
should ensure that work done is identified, recognised, and rewarded.

Managers should consider implementing social support systems in the workplace through initiatives
such as team building exercises, collaborative ventures, inter-disciplinary teams, networking sessions or
social events. These help to promote positive relationship norms to enhance horizonal collectivism, which
will in turn improve motivation. When challenges arise between employees, support services such as
counselling or conflict resolution should be availed to allow for the quick resolution of conflict to avoid
damaging workplace relationships. The effectiveness of the social support systems will be enhanced by
feedback systems that make it possible for managers and employees to discuss any challenges related to
work expectations, targets, or teamwork.

Limitations and Future Research Directions

Although this study makes a significant contribution to motivation literature by investigating the deter-
minants of employee motivation across operational and non-operational staff, some limitations remain.
Given that this study has investigated only one dimension of Hofstede’s Cultural Dimensions Theory,
i.e., collectivism, future studies should consider investigating the impact of the other dimensions of this
theory on motivation as well as variables derived from other cultural theories. Furthermore, this study
investigated employee motivation determinants across operational and non-operational staff categories,
implying that the findings may not be generalised to other staff categories. Forthcoming studies can
compare employee motivation across other employee categorisations such as sectors, occupations, edu-
cation levels, employment tenure, nationality, or age groups.

Research undertaken in future can also consider analysing motivation from the perspective of man-
agers as opposed to employees only to get a more comprehensive understanding of motivation. Where
possible, future studies can compare employee motivation perspectives of managers and employees to
identify any differences or similarities between those being governed and those undertaking the role
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of governing in organisations. While this study has investigated the mediation effects of expectancy,
extrinsic instrumentality, intrinsic instrumentality, extrinsic valence, intrinsic valence, future research
can consider investigating other mediators as well as moderators. More specifically, future mediation
and moderation effects can be evaluated across cultures. Upcoming studies can take on a longitudinal
focus to determine if there are any variations on the effects of motivation determinants over a period.
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ABSTRACT

This investigation was made to evaluate the health and well-being of workers who made activities in
the manufacturing processes of an aerospace industry installed in the city of Mexicali and based on
the evidence presented in certain stages of a production line. The cost-benefit of applying ergonomic
methods was analyzed, developing a descriptive model, which involved important aspects. Said aspects
analyzed were (1) work methods, (2) training of employees in the operational area, (3) evaluation of
times and movements of industrial operations, and (4) working conditions as the relationship of workers
with supervisors and managers.
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INTRODUCTION

In Mexicali city, are located more than 35 industries with aerospace products INDEX, 2020). Accord-
ing to the International Labor Organization (ILO), working life considers two very important factors,
such as the health and well-being of workers, which includes the safety and quality of work activities, of
employees in any operational area (Drury, 2010), to can develop their activities most comfortably. This
concept has had a greater boom since the early 21st century, where working conditions have been con-
stantly evaluated. On some occasions, in certain companies of various industrial activities, and especially
the industries located in the city of Mexicali, where were presented in some industrial processes, with
some unsuitable working conditions. These unsuitable conditions were by a lack of adequate tools, as
well as repetitive and unnecessary movements and risky operations that can negatively affect the health
of workers, mainly in manufacturing activities. At present, a greater number of industrial plants installed
in this city, have been dedicated to improving the working conditions of employees in operational areas
of industrial processes. In the manufacturing areas of industrial companies of this city, some programs
of labor conditions have been developed that include actions to protect the integrity of workers to avoid
occupational risks. This entailed generating health symptoms, being one of the important factor the
postures, as is showed in next figure as a bad posture, within a short future can be damaged the back
of worker, causing musculoskeletal disorders (Chandra A et al, 2009). The main benefits that helped to
improve the working conditions of the employees in the manufacturing area were determined, evaluating
internal and external variables of the manufacturing stages of a production line and that had an effect on
the four aspects mentioned. Based on this evaluation, relevant improvements were developed to apply
ergonomic interventions at each stage, to support workers who suffered from some health symptoms
such as discomfort and pain in the arms, head, neck, back, shoulders, and hands. This was a concern, of
managers and supervisor people, because was increased the percentage of workers that visited medical
areas indoors of the industry analyzed, and in the Mexican Health Institutions (MHI) of public services,
located outside of the industry where was made the investigation.

Figure 1. Bad posture of the worker in an industrial process of the aerospace industry
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Working Conditions in the Industry

The industrial sector is a key element in the economy of each country, so each region of the world
considers the development of industrial activities, where large personnel is required in all operational
functions. The manufacturing areas are where the greatest amount of work risks are generated, so since
the end of the last century efforts have been redoubled to maintain optimal working conditions, to have
great comfort when they made its work activities and thus obtain the maximum operational yielding
(Ahola K et al, 2013). The development of industrial operations is essentially divided into two types:
simple and complex; wherein each one diverse functions are contemplated that require aptitudes and
abilities that must be elaborated by the most suitable people, to avoid risks of work and obtain maximum
efficiency of the industrial operations. In the global sphere and our country, since the beginning of the
implementation of labor regulations, they have been preserved until today the optimal labor conditions,
with some extraordinary situations that must be applied to achieve the goals proposed in each work period
in the industrial companies. The great competitiveness in the industrial sector has led to the processes
becoming increasingly complex and faster, which has been generated the development of industrial
operations with more suitable personnel and with the need to develop a greater effort that causes work
stress, and sometimes some acute and serious health symptoms. The personnel in charge of conserving
and increasing the number of clients for an industry is the one that generates the production orders, in
joint with the logistic, reception of materials, manufacturing, and quality departments. Based on this,
the personnel from all areas of industrial companies are involved as managers, supervisors, engineers,
technicians, and operators; of the areas of human resources, engineering, design, and manufacture of
products, logistics, materials, and manufactured products, production, and quality. In each area, different
work environments are generated, causing work stress and some acute or serious health symptoms, but
it is mainly the personnel from manufacturing areas, who most suffer a great weight in the elaboration
of their functions and especially when they not have the adequate working conditions, which is showed
in Figure 2. This can cause the generation of accidents or serious diseases that provoke the temporal or
definitive incapacity of the workers of the manufacturing areas (De Brito P et al, 2014).

Figure 2. Work stress in industrial activities
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Occupational health

The concept of Occupational health comes from the middle of the last century, being promoted by the
International Labor Organization and the World Health Organization (WHO), and being promoted as
the pillar of the development of regulations of working conditions in any type of work activity, to take
care of the integrity of the workers. At first, it was called work medicine or occupational medicine, to
be reinforced the term as occupational health at the beginning of the 21st century (Harshal T, 2017).
Since the beginning of the term of occupational health, it has focused on evaluating the generation of
diseases and accidents caused by work activities in any company. This has been occurred, especially
in the industrial sector, where there is a great diversity of occupational risks, and essentially, because
the managers and supervisor personnel, which direct industrial operations, do not understand the need
to analyze its relevant aspect. This factor encloses the concepts of occupational medicine, ergonomics,
organizational psychology, industrial safety, and preventive medicine, which are related to the working
conditions. In most of the world’s industries, and specifically in those of the aerospace sector located in
Mexicali, there has been an increase in visits to the doctor within industrial plants, in addition to medical
consultations in public or private health institutions, external of industrial companies. This has caused
an important factor in the economy of industrial companies, such as the risk premium, to increase due
to fines from the health authorities of the governments where the industries are located. In this border
city, the fines for this important factor have increased, being a concern for the management and admin-
istrative personnel, as well as the owners of the industrial plants located in this northwestern region
of the Mexican Republic. In certain industrial companies of this city, Mexican health authorities have
been elaborated visits, due to the high rate of visits by workers to public health institutions, external of
the industrial plants, with symptoms ranging from work stress to serious injuries, where is necessary to
develop surgical actions (Wilson J et al, 2009). Based on the above, it is of great relevance to promote
the integrity of the workers and to constantly evaluate industrial operations, from the way they are made,
times and movements, repetitive movements, and environmental comfort. The constant evaluation of
these aspects has helped many industrial plants to improve their working conditions and obtain better
performance from their workers, reduce the risk premium, achieving to decrease the percentage of acci-
dents and diseases in workers, and increase the productivity and quality indexes. This has generated that
every year workers receive economical bonus called profits, were in sometimes were very considerate
to all people of any industrial company.

Musculoskeletal Disorders

They can present when there is an injury to muscles, tendons, blood vessels, ligaments, bones, nerves,
and joints; and happens in the back, neck, head, waist, and upper and lower extremities. This can occur
in any activity, and if it happens in work operations it is considered as an occupational accident or illness.
This type of health symptom can be acute or serious and can occur mainly due to improper and uncom-
fortable postures, lifting heavy objects without the proper method or of great weight where a great effort
is necessary, or by pulling on an object (Spinelli R et al, 2017). Sometimes musculoskeletal disorders
(MSD) can start with minor discomfort and can become very painful in any upper and lower organ or
limb. Sometimes management and supervisory personnel do not realize that a function of an industrial
operation can cause from a minimum discomfort to something that requires surgical intervention and
can cause a person to be unable to develop forever some type of activity. The inadequate imposition
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of goals between owners or representatives of owners, sales, managerial, specialized, and supervisory
personnel of industrial companies, has caused maximum work demands and overloads on workers in
manufacturing areas, causing specially job stress. This erroneous way of developing industrial opera-
tions has led to the operating personnel of the manufacturing areas, to suffer at least a discomfort in their
physical integrity and even though the managerial, specialized, and supervisory personnel are aware of
these situations; not takes any type of action to avoid work risks that cause MSD. Another important
aspect is the inadequate planning of rest times for workers in the manufacturing areas, essentially those
who made repetitive industrial operations, of great effort, with inappropriate and static postures and
those who make activities with inadequate light, lack of comfort of climate and vibrations. This is due
to the operation of industrial equipment and machinery (Aalmo G et al, 2016). In addition, the activities
made at high speed, developed by the inadequate planning of the logistics area of the industrial plants,
especially those located in the city of Mexicali of various industrial sectors, have caused labor accidents.
This is because, at beginning industrial operations of high speed and without having the appropriate
aptitudes, skills, and equipment, generating health symptoms in upper and lower organs and extremities,
which cause the MSD. The generation of MSD is also originated by long hours of work such as certain
industrial companies in Mexicali that work for four days in one week and three days in the next, and in
weekly periods, for 12-hour periods in very complex activities that cause at least work stress, headaches
or pain in some parts of the human body. This also occurs in the majorly of the industries located in
this border city, due to poor organization in their industrial processes, which generate a large number of
defective products. With this, it is necessary to request the operational personnel of the manufacturing
areas to extend their work hours with overtime (Denbeigh K et al, 2013). This is promoted by managerial
and supervisory personnel, telling workers that they will have an increase in their salary in their next pay
week, but can cause overload on their body, thereby generating the MSD. The MSD can present various
degrees of discomfort and in different parts of the human body, where pain can vary and lead to acute
or serious health complications. It is necessary to attend to this type of annoyances because they can
have serious consequences. Figure 3 shows various health symptoms in the lower and upper back areas,
as well as the neck, shoulders, knee, and waist. Injured parts of the body are seen in red.

Figure 3. Musculoskeletal disorders presented in different parts of the human body
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The MSD that occur most frequently according to the degree of discomfort and zone of the human

body zone are mentioned below (Barbosa et al, 2014):

10.

11.

12.

13.

14.

15.

Carpal syndrome. It is a health symptom that can occur when the nerve that regulates sensitivity
and movement of the wrist of either of the two hands is affected. This syndrome causes muscle
damage that causes tingling, weakness, and low level of movement, and numbness.

Tendinitis. It can occur when overload is generated in joints that affect the tendons (fibrous cords
that join the muscle of the bone), causing pain in parts outside the joint.

Muscle or tendon tension. It is also called myogelosis, and it occurs when the body is subjected to
industrial overload operations, achieving extreme fatigue. The health symptoms are muscle aches
and headaches.

Stretching of ligaments. It is known as an inadequate stretching of the ligaments, causing abnor-
malities in the fibrous tissue, and connect the bones through the joints. The most frequent area of
this symptom is the ankle, which causes intense and uncomfortable pain.

Cervical tension syndrome. It is generated by a muscle contracture, whose pain is difficult to con-
trol and can occur for long periods, being the cervical area where this event occurs and can affect
a muscle or group of muscles of any part of the human body.

Thoracic outlet compression syndrome. It generates health complications in the shoulders, arms,
and neck, occurring when the nerves and blood vessels that are under the neck are very compressed,
and feeling this effect in the muscles of the neck, shoulders, and the first rib attached to the clavicle.
Rotator cuff tendonitis. It occurs when tendons that are attached to the bones of the shoulder joint
are irritated, and when a tear or injury is generated in one of the tendons that detach from the bone
due to overloads of work in industrial operations

Epicondylitis or tennis elbow. It occurs when the elbow tendons become overloaded due to repeti-
tive movements of the wrist and arm, which are very common in industrial activities.

Radial tunnel syndrome. This clinical picture develops when there is a compression in a section
of the radial nerve of the forearm located at the elbow, and occurring due to inflammation of the
muscles that are around this area of the arm.

Tendosynovitis or trigger finger. It occurs when the tendons of the fingers become inflamed, being
able to be left with flexion in some finger of the hand, in a position to pull a trigger, by repetitive
and rapid movements in the hands.

DeQuervain syndrome. It develops in the tendons of the wrist, due to repetitive movements, con-
stantly turning the wrist or clenching the fist frequently.

Mechanical low back pain. It is a clinical picture presented in the lumbar part or lower part of the
back, which is caused by muscle overload or trauma, and pain increases, while not at rest person.
Degenerative disc disease. It is generated when a disc causes lumbago (lumbar pain, which is in
the lower part of the back, possibly being caused by genetic defects and overload by industrial
operations.

Rupture or herniated disc. It is also called displacement or rupture of the intervertebral disc, origi-
nating in the lower part of the back, being a clinical picture of sciatica, causing pain in the legs.
According to the Secretaria de Trabajo y Prevision Social (STPS) (LFT, 2019) was presented an
increase in complaints due to lack of training.
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Engineering Models in the Industry

The evaluation of engineering models that are applied in industrial activities at any stage of manufacturing
has been developed for a better understanding of the functions of each stage that is developed in indus-
trial processes. In addition, how the operating personnel should be selected according to their qualities
and abilities should be considered. Engineering models are structural representations, which include all
the objects, parameters, and personnel required in each industrial activity, which are elaborated at the
small-scale and evaluated by managers, specialized engineering personnel, continuous improvement, and
supervision; to make each worker aware of the way of developing industrial activities (Harshal T, 2017).

METHODOLOGY
Materials and Methods

Analyzes of four aspects that are mentioned below were made to detect in greater detail the problematic
situations that arose in various steps of manufacturing according to standard procedures as NOM 015
(2001), NOM 024 (2001), NOM 025 (2008), and OHSAS 18000 (2007), showing in next paragraphs:

1. Analysis of work methods. Analyzes were made of how to develop the functions of the workers of
various industrial processes. At this stage, six actions were made, which are now indicated:

a. In this investigation was selected the industrial activity to be evaluated, using continuous
improvement tools, such as the Pareto diagram to define which are the most important to give
a solution or the easiest to solve and develop improvement proposals so that problem situa-
tions are not generated again. In this action, managers, engineering personnel specialized in
continuous improvement, supervisory personnel, and workers from the manufacturing stages
analyzed have participated to brainstorm the possible optimal solutions quickly. Concerning
working conditions, the manufacturing stages of greatest need to be evaluated in this inves-
tigation were determined, to avoid greater harm to workers who participated in industrial
processes, while the scientific analysis was made.

b.  The second action consisted of determining the parameters to be analyzed to use verifica-
tion sheets where was elaborated the annotations of numerical data and textual information
and were obtained with automated systems with electronic devices connected to desktop or
laptop computers. This has supported the specialized personnel of continuous improvement,
to generate databases and be evaluated to corroborate the assumptions made when selecting
the manufacturing stages to evaluate. In this part of the analysis, simple or rigorous evalu-
ation processes were included, using control charts and histograms, where the behavior of
the evaluated parameters is shown. The databases must be built simply, easy to organize the
information, and be very understandable to quickly act to give the solution immediately and
continue avoiding the generation of errors, defects, causing some discomfort to the operating
workers and that cause greater economic losses. Regarding working conditions, this research
has correlated the information on productivity, quality, and cases of operational personnel
with some type of health symptom or suffering an accident at work.
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c.  Once, in this scientific study, the manufacturing stages to be evaluated were identified, consid-
ering mainly the subject of labor conditions, whether manual or automated, the processes for
obtaining the information (numerical data and textual information) were determined. Based
on that, we proceeded to establish the contributions of the group that evaluated the required
activities, wherewith the brainstorming, the causes, and consequences were immediately de-
tected. When evaluating this action, the Ishikawa diagram was used, obtaining very relevant
information and applying statistical tools for continuous improvement such as the check sheet,
control diagram, stratified sampling, scatter plot, and the Pareto diagram.

d.  With the analysis of times and movements, the activities with the highest risk of generat-
ing accidents at work and the presence of diseases of some kind, organ, or upper and lower
extremities were shown. Each movement of the workers in the manufacturing areas was ana-
lyzed, as well as the periods in which the activities were carried out, to detect unnecessary
and inappropriate movements and occupational hazards. In this action, a manual movement
counter and electronic period counters were used.

e.  When the analysis was developed and the continuous improvement required at each stage of
manufacturing was applied, to efficiently obtain the maximum operational performance of
the industrial process workers, the operation of the new applied improvement was observed in
detail, as a process implementation, allowing to have the right tools and equipment for work-
ers, to increase the levels of productivity and quality of manufactured products. Innovative
methods were applied in this action, with a simple automated system for 100 pesos with ba-
sic electronic devices, which is being evaluated as a utility model, and for this reason, can’t
be presented in this text, and found in various commercial centers for the sale of electronic
components and located in the city of Mexicali.

f.  The sixth and last action was the development of control activities to prevent the problem
situations that caused health symptoms in workers in manufacturing areas from reappearing,
and with it the generation of errors and defects when changing jobs. inexperienced personnel,
or that the operating personnel of industrial processes sometimes worked in an injured way
with some type of acute or serious discomfort.

Another aspect to be evaluated in great detail in this research was the job training procedure be-

cause according to experts on this topic from the city of Mexicali, they consider that a maximum

of five out of ten industrial companies invests economic factors and specialized personnel in each
industrial process work area. The other half considered before this scientific study, that it was not
necessary and on the contrary, they elaborated hiring of trained workers in other industrial plants.

Only it did not take into account that even having similar manufacturing areas, some parameters

considered to be of a smaller scale in importance index, was an aspect in the negative effect, which

was due to not having inadequate working conditions and with it the low indexes of operating per-
formance, and thus decrease in the levels of productivity and quality of the products manufactured.

In this stage, tools such as the verification sheet, Ishikawa diagram, and Pareto diagram were used

to support the training processes of new personnel, in addition to workers who want to improve

their professional development and receive an opportunity to improve their job. and salary com-
pensation. In several industrial plants located in Mexicali, the human resources departments do
not have an essential part among their functions. On occasions, the human resources personnel of
industries in this city do not follow up on the personnel training procedures, considering that the
workers, either from educational institutions in this region of the Mexican Republic, with studies
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at a higher level. Professional level. They also receive in industrial companies in this region of
the country, people who sometimes without having some type of experience or training obtained,
are a risk factor especially for the generation of work activities and the generation of occupational
accidents.

The detailed analysis of the times and movements was elaborated in this stage with the statistical
tools of continuous improvement such as the Ishikawa diagram, verification sheet, control, and
dispersion graph and, Pareto diagram. In addition, as already mentioned, in an action of stage 1,
the movement counting equipment and special periods were used such as stopwatches with integer
and decimal and centesimal values, to achieve greater accuracy of the activities made and thereby
determine the most suitable solution actions in each analyzed manufacturing stage. At this stage, a
detailed approach was taken of all the movements carried out by each operating personnel of indus-
trial processes, and adapting their skills and qualities to each person. With this, the performance of
each worker began to improve, considering the labor well-being of each person. The investigation
allowed to show the inefficiency of certain specialized and supervisory engineering people, as well
as certain managers, by an evaluation of 10 industries of the aerospace sector located in Mexicali,
where their risk premium increased year after year without carrying out any type of investigation.
In this scientific study elaborated in the industry that allowed the rigorous analysis, it was observed
from the movements of the people of upper and lower extremities, as well as neck, back, and head
positions. Also, the routes of each worker in their work areas were evaluated, being the number of
steps, size of space between steps, left and right movements of hands, arms, and even fingers.
The development of the fourth stage was to evaluate everything that contemplated the working
conditions, as well as the relationship of the workers with their superiors as supervisors and man-
agers. As well as the previous stage involved detailed analysis of the times and movements, and
with this the specialized engineering staff, elaborate the necessary improvements in developing the
automated system’s mechanisms that helped to improve the working conditions. This process was
carried out by personnel from the evaluated industry and educational institutions in the research
area on the subject of ergonomics and working conditions. The development of the improvements
was with automated systems mechanisms, to provide comfort to the workers of industrial processes,
observing in detail as in the previous stage, the times and movements; to implement the pertinent
improvements in each manufacturing step. The continuous improvement processes considered the
movements of the fingers, hands, arms, shoulders, legs, and feet; adapting the skills and qualities
of each person to each step of manufacturing. With the implementation of the improvements, a
better performance was observed on the part of the workers of the industrial processes, which led
to an increase in the levels of productivity and quality of manufactured products. Also was made
an evaluation of the environmental climate to determine the capacity to make the industrial opera-
tions and the comfort of workers and operative yielding of industrial equipment and machinery.

The analysis of the graphs and tables was made in Excel software.

RESULTS

The objective of the investigation made was to determine the industrial activities that required the imple-
mentation of continuous improvement with the use of new work methods, to achieve agreements that
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allowed each person in the manufacturing areas to make their functions adequately and with good cheer.
The following sections show the results of the analyzes made, to obtain information that will show the
process of industrial activities before and after the scientific study developed.

Experimental Process of Assembly Products

A was made of all the manufacturing steps of a production line called High Tech Assembly, where
manufacturing functions of electronic boards used in the autopilot system were elaborated. The princi-
pal actions elaborated were the assembly of electronic components on electronic boards, as well as an
evaluation of the location of the electronic components in their respective positions on the electronic
boards. This action was developed at the beginning of the investigation visually by production opera-
tors and with a template connected to an electronic positioning detection system. In the initial process
of the scientific study, a template in the form of a table and with four divisions was used as shown in
Figure 4. As can be seen in the previous figure, the electronic components of a board were shown in a
general way, where at the time of performing the function of evaluating with the template, the workers
in periods of eight hours per shift, suffered from fatigue from work. sight, which caused a headache. In
the section where the red circle is, there are electronic components damaged by a short circuit developed
by electrical overload in an electronic board of industrial equipment. In addition, the operating personnel
of these manufacturing areas was sitting on an inappropriate chair and table and with their head, and at
the time they were with their head towards the floor, which caused neck and back discomfort. Due to
this, workers with experience in this activity attended medical visits within the industrial company where
the research was carried out, and sometimes to public or private health institutions outside the evaluated
industry. This caused that these people were replaced by inexperienced workers, causing errors and with
it defective products which caused the concern of the management and supervisory personnel. With
this, an increase was observed in visits to the doctor by the industrial process personnel, both inside and
outside the evaluated industrial plant, as well as an increase in defective products and a decrease in the
productivity and quality of manufactured products. as shown in Table 1.

Figure 4. Template used in the initial process to detect damaged electronic components
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Table 1. Correlation of productive factors and principal health symptoms in the High-Tech Assembly
line (2018)

Productive factors, levels Productivity Quality
Health symptoms L M H L M H
Headache 2 3 4 4 5 5 2 2 3 4 5 5
Arm pain 1 2 2 4 5 5 1 2 3 4 4 5
Back pain 2 2 3 4 4 5 2 2 3 3 4 5
Fingers pain 1 2 3 3 4 5 1 2 3 3 4 5
Hands pain 2 2 3 3 4 5 2 2 3 3 4 5
Neck pain 2 2 3 4 4 5 1 2 3 3 4 5
Shoulder pain 1 2 2 3 4 5 1 2 3 4 5 5
Waist pain 2 3 4 5 5 2 3 3 4 5 5

The table above shows the indices of work stress with the evaluation of productivity and quality
parameters of manufactured products, where three levels are observed (low, medium, and high); with
the respective pain levels, with 1 being the least discomfort, continuing with 2, 3, 4 and 5, according to
color as represented by the pain levels; and as the value increases, the level of pain is more continuous
and with greater intensity. In the eight health symptoms, they are observed by levels of pain, according
to the types of colors in the three indices (low, medium, and high), which caused work stress in each
evaluated manufacturing area. The productivity parameter is indicated that the presence of colors was
observed with greater presence starting are blue with 13 occasions, followed by red with 11, orange
with 10, yellow with 8, and green with 3. Regarding the evaluation of the quality, the parameter was
observed with a greater presence than the yellow color with 12 occasions, followed by the blue and red
colors with 11, later the orange color with 10, and the green with 4. The low, medium and high indices
represented levels of demand that caused less or greater work stress and therefore less or greater genera-
tion of health symptoms in industrial process workers. This analysis showed that the greater the demand
in industrial activities, without sometimes having adequate training, tools, equipment, and methods, the
generation of health symptoms was greater and the faster they appeared in workers in manufacturing
areas, both operating personnel as supervisory and managers. The productivity and quality indices, as
well as the pain levels, were obtained from the numerical information obtained with verification sheets,
in addition to the analysis with control charts, scatter, Pareto, and Ishikawa diagram. To obtain a solu-
tion to this situation problematic, an implementation of a template called GASE matrix was elaborated,
as represented in Figure 5 with the evaluation of electronic components located on electronic boards of
industrial equipment and manufactured products.
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Figure 5. GASE matrix used to evaluate electronic components in electronic boards

With this matrix, the evaluation of the electronic components located in the electronic boards was
made more quickly and efficiently, and with a lesser effect on the health of the workers, without strain-
ing the eyes too much and with it the symptoms mentioned in Table 1 With this, a good mood, better
performance and increases in 25% the productivity and quality levels of manufactured production the
first month after concluded the investigation, and with this were presented fewer health symptoms in
the workers of industrial processes.

Table 2. Correlation analysis of labor conditions in High Tech Assembly line (2018)

CONSEQUENCES HP NP Sp wp
HA AP BP FP
CAUSES

Lack of training 0.81 0.78 0.83 0.75 0.80 0.84 0.82 0.79
Lack of motivation 0.77 0.83 0.74 0.76 0.80 0.82 0.76 0.78
Repetitive movements 0.79 0.88 0.80 0.74 0.80 0.82 0.84 0.78
Inexpert workers 0.84 0.89 0.77 0.71 0.82 0.79 0.86 0.75
Inadequate methods 0.79 0.85 0.79 0.78 0.77 0.75 0.82 0.83
Inadequate movements 0.87 0.90 0.83 0.83 0.73 0.72 0.79 0.81
Inadequate improvements 0.84 0.86 0.81 0.77 0.79 0.79 0.81 0.80
Inadequate tools and equipment 0.83 0.88 0.79 0.75 0.83 0.82 0.84 0.85
s:‘fsxﬁ‘:li"“s with managers and supervision |, ¢ 084 | 082 0.79 0.79 0.86 0.80 0.82

HA. Headache, AP. Arms pain, BP. Back pain, FP. Finger pain, HP. Hans pain,
NP. Neck pain, SP. Shoulder pain, WP. Wais pain

The table above shows the correlation of factors of working conditions, where levels with a range of
0.70 to 0.90 are observed, indicating that in most of the cases evaluated, the causes mentioned in Table
2 were those that generated the effects of illustrated health symptoms. This represents that in most of
the cases before the investigation, acute and severe discomfort originated, in all the sections of the body

161

printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

New Model to Promote Well-Being in Work Areas

analyzed, which caused a low operating performance and with it a decrease in the productivity and qual-
ity indexes of the products. manufactured products.

Analysis Using Continuous Improvement

To have a good understanding of the events that occurred, analyzes were carried out with the continuous
improvement tools mentioned above, obtaining in each evaluation relevant information to determine the
required improvements that should have been implemented, once it was observed how the activities are
developed, showing the causes and consequences in the High-Tech Assembly line 1. To start the research
analysis, the Ishikawa diagram was used with which, to determine the main causes and consequences and
quickly consider the development of actions that will support the implementation of relevant improve-
ments in each manufacturing area. Figure 6 represents a process mentioning the six factors that are linked
to their respective causes in the form of a fish diagram, wherein the end of a problematic situation is
indicated as part of one of several consequences of an industrial process. This is why each evaluation is
in great detail to determine the greatest number of aspects involved that generate some type of anomaly
and with it uncomfortable situations for workers such as those presented in this investigation regarding
the working conditions of the industrial company evaluated.

Figure 6. Ishikawa diagram used in the analysis of labor conditions
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In a problematic situation like the one shown in the previous figure, more than two causes can be
represented, and the most important ones considered, as well as analyzing any type of parameter through
an evaluation with a histogram, as shown in Figure 9, illustrated in the form of bars with a line to follow
the maximum levels of the indices represented by the bars. This generated the context in Figure 9, with
which it was visualized that the quality indices were detected in percentage levels with the year 2018,
observing that it increased as the investigation period began in January with the number 1 and so on.
until the number 12 represented by December 2018 is illustrated. The histogram of Figure 7 shows the
58% as an initial value and begins to increase until reaching its maximum of 76%, and, from that value,
generates a decrease to the value of 52%, forming with the linear tracking like a bell. The importance
of using the Pareto chart in this research was to determine in which months, either separately or jointly
between months, to find possible solutions immediately and efficiently. The same happened in Figure 8,
only that the initial value of 69% being for January until reaching the maximum of 83% and from then
on illustrating the decrease to 68%. These values are higher than those in graph 9, as they represent an
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evaluation of the year 2019, which was when the improvements that helped to increase both the opera-
tional performance of the workers and the productivity and quality indices were already implemented.

Figure 7. Quality analysis (2018) using a histogram in high tech assembly line
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Figure 8. Quality analysis (2019) using a histogram in high tech assembly line
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Once the quality analysis had been prepared with the statistical tool called a histogram, we proceeded
to evaluate the monthly production levels of 2018 and 2019, being the monthly average of production
established by the evaluated industrial company, according to human resources, equipment, and industrial
machinery required in manufacturing areas. These are illustrated in Figures 9 (2018) and 10 (2019),
where relevant information was observed that indicated a similar bell-shaped follow-up, such as graphs
9 and 10. In Figure 11, the trend that begins from the 15,500 manufactured products that are automated
systems to the autopilot system, being a very essential part of an aircraft. Once the analysis process for
January started, the subsequent months where it was detected that the maximum production was in August
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with 24,600, and from there begin to decrease until December with 17,300 products manufactured. This
analysis process was with another statistical tool called the control chart. Figure 10, which represents
the year 2019, indicates the same process as Figure 9, with which a greater amount of the production
indices is observed, due to the improvements made in 2018. The amount of initial production in January
2019 was 18,800, continuing in monthly increases until reaching the maximum production of 28,400,
which had a trend that exceeded 30,000 products manufactured in August 2020, where only comparative
analyzes of production levels were made, quality, production, and working conditions for 2020, being
better every year. Subsequently, production began to reduce until reaching 18,500 manufactured products
in the month. This analysis was very useful to evaluate the possible causes presented that determined the
indices of production, productivity, and quality of manufactured products. This control chart created at
the beginning of the 20th century has been very useful to understand the monitoring of the aforemen-
tioned indices and to know the possible problematic situations that may arise in any industrial activity.
The red line with black points represents the production level and the black with red points the number
of defects, being around 7% in 2018 and 4% in 2019 for the improvements.

Figure 9. Evaluation with productivity control graph (2018)
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Figure 10. Evaluation with productivity control graph (2098)
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The elaboration of analysis with statistical tools was very useful in understanding the events of the
evaluated industry, considering a fundamental aspect of the evaluation with the statistical tool of scatter
diagram because based on this analysis information was obtained from the cases that were presented in
the various steps of manufacturing. Also, was presented a trend of the cases evaluated and the obedi-
ence of a mathematical equation with which the production, productivity, and quality indices can be
estimated in the short, medium, or long term, in addition, to be able to have the possibility of recovering
numerical values that can be lost due to failures in programming systems or human errors. The analysis
of the relationship of two variables shown in figures 11 shows a trend similar to the figure of a bell and
in Figure 12 a trend of increase similar to a linear one was observed, with which in both graphs, the line
was a trend and the mathematical equation based on a sixth-degree polynomial formula, being the one
closest to the trend of the evaluated data of an industrial process of the High-Tech Assembly line 1. The
evaluations indicated the productivity indices for the graphs analyzed, with percentage indices for each
monthly period of the year 2018 in Figure 11, observing increases and decreases at the annual level,
and 2019 in Figure 12 illustrated throughout the analysis of increases until reaching the last value of
December 2019 and being higher than 2018, due to the implementation of the improvements developed
in 2018. The estimation process served to consider the number of workers in the industrial process. trial
evaluated and for other stages of the manufacturing areas, in addition to the fact that due to a human
error of a supervisor some numerical data were lost that were recovered based on the mathematical
equation obtained with this scatter diagram and said mathematical equation was improved obtaining the
two mathematical equations as expressed below:

y = 0.0275x° + 0.478x° - 0.8654x* + 6.578x* - 25.988x? + 49.677x + 22.344

for 2018 and

y = -0.00224x° + 0.08141x° - 1.07899x* + 8.23146x> - 29.14561x* + 38.67563x + 35.76893

for 2019.

Figure 11. Analysis of productivity in High Tech Assembly 1 (2018)
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Figure 12. Analysis of productivity in High Tech Assembly 1 (2019)
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For the study of times and movements, each industrial activity was analyzed to have a better un-
derstanding of the functions, and thus evaluate each action of each required industrial operation. The
industrial operations with the highest incidence in the generation of defective products and the highest
occurrence of work accidents were evaluated. In each industrial operation where the activity was manual,
how each movement was made by the workers and the periods in which each function was performed
were observed in great detail. This helps to detect inappropriate and repetitive movements quickly and
with greater precision, which caused discomfort no matter how minimal and sometimes severe damage.
From this meticulous analysis, relevant information was obtained to detect major or minor anomalies
that caused discomfort in the areas of the body mentioned above and that were affected by the functions
of the industrial processes of the industrial company evaluated. The analyzes were made based on the
fundamental movements called Therbligs defined by the Gilbreth family in joint with the philosophy
of Frederick Winslow Taylor in the year 1950, which is shown in Table 3, evaluating the function of
welding electronic components in various positions of electronic boards of a section of used equipment.
in aircraft. The actions evaluated are shown below:

1.  Movement 1. Place the electronic board with the right hand on a base to carry out the welding
process in a standard period of 40 seconds.

2. Movement 2. Take the soldering iron with a temperature close to 100 ° C, with the right hand, with
a standard period of 20 seconds.

3. Movement 3. Take the electronic component with the left hand and attach it to the base where the
electronic board is placed, with a standard period of 30 seconds.

4. Movement 4. Was made the welding process with both hands, with a standard period of 30 seconds.

Table 3 shows an average of industrial operations in January 2018 with four different people in each
stage of the week of the mentioned month, representing in the said table a total average.

166

printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

New Model to Promote Well-Being in Work Areas

Table 3. Analysis of times and activity movements stage 1 of High Tech Assembly 1 manufacturing (2018)

Movements
Movement 1 Movement 2 Movement 3 Movement 4
Period of time

Calculation of standard

time (CTE), seconds 40 20 30 30

Real time calculation Pl |P2|P3|P4|PL|P2|P3|P4|PL|P2|P3|P4|P1|P2| P3| P4
(CTR), seconds 53| 58|55 | 5120|3220 | 27|36 39| 37| 41| 44| 47| 49 | 45
Difference of CTE and Pl|P2|P3|P4|PL|P2|P3|P4|PL|P2|P3|P4|PlL|P2|P3|P4
CTR 3| aslas|-n| 9|12 6| 7| 6| 9| 7 |-11|-14]-17]-19]-15

P1. Person 1, P2. Person 2, P3. Person 3, P4. Person 4

The table above shows the evaluation of times and movements where both the standard times pro-
vided by specialized personnel of the industrial company evaluated were observed, as well as the times
obtained from the experimentation events of the research developed, together with the difference of the
periods times obtained from the four movements of the electronic component welding operation. This
analysis was prepared in 2018, showing the differences between standard and real times, and by 2019,
those periods of the four movements analyzed had already been improved.

Evaluation of Industrial Processes with Schematic Model

In this investigation, various types of schematic models were developed, where the parameters involved
in each analysis were evaluated to detect the maximum amount of anomalies that would allow knowing
in greater detail what happened at the beginning of the scientific study in 2018. One of the evaluations
made, was the detection of the six main causes that caused occupational risks in the High Tech 1 line, as
shown in Figure 13, the lack of motivation that caused distraction of operating personnel and low spirits
were represented as the first cause. to perform their functions. The second cause detected was the use of
the wrong or defective tool in industrial activity, causing discomfort in some areas of the human body,
followed by the third cause with the use of the wrong method, causing inadequate functions that led to
acute health symptoms and serious in workers. The fourth cause was having inexperienced personnel
who were busy in situations when experienced workers suffered from some acute or serious discomfort
and had to be disabled for some time. The fifth cause was generated by inappropriate and repetitive
movements that caused discomfort and pain to the workers when they elaborated an overstrain of their
functions and originated defective products. The sixth cause was due to the bad labor relationship that
generated stress in the operating personnel of the manufacturing areas and with it, the distraction of the
workers that caused inefficient operations and with it errors and defective products.
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Figure 13. Analysis of six principal causes in labor risks (2018)
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Table 4. Evaluation of six principal causes and relevant factors (2018)

CAUSES
LM WDT M W IRM BLR
FACTORS
Inexpert manager and supervisor X X X X X X
Lack of training X X X X
Inadequate industrial processes X X X
Low salary X X
Inadequate production logistic X X X X

LM. Lack of motivation, WDT. Wrong and defective tool, IM. Inadequate method, IW. Inexpert workers, IRM. Inadequate and repetitive

movements, BLR. Bad labor relation.

Table 4 represents an evaluation of the six main causes and the five most relevant factors that caused
the causes, observed with the letter X, as the relationship of the evaluated parameters. In the first rela-
tionship, it is indicated that the inexperience of the managerial and supervisory areas can cause a lack
of motivation in the operational personnel of the manufacturing areas, as well as the use of wrong or
defective tools, in addition to the inappropriate use of a method for the elaboration. of industrial activi-
ties. It was also observed that inexperienced management and supervisory personnel selected unsuitable
workers for various jobs without evaluating their skills and qualities. In addition, it was detected that they
were not interested in evaluating the inappropriate and repetitive movements that generated discomfort

in industrial process workers and caused a bad relationship with their operating personnel.
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New Model to Avoid Work Risks

Labor well-being is of great importance in any industrial activity, so it is relevant to evaluate all the pa-
rameters involved in working conditions. Various factors can alter working conditions, causing discomfort
in workers in manufacturing areas, so their operational performance is not adequate. The aspect of the
conduct of a person is a fundamental part of the development of industrial activities, labor relations,
and support to the operating personnel of industrial processes. Sometimes some people have excellent
training in professional institutions of the Mexican Republic or abroad, having a diversity of knowledge
that applies to a great extent in the manufacturing processes in industrial companies, but they do not
have the capacity for an excellent labor relationship. superior to their co-workers or even their bosses
for feeling that they have more knowledge than they. What is very relevant for management, specialized,
and supervisory personnel is to have an optimal awareness and excellent labor relations, which indicate
an adequate coexistence, in addition to recognizing the aptitudes and abilities of their operational per-
sonnel, who is the one who supports them. in your results. These factors were observed in the evaluated
industrial plant and according to specialists on the subject of Mexicali, who have prepared evaluations in
other industries located in the city of Mexicali, confirm this aspect that has not been considered, leading
to a decrease in the operating performance of the workers and the productivity and quality indices of the
manufactured products or services provided. Based on this, once the investigation was carried out and
certain situations of the aforementioned were observed, the pertinent improvements and the development
of a new model to have efficient working conditions for optimal labor well-being were made. The model
is represented in Figure 14, with six very relevant factors that are explained below:

a) Improvement in the organization. Itis of great relevance to consider having an adequate organization
in the manufacturing areas on which the industrial development of every industrial company depends,
to develop the activities with the appropriate processes, as well as with the tools and an optimal work
environment in the which is obtained the maximum operational performance of the workers.

b) Constant communication. The management, specialized and supervisory personnel must be
constantly in contact to know the concerns of the workers in the manufacturing areas, as well as their
discomforts, and take actions that support the rapid solution.

¢) Promotion programs. Develop programs in which the operational personnel of industrial processes,
constantly continue to carry out training that improves their skills and abilities and is promoted to new
or other jobs with better salaries.

d) Professional development. It is of great importance to continue developing professionally the
workers of industrial companies, to reinforce their knowledge by having a professional school program
in the industries, with which the operating personnel of any work area, complete a professional career
and also fulfill some dream that had been touched in a particular way.

e) Sentimental aspects. This factor should be considered so that the management, specialized and
supervisory personnel are aware of the segmental situations that people go through, because when work-
ers in manufacturing areas are considered in this way, they will feel that they are part of the Industrial
company where they work and once their situation is solved they will have optimal performance.

f) Health habits. Every industrial company must have a program of health habits that includes both
eating habits and personal hygiene, to avoid any health symptoms that lead to serious consequences in
workers.
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Figure 14. Improvements to well-being labor (2019)

Evaluation of Environmental Climate

This factor was very important to evaluate the operative yielding of workers of manufacturing areas and
industrial equipment and machinery, observing the functionality in percentage in Table 5.

Table 5. Evaluation of environmental climate (2018-2019)

CLIMATIC FACTORS 2018 2019
EVENTS T T T RH RH RH

Discomfort to develop industrial activities X X

Presenting low yielding of operability of industrial equipment and machinery X X

Inconvenience and low level X X

Presenting some electrical o mechanical failures in industrial equipment and
machinery

Headache and lack of elaboration of industrial activities

Some parts of industrial equipment and machinery not work

LR

Need for medical assistance

Xl R |

Some industrial equipment and machinery does not work totally X

T,. Ranges of temperature from 0 °C to 15 °C, T,. Ranges of temperature from 16 °C to 30 °C, T,. Ranges of temperature from 31 °C to
45°C

RH,. Ranges of relative humidity from 30% to 45%, RH,. Ranges of relative humidity from 46% to 60%, RH,. Ranges of relative humidity
from 61% to 75%.

In Table 5, it showed the evaluation of environmental climate that was relevant in the operative
yielding of workers and industrial equipment and machinery. This table illustrates four steps of events
presented in the industrial plant evaluated in Mexicali, representing in each step the consequences of
the variations of climatic factors, being in step 3 a step 4 the major problematic situations, because was
necessary to stop the industrial processes and generate low indexes of productivity and quality of manu-
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factured products. In steps 1 and step 2, was presented the low level of problematic situations. With this
can observe the causes of the lack of fulfillment of production goals

CONCLUSION

The evaluation of working conditions is of great importance to maintain the labor well-being of work-
ers, especially in manufacturing areas, where the greatest amount of occupational hazards is generated.
The elaboration of activities of industrial processes of the operative personnel has originated in the last
ten an increase in the occurrence of work accidents, where the directive, management, and supervisory
personnel. These personnel are constantly concerned because due, to this occurrence, the goals are not
met and, in addition, large payments are made for risk premiums to Mexican health institutions. In the
elaboration of the investigation made, relevant information was obtained that was used to achieve a
good understanding of what was happening in each stage of the processes of the High-Tech Assembly
1 line, and develop the necessary improvements that helped improve working conditions. Having an
optimal performance of the industrial operations of the evaluated company, generated an efficient op-
erating performance, with which it was possible to meet the production goals and achieve increases in
the productivity and quality indexes of the manufactured products. The use of various statistical tools
to make the analysis contributed to evaluating all the manufacturing stages of the High-Tech Assembly
1 line, where the causes and consequences of what happened were observed in each industrial process
and to develop the required actions quickly and efficiently. Very meticulous evaluations were made
and information was obtained on each movement and period, obtaining from the specialized personnel
who carried out experimental tests, the standard times. These temporary periods were provided to the
supervisory personnel, to make each industrial process more efficient. In addition to the aforementioned
on the part of the supervisory personnel, they adequately made a connection with the management and
human resources of the industrial company evaluated, to have the necessary operational personnel in each
stage of manufacturing, according to their skills and qualities. Another important aspect of supervisory
personnel, supported largely by managers and continuous improvement specialists, was inspecting that
each function of the industrial processes was made.
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ABSTRACT

It is generally considered that the costs related to musculoskeletal disorders (MSDs) stem from absentee-
ism, medical expenses, reduced productivity, and quality of life. To estimate the costs associated with
MSDs in organizations and thus determine the benefits for a company of implementing an effective and
sustainable prevention program, it is necessary to consider the need to know the current and future
prevalence of MSDs as well as to understand whether these data vary according to the economic sec-
tor, geographic location, and demographic aspects. It is also necessary to understand whether there are
comorbidities associated with MSDs as well as the direct and indirect impacts in terms of the produc-
tive and work capacity of organizations and individuals. In the development of this study, the authors
wanted to generate an analysis tool to estimate the incidence of MSDs and their economic costs, which
also serves as a baseline to evaluate the possible benefits derived from prevention programs for this
type of work-related disease.
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I. INTRODUCTION

Musculoskeletal disorders (MSDs) of the upper limb and back comprise a wide range of inflamma-
tory, degenerative diseases and disorders that cause pain and functional impairment of the hand/wrist,
elbow, shoulder, neck and back, which have a significant impact on the productivity of individuals and
companies, while affecting social security systems, industrial development policies and career paths of
labor-active individuals.

Musculoskeletal Disorders (MSD) is the term used to refer to the set of injuries in muscles, tendons
or nerves that are related to the development of physical activities at work, such as problems in the
locomotor system, muscles, tendons, ligaments, and nerves (WHO, 2004; Institute for Work & Health,
2005). The literature has shown that the development of this set of injuries and symptoms is related to
the ergonomic characteristics of workstations, poor posture, fast work pace, repetitive movements, and
exposure to vibration. MSDs are currently the largest category of work-related diseases, constituting
just over one-third of all occupational diseases reported in the United States, the Nordic countries and
Japan, and representing the most common cause of work absenteeism or work disability in the United
States, Canada, Finland, Sweden, and England (Punnett and Wegman, 2004).

Estimating the overall economic burden and total costs associated with MSDs in companies requires
the use of a variety of data sources. The analysis of the sources of information that can contribute to
identify the internal burden in the company, the costs associated with the worker, the productivity losses
for the worker and for the company, should be defined in an analysis model that is flexible enough to
integrate the specific variables by economic sector, by geographic location and by characteristics and
complexities of the tasks involved in the generation of MSDs.

The incidence and severity of these occupational disorders have a significant impact on the produc-
tivity of workers through a reduction in their production capacity and, in more serious cases, through
absence from the workplace. Musculoskeletal disorders have high direct and indirect costs, as well as
long-term effects on the quality of life of the people who suffer from them. Thus, this type of accident
constitutes a risk factor that affects the cost structure of firms, which is reflected in an increase in eco-
nomic compensation, loss of productivity, increase in medical risk insurance rates, high worker turnover,
and even adverse effects on labor relations (Punnett, 2000).

Comparative studies of the incidence of MSDs in different regions have found that there is less
exposure in more economically developed countries, where the implementation of occupational safety,
prevention and health practices is stronger. In contrast, in developing countries there is lower reporting
of occupational diseases and a higher presence of misdiagnosis or no diagnosis (Takala et. al., 2017).

For the estimation of the economic cost, international information sources such as the World Labor
Organization (ILO) and the World Health Organization (WHO), local employment figures, occupational
burden, reported accidents, accidents, disability, and death due to occupational diseases reported at work
and surveys on self-reported occupational diseases and injuries are considered. The costs associated
with this type of occupational disease are expressed not only in the productivity capacity of workers
and costs that companies face, but also constitute a public health problem that can generate a significant
burden on the social security system. There is evidence that in most countries in the world, the number
of deaths caused by occupational diseases is ten times higher than the number of deaths caused by oc-
cupational accidents (Takala et. al., 2017), hence the importance of making a complete assessment of
this type of diseases.
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In the estimation of costs associated with DME, several works have been developed, among them,
those of Asay GRB, Roy K, Lang JE, Payne RL, Howard DH. Absenteeism and Employer Costs As-
sociated with Chronic Diseases and Health Risk Factors in the US Workforce. In this work, a method
was presented that includes the study variables useful for estimating individual and organizational
productivity loss costs.

Include the costs for presenteeism and absenteeism that make it possible to define the economic
burden. It should also be considered that for the estimation of health-related costs and productivity
losses, several data collection tools have been developed (HPQ-Select (IBI, 2014), Health and Work
Performance Questionnaire; IBI’s Absence Cost Estimator (ACE), among others).

Such tools have been created based on the identification of the following variables:

1.  Absences due to sick days and wage replacements.

2. Workers’ compensation medical payments, lost workdays, and wage replacements

3. Short-term disability (STD) with lost workdays and wage replacements

4.  Long-term disability (LTI) with lost workdays and wage replacements

5. Non-concurrent absences due to family medical illness (FME) Medical and pharmaceutical claim
costs

6. Presenteeism (decreased work performance due to injury or illness)

7. Productivity loss charges for lost productive time

8.  Paid sick days

9.  Unpaid sick days

10. Workers’ compensation for lost workdays

11. Short-term disability and lost workdays

12. Long-term disability and lost workdays

Generally, these variables are included in the following 3 main methods of analysis:

1. salary conversion methods, which use survey responses and wage information to estimate produc-
tivity loss; the simple version is “the human capital approach (HCA)”.

2. Introspective methods, which use survey responses as the basis for thought experiments to give
firms an idea of the magnitude of their productivity loss; and

3.  Firm-level methods that attempt to monetize productivity losses based on the cost of countermea-
sures used to address absenteeism and presenteeism.

From a statistical perspective, it is proposed in this study to perform a series of estimations based on
regression analysis to make forecasts associated with the costs of DME. First, we estimate the effect of
each risk factor approximated from socioeconomic variables of workers, region, and sector on the costs
of DME. In turn, this allows adjusting the costs associated with absenteeism as the factors that determine
the risk profile of occurrence of this type of incident are agreed upon.

The risk profile of workers is determined to a large degree by the economic sector in which they work.
For example, according to Punnet and Wegman (2004), workers at higher risk of MSDs are employed in
sectors related to air transport, mining, food processing, leather tanning, medical centers (nursing), and
heavy and light industry (vehicles, furniture, household appliances, electrical and electronic products,
textiles, clothing, and footwear).
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Other labor-intensive activities such as office work, janitorial work, and industrial inspection are
more associated with upper extremity MSDs, while back and lower extremity disorders occur more in
truck drivers, airplane baggage handlers, warehouse workers, construction workers, nurses, and other
occupations involving patient care, crane operators, and large vehicles. Estimating the economic cost of
MSDs is a complex task that involves significant statistical challenges. First, there is underreporting of
cases for which no diagnoses exist, so both direct and indirect costs tend to be underestimated. A study
by IWH (1997) estimates that only 29% of workers who said they had experienced MSD-related symp-
toms such as neck or arm pain related to their work activities had consulted a professional, and most of
those who had these conditions had not mentioned it to their employer or company for various reasons.

Secondly, a small proportion of health professionals still do not recognize MSDs as a real health
problem, which increases under-reporting, and consequently, under-formulation and under-treatment.
On the other hand, it is possible to say that there is a lack of information about SMD. There is currently
a lack of research on the subject, which means that the estimation of the costs associated with these
disorders is still unclear and leads to erroneous prescribing and a lack of a common language to refer to
these diseases (divergence between names and classifications for this group of disorders).

All this makes it more difficult to approximate the real number of conditions and therefore their cost
(Institute for Work & Health, 2005). In this context, Amell and Kumar (2002) argue that in addition
to the problem of under-reporting, it is observed that not all reported cases are compensated, e.g., in
Canada only 41% of reported cases received some form of compensation. In a simplified cost analysis
model, MSDs can be considered to have both direct and indirect economic costs. Direct costs include
those associated with the care of the disease, such as hospital care costs, medication costs and payment
of health professionals and other care providers; while indirect costs refer to the loss of productivity, the
value of economic output lost due to the disease or disability, and the secondary effects on the quality
of life of workers.

In this context, a study developed by Health Institute of Canada estimates the economic burden of
illness, disability, and premature death due to these types of diseases, finding that the annual direct and
indirect costs total around 17.8 billion (Canadian dollars), only lower than costs in addition, this study
argues that an important part of the costs associated with MSDs are due to the long-term disability that
it can cause.

Unfortunately, these types of studies are rare in developing countries, particularly in the case of
Colombia. Even the evidence exists for developing countries cannot be directly extrapolated to other
countries consequently in the difference between legal criteria and the compensation of the same disease;
specifically, there is a high divergence of the diseases that are considered as work-related in each country,
in general, the number of diseases recognized as work-related depend on the development of the country,
the political commitment and the financial capacity of the same (Takala et. al., 2017).

These factors make it interesting to deepen the knowledge of this type of diseases at work for the
case of Colombia. In addition, the high degree of labor informality in the country, plays an important
role since many of the informal workers do not have access to health services and the informality in the
contractual work relationships also represents a barrier in the recognition of work-related diseases. Ac-
cording to Valbuena (2017), MSDs are the main work-related diseases presented by workers in Colombia,
as in other countries in the world, which has important consequences on economic development and
productivity. Given these two situations, statistical information on MSDs is only available for a small
fraction of the population: formal workers.
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In a more specific exercise, Quintana and Pawlowitz (1999) study direct medical costs, which they
model through a Poisson-type model specification with incident frequency as the reference variable
based on information from a used clothing sorting company for the period 1989-1997. The construc-
tion of the cost variable considers shoulder diseases or disorders such as rotator cuff tendinitis, bicipital
tendinitis, tendon tears, bursitis, prolonged shoulder muscle pain, and nerve-related disorders, in addition
to specific forearm tendon and tendon sheath disorders, along with carpal tunnel syndrome. As a result,
this study identifies that MSDs are associated with risk factors such as repetition, duration, recovery,
strength, and awkward limb postures.

For his part, Ahlberg (2014) studies the economic costs of DME for the case of Sweden, consider-
ing both direct and indirect costs. The calculation of direct costs is based on the prevalence approach,
estimating the economic burden of the health condition for the year 2012. For its part, the calculation
of indirect costs is based on the incidence approach, according to which it is costs are calculated from
the year of retirement and thereafter are discounted until the occurrence of death. For the valuation of
resources, the “top-down” approach is used, considering the average value of the variables included.

For the estimation of direct costs, resources related to outpatient care, inpatient care and associated
drugs were considered. In the first case, costs were calculated based on statistics from the Skane Region
together with published data from the Swedish Association of Local Authorities and Regions (SKL).
In the second case, published statistics from NBHW and SKL’s cost per patient (KPP) database were
used. And for associated drugs, published data from the NBHW report on pharmaceutical costs for 2012
are considered.

As for indirect costs, reduced work capacity (or lost productivity) as well as costs associated with
premature death were considered. In the first case, taking into consideration that the health condition is
the main cause of sick leave or absence due to illness, sick compensation, and activity (SA), data from the
Swedish Social Insurance Agency (SSIA) were used. And for the second case, productivity costs up to
retirement age (65 years) and mortality and life table data for 2012 were used. The value of lost working
years was calculated using data from the Labor Force Survey (AKU, equivalent to household surveys).

Punnett (2000) studied the costs of MSDs in the case of the automotive manufacturing industry in
the United States. This industry is particularly sensitive to this type of work-related diseases as the in-
adequate application of ergonomic principles in the design of workstations significantly increases risk
factors and has adverse consequences for the health and safety of workers. This research differentiates
between financial and non-financial costs.

As regards the first financial costs, the uncompensated medical costs are: loss of working time, loss
of future income (opportunity costs), loss of job security, and professional performance. Non-financial
costs include the economic valuation of factors such as pain, family relationships, social relationships,
and recreational activities, among others. This study considered data from 5 companies for a period of
10 years, where the MSDs reported by the medical units of the companies are observed, from which an
underreporting of 60% of the cases is estimated.

Davis et. al. (2007) conducted an industry-wide study for Ohio (United States) in which age was a
crucial risk factor. In this analysis, the authors used data from claims submitted to The Ohio Bureau
of Workers” Compensation (OBWC) for the period 1999-2004. Cost calculations considered sectoral
disaggregation and age, and included medical costs, treatment costs, indemnity payments, number of
days lost, and percentage of high-cost medical procedures. Regarding the risk profile, it was found that
55% of MSD claims appear in the age range 25-44 years and the number of claims for different types of
these injuries follow an inverse U-shaped behavior during the life cycle.
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Were found between industries, which evidences the existence of industry-specific risk factors; in
particular, the warehousing services sector shows the highest increase in DME costs. Mirelman (2016)
conducted a cost-effectiveness analysis for a selection of successful public policy cases. The results
obtained, show that great advances in health have been achieved through programs that represent good
value for money. However, it is not always possible to perform this type of exercise since interventions,
e.g., at the sectoral level, that include access to care or that provide resources directly (e.g., cash trans-
fers), present difficulties in estimating standard measures of cost-effectiveness. Therefore, estimation of
efficiency losses and representation of scale is only possible through modeling based on assumptions that
are not always realistic. In practice, it is usual to take as a reference the income level (GDP per capita)
of the countries, a benchmark for comparing magnitudes.

Amell and Kumar (2002) review studies on the design of strategies for the prevention of MSDs. In
this review, they find that at the plant or company level, the evidence suggests that prevention attempts
have been especially due to a lack of knowledge of the problem. To carry out these strategies, the authors
suggest that a multidisciplinary group including engineers, psychologists and specialists in ergonomics
should oversee designing an appropriate and healthy workspace. For which, three different levels of
Prevention and/or Treatment should be considered:

1.  prevention of injuries before their manifestation or existence.

2. Early detection and treatment of the disease, mainly based on
1. mainly based on surveillance and control.
2. Prevention of the consequences of MSD, as well as prevention of disease recurrence.
3. recurrence of the disease.

In a specific study on prevention of low back disorders, Lahiri et al. (2005) developed a model at the
level of a company with the objective of carrying out an economic evaluation of an intervention aimed
at reducing this type of illness at work. Applying a simple but transparent method, they estimate net
economic costs of investments in ergonomic items to reduce morbidity. This estimation is done through
an accounting model where net costs are defined as the cost of the intervention (or program implementa-
tion) plus work costs minus reduction in health costs, injury costs and productivity losses; all costs are
calculated for annual periods. Data are obtained through surveys. The results of this study reveal that
these types of interventions can generate substantial savings for companies.

Il. METHODOLOGICAL ASPECTS

With the objective of quantifying the economic cost associated with the occurrence of DME, following
the literature previously described, in this strategy a methodological approach is implemented that allows
estimating costs in a wide perspective, including both direct costs (e.g., medical costs) and indirect costs
(other economic costs and opportunity costs).

For this purpose, the information available in the administrative records on work-related disease
associated with MSDs for the period January 2009 to December 2016 is used, where information on
MSDs, information on the company and basic characteristics of the workers is collected, as well as the
direct costs associated with the occurrence of the claims. Additionally, there is secondary information
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that allows an economic valuation of the indirect costs related to absenteeism and worker replacement
costs, which is a crucial component of the cost assumed by the companies.

To contextualize the economic impact of DME, the costs are estimated from the social point of view,
i.e., medical costs, costs associated with the system and the loss assumed by the companies are consid-
ered. In addition, to provide a microeconomic perspective with emphasis on human resource manage-
ment and cost optimization, which are crucial variables in the decisions from the point of view of the
company’s performance, the estimation of the employer’s costs is considered. This exercise provides
further evidence for the case of Colombia and provides a decision-making tool to assess the impact of
this type of diseases and to motivate the discussion on the relevance of prevention and early warning
programs for MSDs. In this way, this exercise constitutes an important input to study the impact and
effects of the implementation of programs for the prevention of MSDs.

To have a complete view of the costs associated with MSDs, the results of the study by Weerd et.
al. (2014) is followed, in which a careful review is made of 29 studies dedicated to quantifying the cost
of occupational illnesses and injuries, from which the costs are classified into 5 major categories that
summarize the entire cost structure or chain. These are:

1. productive costs (associated with the loss of human capital, the drop-in productivity and labor
costs).

2. Medical costs.

3. Costs associated with the loss of quality of life (intangible cost of suffering the illness or injury).

4.  Administrative or logistical costs (opportunity cost of time spent on managing the activities as-
sociated with an illness or injury).

5. Insurance costs (insurance premium).

As shown in Table 1, from the perspective of social cost or productivity cost, understood as indirect
costs associated with MSDs, the study concentrates on quantifying the productive costs, which are
associated with the loss of production derived from the absence of workers or the decrease in their
productivity. This requires information on the incidence and prevalence of MSDs for different levels of
aggregation (e.g., industry, region, occupation), which can be approximated through the “attributable
risk” method, in other words, by measuring the fraction of the employed population in a study popula-
tion that is potentially affected by MSDs.

To get a monetary valuation of this cost, the methodology proposed by the International Labor Orga-
nization is followed (Takala et. al., 2017), in which a valuation is made of the loss of productivity through
the value lost by workers during the period in which they are affected by an occupational disease. This
component can be estimated from the years of life with disability (YLD for its acronym in English) or
based on the productivity of workers (value of production per worker) approximated through their wage
level. The above-mentioned studies consider different levels of YLD depending on the degree of severity
of the disease, and even consider costs associated with loss of life.

These approaches will be adopted depending on the availability of information. In this case, a cost
perspective of lost productivity is proposed, which has as its basic cost the salary received by the workers.
Thus, to capture the different risk profiles in the implementation of the “attributable risk” method, and
to incorporate the ethereal and demographic structure of the population at risk in the case of Colombia,
it is made specific to economic sectors, gender, age, and region. The estimation of this component has
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as input the average salary reported by workers in the Large Integrated Household Survey, 2016 for dif-
ferent risk and income profiles defined by the previously mentioned variables.

To calculate this cost, the methodology used in HSE (2011) and Russell (2016) is followed, where
the incidence of MSDs is estimated based on the predicted occurrence of this type of disease as a func-
tion of the socioeconomic and demographic characteristics of workers, as well as the characteristics of
the occupation and the sector in which they work. The result of this exercise serves as an alert model for
companies, to recognize the part of the population of workers most sensitive to suffer MSDs. As for the
estimation of the effective cost, using information on the average duration of absences from work due
to DME (estimated by studies for other countries, e.g., Rusell, 2016) and wage remuneration (specific
to the sector), the valuation of the productive cost assumed by the employer is made.

Table 1. Economic cost of work-related accidents and diseases, by perspective and type

e of cost/ . uality of life Administration Insurance
Typ Productivity costs Health care costs Q y
Affected ; losses costs costs
. L Physical pain Cost of time spent
Direct and indirect Y P L D! .
‘Workers and Loss of present and future medical costs and and suffering claiming benefits, | Compensation
families income (net of taxes) N Emotional pain waiting for payments
rehabilitation costs .
and suffering treatment, etc.
Treatment payments .. .
nt pay Administrative
Production losses
. . . and legal costs
Production disruptions Impact on
Costs of

Employers Damage to equipment . insurance
. reinstatement .
Damage to company image premiums

and retraining of
E::tl lotfh;;l:;ve damages are workers (disabled)

Payment for treatment
Government benefits and Direct and indirect
Government social programs (disability or | medical costs and

early retirement) rehabilitation costs
Tax revenue losses

Administrative
and legal costs

Loss of production

Society (over and (Due to deaths disability/early

above all)

retirement)

Source: Adapted from Weerd et. al. (2014)

To approximate the medical costs associated with MSDs, which is a key variable for the cost-benefit
analysis of interventions to reduce the incidence or prevent the incidence of these occupational diseases,
the behavior of the total cost of the accident is studied. For this purpose, aregression analysis is performed
in which a function of this cost is estimated as a function of different risk factors such as gender, age, and
sector, from which statistical inference can be made on the relevance of each factor and forecasts can be
made of the expected cost of the accident as a function of these factors. The results of this exercise serve
as a decision-making tool for companies and governmental entities with the objective of implementing
prevention policies to identify the main determinants of the increase in the cost of claims associated
with MSDs. Thus, the estimation of total costs will follow the following model:

Total cost = Indirect cost + Direct cost.
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In this estimation, indirect costs are calculated taking as a reference the opportunity cost associated
with suffering from MSDs, which is approximated from the loss of productivity, i.e., indirect costs are
given by:

J
Costoindirecto = ZYLD,}PTj (1)

j=i

Where YLD is a proxy for years of life with disability or some measure associated with the severity
of the occupational disease and PT is work productivity. In this case, the first variable is related to the
severity of MSDs, the second refers to the cost in terms of salaries. Therefore, to standardize the direct
and indirect costs, the associated cost in terms of labor cost is taken as the unit of analysis, leaving as
a parameter to be assigned the absence from work as a measure of severity. In other words, the model
provides a basic cost by estimating an adjusted factor that depends on the salary received, multiplied by
the absence from work. This adjustment factor is determined from a total labor cost of 1.6 with respect to
the expected salary and multiplied by a factor of 2 that determines the adjustment costs of the workforce
in the absence of one of them.

Thus, the indirect cost constitutes the part of the total costs that a company must assume to com-
pensate a worker suffering from an occupational disease associated with MSDs and considers potential
replacement costs and administrative costs. Subindex j refers to the risk group to which the workers
belong, which is defined by the intersection between the characteristics of gender, sector, and region.

As for the direct costs, the information from the accident costs is exploited. To analyze the relation-
ship between risk factors and this cost, a model of the following form is estimated:

Direct cost=Cost of loss= m (X, )

Where X is the set of risk factors,  is the set of parameters that relate these variables to the direct cost
of a claim associated with MSDs, and m(.) is a specified functional form that describes this relationship.
Since the objective of this model is to forecast the cost given a set of worker characteristics, models are
estimated for different functions m(.), for example log-linear models, and different transformations of the
exogenous variables, and their performance is compared using the mean square error as a comparison
criterion to determine the model that best forecasts the claim cost. This model is trained (or estimated)
for a proportion of the sample and tested with the remaining part, where such sub-samples are chosen
randomly. Thus, taking a particular worker profile, characterized by gender, age, region, sector and type
of diagnosis, the cost associated with MSDs is estimated using the incidence rate of these diseases, and
applying the above models to the population at risk.

lll. DATA DESCRIPTION

Having as reference the information available in the administrative records, an exploratory analysis of the
socioeconomic characteristics that may constitute risk factors that may explain the incidence of MSDs
and therefore be key input in the estimation of costs is performed. These analyses are derived from the
study of 10248 cases registered between 2009 and 2016 and the differences in registered cases at the
level of sex, age, sector, and geographical area are studied.
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Figure 1 presents the distribution of MSDs cases by gender and shows a higher incidence of cases
among women, with 60% of cases. It is worth noting that this indicator allows us to determine that gen-
der is a determining factor in the incidence of this type of occupational disease, since in the population
of affiliates registered by Insurance company the proportion is the reverse of this, i.e., 60% of affiliates
are male.

Regarding the distribution of the incidence of work-related disease by age group, younger workers
have, on average, lower incidence rates, but this indicator has an inverse U-shape, like that recorded in
the work of Davis et al. (2007). Workers between 19 and 25 years of age presented only 18 cases (0.2%
of the total number of cases, while workers between 25 and 35 years of age had a total of around 2,500
cases. On the other hand, it is observed that the highest frequency of cases occurs for people between
46 and 55 years of age, with a total of 4320 (42.2%) cases.

Figure 1. Distribution of the incidence of MSDs by sex

Source: Authors’ own calculations

Total

mF M

The distribution from a sectoral point of view shows a significant level of asymmetry. As can be
seen in Table 2, the sectors with the highest number of cases were Commerce, Electricity, gas and water
supply and Manufacturing, with a total of 1366, 1614 and 6599 cases, respectively. It is highlighted that
the sector with the highest incidence of MSDs is the manufacturing sector with more than half of the
6599 cases (64.4%), while the sectors with the lowest incidence are Mining and Construction with only
3 and 30 cases, respectively.
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A key variable that can determine the incidence of MSDs is the number of workers in the companies.
It can be thought that larger companies tend to have higher levels of protection in terms of occupational
diseases that would reduce the risk, but at the same time they may operate under higher levels of pro-
ductivity, which is closely related to higher levels of effort, and therefore a higher incidence of MSDs.
Table 3 shows that the number of cases of MSDs decreases as a function of company size; however,
considering the distribution of companies (i.e., the productive structure in Colombia is characterized by
MSMESs), it is expected that the number of workers has a positive effect on risk.

Figure 2. Distribution of the incidence of MSDs by age group

Source: Authors’ own calculations
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The geographical distribution of MSDs cases also provides evidence in favor of this factor being a
determinant of its incidence. Cundinamarca (including Bogota) presents a total of 4528 cases (44% of
the total), but the level of affiliation to the insurance company of this population is 31%.

This is like the case of Antioquia, where about 16% of the cases were registered, but the proportion
of affiliates from this region is 5%. This implies that each affiliate from these regions has a higher risk,
on average, than an affiliate from any other region. Other departments with a significant number of
reported cases are Norte de Santander, Santander, and Cauca (See Figure 3).
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Table 2. Distribution of the incidence of MSDs by sector

Sector FA FR
Agriculture and livestock 27 0.003
Commerce 1366 0.133
Construction 30 0.003
Manufacturing 6599 0.644
Mining 3 0.000
Electricity, gas, and water supply 1614 0.157
Transportation and communication 609 0.059

Source: Authors’ own calculations

Finally, to estimate the cost structure, the distribution of total claim costs is analyzed, which are cal-
culated from the direct costs associated with the treatment of this type of disease. This variable presents
a high level of heterogeneity, which may be associated with the different levels of severity with which
MSDs may occur, as well as the heterogeneity of the treatments.

After performing an exercise of exclusion of extreme values (2% of outliers both on the right and
left), and considering a logarithmic transformation, it is observed (see Figure 4) that a wide variability
persists in this indicator, which needs to be validated through the relationship that this has with the dif-
ferent risk factors proposed here.

Table 3. Distribution of the incidence of MSDs by sector

Workers FA
1-400 1339
401-1000 835
1001-3000 832
3001-5000 613
5001-10000 306
10000+ 245

Source: Authors’ own calculations
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Figure 3. Distribution of the incidence of MSDs by department

Source: Authors’ own calculations
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This exploratory analysis allows us to conclude that the incidence (or rate) of MSDs occurring among
the population affiliated with This insurance company. is related to key characteristics of the worker
population such as gender, age, sector, and region. It is worth noting that a better understanding of this
phenomenon requires a more specific study of these characteristics, including, for example, the occu-
pation of the workers and more detail on the severity through diagnosis or days of absence from work.
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Figure 4. Number of claims cost distribution
Source: Authors’ own calculations
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IV. METHODOLOGICAL IMPLEMENTATION AND RESULTS
4.1 Indirect Cost Estimation

With the objective of estimating the indirect costs associated with the opportunity costs that a company
has to face, that is, the labor costs associated with the loss of productivity of a worker and his subse-
quent replacement, a source of secondary information is explored that allows a valuation of these costs
by taking advantage of a set of data with high heterogeneity from which an approximation of workers’
wages is obtained for a combination of sex, sector and region, i.e., for example, it is possible to obtain
an estimate of the income of a male worker in the construction sector in the department of Antioquia.

This source of heterogeneity of workers’ wages according to their characteristics is important in that
it allows us to capture the structural differences in wage costs particular to these characteristics. For this
purpose, the 2016 Great Integrated Household Survey (GEIH), which is ameasurement instrument through
which the DANE comprehensively collects information on workers from all sectors of the economy in
all territories of the country, is considered as a secondary information base. To obtain the estimation
of labor costs, the average wage was estimated for all sex-region-sector combinations among full-time
salaried workers (40 hours or more). This results in 336 worker combinations or profiles.

This analysis results in a battery of labor costs with a high level of heterogeneity, which corresponds
to the risk and differential cost structure that a company may face. For example, it is found that the low-
est salary is received by women in the agricultural sector residing in the department of Sucre, which
amounts to a little less than 200,000 CP (53,02 US Dollar, Approx.) per month. In contrast, the mining
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sector presents the highest overall labor costs, particularly for men in Bogota, whose average salary is
6,792,383 CP (1800.74 US Dollar, Approx.).

Although age is a key factor in the risk of suffering DME, and can also increase costs significantly, it
was not considered in this component of the estimation since excessive detail can affect the significance
of the results obtained.

In fact, in the estimations it is observed that some of the sex-region-sector combinations do not record
observations, and for this reason an imputation method was used consisting of the average value between
the regions maintaining the sex and sector of the worker, i.e., the missing wages were estimated as the
average wage for the same sex and sector among the other regions. These combinations were: Male-
Caqueta-Mining, Female-Choco-Agriculture, and Female-Mining for the regions of Caquetd, Cauca,
Cordoba, Choco and Quindio.

Based on these estimates, the indirect cost is constructed based on a set of parameters that must be
specified in the model. The first of these parameters refers to the benefit burden, which is an amplify-
ing factor of the cost. According to the parameters usually used in this type of exercise, a factor corre-
sponding to 1.6 is usually associated, indicating a benefit cost corresponding to 60% of the salary. This
value is usual in this type of exercise. Thus, the cost for each day of absence from work is calculated as
the wage cost of one day of work multiplied by 2, the latter indicating that the absence from work also
entails a replacement cost.

This estimate may be conservative in the sense that it does not consider other costs associated with
training and short-term productivity loss, e.g., the cost of workers’ apprenticeship. However, it is a first
approximation to the valuation of indirect costs. A crucial input to obtain accurate results in this estima-
tion of indirect costs is the severity factor, which in this model is likened to a longer absence from the
job. In this sense, the model is flexible as it allows assigning this parameter to obtain a cost estimate in
different scenarios

4.2 Direct cost Estimation

To estimate the direct cost, a strategy like that for indirect costs is followed in terms of the grouping of
risk factors; however, forecasting techniques are used on the cost of claims recorded in the administra-
tive data. In addition to considering sex, region and sector as key variables, age and a simplified form
of diagnosis are added as determinants of direct costs. Log-linear models are estimated using different
specifications or groupings of diagnoses.

In particular, the model is considered:

In work placedamage = 3, + B,age + B3,Age2 + (,Female + ZI)\iRi + 259{01. + ZEﬁiDi +e
(2)

Where Woman is a dummy variable that takes the value of 1 if the reference individual is a woman,
and 0 otherwise. R_i and C_i correspond to a set of categorical dummy variables of region and sector
with sizes, where I and S represent the number of categories. Finally, D_i is a set of dummy variables,
with number of categories E, related to the type of diagnosis according to the international code of
diseases ICD-10. For the latter, 3 different specifications (groupings) are carried out with respect to the
recorded diagnosis:
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1. groups according to the Chapter of the international code of diseases ICD-10 (or identification
letter of the chapter),

2. ittakes as areference 3 major categories type M diagnoses that refer directly to MSD, G560 which
is a high incidence diagnosis in the database that refers to carpal tunnel syndrome, and the rest of
the diagnoses are grouped in the third category.

3. and makes an aggregation with the objective of reducing dimension considering as individual cat-
egories those with more than 50 registered cases, and all the others are grouped in a single category.
From this model, it is possible to forecast the medical cost of a typical or average worker, given a
set of characteristics that describe him/her.

The accident rate variable, which in this case is the dependent variable of the model, i.e., the variable
to be explained and predicted, requires a prior exploratory analysis to obtain statistically more reliable
results. This analysis consists of studying its variability and the possible presence of outliers.

Based on descriptive data and a graphical analysis, it is observed that the accident rate shows a sig-
nificant accumulation of null values and significantly large values in the right tail of the distribution,
for which reason a truncation.

Figure 5. Claims Cost Density

Source: Authors’ own calculations
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In purpose of choosing the model with the best prognostic goodness of fit, 3 models are estimated
in which the way in which the diagnoses are introduced varies as described above. These models are
estimated for 2/3 of the randomly chosen sample, and the mean square error of the forecast error for the
remaining 1/3 of the sample is compared

V. CONCLUSION

This type of out-of-sample prediction exercise is a widely validated strategy in statistics, and currently
key in the implementation of statistical learning models. From this exercise, it turns out that the best
forecasting model corresponds to the one comprising 3 diagnostic categories (M, G560 and rest), which
are classified as M, G and R, respectively. The results of this model are presented in Table 4. Age is a
factor that significantly increases the claims cost over the entire life cycle. In particular, the quadratic
form introduced in the model shows that the effect of age on the direct cost is convex implying that the
additional cost for each additional year of a worker is increasing.

Additionally, for the profile defined by sex-region-sector-diagnosis, differential patterns can be ob-
served. In terms of sector, workers in the transportation sector have relatively higher costs than the rest
of the sectors. 41.5% higher than the commerce sector, which serves as a reference, and this difference is
statistically and economically significant. In the case of the regions, significant heterogeneity is observed.
Taking Antioquia as a reference, regions such as Guainia, San Andrés or Casanare show significantly
lower accident costs, while in Norte de Santander these tend to be higher. For gender, no differential
factor is observed in terms of accident rates. Finally, in the proposed aggregation of diagnoses, taking
carpal tunnel syndrome as a reference, both MSDs in Chapter M and the other diagnoses show 23% and
33% higher costs, respectively.

This model makes it possible to establish the worker profile that may result in higher accident costs;
in this case, it corresponds to an elderly worker who works in the transportation sector in the Norte de
Santander region. From these parameters, it is possible to estimate the accident cost, or direct cost, as-
sociated with a set of worker characteristics. For example, following the previous exercise, it is possible
to estimate the accident cost of a man located in Antioquia who works in the construction sector and is
30 years old and suffers from an MSDs belonging to the diagnostic chapter M. The results of this exercise
are presented in Figure 7. The value 8,219,056, which implies that the cost of an occupational disease
event that implies absence from the workplace for 30 days (1 month) for a worker with this profile has a
total cost of approximately 11,900,263. This tool gives an idea of the magnitude of the problem of this
type of occupational diseases, considering the heterogeneity that they generate in costs through different
characteristics of the population and workers and the sector in which they operate.

From the point of view of company decisions, the calculation model presented is an important start-
ing point for thinking about the relevance of MSD prevention programs. The model described above
does not consider the size of the company in terms of workers as a determinant of the cost of MSDs. If
this variable affects the incidence, it consequently impacts the severity in which the accidents occur and
therefore the associated direct and indirect costs, which is why it is necessary to estimate an additional
model that considers the number of workers in the company as a control variable.
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Table 4. Log-linear model for claims cost forecasting

Variables Coefficient p-value
Intercept 15.946 0.000
Age -0.012 0.008
Age (Square) 0.00010 0.001
Construction -0.242 0.354
Manufacturing 0.000 0.992
Sector Mining -0.159 0.542
Electricity, gas and water supply 0.015 0.799
Transportation and communication 0.415 0.000
Sex (Female) -0.006 0.853
Arauca -0.960 0.002
Atlantico -0.064 0.549
Bogota, D.C. -0.122 0.062
Bolivar -0.632 0.000
Boyaca 0.115 0.310
Caldas -0.460 0.004
Caqueta -0.721 0.002
Casanare -1.061 0.001
Cauca -0.152 0.192
Cesar -0.112 0.509
Chocd 0.259 0.788
Cordoba -0.780 0.000
Cundinamarca -0.293 0.001
Guainia -2.265 0.019
Department Guaviare -0.149 0.913
Huila -0.158 0.166
La Guajira -0.210 0.406
Magdalena -0.522 0.000
Meta -0.137 0.373
Narifio -0.498 0.007
Norte de Santander 0.293 0.001
Putumayo 0.218 0.699
Quindio -0.482 0.003
Risaralda -0.559 0.000
San Andres -1.518 0.000
Santander -0.222 0.014
Sucre 0.343 0.188
Tolima 0.021 0.866
Valle del Cauca -0.457 0.000

Continued on following page
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Table 4. Continued

Variables Coefficient p-value
M 0.229 0.000
Diagnoses
Rest 0.327 0.000
Source: Authors” own calculations
Table 5. Estimated direct costs
Characteristics Profile
Gender Male
Region Antioquia
Sector Construction
Age 30
Type of diagnosis M
Direct medical costs $ 8.219.056 [COP]
Costs associated with 1 month of absence by MSD $ 11.900.263 [COP]

Source: Authors’ own calculations
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ABSTRACT

The use of exoskeletons in occupational tasks has increased significantly in the last five years. However,

few comparative studies have been conducted to understand the advantages and disadvantages of exist-
ing exoskeletons. This chapter presents the comparison of six exoskeletons using the TOPSIS method.
Using databases of patents and commercial products, a total of six that were chosen to be compared by
experts in the design and/or use of exoskeletons. The criteria evaluated were exoskeleton weight, load
capacity, anthropometric adjusts, maintenance, and installation on the user. The Shoulder-X exoskeleton
was selected as the best, serving as a reference for the acquisition of characteristics for recommenda-
tions for the development of new models for use in occupational tasks.
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INTRODUCTION

As anew and rapidly emerging technology, the use of exoskeletons in different occupational applications
is likely to raise new and challenging questions and concerns (Nussbaum et al., 2019). The exoskeleton
is defined as a portable device that increases, enables, helps, or improves movement, posture, or physi-
cal activity (Lowe et al., 2019), to prevent injuries or treat them, exoskeletons have been a tool for the
prevention of musculoskeletal disorders and may represent a relevant solution to reduce pain in workers
and prevent musculoskeletal disorders (MSD) (Sylla et al., 2014).

The first device to be registered as an exoskeleton is found under US Patent Registration #3,449,769.
Called “Man Amplifier,” the design featured human-matched joints as well as one or two servo motors
per joint, however. In 1990 the first occupational exoskeleton research records emerged (DiFonzo &
Bordia, 1998) and it is until the beginning of the year 2000 that a record of exoskeletons began to be
generated, each with different technologies and approaches, these first documents laid the foundations
for future efforts in two areas. First, the technological utility to address the wide range of demands of oc-
cupational tasks. Second, various evaluation approaches with potential impacts (Nussbaum et al., 2019).

Currently, the number of commercial exoskeletons with an occupational focus is increasing, the fol-
lowing being the most common: CDYS (Crimson Dynamics, 2020) The Paxeo (Paexo, 2019), The Laevo
(Laevo V2, 2020), EskoEVO (EskoEVO, 2018). These exoskeletons, all lower limbs, have a focus on
the occupational area, are for sale, and are used by brands such as AUDI (Hensel & Keil, 2019), Toyota
(Selko, 2019), BMW (Hetzner, 2016), and FORD (Haridy, 2018). The utility of exoskeletons in their
production lines is increasingly accepted in markets such as Ford Motor Company (Krok, 2017), BMW
(Hetzner, 2016), Hyundai Motor Group (Kim, 2018), and Toyota (Selko, 2019), their applications have
also been studied in the construction industry by Kim et al (2019), and in agriculture by Upasani et al.,
(2019)

However, each brand of exoskeletons claims to do their job to the best of their ability. Therefore, the
exoskeletons found will be listed through a technological review that covers both commercial exoskeletons
and registered patents to know their main characteristics and functions. This chapter aims to compare
the attributes of six different exoskeletons to later classify them by groups and functions.

BACKGROUND

Musculoskeletal disorders (MSD) are today a public health problem both globally and nationally. Due to
its high incidence in recent years, DME has become one of the leading causes of absenteeism and loss of
productivity, significantly affecting the individual’s ability to carry out their usual activities (Rodriguez
Buitrago Sandra Paola, 2020). In Mexico, DME represented 650 shoulder injuries, an increase of 30%
compared to the previous year (IMSS, 2017). Despite the automation of industrial processes, exposure
to heavy work has not decreased in recent years (de Vries et al., 2019). A new strategy to reduce the risk
of MSD in heavy work could be the use of exoskeletons in the workplace.

Exoskeletons are devices used in the body that help reduce mechanical loads on body structures and
contribute to the generation of joint moments that are necessary for specific postures or movements
(de Looze et al., 2016). According to Alabdulkarim & Nussbaum (2019), exoskeletons are classified as
passive or active. The former generates forces and torsional moments in response to deformation, using
non-motorized mechanisms that include springs or spring-like elements. The latter generate forces with
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the help of motors. At present, passive exoskeletons are predominant in the commercial market and the
literature in the occupational field (Nussbaum et al., 2019).

With the use of exoskeletons, positive effects have been reported in the reduction of the activation
of the muscles, however, the usability of exoskeletons in real-life work contemplates situations that are
still considered a great challenge (Nussbaum et al., 2019). Exoskeletons are often evaluated in postures
in which they are expected to be effective, while many works in practice show wider posture movements
(de Vries et al., 2019). This chapter has three main objectives: 1) to carry out an extensive technological
review of the patented exoskeletons and those already marketed both in intellectual property offices and
on official sales pages, 2) to develop a comparative study between upper limb exoskeletons, and 3) list
the mechanical, physical and aesthetic characteristics of each exoskeleton to describe their main charac-
teristics and generate applicable knowledge to facilitate future research and development of exoskeletons.

METHODOLOGY

For the comparative study, the methodology of Aguilar-Duque et al. (2018) was followed, where he pro-
poses the generation of 3 stages that are applied to define the relevance of exoskeletons. In the first stage,
the search criteria are explained, the second stage describes the main characteristics and functionality
of the selected devices, in the third stage, a comparative matrix table is developed using the TOPSIS
method based on the opinion of six exoskeletons experts. The stages will be described in detail below.

Stage 1

For the selection and analysis, an exhaustive search was generated using PatBase and Google Patent to
identify the patented exoskeletons. In the same way, a search was made for commercial exoskeletons
already for sale on their sale WEB pages. The words used to feed the search engine were used the follow-
ing words: exoskeleton, passive exoskeleton, passive exoskeleton upper limbs. To locate the exoskeletons
of the upper limbs, a search was carried out in scientific articles where they are evaluated

The device list was filtered according to the following three phases

-Phase 1. The results are filtered considering its method of mechanisms (Active-Passive) obtaining
a preliminary list that contains the title of each exoskeleton located.

The exoskeletons that meet these requirements are shown in the first column of Appendix 1.1.

-Phase 2. The results of phase 1 are filtered considering the exoskeletons destined for the upper limb.
Generating a list with the information on exoskeletons, with their name and origin of obtaining either
patent or commercial exoskeleton, the exoskeletons that meet these requirements are shown in the second
column of Appendix 1.1

-Phase 3. The formal and functional characteristics of exoskeletons are reviewed and analyzed. Com-
mercial exoskeletons are located on web pages. The exoskeletons that meet all the criteria and parameters
are shown in column 3 of Appendix 1.1

Stage 2

Using the list obtained from exoskeletons, the characteristics and functionality of one’s selected were
described, specifying the title, patent number to be obtained, manufacturer, date, and country of origin.
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This information makes it possible to form the comparative matrix of characteristics of the exoskeleton
devices.

Stage 3
According to Kim et al. (2019), Kim & Nussbaum (2019), and Nussbaum et al. (2019), the relevant

criteria when evaluating an exoskeleton are weight, load capacity, anthropometric adjustments, instal-
lation, and maintenance. Considering this, Table 1 shows the interpretation of the criteria.

Table 1. Criteria and their interpretation

Criterion Interpretation
Weight Total weight of the exoskeleton
Load capacity Load capacity provided by the exoskeleton to the user
Anthropometric adjusts Anthropometric adjusts for different users
Installation Ease of installation
Maintenance Ease of maintenance

The exoskeletons selected for phase 3 were entered in a comparative matrix seeking to demonstrate
the advantages, disadvantages, main characteristics, and mechanisms to demonstrate the advantages and
disadvantages of the six exoskeletons evaluated.

The TOPSIS method, developed by Hwang and Yoon (1981), is a ranking in conception and appli-
cation. The TOPSIS method tries to choose alternatives that simultaneously have the shortest distance
from the ideal solution positive and the distance furthest from the negative ideal solution. he positive is
known as the ideal solution which maximizes profit criteria and minimizes cost, while the counterpart
is known as the ideal solution negative in which the cost is maximized and the profit criteria are mini-
mized (Behzadian et al, 2012).

Both solutions, the ideal and the anti-ideal, are fictitious. The ideal solution is a solution for which all
the attribute values correspond to the optimal values of each attribute contained in the alternatives; the
anti-ideal solution is the solution for which all attribute values correspond to the values minus desired
values of each attribute contained in the alternatives. In this way, TOPSIS provides a solution that does
not it is only the closest to a hypothetically better solution, but also the furthest from the hypothetically
worst (Realyvazquez & Maldonado Macias, 2011).

For the application of the technique, it should be noted that the values must be numerical and must
be well understood identified the objectives and attributes to evaluate.

Data were obtained by four experts selected based not only on their knowledge about the topic (exo-
skeletons) but also on their knowledge of ergonomics, human factors, and product design. Additionally,
the experts have collaborated on several studies related with the design, construction, and validation
tests of similar products. Based on these criteria, an online survey was developed and delivered to the
experts where the information, images, and videos of the selected exoskeletons were analyzed by the
experts to apply the TOPSIS method.
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RESULTS

Stage 1

After documentation of patents and commercial exoskeletons, 36 exoskeletons were analyzed and under-
went the 3 phases of filtering and analysis, they were reduced by 21, 12, and 6 exoskeletons per phase,
respectively. Table 2 shows the exoskeletons found and the three applied filters. Table 3 shows the six
exoskeletons in addition to their brand and Country of origin.

Table 2. List of exoskeletons

Exoskeleton Name Filter 1

Filter 2

Filter 3

Airframe

Armor-man2

Besk

Cdys

Evo

Exhauss

Exy one

Light

Mate-mx

Shoulder-x

R R AR R R A R E R R el Rl

Paxeo

Cdys

LR

X-rise

X-arm

Fortis

Exo-haver

Aldak

Carry suit

Flx ergoskeleton

Plum

Wieldy exoskeleton

L R A e e R e R e R e R e R e R s A R R e R L R R A e R e R e R R
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Table 3. The final list of exoskeletons

Name Brand Origin country
MATE-XT EMATE EXOSKELETON Italy
CDYS Crison Dynamics China
Plumb HMT France
Shoulder X Suit X EUA
Exy one Exy France
Paexo Shoulder Ottobock Germany

Stage 2

The six devices selected in the previous stage are presented below. The first to be shown is the CDYS
Industrial Exoskeleton.

Product name: CDYS industrial Exoskeleton

Manufacturer: Crimson Dynamics

Country: China

CDYS is an exoskeleton for arm support, designed for repetitive tasks the CDYS can balance the
weight of the arms giving dynamic assistance reducing shoulder fatigue and the risks of suffering from
a musculoskeletal disorder, using the CDYS does not affect movements user naturals whether walking,
sitting, or running. It will only begin to assist when the arm is raised to a certain angle. CDYS is a passive
system and requires no power supply, only initial settings are required for users of different body sizes.

The exoskeleton worked in carbon fiber is based on the movements of the scapula to provide a natural
movement and stable assistance, through the combination of suspension type bracelet and the support
is transferred through soft textiles, and no tightening is required for support stable, with an adjustment
of 7 levels adjustable to the requirements of different users, using the CDYS does not affect the natural
movement of the user whether running, walking or sitting, with a weight of 2.4 kg resulting from a
carbon fiber manufacturing (see Figure 1).

Figure 1. CDYS (PRODUCT | Crimson Dynamics431, 2020)
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Product name: MATE-XT

Manufacturer: EMATE EXOSKELETON

Country: Italia

It is reinforced for indoor and outdoor use. This Exo for work and industry is made to handle water,
dust, UV light, and wider temperature ranges than its predecessor. In addition, the MATE-XT has been
redesigned with a thinner and lighter carbon fiber structure that is also more breathable (See Figure 2).

Technical specifications:

Passive spring-based mechanism

Addition of breathable fabrics

8 levels of assistance

Redesigned lock / unlock mechanism for easy donning and doffing
The light carbon fiber structure

Expected height of users: 1.6 m (5.2 ft) to 1.9 m 6.2 ft)

Figure 2. MATE-XT (Comau Mate — Fit for Workers, 2020)

Product name: ShoulderX

Manufacturer: SUIT X

Country: EUA

ShoulderX allows you to perform tasks from chest to ceiling for longer or with less effort. The device
supports the user’s shoulder joint by transferring the load from the user’s elevated arm and tool, beyond
the shoulder complex, directly to the user’s hips for movement, the anthropomorphic design follows the
user’s body to accommodate tight spaces and changing environments, shoulder X weighs 7 pounds (3.17
kg), allows user to use the device for extended periods without worrying about charging and maintaining
batteries, minimal inhibition of arm and torso range of motion. Designed for all-day wear, shoulderX
is legX and backX compatible, modules can be combined to make 7 different exoskeletons to provide a
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custom solution for each task, can be worn with tool belts, allowing workers to maintain normal equip-
ment functionality installed on the user takes less than 1 minute to put on or take off, designed for use
in harsh environments such as construction sites, manufacturing plants, and shipbuilding facilities.

Figure 3. Shoulder X (ShoulderX | Suitx, 2020)

'_‘.I <
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Product name: Plumb

Manufacturer: HMT

Country: Francia

Plum is an exoskeleton designed to alleviate awkward postures caused by high arm work and to reduce
shoulder pain. Our patented technology can be tailored according to the context, needs, and morphology
of the user for all jobs where the frequency of passing the arms above the level of the heart is sufficient
for the operator to require assistance, with as little as 1, 6 kg, it is also the lightest in the world in the
category “Exoskeleton for working with arms at height”, each of the devices designed and manufactured
by HMT can be used by different collaborators.

The adjustment ranges allow it to fit approximately 90% of body types, the textile parts are removable
and washable, the visible mechanical structure can be cleaned with a slightly damp cloth. You will find
the cleaning instructions in the user manual of the device, assistance: from 1 to 6 kg per arm, it can be
activated and deactivated in a single gesture.

200

EBSCChost - printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Comparison of Six Passive Exoskeletons for Upper Limbs Using the TOPSIS Method

Figure 4. PLUMB (HMT France - Accueil, 2020)

Product name: Exy One

Manufacturer: Exy

Country: Brazil

The Exy ONE increases the power of its user, reducing the forces necessary to perform activities,
acting on the complex of shoulders, arms, and back, substantially reducing the risk of shoulder injuries
and increasing productivity in the workplace. It is important to say that the equipment does not allow
the worker to carry/manipulate loads greater than the weight limit that Ergonomics stipulates in their
studies (23 kg), it allows the worker to save time to dress, adjust and remove the equipment in an intuitive
and fast. There is no need for another person to help you with adjustments or wardrobe - the time to put
on or take off the equipment takes an average of about 30 seconds, and even less as the user becomes
accustomed to the equipment.

-Weight: from 3.55 kg

-Reduction of effort up to 8 kg per arm

-Lifting force adjustable in 4 levels

-Freedom of movement of shoulders and arms.

-Connected version (IoT) to monitor the use and maintenance of equipment and monitor user data (arm
angle, hours of use per user, equipment hours counter).
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Figure 5. Exy One (Linha Industrial | Exy Innovation Company, 2020)

Product name: Paxeo

Manufacturer: Ottobok

Country: Alemania

Product design is based on natural human movements. Users can walk, sit, and also pick up objects
with the exoskeleton. It can be worn comfortably for more than eight hours while providing noticeable
relief to the shoulders and arms during overhead work. The Paexo Shoulder is the lightest exoskeleton of
its kind weighing less than two kilograms. It can be worn comfortably for more than eight hours while
providing noticeable relief to the shoulders and arms during overhead work. Thanks to the biomechani-
cal design, Paexo Shoulder is friendly to the body and follows your every movement at work. You can
walk and sit comfortably with the exoskeleton, and pick up objects, after a familiarization phase, it takes
less than 20 seconds to put on and take off the Paexo Shoulder. Thanks to quick and easy handling, the
exoskeleton can be removed between uses, for example during breaks or when rotating workstations.
Its weight is only 1.9 kg.
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Figure 6. Paxeo (Ottobock Industrials, 2021)

Stage 3. TOPSIS Method Application

After the analysis of the six exoskeletons, it is observed that all of them comply with their shape with
the functions to be evaluated in addition to keeping the user safe and generating a reduction of loads on
the body allowing to manipulate of heavy objects above the head without problems as well as continu-
ous use, in its mechanisms is the main difference of using either using springs or ratchets, in addition,
its placement, as well as its contact areas with the body, are different, each of the manufacturers looking
for the best point of support in the body distributing the weight of the exoskeleton as well as the arms
at different points.

Experts completed the online survey, and three tables were developed for this chapter. Table 4 shows
the weighted weight of each exoskeleton obtained by the experts. Table 5 shows the individual decision
index (IDI) obtained by every expert for the six exoskeletons. Table 6 shows final decision matrix devel-
oped with the average values from the IDI, being the highest rated exoskeleton by experts the Shoulder
X. On the contrary, the exoskeleton with the lowest rating was the Plum.

Table 4. Weighted weights

Weight Load capacity Anthropometric adjusts Maintenance Installation

22% 19% 19% 18% 19%
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Table 5. Individual decision index

Expert 1 Expert 2 Expert 3 Expert 14
Exoskeleton
IDI Rank IDI Rank IDI Rank IDI Rank
Shouled X 0.5736 1 0.572 1 0.6329 1 0.6329 1
MATE.XT 0.5617 2 0.5675 2 0.5291 2 0.5291 2
Exoy one 0.4619 3 0.4483 3 0.4544 3 0.4544 3
CDYS 0.3351 6 0.3695 5 0.4077 4 0.4077 4
Paxeo 0.3518 5 0.4221 4 0.3726 5 0.3726 5
Plum 0.3586 4 0.3188 6 0.2963 6 0.2963 6

IDI: individual decision index

Table 6. Decision matrix

Exoskeleton Decision index Rank
Shoulder X 0.6029 1
MATE.XT 0.5468 2

Exoy one 0.4547 3
CDYS 0.3800 4
Paxeo 0.3798 5
Plum 0.3175 6

The exoskeleton selected as the best is the one that has the least areas of support in the body in addition
to having Rest areas for the arms that cover the entire lower face of the arm, generating better support in
addition to having a support mesh of posture for which the lower fixing area has ventilation systems that
allow the passage of air thus avoiding the generation of heat and sweat, its adjustment areas are simple
so it allows adjusting to different ways dynamically, as an extra The SuirX company that manufactures
it handles a series of attachments to provide support to the lower limbs and back, these being compat-
ible with each other, the second has the same qualities in addition to being made of carbon fiber and
providing static and non-dynamic mechanical supports so the arms can rest in a position without the
need to make effort to maintain it and it has an extra adjustment system for the Back width this because
the suspension mechanism is in contact with the man and is less dynamic than that of the Shoulder-X.

The importance matrix allows us to see that the most important parameter is the weight of the exo-
skeleton as it allows a more comfortable continuous use in addition to processing less weight to the lower
limbs generating a good response in support of forces without being generated by problems in lower
limbs due to the weight of the same, the weight supported is the second best evaluated by the capacity of
reduction of force necessary to keep the arms in tares above the head also, the third place of the matrix
was the anthropometric adjustments the fourth the ease of placement on the user and the last maintenance
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CONCLUSION

This chapter presented the identification and comparison of six different upper limb exoskeleton designs
using the TOPSIS method. Through the support of 5 experts in the design, evaluation, and validation
of exoskeletons, the weighting and final decision matrices were integrated. Additionally, very specific
characteristics of the six designs included in the chapter were shown that are helpful for the selection
of these teams.

The exoskeleton that was the winner, the shoulder-x, is a sample of how to conform an exoskeleton,
always looking for a weight reduction, this without sacrificing the load capacity, in addition to achiev-
ing that the points of contact with the body are the least possible, thus reducing problems of breath-
ability this without sacrificing a reliable and comfortable support system for the user achieved by the
mesh support technology used at the same time as an optimizing posture corrector. The function of its
parts is an achievement that should serve as an example for future developments, as it is chosen in all
the applications as the best exoskeleton, it turns out to be a source of analysis for developers, without
detracting from the other exoskeletons analyzed which managed to go through the three phases being
reliable for their application and analysis because each one of them has redeemable elements for their
application and analysis.

CHAPTER LIMITATIONS

The main limitation for this analysis is the lack of data obtained from each of the exoskeletons, which
is strange since they all work with simple mechanical technologies which briefly show their function
mechanisms and other characteristics, this factor reduced a possible evaluation list from 19 exoskeletons
to only 6. In addition to this, the method sought to be as objective as possible using evaluation criteria
that are used by other researchers on the subject.

FUTURE RESEARCH DIRECTIONS

Exoskeletons are a rapidly growing technology, therefore, constant research on the subject has to be
maintained investigating the effects on workers in different environments and applications. Following
this research, we offer several possible topics for future research:

1. Establish what type of exoskeleton is recommended to use based on the task to be performed and
not the type of technology, to establish what mechanisms could be better for each task (dynamic,
static, or repetitive).

2. Evaluate the cognitive demand that the exoskeleton presents to the worker to better calculate the
necessary time of use that takes from learning to daily use of it.

3. Perform quick adjustment modes that facilitate use between users and between different tasks.

4.  Limit contact areas without sacrificing a good restraint system to facilitate continuous use and
better adaptation to less controlled work environments.

5. Seek that the elements that make up the exoskeleton achieve more than one function, for example:
structural and support, to reduce the number of components.
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6. Look for applications of exoskeletons outside of companies or production lines, since musculoskel-
etal disorders are generated in any task that leads us to place our arms above the head in a dynamic,
static, or repetitive way.

7.  Analyze the exoskeleton as a set of mechanisms that work in synchrony to avoid musculoskeletal
disorders. However, these can be used independently in tasks that require it either due to the char-
acteristics of the environment or the needs of the job.

8. Investigate applications of different mechanisms and materials with the aim of a more economic
development that benefits a broader sector of companies.
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ABSTRACT

Recently, the interest in being part of more competitive companies has increased. For this, organiza-
tions apply various strategies of continuous improvement that allow them to maintain high standards of
competitiveness. In this sense, organizations make use of various techniques, tools, and methodologies
that support the achievement of objectives. This research presents an approach towards the Six Sigma
(SS) strategy, one of the main continuous improvement strategies used to achieve competitiveness. On
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the other hand, organizations currently seek that during manufacture of their products, caring for the
environment is naturally part of their objectives, seeking to achieve benefits with a sustainable impact.
Therefore, this research seeks to define the CSF for implementation of SS through a factor analysis
that allows identifying the relationship between SS and obtaining sustainable benefits (SB) through its
implementation.

INTRODUCTION

There is enough evidence that shows that large organizations seek continuous improvement within their
processes, products and services as well as remain in range of the most competitive companies in the field
in which they develop. To achieve these objectives, the administrators of organizations always search
to implement continuous improvement strategies that support them to stay within the most competitive.
Among the continuous improvement strategies, there is Six Sigma (SS), in order to reduce defects in
such a way that organizations become more competitive, reduce their costs and improve the quality of
their processes, products and services.

In addition to this, organizations are currently seeking to be sustainable in two ways in internal manu-
facturing processes and in products they provide to their final customers, in order to reduce damage to
the environment. That is, organizations seek to be competitive at the same time they achieve continuous
improvement, plus responsible with care of environment, so their priority is no longer just focus on
productivity, but being productive, having a good quality and being sustainable.

Considering that SS strategy is commonly used for continuous improvement in organizations, it is
important to mention that the critical factors must be considered to achieve a successful implementa-
tion. In this sense, and for companies to achieve a correct deployment of the SS strategy, it is important
that Critical Success Factors (CSF) are considered during the implementation process. That is why this
research is focused on identification of CSF through a factorial solution, managing to identify which are
the most substantial CSF for the achievement of operational objectives and achievement of competitive-
ness in organizations.

According to literature review and considering that with a successful implementation, sustainable
benefits and care for the environment can be achieved, Alhuraish, Robledo, and Kobi (2017) mention
that a competitive advantage is achieved when organizations develop linked practices with sustainable
development strategies, and thereby control waste and the implementation of practices that are environ-
mentally and socially responsible.

The relation between SS and sustainability, give the impression that SS can have a positive influence
on sustainability (Chugani, Kumar, Garza-Reyes, Rocha-Lona and Upadhyay, 2017), this through ap-
plication of tools that make up to SS, seeking to obtain benefits in caring for the environment.

Based on the above, a measurement instrument was developed in this research to identify the CSF
that have been considered by the organizations that have implemented SS, likewise, through the same
instrument, it seeks to verify the relationship between a correct implementation of SS and sustainability.

For development of the instrument it was necessary to perform an extensive literature review, iden-
tifying those articles that will show the results obtained with implementation of SS and those that will
present sustainable results from its implementation.

As a result of the literature review, it was possible to develop a measurement instrument initially
composed of 39 questions, which were distributed in five constructs, where four of them allow identifying
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the CSF and one the relationship with sustainability. In this way, the instrument has been developed with
three main objectives, the identification of CSF, verifying the relation between SS and sustainability,
and knowing to what extent sustainable benefits are achieved with a successful SS implementation.

Prior to application phase of the instrument, it is important to mention that it was subjected to the
pertinent statistical validations recommended by existing literature; these validations have been presented
in another book chapter.

In particular, this chapter presents the results of a factorial solution for determination of CSF in de-
ployment of SS and its relationship with sustainability in the aerospace industry.

BACKGROUND LITERATURE REVIEW
Relation of SS with Other Strategies

In order to contextualize the relation of SS with other strategies, it is important to mention its origins.
Vinod, Devadasan, Sunil, and Thilak (2015) state that, since the mid-1980s, the concept of SS emerged
at Motorola. Because the implementation of SS made it easier for companies to achieve profitability, it
was subsequently implemented around of the world. SS is implemented by most companies through the
application of phases, DMAIC (define, measure, analyze, improve and control).

Vinod, Devadasan, Sunil, and Thilak (2015) refer to Karthi, who states that SS fully emerged on
January 15, 1987 at Motorola and that it was developed by Bill Smith. Mehrabi (2012) agrees that SS
was developed in 1987.

Contrarily, and according to the literature review, SS has been defined from various perspectives.
Several points of view from authors it is defined below.

In general terms, Arturo Garza-Reyes, Flint, Kumar, Antony, and Soriano-Meier (2014) consider
SS as one of the most important developments for quality management and process improvement in the
last two decades. Moreover, Arturo Garza-Reyes et al, Sagnak and Kazancoglu (2016), Acharya and
Mathur (2016), Linderman, Schroeder, Zaheer and Choo (2003), and Al-agha and Al-agha (2015) state
that SS has three meanings, first, that is a statistical measure of variation that when achieved, a process
would produce 3.4 defects per million opportunities, second, that is a management philosophy and
strategy that allows organizations to obtain lower costs, ensuring operations competitive, and third, that
is a problem-solving and improvement methodology that can be applied through an all-round process
to eliminate the root cause of defects.

SS is also defined as a business strategy that focuses on improving understanding of customer require-
ments, business systems, productivity, and financial performance (Mehrabi, 2012).

For their part, Thakore, Dave, Parsana, and Solanki (2014) expand this definition, considering it as a
quality initiative that reduces variations in a process and helps reduce the cost of the product and process.

Given many areas of application of this methodology, specific interpretations can be considered; for
example, Tjahjono et al., (2010) propose four interpretations for SS definition. The first one is defined
as a set of statistical tools, the second as an operational management philosophy, the third one as a busi-
ness culture and analysis methodology that uses scientific methods.

On the other hand, there are different practices associated with implementation of SS, and in that
sense Zu, Fredendall, y Douglas (2008) identify three practices that are critically associated with imple-
mentation. These practices are the SS role structure, SS structured improvement procedure and SS focus
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on metrics, further mentioning that SS use a group of improvement specialists, generally called Green
Belt, Black Belt, Master Black Belt. Those specialists receive intensive differentiated training that is
tailored to their ranks and is designed to enhance their knowledge and skills in statistical methods,
project management, process design, problem-solving techniques, leadership skills, and other manage-
ment skills. Shafer and Moeller (2012), for their part, support this role structure and specify that SS has
well-defined specialized process improvement functions and they are compatible with extensive training,
with understanding that their role will be 100% dedicated to deployment of SS activities (Raisinghani,
Ette, Pierce, Cannon, and Daripaly, 2005).

According the role and commitment of company’s management represents is a fundamental part for
deployment of SS, having the main support the groups of specialists, already mentioned, as well as work
teams focused on implementation of the strategy.

With this in mind, the main objective of SS is to reduce the variation in processes and costs in
manufacturing and services, as well as increase customer satisfaction, measure defects, increase product
quality and reduce defects to 3.4 parts per million opportunities (DPMO) in an organization, where a
defect opportunity represents a critical process failure for customer (Mehrabi, 2012); (Roadmap, 2015);
(Mason, Nicolay and Darzi, 2015).

In this way, Weiner (2004) mentions that the main objective of SS is to achieve a percentage of non-
defective production of 99.999998%. Due to this and the benefits obtained in many applications, SS has
become the most popular business strategy for development of continuous improvement in manufacturing,
service and public sectors (Erdogan and Canatan, 2015); (Albliwi, Antony and Lim, 2015).

Once the strategy is described, practices associated with it and their main objectives are presented.
A description according to different ways of managing and developing are performed, based on specific
contexts and organizations needs.

In this sense, SS established several uses, as statistical tool, competitive strategy, as a part of a stra-
tegic plan, manufacturing strategy, among others.

With the objective to know all SS uses, descriptions are presented below.

SS as a Statistical Tool

Echeveste, Rozenfeld, and Sonego (2016) define SS in statistical terms, as a program that appeared as
an improvement process based on dissemination of statistical knowledge, conceived to reduce the vari-
ability of product specification around an objective value, originating the name “Six Sigma”. Echeveste
et al, mention that SS ensures that the probability of producing products with specification outside the
limits is practically null.

At the distance of six deviations (6c) between the data distribution of a given characteristic that
follows a normal distribution in relation to specification limits. Under this approach, Nedeliakova,
Stefancova, and Kudla& (2017) define SS as a set of statistical techniques and tools, for example the
histogram, flowchart, Pareto chart control chart, and the Ishikawa fish diagram. For their part, Felizzola
Jiménez and Luna Amaya (2014) define SS as a progress of classical theories of quality and continuous
improvement, such as Design of Experiments and Total Quality Management, which have as a purpose
to increase the capacity in processes and in this way to minimize errors or failures in the product.

Finally, SS is defined as a tool that systematizes and organizes the improvement of processes as well
as development of new products and services, which is based on scientific and statistical methods, with
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the purpose of significantly reducing the quantity of defects that are defined by clients (Calia, Guerrini
and de Castro, 2009); (Linderman, Schroeder, Zaheer, and Choo, 2003).

SS as a Competitive Strategy

Literature reports that for various authors SS is a strategy that provides guidance to organizations to
achieve competitiveness. In this way, Mintzberg (1994) declares that strategy is a word defined differ-
ently from how make it in practice for many. The definition of strategy is “a plan”, although in reality
the strategy appears as a pattern that combines the anticipated responses with responses that emerge
from the changing environment. The influence and importance of strategy increases when compared to
the fact that less than ten percent of planned strategies are successfully implemented.

SS is considered a strategy with a critical focus on quality, customer satisfaction and that results of
the implementation are expressed in financial terms such as cycle time, product quality and delivery,
inventory, production floor area, productivity measurement, suppliers, profitability, market share and
hierarchical levels in positive terms, SS is considered also a strategy that significantly favors the com-
petitiveness of organizations (Ismyrlis and Moschidis, 2013). That is why Alhuraish, Robledo, and Kobi
(2017) argue that SS is an essential methodology to ensure that the company/organization acquires and
maintains a competitive advantage, in addition to not requiring participation of the entire organization,
since only one select group of professionals trained for implementation.

Antony and Desai (2009) state that SS has been defined as a strategic business improvement initiative,
systematic, highly disciplined, customer-focused and profit-oriented, based on a rigorous methodology
focused on processes and data, driving customer satisfaction. Differently, due to development and de-
ployment of the SS strategy, final results obtained in organizations through systematic reduction of the
variation in processes and customer satisfaction, has led them to promote SS as a competitive strategy
that favors the increase of competitiveness in organizations.

For Weiner (2004), SS is used as a set of improvement techniques in any part of its business, not only
focusing on product quality, but also considered as a strategic corporate initiative to enhaising profit-
ability, increase market share and improve customer satisfaction through statistical tools and techniques
that can lead to great advances in quality, provides business leaders and executives with the strategy,
methods, tools and techniques to change the culture of organizations (Antony and Desai, 2009).

On the other hand, a strategy by itself is defined as the creation of a unique and valuable position,
which involves a different set of activities, requires that concessions be made to compete, to choose
what not to do and implies creating adjustment between the activities of a company (Development and
Execution, 2008).

A competitive strategy, then, provides tools to capture the wealth and heterogeneity of industries and
firms, while also providing a disciplined structure to examine them (Competitiva, 2013).

As has been observed in the literature, organizations have different approaches, for example, the
quality of their products, customer satisfaction and maximizing their profits, but above all, achiev-
ing competitiveness in the environment in which they develop. To achieve this, they are immersed in
making strategic decisions with long-term repercussions, where there is a probability of not being able
to foresee all commercial possibilities in short term, it is in these activities that organizations seek to
support themselves with various quality and improvement continuous tools that allow them to achieve
competitiveness. This opens the field for deployment of SS as an organizational strategy, since it brings
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benefits in relation to making resources efficient, client satisfaction and maximizing profits, mainly,
thus advancing on the path of competitiveness.

Through this conceptualization, the conclusionis reached that SS is considered a manufacturing strategy
derived from competitive strategy, and should be part of the strategic planning developed in organiza-
tions, which gives the guideline for SS to be part of organizational strategies providing a valuable guide
to achieve the objectives that the organization seeks to achieve in long term. Then SS provides a guide to
improve manufacturing and business processes, through reduction of defects and customer satisfaction.

SS as part of Strategic Planning

Strategic project planning involves the development of methodologies, reference models, and processes
while organizing project management offices in perspective of optimizing the use of available resources
in the organization. It is here where the gap opens to take SS as a project management strategy, which
has the objective of improving processes, which provides an approach for the organization to optimize
its resources (Amorim, de-Siqueira and Martinez-Séez, 2012). It this context, Kantardjieva (2015) shows
how strategic management symbolizes the perception of how to make use of organization’s resources as
efficiently as possible, understanding that environment variable is taken as a reference. In the strategic
decision-making process, many factors have their impact, including complexity of the environment, the
value system, and motivation. Strategic decisions lead to improvement of the strategic position and the
action decided in present.

Cusumano, Kahl, and Suarez (2008) mention that strategic planning increases flexibility in some
contexts by making the company respond better through efficiencies created in related processes.
Companies use strategic planning to focus activities and increase efficiency; such planning prioritizes
investment of resources and optimizes the use of resources, that is why it has been widely accepted as
an important task of drawing a long-term direction for a company, it is here where existing relationship
between planning, strategic and SS is found, since SS has been defined in various ways. The definition
of SS can be highlighted by Zu et al, (2010), who defines SS as a tool that systematizes and organizes
the improvement of processes as well as the development of new products and services, which is based
on scientific and statistics methods in order to significantly reduce the number of defects that are defined
by customers.

Acharya and Mathur (2016), concluded that objectives of SS include the development of a world-
class culture, development of leaders and support of long-term objectives, as well as strategic planning.
In addition, they expose SS as a business system with many statistical aspects, and naturally it adapts
to commercial systems of most companies, it is an improvement unit that has the ability to introduce a
common measure of quality perceived by customer, which should be applicable to any size and type of
organization. Ultimately, they define SS as a business strategy that focuses on improving understanding
of customer requirements, business systems, productivity, and financial performance.

SS is an organized and parallel structure to reduce variation in organizational processes through use
of improvement specialists, a structured method and performance metrics in order to achieve strategic
objectives (Cherrafi, Elfezazi, Chiarini, Mokhlis and Benhida, 2016). Therefore, organization’s portfolio
of improvement projects must be aligned with general business strategy (Easton y Rosenzweig, 2012),
that is, the SS strategy must be aligned and be part of company strategic planning.

When comparing SS benefits from several sources, it is clear that the introduction of this methodology
offers better performance for companies, increases productivity, increases productivity and competitive-
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ness and market growth shares. In addition, it helps to maintain regular customers and attract new ones,
reducing cost of production through the reduction of repariring and disposing cost of non-conforming
products, designing new products, and ultimately increasing qualification and employees’ professional
level (Simanova, 2015). SS is a comprehensive and flexible system solution to achieve, maintain and
maximize business success, it is based exclusively on deep understanding of consumer requirements,
orderly use of actions, data and statistical analysis, and proper reinvention care, management and im-
provement of processes (Ertiirk, Tuerdi, Maimaitiaili, Tuerdi, and Wujiabudula, 2016).

SS as a Manufacturing Strategy

Taking as a precedent that SS is a competitive strategy and it is aligned with the objectives developed in
organizations within their strategic planning frameworks; SS is introduced as a manufacturing strategy.
This is due to the conceptualization that literature reports, for example, Thun (2008) refers to Hayes and
Wheelwright who define manufacturing strategy as “a strategy that consists of a sequence of decisions
that, over time, allows a commercial unit to achieve a specific manufacturing structure, infrastructure,
and set of capabilities”. And to Lewis, who defines manufacturing strategy as total pattern of decisions
that shape the long-term capabilities of any type of operation and their contribution to overall strategy.
Therefore, the relation between SS as a competitive and manufacturing strategy is strengthened, and is
an important part of strategic planning processes of organizations.

Reinforcing the relation between SS as a competitive strategy and a manufacturing strategy, there is
evidence that companies are based on the ability to create strategic alignment between market and manu-
facturing opportunities, while a manufacturing strategy can achieve competitive advantages, therefore
which is described as a tool for effective use of manufacture of strengths as a competitive weapon for
the achievement of commercial and corporate objectives (Hallgren and Olhager, 2006).

In this sense, manufacturing strategy must coincide with the organization’s resources, such as finan-
cial, manufacturing, marketing, technology and labor, to its changing environment and its markets in
the pursuit of its objectives. Therefore, achieving a link between strategy formulation and implementa-
tion represents a challenge for companies today, as mentioned by Pun, Chin, White, and Gill (2004). In
such a way that process in which the strategy is implemented plays an important role in manufacturing
(Amoako-Gyampah and Acquaah, 2008).

For his part, Skinner (2007) defines a manufacturing strategy as a set of manufacturing policies
designed to maximize performance between compensations of different success criteria, to fulfill the
manufacturing task determined by a competitive strategy. Dangayach and Deshmukh (2006) stablished
that that manufacturing strategy should act in support of company strategic directions and provide com-
petitive advantages. Due to this, companies recognize the manufacturing strategy as a potential source
to gain a competitive advantage, and be able to differentiate themselves from competitors (MacHuca,
Ortega Jiménez, Garrido-Vega, and De Los Rios, 2011).

Then it would appear that authors agree that the manufacturing strategy should support corporate
objectives, provide manufacturing objectives, cost, quality, reliability and flexibility, offering a com-
petitive advantage and focusing on a consistent pattern for making decision within manufacturing and
resources that are key to its development (Kim and Lee, 1993). In relation to manufacturing processes,
SS combines management, financial and methodological elements to improve the process and manu-
facturing products at the same time (Antony and Desai, 2009).
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From this conceptualization, it is possible to reinforce the theory related to SS as a competitive and
manufacturing strategy, which is invariably immersed in strategic planning processes that organizations
develop. In such a way, that the main objective to advance in field of competitiveness, can be achieved.
In this sense, Gutiérrez and De la Vara (2013) describe that SS is mainly a managerial program that
implies changes in the way of operating and making decisions. For this, strategy must be understood and
supported from the highest levels of organization management. However, given that many of projects do
not meet client’s expectations or do not reach the productivity goals, SS strategy relies in a special way
on ideas and methodologies linked to what is known as the lean process. Therefore, with this integration,
SS belongs to a broader operational strategy known as Lean Six Sigma (LSS), allowing deepening the
importance of waste, process flow and cycling time concepts.

RELATION OF SS TO SUSTAINABILITY

Sustainability has become a crucial element around the world, allowing generation of profits and at the
same time, citizens living in a healthy environment. For Zhang and Iru (2012) sustainable manufacturing
is the creation of manufactured products through economically viable processes that minimize negative
environmental impacts, conserving energy and natural resources simultaneously, improving the safety of
employees, community and products. Likewise, the objective of SS strategy pursues to obtain products
and processes that meet high quality standards, developing economic processes, seeking to reduce waste
and decrease the use of energy, bringing valuable repercussions in the reduction of environmental impacts.

On the other hand, the interpretation of sustainability remains a debatable issue, considering two main
perspectives, suggested by Palmeros Parada, Osseweijer and Posada Duque (2017): (1) the fact that the
environmental and economic aspects are quantitative, and (2) social sustainability is often measured in
qualitative terms, as a result of flexibility sustainability concept, which is often reduced to subjective
interpretations derived from norms and values of people trying to implement sustainable practices.

According to Faulkner and Badurdeen (2014), sustainable manufacturing implies not only the manu-
facture of sustainable products, but also use of more production sustainable processes for those products.
To achieve the sustainable manufacturing objective, deployment of SS allows the reduction of costs and
profitability (poor quality cost), customer satisfaction (risk management) and the market increase. In
addition SS presents a structured framework for problems and organizational leadership resolution, and
enables managers and leaders to use new ways of understanding and solving their sustainability prob-
lems, it focuses on defect reduction to improve product quality, helping to reduce environmental waste
(i.e. material, water and energy consumption, and waste generation) and focuses attention on reducing
conditions that cause accidents, leading to safer and healthier working conditions for operators.

Hofer and Bigorra (2008) mention that sustainability trend is driven by changing values in society,
with consumers demanding that the industry act more responsibly and governments around the world
introducing increasingly stringent legislation to ensure that it is. Bogue (2014), for his part, adopts the
term sustainable manufacturing and cites Sustainable Manufacturing Initiative of the US Department
of Commerce, who defines it as “The generation of manufactured products that use processes that tend
to reduce negative environmental impacts, they preserve energy and natural resources, they are safe for
employees, communities and customers, as well as being economically healthier”. He also mentions that
sustainable manufacturing also encompasses aspects of product design, such as ease of disassembly for
renovation, reuse or recycling, and minimizing or eliminating the use of hazardous or scarce materials.
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SS, for its part, focuses on defects and waste elimination, which is why it is considered a strategy that
can achieve significant improvements in sustainable terms, since by eliminating defects in manufacturing
processes it has a direct impact on waste elimination generated in manufacture of products, caused by
lack of renewal, reuse and recycling, positively supporting the organization’s sustainable goals.

Wong and Wong (2014) mention that a sustainable process is one that reduces the ecological impact
and is capable of eliminating waste from sub-assembled components and raw material used to manufac-
ture products. They also affirm that without elimination and reduction waste, processes and operations
are less likely to be sustainable, as resources are increasingly scarce. In relation to reduction of waste
and environmental pollution, multinational companies have implemented SS in order to know if the
implementation can improve pollution prevention programs, obtaining positive results, so it is considered
necessary to carry out research with a quantitative approach to explain how the SS methodology has a
positive impact on programs that prevent pollution (Calia et al., 2009).

In research of Fliedner (2008), some examples are reported about environmental benefits observed
through the deployment of SS:

o  Fewer defects that reduce energy and resource needs; avoid waste.

e  Focuses attention on reducing conditions that cause accidents, spills, and malfunctions, thereby
reducing solid and hazardous waste.

e  Improving durability and reliability of product can increase its useful life and consequently reduce
environmental impacts.

Finally, and from literature review, it has been possible to observe the impact of SS on environment
caring. Chugani et al., (2017), Chiarini (2014), De Freitas and Costa (2017), Sagnak y Kazancoglu
(2015) have positively related the impact of SS on energy issues, global warming, pollution and use
of resources, they conducted research to determine if lean manufacturing tools reduce environmental
impacts, obtaining positive results and recommending further investigation and increased sustainable
processes within organizations. Therefore, it is observed that when implementing SS projects, favorable
results are obtained in sustainable terms, and for that reason it is that SS can achieve positive results on
innovation and organizational sustainability.

As a consequence of literature, there is evidence of a possible relation between the SS strategy, that
is, with the contributions and benefits obtained with its implementation, positive effects are achieved
in environment caring, considered as sustainable benefits. In this research, the main contribution is
sought to verify the incidence of SS with sustainable benefits, as well as the extent to which a successful
implementation leads to sustainable benefits. However, literature is not conclusive, on the contrary, it
barely provides the first findings in relation of SS and sustainable benefits, which is why it is considered
an opportunity area to deepen and develop research in a field that has not been explored in its entirety.

IDENTIFICATION OF CSF

O~Sullivan (2009) defines critical success factors as variables that, once they have been managed and
identified by the organization, will lead to success and effective attention to planned goals. He also iden-
tifies that the critical factors term was initially considered by Thus (1961), however, they were initially
defined by Rockhart in 70’s - 80’s, who provided several definitions:
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e  They are key areas of activity in which favorable results are absolutely necessary to achieve busi-
ness objectives.
Factors those are critical to the organization.
Key areas of activities that should receive constant and careful attention.

e  Arelatively small number of truly important issues on which a manager should focus her attention.

For Suarez Amaya and Diaz Barrios (2013), the critical success factors are a concept related to capa-
bilities, resources and competitive advantages for an organization, representing those areas of interest for
those who lead the organization, a guide for making of decisions in any type of activity. For Zambrano
(2006), cited by Suarez Amaya and Diaz Barrios (2013), CSF are internal qualitative and quantitative
elements that determine management results, they refer to internal capacities and skills over which the
person who directs the organization has control. As a consequence, to contemplate CSF in organizations,
literature reports some benefits:

e  Process helps the manager to determine the factors on which he or she should focus. It also helps
ensure that those significant factors will receive careful and ongoing management scrutiny.

e  The process forces the manager to develop good measures for those factors and investigate reports
on each measure.

e  CSF identification allows a clear definition of information amount that must be collected by orga-
nization and limits the costly collection of more data than is necessary.

e  CSF identification removes an organization from the trap of building its reporting and informa-
tion system primarily around data that is “easy to collect”. Rather, it focuses on data that could
not otherwise be collected, but is important to success of particular management level involved.

e  The process recognizes that some factors are temporary and which CSF must be specifically
managed.

The literature has reported that for the SS deployment, there are factors that influence the projects
execution. Those that have been considered most relevant according to Jinior and Lima (2011) are the
lack of alignment of SS project with the company’s objectives, the quality of projects did not meet the
expectations of senior management leaders little participation and project development at inappropriate
times for company. For Alhuraish, Robledo, and Kobi (2017) for example, critical success factors include
communication, culture change, and senior management commitment. However, various authors consider
numerous critical factors for SS projects development in organizations, of which a general consensus has
not been identified. In this sense, CSF identified in literature by different authors are presented, which
were classified into five main constructs described in the following paragraphs:

The first of identified constructs in literature is related to support and commitment of senior manage-
ment. To define it, Tlapa, Limon, Garcia-Alcaraz, Baez and Sanchez (2016) mention that to manage a
good project, one must begin with participation and commitment of senior management, since they are
the ones who promote an adequate project selection and who provides the means for education and train-
ing. In this sense, Tlapa et al, cite previous studies by Lee (2002); Hahn (2005); Kwak y Anbari (2006);
Brady and Allen (2006), who mention that participation and commitment of senior management is one of
the most important factors in SS implementation. Table 1 shows the CSF classified within this construct.
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Table 1. Factors related to senior management support

In relation to senior management support: Authors

Company managers provide support and are committed to SS projects.

Top management assigns a mentor/supervisor and necessary tools for SS projects.

C i t SS projects.
Ompany SUpEIVISors Suppor projects (Tlapa, Limon, Garcia-Alcaraz, Baez

SS Projects are aligned to the company strategic vision. and Sanchez, 2016); (Zu, Robbins and
Fredendall, 2010); (Ho, Chang and Wang,
2008); (Dileep and Rau, 2009); (Banuelas
Communication between managers and workers is considered appropriate during the SS Coronado and Antony, 2002)
project execution.

Projects meet the management objectives and goals.

The organization managers provide an environment of cooperation and trust for the SS
projects development.

Table 2 summarizes the CSF related to customers and suppliers. Accordingly, Ho et al. (2008), relate
the strategy to clients demands, for which they cite various authors, for example, Pande et al. (2000),
observing that 16 British companies concluded that for an SS program to be successful, a company must
connect it two ways with its commercial strategy and with its customers. Harry and Schroeder discuss
the importance of benchmarking to ensure that an organization understands what its clients need, while
Dedeke (2002) suggests that an auditing process should be established to ensure that projects satisfy
their clients. Likewise, Dileep and Rau (2009) consider that a well-implemented customer management
system is essential for the SS success.

In relation to suppliers, Zu et al., (2010) mention they are re involved in development of products
and quality improvement projects, which must be evaluated based on quality. The organization must
provide training and technical assistance to suppliers, in this sense Dileep and Rau (2009) indicate that
a well-developed supplier management system, where the main criteria for selecting suppliers is based
on quality aspects has an impact positive in SS success, and that processes should be built to monitor
the suppliers quality performance levels.

Table 2. Factors related to customers and suppliers

In relation to customers and suppliers Authors

Organization members seek to know the customers opinion (needs) to determine quality
and delivery requirements.

The company has an efficient customer management system (which includes: response
time, delivery time, database, customer service, administration, customer organization,

etc.).

SS projects are related to customer demands and satisfaction. (Zu et al., 2010); (Ho, Chang, and Wang
2008); (Dileep and Rau, 2009); (Zu et al.,

Organization members maintain efficient communication with suppliers. 2006); (Banuelas Coronado and Antony,
2002)

An effective supplier management system is in place.

Suppliers are evaluated based on quality, delivery performance, and price.

Specialized service providers meet all quality specifications.

Suppliers actively collaborate in product design/redesign process through of their
materials or services improvement.
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Table 3 summarizes the CSFs related to education and training. In this sense, continuous training
and education for management and employees help companies to develop the knowledge and skills of
their employees for effective quality improvement Breyfogle et al., (2001) and Gale, (2003) cited by
Zu, Fredendall and Robbins (2006). In short, Wang, Yeh, and Chu (2016) mention that to obtain the
effectiveness of an SS project, the high levels of company must commit to investing resources to start,
promote, update and support the program. Specifically, providing employees with training, resources,
knowledge, and authority to solve problems.

Table 3. Factors related to education and training

In relation to education and training: Authors

Organization provides ongoing training in fundamentals of SS, quality, problem solving
skills, teamwork. (Tlapa et al., 2016); (Ho, Chang, and Wang,

2008), (Dileep and Rau, 2009), (Banuelas
Coronado and Antony, 2002); (Szeto and
Tsang, 2005); (Henderson and Evans, 2000)

Organization provides differentiated training so that employees who have different roles
gain knowledge and skills to fulfill their assigned responsibilities.

Quality-related training is provided to plant managers and supervisors.

Table 4 shows the CSF that are related to the strategy implementation. In this part, senior management
must consider a series of attributes elements to achieve a correct deployment that allows the objectives
achievement set by the organization. Whit this in mind, literature reports scattered factors that must be
considered and encourage an adequate environment for development and implementation of SS projects,
considering mainly that it must have the support and contribution of a collaborative team that promotes a
successful SS implementation. With respect to this, support and collaboration can be defined as degree
to which people in a group actively and mutually support each other in their work. From this perspective,
the collaborative team is characterized by members who know and fully understand the SS methodol-
ogy, techniques and tools, in addition, there is appropriate leadership, effective communication and team
participation, Hurley and Hult (1998) cited by Tlapa et al (2016). With respect to this, it is convenient
to consider team communication and participation, in addition to promoting a supportive environment
to encourage participation in continuous improvement teams.

Within the strategy implementation, it is important to mention that product design, organizational
culture, improvement procedures, focus on metrics; aligned organization objectives and communication
are a fundamental part for successful results to be obtained.
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Table 4. Factors related to the strategy implementation

In relation to the SS strategy implementation:

Authors

SS projects are related to the organization strategic objectives.

The expected financial benefits of an SS project are identified during its planning.

Those involved in the project understand SS methods, techniques, practices and tools.

A structured plan and/or procedure is followed for SS implementation.

Los miembros de la organizacion tienen experiencia en proyectos de SS.

There is a person responsible for managing and documenting the steps to be developed for
and during SS implementation.

(Goldstein, 2001); (Zu, Robbins and

During SS implementation project, a program of regular audits is in place and their progress
is reported.

Fredendall, 2010); (Flynn et al., 1995);
(Breyfogle et al., 2001); (Ho, Chang and

During SS implementation project, a program of regular audits is in place and their progress
is reported.

Wang, 2008); (Dileep and Rau, 2009).
(Banuelas Coronado y Antony, 2002);
(Aviation Week,1998); (Hurley and

There is an organizational structure to plan and implement SS projects.

Hult,1998)

Members of SS team continually participate in SS projects.

SS team members meet regularly to communicate and discuss effectively.

There is a willingness to collaborate through multidisciplinary teams within the organization.

SS team members have their roles and responsibilities specifically identified.

A previous selection of the collaboration team is made, trying to make it multidisciplinary.

A Black Belt is in place to analyze problems and provide advice during SS implementation.

In table 5, the CSF that refer to sustainable benefits are summarized as part of specification. It was
necessary to develop a construct that allows measuring the research objective, so this section was con-
structed with the objective of identify and/or verify that there is a relation between a successful imple-

mentation of SS with sustainable benefits.

Table 5. Factors related to sustainable benefits

Regarding sustainable benefits:

Authors

SS practices integration has a positive influence and benefits the company in a sustainable
way.

With SS implementation, the level of sustainability of a company can be measured.

SS adoption by company can be the first stage to become a sustainable company.

The efforts of SS team and employees collaborate in improving the environment.

SS strategy implementation prevents pollution and reduces negative impact on the
environment.

The SS strategy introduces sustainable reasoning.

(Zhang and Iru, 2012); (Cherrafi et al.,
2016); (Faulkner and Badurdeen, 2014).
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METHODOLOGY

Given the importance of continuous improvement in companies dedicated to aerospace manufacturing and
because they are frequent users of the SS methodology, the target population is profiles with knowledge
and experience in SS deployment that work in aerospace industry in Baja California. The people who
were considered to answer the instrument, were those with positions that included general managers, area
managers, supervisors, engineers, planners, mainly. The instrument was sent to the contact managers of
each company, as well as to the users who work in aerospace industry of Baja California.

The methodology was divided into three stages, described in the following sections.

STAGE ONE: SURVEY DESIGN

To identify CSFs related to a successful SS implementation, the procedures described by Hernandez et
al (1998) and Levy and Varela (2003), cited by (Gémez et al. 2015), were taken considered.
As aresult of factors identification shown in tables 1, 2, 3, 4 and 5, five constructs and variables that
measure them were proposed a priori, which are adjusted to factor analysis shown in the following sections.
Consequently, a questionnaire made up of five sections was constructed, where each one is related
to a construct and is composed of items (variables) that are measured on a 5-point Likert scale. So that,
participants select their perception in relation to its experience lived in the company, within the evaluation
in scale of 1 considered the opinion totally in disagreement, while the score of 5 represented totally agree.
The section corresponding to senior management construct was designed considering seven indica-
tors. In order to identify to extent senior management represents one of the most important factors for
SS deployment. The section that represents customers and suppliers construct was integrated with eight
indicators, which sought importance of being considered to achieve the successful SS implementation.
The training and skill development section was integrated by three indicators with which it is sought to
observe to extent it is necessary for those involved in the implementation of SS to receive both training
and skill development appropriated. To develop the section that represents the strategy implementation
construct, 15 indicators were considered, in which it is mainly sought to observe the importance that
methods, plans and procedures are followed within the implementation of SS, that responsible person
exist in charge of the project administration and documentation, that periodic follow-up meetings are
held and that the participants have the experience required to collaborate in the project. Finally, in the
section that represents the construct of sustainable benefits, it was integrated by 6 indicators, with them
we seek to determine an index that indicates the relationship between SS and Sustainable Benefits (SB),
as well as to verify that with the integration of SS practices will have a direct and positive influence
with sustainable benefits, and even that SS can be the first stage for a company to become sustainable.
To check the validity of questionnaire content, Escobar and Cuervo (2008) were taken into consid-
eration, the opinion of 5 experts on the SS implementation topic was consulted, in order to determine if
each item is related with the construct that intend to measure. To verify the reliability of the instrument,
the Cronbach’s Alpha index was calculated in a preliminary sample of 30 questionnaires, taking as a
reference point of acceptance 0.70 proposed by George and Mallery (2003).
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SECOND PHASE: APPLICATION OF THE QUESTIONNAIRE APPLICATIONS

The measurement instrument was sent to 43 companies located in Tijuana, 34 in Mexicali, 5 in Ensenada
and Tecate and 1 in Rosarito, the positions profile included managers, supervisors and personnel with
experience in SS projects deployment, to determine the sample size, the criteria established by Jackson
(2003) and Henson and Robert (2006) were considered, who suggest that the sample size be 200 and that
there be at least 5 subjects surveyed for each item that be integrated to the instrument. In various studies
with samples of at least 200 applied questionnaires, high communalities have been presented, offering
good factorial solutions. From this process, 273 surveys were collected, and answered in their entirety.
With this counting of surveys, the suggestion about indicated sample size was satisfied.

THIRD PHASE: IDENTIFICATION OF CRITICAL FACTORS SIGNIFICANT (CSF)

In this phase, the information was analyzed with the SPSS 22 computer package. Initial data pre-treatment
was started, which included extreme values tests (atypical), to identify errors in collection data. In order
to verify the adequacy of the sample size for the factor analysis, the Kaiser-Meyer-Olkin and Barlett’s
sphericity tests were applied, described by Lévy and Varela (2003), in order to identify the significant
values, the principal component factor method was chosen, taking as extraction criteria the components
with eigenvalues greater than unity, contained in the correlation matrix of the analyzed variables. In
order to improve the interpretation of the correlation matrix, the varimax rotation method described by
Lévy and Varela (2003) was applied.

RESULTS

The obtained results are described in the following sections, starting with sample demographic description,
followed by the results of the initial data pre-treatment and the statistical validation of the instrument’s
reliability, finally the factor analysis carried out for the identification of the CSF is included.

SAMPLE DEMOGRAPHIC DESCRIPTION

273 questionnaires were collected from employees with knowledge and experience in the SS strategy
and sustainable benefits; the information from the interviewed profiles is presented in Figure 1.
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Figure 1. People surveyed profile

Source: Own elaboration, based on the questionnaire results.
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For a higher quality of information, the respondent’s profiles are identified with the codes described
in Table 6.

Table 6. Codes description presented in Figure 1

Profile code Description

A Continuous improvement engineer

Manufacturing engineer

Supervisor

Quality engineer

Industrial Engineer

Project leader

Area manager

T|Q|m|m|lo|a|w

Various

—

General manager

J Production planner

Source: Own elaboration, based on the questionnaire results

As can be seen in figure 1, the highest percentage of those interviewed held positions related to
continuous improvement, followed by manufacturing engineers and supervisors, for which reason the
information obtained is considered relevant for the research.

Regarding the seniority in the company in figure 2, it is shown that most of them have been in the
company between three and seven years, which allows having adequate knowledge about the company
and therefore being able to answer some questions contained in the questionnaire.
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Figure 2. Seniority in company
Source: Own elaboration, based on the questionnaire results.
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INSTRUMENT RELIABILITY VALIDATION

The validation of internal consistency of each of the constructs identified in literature is shown in Table 7.

Table 7. Internal consistency validation of latent variables

Construct to evaluate Cronbach Alfa (D)
Senior management support 0.880
Strategy implementation 0.943
Relationship with customers and suppliers 0.845
Training and skill development 0.798
Sustainable benefits 0.896
Complete instrument 0.959

Source: Own elaboration, based on the questionnaire results

The Cronbach’s alpha values show, in all the constructs, a high reliability of the instrument, since they
all exceed the minimum value recommended by Levy and Varela (2003) cited by Gémez et al., (2015).

KISER-MEYER-OLKIN (KMO) TEST

To check the adequacy of the sample required to perform a factor analysis, the KMO test was performed,
and the Bartlett sphericity test, the results are shown in Table 8.
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Table 8. KMO and BARLETT tests

Kaiser-Meyer-Olkin measure to sampling adequacy 0.956
Approx. Chi squared 7000.892
Bartlett’s sphericity test gl 741
Sig. 0.000

Source: Own elaboration, based on the questionnaire results

The value obtained in the KMO test is .956, higher than the minimum recommended by Levy and
Varela (2003) cited by Gémez et al. (2015), which means that the partial correlations are small, this
indicates that they are measuring highly the same common factor. In relation to the Bartlett sphericity
test, a value of 7000.892 and a significance of .000 are obtained, for that reason, the hypothesis of that the
correlation matrix is an identity matrix is rejected, that is, it is verified that a high proportion in the cor-
relations between the variables shown in the sample, which favors the grouping in principal components.

FACTORIAL ANALYSIS

This section presents the results obtained from the application of the Factor Analysis of the data col-
lected to adjust the CSF identified in the literature review, reducing variables number that measure each
of these factors.

The significant factors were extracted with the principal component factoring method, and the Kaiser
criterion was applied to determine the number of factors to retain, based on the correlation matrix. In
the same way, the Varimax rotation method was applied to improve the interpretation of the factorial
solution, taking as retention criterion saturations greater than 0.5 in the factors extracted by the analyzed
variables, the results are shown in table 9, where it can be appreciated that there are five components
that explain approximately 70% of the variance.

Table 9. Variance explained by factors

Initial eigenvalues
Number
Total % variance % accumulated
1 19.588 50.226 50.226
2 2.013 5.162 55.388
3 1.805 4.628 60.015
4 1.399 3.586 63.601
5 1.310 3.359 66.960

Source: Own elaboration, based on the questionnaire results
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ROTATED MATRIX

Rotated matrix results are shown in table 10, in which the item (variable) and the associated factor load
are illustrated.

The Varimax rotation with Kaiser normalization, showed five components in the factorial structure of
the model, obtaining an explained variance of 67%, in that sense, in the rotated matrix, shown in Table
10, also were observed the 39 items considered in the first version of the instrument with its associated
load, as a result of the rotation, seven items with crossed loads were identified (AG6, AG7, IES, 1E9,
IE12, CP1 and CP3), which indicates that they were measuring more than one construct, for that reason,
the decision was made to eliminate them from the consecutive tests, thus avoiding later difficulties in
the modeling stages. This adjustment was made by reviewing in detail the factor loadings of each item,
as well as the correlations between the constructs.

As seen in Table 10, the variables contained in the Senior Management (SM) construct, mostly
coincide with those that were identified a priori, being these from AG1 to AGS5, which in turn it was
detected that AG6 and AG7 present overlap with the Strategy Implementation (SI) construct. In relation
to the Strategy Implementation construct, shows in IE1, IE3-1E7, IE10, IE11, IE13, [E14, IE1S indica-
tors coincide with the previous identification carried out in the construction of this construct, however,
an overlap is detected among the following indicators IE2, IES, IE9, IE12. Regarding to Clients and
Suppliers (CS), it is observed that all the indicators grouped to measure this construct coincide with the
prior identification, except for the CP1 and CP3 indicators that overlap with the Strategy Implementa-
tion construct. With respect to the constructs Training and Skill Development (TSD) and Sustainable
Benefits (SB), it can be seen that in both cases they coincide 100% with the identification carried out a
priori to this analysis.

The overlapping items identified suggest that in addition to measuring more than one construct, one
item implied another, that is to say which when one occurred by consequence the other occurred, so the
elimination of these indicators did not affect the conceptual definition of the constructs that make up the
structural model to be tested. As a result of this procedure, the final model is made up of 30 variables,
reducing the initial proposed model by 9 observable variables.

To conclude with the analysis of the results, the non-redundant residuals between the observed and
reproduced correlation matrices were inspected, checking the quality of the factorial solution proposed
in this research
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Table 10. Rotated matrix results

ITEM

COMPONENT

AG

CP

CE

BS

AGl

559

AG2

.612

AG3

538

AG4

736

AG5

662

AG6

478

487

AG7

509

425

1IE1

764

1E2

.663

1E3

524

1E4

691

1E5

609

1E6

627

IE7

711

1IE8

487

423

1E9

435

550

1E10

687

1IE11

748

1IE12

468

517

1IE13

723

1E14

.616

1E15

.567

CP1

416

532

CP2

.608

CP3

495

538

CP4

.642

CP5

761

CP6

785

CpP7

774

CP8

.589

CEl

798

CE2

779

CE3

734

BS1

.627

BS2

.706

BS3

813

BS4

788

BS5

714

BS6

.587

Source: Own elaboration, based on the questionnaire results
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CONCLUSIONS

Literature review, related 39 factors related to the successful implementation of SS and their relation-
ship with sustainable benefits, that works to design the initial questionnaire and discriminate them by
their impact on the aerospace industry in Baja California. With the application of factor analysis, five
constructs were identified, four of them represent the CSF of the SS implementation and one to measure
the sustainable benefits. The identified CSFs initially included 33 key indicators, while the sustainable
benefits construct was built with six indicators. As a consequence of the factor analysis, the CSF were
summarized in 21 observable variables and 6 for sustainable benefits. For that matter, the observable
variables were grouped into the latent variables described below:

Support and commitment from Senior Management. The importance of this variable for the imple-
mentation of the strategy begins with the commitment and involvement that leaders of the organization
show regarding the deployment of SS, this should reinforce a correct selection of the project, aligned
with the strategic vision of the organization, and provide all the necessary for a correct implementation,
senior management favors having a strategy for the deployment of projects.

Relationship with Clients and Suppliers. If the implementation of SS the relationship with custom-
ers and suppliers is considered, it will be possible in first instance to know their needs, which should
be considered for the manufacture of products or services, thus during the deployment of the strategy,
the requirements presented by the client will be will be consider in relation to the quality of the product
and delivery dates, in another sense it is consider utmost importance to develop close relationships with
the suppliers of the inputs required for production, since theirs is who mainly supplies the raw material
required for the manufacture of the products.

Training and Skill development. If senior management provides the means for its employees to
be trained and skill developed prior to the implementation of the strategy, several advantages will be
achieved during the process, for example, achieving a reduction in implementation time, this will allow
the organization to obtain savings in terms of costs, the main objective of the education and training is
to provide knowledge and skills for those who will actively participate in the implementation of SS, as
well as, to provide the knowledge, tools and techniques necessary for the development of SS projects,
for example DMAIC. In that regard, it should be considered that the personnel involved, including the
leaders, have training that allows them to carry out analysis and improve processes, considering the
above if the organization has certified personnel in techniques and tools that make up SS, the chances
of achieving a successful strategy implementation are increased.

Strategy implementation. During the development of SS projects, there must be a strategy for its
implementation, which will consider the participation and importance that the collaborative team has
within this since this means that the team members have knowledge about SS and that they understand
the methodology, techniques and tools used for its correct implementation. In this sense, it is recom-
mended that the work teams be interdisciplinary and consider skills, knowledge and experience, since
this will have greater possibilities of improving processes.

Sustainable Benefits. The construct of sustainable benefits was built from the first findings identified
in the literature, this, in relation to the incidence that a successful implementation of SS has with sustain-
able benefits, in that sense the variables considered to measure the construct were identified, these were
evaluated and validated in the statistical tests carried out in the measurement and structural model, which
made it possible to determine the variables that most strongly measure the construct, thus verifying that
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the SS strategy introduces sustainable thinking which allows organizations have closer possibilities of
achieving a sustainable manufacturing that consequently benefits the care of the environment.

On the other hand, the determined CSFs and their joint influence on the sustainable activities shown
in this chapter constitute the main contribution of this research, otherwise, the results provide evidence
that the support of senior management, relationship with customers and providers and training, lead to
a successful implementation of SS. In addition to achieving the strategic objectives set by the organiza-
tion, benefits are consequently on the subject of sustainability, in this sense first findings in this regard
that sustainable benefits were obtained without having them as part of the objectives of the SS projects,
for which a detailed research is carried out, managing to identify various studies that mention having
developed SS with the intention of minimizing the negative effects on the environment, giving way to
obtaining sustainable benefits.

The identified CSFs constitute the main contribution of this research to the theory of the field of
management, although coincidences were found with some of the critical factors mentioned in the lit-
erature, there were others that were discarded as CSF, which do not seem to be critical for a successful
implementation of SS. In addition to this, the research results constitute evidence that the successful
deployment of SS is part of a manufacturing strategy focused on the continuous improvement of the
processes and services developed in an organization and that with a correct implementation sustainable
benefits can be obtained. Likewise, it is considered that the factors presented here constitute a frame of
reference that can allow company managers to manage the key predictive activities of the implementa-
tion of the SS strategy. It is recommended to replicate this type of research to strengthen and increase
the evidence, as well as to test the generality of the CSF proposed here.
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ABSTRACT

This chapter presents the application of the concept of gradual technology to improve and increase the
productivity of a workshop for the manufacture of handcrafted furniture owned by a cooperative formed
by members of the Guarijia ethnic group, located in San Bernardo, Alamos, Sonora. The production
process of the rustic furniture called “stool” was systematized and equipment was designed taking
into account basic ergonomic aspects. Production sub-processes of the workshop and equipment were
improved, including machinery design, purchase of basic technology, adaptation of electric current,
water, and air conditioning systems. The basic inputs for manufacturing the furniture, such as wood
and cowhide, were studied to determine whether the production of the stool affected the environment.
The operating personnel in charge of the cooperative were trained in the use of the equipment and in
the visualization of the improved processes.
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INTRODUCTION

According to the World Bank (WB, 2017), indigenous peoples represent 8% of the population of Latin
America and constitute, approximately, 14% of people in poverty and 17% of those in extreme poverty.
Currently in Mexico, at least 25 million people are recognized as indigenous, and of which only 7 million
382 thousand are speakers of one of the 68 indigenous languages spoken (Instituto Nacional de Lenguas
Indigenas en México, 2019). According to Miguel, Torres, and Hernandez (2015), the National Com-
mission for the Development of Indigenous Peoples in Mexico, in conjunction with INEGI, prepared
the “Catalog of Indigenous Localities”, which shows that in Mexico there are a total of 64 172 localities
of indigenous peoples, so it is important, and necessary to create public policies that improve the living
conditions of this segment of society. For various reasons, and especially because of their customs and
traditions, indigenous groups have been marginalized and their economic development has been slow and
unequal. An important fact to highlight is the poverty rate among indigenous communities in Mexico,
which is around 70% (Coneval, 2016).

The problem of inequality in indigenous communities is long-standing, starting with the conquest.
According to Haro, Lara, Salido and Salazar (1996), in Mexico, this indigenous question alludes to
the existing tension between the destiny of indigenous peoples and their role in society. The central
argument of the debate is that five hundred years after the initial Spanish invasion, a large part of the
country’s indigenous population has preserved its distinctive language and culture under very different
historical and territorial situations, and that this population remains, in spite of the different programs
and policies implemented by the Mexican government, in conditions of extreme poverty and marginality,
largely dependent on the governmental welfare model. Undoubtedly, ethnic minorities and indigenous
communities in Mexico have been affected by the systematic abandonment not only by governments,
but also by the private sector, which has meant that the quality of life of these communities is undigni-
fied and on the margins of a healthy and growing economy, depriving many of their young people of
transformative education and dignified social growth.

In order to promote the economic development of indigenous communities, it is necessary to propose
effective programs and projects that help transform their means of production and improve their living
conditions. The indigenous or ethnic economy is not a simple concept to define. For Weber (2008), an
ethnic group is a collective whose members share a belief in a common past due to physical similarities
or customs, or both, or due to memories of colonization and migration. The members of an ethnic group
do not necessarily have to share the same blood origin. On the other hand, ethnicity is a type of social
group with an agenda of interests and is the result of the absence of clear class divisions. According to
(Alba, 1990), ethnicity can serve as a principle of social allocation and as a form of social solidarity.
Traditionally, the ethnic economy has been defined as: “that employment created by a minority for itself,
which implies co-ethnic relations within the labor market” (Bonacich, 1973). For Light and Karageorgis
(1994), the ethnic economy is any enterprise owned, supervised or staffed by members of a racial or
ethnic minority group, regardless of size, type, and spatial concentration.

The central element identified as characteristic of the indigenous economy is based on the power
to give and receive, within the cultural norms of reciprocal exchange (Inter-American Institute of Hu-
man Rights [IIDH], 2007). It is an economy based on personal appreciation, as a source of reciprocal
obligation. Just as for the market economy the organizing axis or logical principle is accumulation, for
the indigenous economy the organizing axis is distribution. The gift is the central instrument by means
of which alliances are established that make it possible to glimpse relationships in order to form a solid
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social fabric. The development of this economy based on generosity, in turn, brings prestige and respect,
a social benefit derived precisely from giving. The basic rule is that every “gift” must be returned.
Therefore, the obligation to receive the gift is fundamental. In this way, the aim is the generation of a
perpetual cycle of exchanges and reciprocity, and ultimately, cultural creation. In the indigenous case,
one should not assume an automatic relationship between production and income on the one hand and
the level of consumption on the other without understanding the role of reciprocity and redistribution.

According to the Inter-American Institute of Human Rights (IIDH, 2007), there are some key aspects
regarding the relationship between the indigenous economy and the market:

1. The impoverishment of the environmental setting and quality of life necessarily means and implies
the restriction of options, of satisfiers; therefore, the preservation of ecological and cultural diversity
is a requirement of coexistence to expand the recovery of the culture of sustainability.

2. Greater diversity and distribution associated with the search for self-sufficiency and resilience
capacities is the best advantage for minimizing environmental and social vulnerability.

3.  The weight and value of social capital, the family, communal and social fabrics that collectively
share reciprocities, which include market and cooperation networks, explain the “successful” po-
sitioning of communities and indigenous peoples in the market.

4.  Economic institutions are culturally determined, i.e., norms and rules regulate internal and external
economic relations.

In order to support the development of indigenous peoples, it is necessary for the public and private
sectors to invest resources in programs and projects that trigger the economy, and at the same time, it is
necessary to design practical mechanisms to improve the conditions for a dignified life in ethnic com-
munities.

According to Vazquez, (2019), one of the mechanisms that have shown the greatest potential to im-
prove the quality of life of rural communities is social entrepreneurship. The idea of enterprises having a
social objective, creating economic, social, and environmental value while using market mechanisms to
finance their operation, has generated multiple attempts from the public and private spheres to promote
these organizations. However, there are few cases of social enterprises that have managed to be sustain-
able and achieve their mission, mainly in contexts of widespread marginalization and poverty. Many
of these enterprises continue to depend on an external source of financing, fail to develop a successful
product, or fail to solve social problems due to a lack of understanding of the context of the enterprise’s
beneficiaries. One of the most common mistakes is to manage these entities as if they were a commercial
enterprise, under a logic of control and value appropriation, privileging profit maximization to the detri-
ment of value creation mechanisms. This generally leads to a loss of legitimacy with different interest
groups within the community, which ends up compromising the continuity of the company. However,
there are successful cases of organizations that have generated certain processes of social innovation to
achieve the development of their community and region.

On the other hand, indigenous people represent the social group with the greatest backwardness and
vulnerability in Mexico and in Sonora. They currently live in small rural communities, generally far from
large cities, with roads in poor condition; they have the greatest backwardness in the social development
indicators: their level of schooling, illiteracy, sources of income (mostly low-paying salaried jobs), housing
conditions, goods, and health services, among others. Although they have usable natural resources, they
lack production assets or the means to exploit them. To this social backwardness is added the insertion of
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a globalized way of life, altering traditions, festivities and ways of eating, causing economic dependence
and consumerism, and disrupting and modifying the ways of reproducing culture and language, thereby
threatening the existence of ethnic groups (Zarate, 2016).

In order to contribute to the development and economy of indigenous groups in Sonora, it is necessary
to leave aside the discrimination they are subject to today, and to consider these communities as social
groups that deserve respect and recognize them with pride and national dignity, making them participants
in government public policies and including them in decision making. Similarly, technological develop-
ment must be proposed that is aligned with sustainable use and customs. It is necessary to apply visions,
theories, or systematic methods that have already been elaborated, in order to invite as many actors as
possible to the design, planning and execution of social programs in support of indigenous groups, such
as, for example, universities, government, entrepreneurs and civil society. A conceptual vision that can
be used for the development of comprehensive projects that impact the quality of life of indigenous
groups is Inclusive Economic Development (GPCEE, 2014). The Inclusive Economic Development
(DEI) project seeks to enhance the productive capacities of the population living in poverty and vulner-
ability and to expand their opportunities in terms of employment and income generation, so that they can
autonomously exercise their rights as citizens and improve their quality of life sustainably (PDEI, 2011).

In this sense, this chapter presents the development of a project developed for a cooperative formed
by members of the Guarijio ethnic group. This project consisted of technologically updating a rustic
furniture factory and improving the operating conditions of the workers who belong to the ethnic group.
The concept of gradual technology and the basic principles of ergonomics were applied to improve the
workshop and increase production.

THE GUARIJIO/MAKURAWE COMMUNITY OF SONORA

Sonora has nine indigenous groups, seven of which are indigenous: Guarijios, Mayos, Yaquis, Pimas,
Seris, Papagos, and Cucapas. The Kikapu and other ethnic groups in the country are considered tran-
sit groups and migrate temporarily in search of work or are on their way to the United States (Zarate,
2016). According to Bafiuelos and Salido (2020), the Guarijio/Makurawe of Sonora represent one of
the most forgotten indigenous peoples in northwestern Mexico. The conditions of poverty and margin-
alization that prevail in the Guarijio territory are even more difficult than those faced in the rest of the
municipalities where they are located. In addition, the rugged geography of the territory, the dispersion
of the population, the presence of poor soils, together with scarce rainfall, etc., limit not only the activi-
ties traditionally carried out there but also the possibilities of biological and cultural reproduction. The
regional indices of marginalization are multiplying, due to the insufficient network of regular drinking
water services, electrification, adequate road and telephone communication, etc., aspects linked to the
problems of education, food, and health.

At present, the two main groups of Guarijio -self-named “guarij6” (/wareehd/) in Chihuahua and
“guarijio” (/makurawe/) in Sonora- inhabit a region in the rugged foothills of the western Sierra Madre,
near the border between Chihuahua and Sonora, federative entities that separated the political, admin-
istrative and social life of the Guarijio territory (Vélez and Harris, 2004). INEGI estimated a total of
2,136 Guarijio speakers over the age of 5 in the country, distributed in the aforementioned states. They
reside mainly in the municipalities of Alamos and El Quiriego, towards the south of the state (see Figure
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1). The population is distributed in a very dispersed manner in 22 localities that make up 3 ejidos. The
towns of Mesa Colorada, Los Bajios and Guajaray are the most populated (Bafiuelos and Salido, 2020).

Figure 1. Geographic region of the Guarijio/Makurawe
Source: Bariuelos and Salido 2020

Quiriego

5]

The territory occupied by the Guarijio of Sonora includes the northern part of Alamos and the
northwestern part of El Quiriego, with an area of 24,318 ha. To the south, it borders the town of San
Bernardo; to the north, the municipality of Urauchic; to the east, the municipality of Chinipas; and to
the west, El Quiriego. In San Bernardo, there are two Guarijio colonies, Colonia Makurague and Los
Jacales, which are made up of Guarijios who used to live in Mesa Colorada.

THE CASE OF THE RUSTIC FURNITURE WORKSHOP

The community of San Bernardo is in southern Sonora, in the municipality of Alamos. This commu-
nity is home to the Hermanos Saila Cooperative, whose business activity is the manufacture of rustic
furniture using raw materials provided by the environment. This organization is made up of members
of the Guarijio ethnic group and six workers who carry out all the operations and processes necessary
to manufacture handcrafted furniture. The high demand for a particular stool which they make, led the
cooperative to plan to improve its production systems to increase production from 300 to 450 pieces
of furniture per month. In order to achieve this production, an investment project was developed and
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guided by the Universidad Tecnoldgica del Sur de Sonora through its intermediary technology incubator.
The Project was financed by SAGARPA (Secretaria de Agricultura y Desarrollo Rural) and a spin-off
company located in Cd. Obregén, Sonora (Amavizca, Garcia, Jiménez, Duarte and Vazquez, 2014),
was hired for the technical development. Subsequently, the company in charge of the project made a
social service agreement with Universidad La Salle Noroeste for the accompaniment and development
of human resources.

Characteristics of the Original Workshop
For the development of the project, several visits were made to the cooperative’s facilities. The first was

to learn about the state of the equipment, the operating conditions, and the characteristics of the stool.
Figure 2 shows the workshop building.

Figure 2. Stool Factory Building

The workshop operated in a building that was previously used for school activities and had limited
electrical service, water pumping systems in poor condition and no air conditioning systems. It had
smooth floors, two rooms, and a large interior room, as well as a bathroom, and a large patio. The rustic
furniture manufactured in this workshop is shown in Figure 3.
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Figure 3. Rustic furniture called stool
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The product shown in Figure 3 was developed mainly from wood and cattle hide. The operations
were all manual and the cuts were made with basic tools such as knives and machetes. The preliminary
field study revealed the following ten important considerations:

The stool manufacturing process was manual.

The working woods were guidcima and mauto, and they are produced wild in the nearby region. In
order to obtain these raw materials, the aforementioned trees were pruned.

The leather was from cattle.

The factory facilities were not equipped with industrial equipment.

The working environment was not cooled.

The stool factory used the facilities of what was formerly an elementary school.
The factory produced various types of rustic furniture.

It produced 300 stools per month, using the manual process.

There were six workers.

10. The standard manufacturing (assembly) time for the stool was 30 minutes.

N o=

Yoo NN kW

Once the processes and other requirements of the workshop workers were known, the following needs
were included in the project:
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e  The need for tools or a machine with a fixed or semi-industrial base to drill the hoops (see Figure
3).
The need for a tool or machine to make lateral grooves (incisions) in the rods (see Figure 3).
The need for a machine to mold the hoops since manual forming and fastening with nails and ham-
mer is very tiring (see Figure 3).
The need for a suitable place to assemble the stools, since this process was carried out on the floor.
The need to reduce the cost of materials.

e  The conditioning of the work area, since the weather conditions in the area make it difficult to
work in some seasons of the year.
The water supply system needed to be put into operation.
Safety equipment was needed for the use of the machines.

e A machine was needed to cut the leather into strips and circumferences.

Characteristics of the Original Process

An extensive second visit to the workshop was carried out to learn the main technical operations involved
in the manufacturing of the furniture. The main parts of the stool are identified in Figure 4.

Figure 4. Parts that make up a stool

Leather seat

Wooden top ring

Wooden supports

< /- Leather mooring threads .
£ Steel nail to hold the

hoop

Steel fixing wire

L Wooden bottom ring
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According to the explanation of the workshop workers, the rods and hoops shown in Figure 4 were
obtained from wooden logs. From each 6-feet log of up to 6 inches in diameter approximately, either of
mauto or elm, only two rods of approximately 1/8inches X 1/4 inches X 12 inches were obtained. This
waste in the wood was due to the shape and finish of the pieces, for which knives and machetes were
used. This part of the process was the most tiring for the worker and required constant maintenance of the
tools used. The main operations used to develop the stool are described in Table 1 (Martinez et al. 2012).

Table 1. Main operations for the manufacture of the stool

PART GRAPHIC PHYSICAL DESCRIPTION OF | ORIGIN OF | SUSTAINABILITY

NUMBE | DESCRIPTION DESCRIPTION RAW MATERIAL | RAW

R MATERIAL

1 Brackets Mauto (Lysiloma Nature The pruning does not
divaricatum, endanger the
Fabaceae) environment of the

region (it recovers
20 sticks/rods naturally)
The height varies
depending on the
model.

2 Lower ring West Indian elm Nature The pruning does not
(Guazuma endanger the
ulmifolia) environment of the
1 piece region (it recovers

naturally)

3 Top ring West Indian elm Nature The pruning does not
(Guazuma endanger the
ulmifolia) environment of the

region (it recovers
1 piece naturally)

4 Seat Bovine leather Beef Cattle Cattle are raised in the
1 round piece of region and the use of
15.748 inches of leather does not
diameter. endanger the cattle

herd.

5 Mooring threads Bovine leather Beef Cattle Cattle are raised in the
2 straps of 3.937 region and the use of
inches in length by leather does not
0.039 inches wide endanger the cattle

herd.

6 Nail to hold the Steel Factory Carbon footprint

hoop 4 2-inch nails
Continued on following page
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Table 1. Continued

7 Fixing wire Steel. 47.244 inches | Factory Carbon footprint
of 20-gauge steel
wire

8 General assembly Fastening of all Does not Does not generate

components of the apply pollution
stool

Origin and Procurement of Materials

The raw materials used to manufacture the stool are taken from the environment surrounding the com-
munity of San Bernardo. The main wood materials are obtained from mauto and West Indian elm trees.
The process of obtaining the wood is by “pruning” and harvesting by hand. Table 2 shows complete
information on the raw materials needed to manufacture the stool.

Original Working Tools
The following tools were used in the original manufacture of the stool:

Drill: to drill the hoops.

3/8 inches paddle bit: to drill the holes for the upper hoops.
1/2 inches paddle bit: to drill the holes for the lower hoops.
Steel ring mold: to make the rings.

Tongs: to make the hoops.

Machete: to make the incision of the wood strips.
Hammer: to nail the hoops.

243

printed on 2/8/2023 8:39 PMvia . Al use subject to https://ww.ebsco.coniterns-of-use



Gradual Technology Development for Ethnic Groups

Table 2. Raw materials

PART GRAPHIC NAME DESCRIPTION LOCATION

NUMBER | DESCRIPTION

1 - DA Mauto The mauto (Lysiloma Bajios Estrado,
divaricatum (Jacq.) is a Chorijoa, Mesachi,
thornless, arborescent San Bernardo,
legume plant that is Sawananto,
abundant in tropical Wajaray in the
deciduous forests of Sonoran region.
northwestern Mexico
(Breceda, Ortiz and Scrosati,
2005). It is about 98.42 ft
high.

2 West It is a medium tree or | Very common in

Indian Elm | deciduous shrub, 6.56 ft to | Cuba, in barren and

49.21 ft (up to 82.02 ft) tall, | cultivated lands,
with a diameter at chest | foothills and forests
height of 11.82 in to 15.74 in | in low and medium
(up to 31.49 in), usually | elevation lands, in
smaller in size (26.34 ft). | the state of Sonora.
Sterculiaceae (1789). It has a
fairly straight log, frequently
branched low with long, very
spreading, horizontal or
slightly hanging branches.

3 Cattle hide | The hide wundergoes a | Itis bought from
cleaning and drying process, | the farmers of the
leaving the animal's fur as an | San Bernando
important  part of the | region and
presentation of the final | surrounding region
product. It is used for the
upper cover of the stool and
the strips that adorn it.

4 Nails One-inch long industrial Hardware stores in
steel nails Alamos, Sonora.

i
5 Wire 20-gauge steel wire Hardware stores in
Alamos, Sonora.
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e  Compeass: to trace the holes.
This information was important to consider because it is the basis for the manufacturing operations
and the working conditions of the operators.

Stool Workshop Conditions
In order to study in detail, the working conditions of the furniture workshop of the Saila Brothers Co-

operative, a tour of the facilities was made. Table 3 shows a summary of the conditions of the electrical
and water pumping systems in the workshop.

Table 3. Original operating conditions of the workshop

KIND | GRAPHIC DESCRIPTION | NAME GENERAL OPERATING
DESCRIPTION CONDITIONS

1 ; Steel rod and The building was well
Craft concrete slab preserved and had all the
workshop building (previously services, i.e., electricity,

used as a rural piped water and sanitary
school). drainage.

2 Motor pump with a | System had motor
Pumping 120 VAC 1/2 inches | connected in 120 VAC
system hp motor to draw | circuit and level control

water from the cistern | electrodes for automatic
to the water tank on | ON/OFF.
top of the building.

3 Electrical Single-phase system | The system had a direct
system: network for wall connection to the wall
120 /220 contacts and lighting | with contacts for 120
VAC distributed overhead | VAC equipment and a

220 VAC circuit for 24
inches diameter circular
saw.

PROPOSED SOLUTIONS

The improvements or technologies proposed for the development of the indigenous economy should
be designed taking into account cultural and traditional considerations. Thus, the concept of gradual
technology is oriented towards the design, reconversion or updating of productive systems and towards
the improvement of services, products and processes for the communities; this improvement takes into
account their ancestral, cultural and environmental knowledge, that it does not substitute or displace
workers through automation, and that the quality of the products obtained be equivalent to those obtained
by the original production.
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The concept of gradual technology implies that the designs be developed with great care, ignoring
traditional criteria of industrial design. The proposed technology must coexist with the workers and
aspects of sustainability must be considered when it comes to increasing productivity, since care for the
environment is part of the nature and culture of indigenous groups. In general, in the productive systems
of indigenous groups, there are several operations where workers operate under postures that are not
adequate for their health, so anthropomorphic aspects need to be applied (Del Prado, 2007) as well as
basic ergonomic criteria (Fan et al. 2019) to design or reconvert equipment and help the welfare of the
people who operate it.

After analyzing the problem of the stool workshop remodeling in depth through visits and survey
data and additional requests, the following considerations were reached:

1. The product to be manufactured (stool) was complex to automate while maintaining the craftsman-
ship and authenticity of the product.

2. The personnel that would operate the production system did not have the technical knowledge to
handle sophisticated machinery.

3. The change from manual processes to automatic processes could detract commercially speaking
from the handmade product.

4.  The technological solution offered to a rural ethnic community should be in accordance with its
traditions and marketing methods and consider the possibility of gradually entering other sectors
and products.

5. The personnel that would operate the factory should feel close to the technology and not displaced.

6. The production of stools should be self-sustainable, as well as environmentally and culturally
sustainable.

7.  Adequate technical and administrative training had to be given to the beneficiaries.

The main idea that guided the updating of the stool workshop can be summarized as follows:

“To develop design methods (Jimenez et al. 2019), processes, machines and devices for the manufacture
of a stool, using gradual technological reconversion, that aid in an improvement of the furniture manu-
facturing process and an increase in productivity”.

This main idea gave rise to the following systematization or actions:

1. Design or reconvert machinery and provide administrative training.
2. Condition facilities so that they are safe, and operable.
3. Design equipment for ergonomics, functionality and safety.

In addition, the following considerations were proposed:

1. The production lines had to be designed considering:
a.  Purchasing industrial equipment.
b.  Reconverting existing equipment.
c.  Designing special devices.
d. Systematizing the plant layout
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e.  Generating the specific process flow diagram.

2. The conditioning of the facilities includes:
a.  Running the electrical system.
b.  Running the water pump.

3. The design of comfort equipment includes:
a.  Air conditioning.
b.  Ergonomic equipment design.

ERGONOMICS, SUSTAINABILITY, AND GREENHOUSE GASES (GHG)

As is well known, indigenous peoples, due to their traditions and customs, take care of their environment
and live from nature, taking from it what they need without putting their environment at risk. Three
basic raw materials were required to make stools: 1) mauto wood, 2) elm wood and 3) cattle hides. The
wood was obtained by harvesting and pruning, so there was no risk of deforestation. The distance from
the workshop to the trees was 4.34 miles, so transportation was on foot and sometimes the wood was
brought from land 31.6 miles away using transportation to haul it. As a result, the harvesting and pruning

of timber can be considered sustainable operations.

In the case of cowhide, which was used for the seats and lashing straps, it was purchased from cattle
ranchers in the region. Each hide measured approximately 6.56 ft X 5.24 ft and yielded 17 to 20 seat
covers for the standard stool size. For the purpose of evaluating sustainability, it can be stated that the

Figure 5. Cutting of wood and cowhide with knife

Al'l use subject to https://ww. ebsco. conitermns-of-use

247



EBSCChost -

Gradual Technology Development for Ethnic Groups

number of hides does not considerably affect the cattle herd or the flora of the region, since the cattle
were raised on local ranches that took advantage of the grasses and herbs that exist in nature. Granted,
and as is well known, cattle contribute to the generation of greenhouse gases; an adult cow can generate
up to 132.08 Gallon of methane per day, an amount that depends on the animal’s diet. Methane of enteric
origin is produced naturally as part of the digestive process of cattle, being a by-product of the microbial
decomposition of food that occurs mainly in the rumen. Nevertheless, the acquisition of locally produced
cowhide for the production of these stools was not deemed to be detrimental to the environment.
Another aspect to be considered for the GHG assessment is the carbon footprint IHOBE, 2009)
that would originate from the electrical consumption of the workshop machines. Wood cutting using
machinery required robust motors, since mauto and elm are hard and the cut depended on the size of the
logs harvested and the humidity, so the energy consumption for this type of motor had to be analyzed.
On the other hand, the production of stools in the traditional way required many operations that
generated fatigue, such as cutting the wood with knives and machetes and assembling the furniture,
whose forced postures caused health problems. These operations produce ergonomic risks —in particular
overexertion, causing musculoskeletal disorders or injuries (MSD) in workers; for example, pain and
inflammatory or degenerative injuries generally in the back and upper extremities. Working conditions
that require the adoption of forced postures, repeated movements, manual handling of loads, etc., carry
a high probability of producing MSDs. If unfavorable environmental conditions and deficient charac-
teristics in the work environment are added to these risk situations, the overall ergonomic risk level of
the workplace will increase considerably (ISTAS, 2015). Risk factors are those working conditions or
demands during the performance of repetitive work that increase the probability of developing a pathol-
ogy and, therefore, increase the level of risk (Psicoprevent, 2018). To improve the working conditions
in the workshop, basic ergonomic principles were (Alsaffar and Ketan, 2018), used to size the machines

Figure 6. Assembly and finishing process of the furniture
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and devices in the workshop according to the basic anthropomorphic measurements of the personnel
operating them. Figures 5 and 6 show some uncomfortable and forced postures in stool manufacturing.

As shown in Figures 5 and 6, the traditional operations for the manufacture of furniture involved
uncomfortable postures that resulted in fatigue and ailments in the joints and back mainly (information
obtained from the workers). Therefore, the redesign of the workshop considered the need to design
devices that would affect the health of the workers as little as possible, since the increase in production
would bring more work and activities. In order to obtain the design information, it was necessary to take
anthropomorphic measurements of people and identify those operations that involved harmful postures.

PROCESS DIAGRAM

In order to systematize the operations and flows of raw materials, a diagram of operations and processes
was generated based on three fundamental raw materials: 1) mauto, 2) elm, and 3) cowhide, so that their
process flows would coincide with the assembly of the stool. The diagram starts with the collection of
the wood and the purchase and collection of the cowhide and follows through to the assembly of the
stool. Figure 7 shows the redesigned process flow diagram for the workshop.

DEVELOPMENT OF DEVICES AND MACHINERY

Once the various considerations on the characteristics of the process and the nature of the furniture
production were analyzed and studied, the design and manufacture of the devices and the purchase of
the necessary technology were undertaken. The proposed design of the workshop considered that:

1. The final design proposal was not to go outside the limits of the initial.

2. The solutions to be proposed should be practical and facilitate the handling of the proposed equip-
ment, accompanied by the necessary information: maintenance and operation manuals.

3. Cultural and traditional aspects of the Guarijio ethnic group should be considered in the design of
the process and the proposed devices and machines.

4.  The product should not lose its quality and originality.

5. The final proposal should consider the improvement of electrical, water, and comfort services.
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Figure 7. Diagram of stool workshop processes

RAW
MATERIAL Mauto Elm Leather
Harvesting Harvesting Purchase
PROCESS (3 hrs /day X 5 (3 hrs/day X 5 (Every 15
days for a month) days for a month) days the purchase of b
eef leather is made)
Cutting Cutting Leather
PROCESS (3 hrs (3 hrs (3 days in the sun and
/ day until the harvested / day M t.h_e .ha}rvested 5 or 6 hours to
material is finished) material is finished) finish cleaning)
| | l
. . N
Elaboration of s_tlcks Elaboration of rings Cutting
PROCESS (20 rods/90 min) (1 hoop/30 min) (15 caps/20 min)
S
Assembly
PROCESS (30 min / stool)
Drying
PROCESS (2 days)
FINAL PRODUCT Stool
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Table 4. Machines and devices for the upgraded workshop

operation, and
it depends on
the wood’s
humidity (It
makes it more
flexible and

more

manageable, 2
minutes on
average)

around the ring
carrying the wet
piece of wood in
the middle, until
it reaches the
other end and is
joined by
placing a metal
clamp.
Previously, nails
were used,
which made the
process slow
and dangerous

of the rings was
more uniform,
which facilitates the
assembly.

NUMBER | GRAPHICAL OPERATION | MACHINE IMPROVEMENT APPROXIMATE
DESCRIPTION DESCRIPTION | OVER ENERGY
TRADITIONAL CONSUMPTION
OPERATION
1 Wood cutting. | Circular saw Reduces the 6.0 kw/h
It cuts wood with 6 inches diameter of the tree
of different diameter, log to more
types, but single-phase manageable
particularly 220 VAC, 3200 | dimensions (slabs
small logs of rpm motor. or boards and/or
mauto and elm rectangular shapes).
with a
maximum
diameter of 2
inches.
2 Leather The motor The previous 2.0 kw/h
cutting. drives a vertical | operation was done
It only cuts the | knife that with a knife and
circle for the follows the there was a high
seats, as the tie | contour of the risk of cutting one’s
straps are cut | line marked on hands. This device
with a knife the leather. cuts three pieces at
Several skins (3 | the same time and
maximum) are the operator has no
placed to take contact with the
advantage of the | blade during the
cut. Its cut.
operation is
manual and
depends on the
operator's skill.
It works at 120
VAC and with a
1/2 HP motor.
3 Wood It has stop and The process was Not applicable
bending. initial position sped up and the
There is no insurance; it is dimensions were
standard time | held fastened as | improved, which
for this the arm rotates implied that the size
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for the operator.

4 Wood cutting. | It has a 24 It takes advantage of | 20 kw/h
This circular inches diameter | larger wood (the
saw can cut discand a 5 hp, | previous cutting
larger wood 220 VAC, process was slow
(elm and single-phase and complicated),
mauto), logs electric motor at | reducing waste
with diameters | 3200 rpm. considerably.
of4to5
inches, and
with much
more moisture
inside, without
breaking the
blade.

5 Assembly of Table for Previously the Not applicable
the stool. assembly of the | assembly was done
The wooden stool; its seat on the floor and
hoop is allows the caused excessive
mounted on operator to rest | exhaustion,
the rotating and work lowering
base and the avoiding production; no

| table is used to | damage to the assembly material
hold the hoop | lower back. On | was advanced and
and place the the top and sides | therefore the
rods (wood cut | of the table is process became
as a thin strip | placed material | very slow because
that makes the | for assembly each operator had to
supports of the | (rods, hoops, enable their own
stool, placing | and leather for material and
them crossed | the seat, assemble the stool;
and tying them | pneumatic for the younger
in the middle) | stapler and other | ones it was not
at the end the accessories) so inconvenient but for
upper hoop is | the operator older people (men
placed and need not go for | and women) the
then in leather | the material working position
or skin thatis | every time he was extremely
stapled while finishes a stool. | tiring and caused
it remains wet | The worker bodily harm.
(facilitates would have
handling) then | enough material
it is tied with to assemble 4 to
thread or 5 stools per
leather strap to | hour.
hold it when
drying and
stretching, and
avoiding
deforming.
Continued on following page
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Table 4. Continued

6 Stapler Device that Avoids driving 8.0 kw/h
Used to place | places the staple | nails that protrude
the staples at semi- into the wood and
the time of automatically then have to be cut.
joining the using The staples are
wooden rings | compressed air | purchased at the
and at the end | at 100 psi as right size. This
when the energy source. device facilitates
leather or skin | 2 HP the work and avoids
for the seat COmpressor, risks for the
was placed. single phase at operator; it

120/220 VAC, eliminates the need

at 1750 rpm. to have an assistant
hold the furniture
while nailing; and
the operation gives
a better appearance
and preserve the
rustic and
handmade
appearance.

7 Structure for The table Previously, the Not applicable
drying leather. | stretches the leather was placed

cowhide on the floor and to
allowing the keep it stretched,
removal of fat some rocks and
and drying as heavy objects were
stretched as placed on it to
possible. prevent it from
closing. It was
complicated to
remove the grease
and it was not
completely
stretched.

8 Three- Three-operation | Previously many 8.0 kw/h
operation machine operations such as
machine equipped  with | machete and knife

disc saw, | sharpening and

grinding  stone | drilling were done

and drill. manually and
separately. This

Motor machine helps to

1 HP at 120 | perform basic

VAC operations
especially on work
tools.

9 Storage of Rack for placing | In  the original | Not applicable

| parts wooden rings process, the parts
and sticks, as and components
well as cowhide | were in several
circles. places, which
required people to
move around and
which  consumed
time.
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Table 4. Continued

10 Motor pump Device for Previously this | 1/2 HP

pumping water | device was not | 120 VAC
to the workshop | working properly
8.0 kw/h,

approximately

11 Air Device that | Previously this | 8.0 kw/h,
conditioner generates humid | device did not exist,
air so workers suffered
from heat.
Motor
1 HP at 120 1
120 VAC

Table 4 shows the devices and machinery that were developed and purchased to upgrade the stool
workshop.

According to the table above, the devices designed, and the machinery purchased, as well as the
systematization of the processes, made it possible to meet three important objectives:

1. Increase production from 30-60 to 200 - 300 stools per month.
The proposed devices helped to improve various awkward postures of people and reduce various
time-consuming and tiring sub-operations.

3. The machines and devices did not displace any workers.

In general, the wood cutting machinery and the assembly table concentrated many operations, which
considerably reduced production times. The process improvements described in Table 4 are substantial
despite the fact that many components and devices do not have a complex design.

With respect to improving working conditions, the following tasks were performed:

1. Cooling (humid air) was placed to lower heat to a comfortable temperature for workers.
2. The damaged water pump was fixed and the cistern was cleaned.
3. The electrical system was upgraded and now provides power to machinery and devices.
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Figure 8 shows the work done for air conditioning.

Figure 8. Conditioning of the work center

On the other hand, once the electrical consumptions of each machine were known (see Table 4), we
proceeded to perform a carbon footprint calculation IHOBE, 2009) using the ISO 14064-1 standard
(Bastianoni, Marchi, Caro, Casprini and Maria, 2014) and the following formula:

FkWh

TonCO2e = kW,

1000k g/ton

Where TonCO2e indicates the tons of carbon dioxide equivalent; kWh indicates Kilowatt-hours of
electrical energy consumed; FkWh indicates the emission factor of the National Electric System (0.505
Tco2e/ MWh, data provided for each year); and 1000kg/ton factors from kilograms to tons.

For the calculation of electrical energy consumption, an average percentage of 30% of the maximum
monthly consumption was taken into account, since it is difficult to quantify the punctual expenditure
of the machines in operation because the workers do not follow a standardized production.
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Figure 9. Ergonomic table of the stool assembly

With respect to ergonomic issues, the heights of the machines were designed according to the anthro-
pomorphic measurements of the personnel working in the workshop. Since there are only six workers,
the average measurements were taken. One of the devices whose ergonomic design greatly helped to
eliminate awkward postures was the assembly table shown in Figure 9.

The table shown in Figure 8, is ideal to avoid postures that damage the back of the workers. It has
extensions on which various parts are placed and the worker can perform many operations without hav-
ing to move. The rotating plate in the center of the table allows the stool to be rotated, which facilitates
its assembly. The table is connected to a shelf where the main parts and finished products are stored.
This makes the supply of materials a simple and time-saving task. Similarly, the leather cutting machine
proved to be very useful for the workers since it facilitated operations and reduced the risk of accidents.

It is worth mentioning that all the devices have heights that adjust to the average anthropomorphic
measurements of the workers, which helps them to perform the operations under non-harmful postures.

EDUCATION AND TRAINING

The SAGARPA-funded furniture workshop upgrade project also included training the members of the
Zaila Brothers Cooperative in project management so that they could systematically manage their busi-
ness and grow if the market demanded it. In the case of equipment management, the following aspects
were taken into account:

1.  Most of the equipment is semi-industrial, which means that the machines have the potential to
cause serious accidents to personnel if they are not operated properly.
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2. An operating manual for each piece of equipment needed to be generated.
3. A maintenance manual needed to be developed.
4.  Both manuals should be explained in detail to the workshop personnel.

Training on industrial equipment must consider certain fundamental knowledge for its understanding,
operation and maintenance. This project’s training was given as clearly as possible with the objective
being the workers’ full involvement, including continuous practice which would result in the workers
obtaining experience in safety measures. Figure 10 presents images of the technical training given to
the workshop personnel.

Figure 10. Training in the operation of workshop equipment

Training involved putting each machine into operation, explaining its mode of operation in detail, and
showing proper maintenance. Finally, Figure 11 shows the finished products and their display for sale.

RESULTS AND DISCUSSION

The results obtained from the furniture workshop project are summarized in the following points:

1. It was possible to transform the artisan workshop that used very basic tools for the manufacture of
stools into a production system made up of machines and semi-industrial devices whose operation
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made it possible to increase production from 30 - 60 to 200 - 300 pieces of furniture per month,
thus meeting the technical and commercial goal setting.

2. Thefinancial resources provided by SAGARPA made it possible to purchase the equipment needed
to update the workshop and to finance the technological supplier, making it possible to deliver the
turnkey project to the beneficiaries.

3. The stool manufacturing process does not put the environment of the region where the workshop is
located atrisk, since raw materials such as wood are collected by pruning and cowhides are collected
and purchased from cattle ranchers in the region, so production can be considered sustainable.

4. Under the philosophy of gradual technological development, it was possible to design and select
equipment for furniture production whose operation did not displace the workers and under con-
sideration of their customs and traditions.

5. By using very basic principles of ergonomics, it was possible to design and select equipment whose
operation minimized the risks of accidents to workers and improved their health since it was pos-
sible to transform the operations that involved harmful postures into conditions where work was
easier and with less risk of suffering health problems in the medium and long term.

6. By improving working conditions in the workshop with the installation of humid air and improve-
ments to the facilities, workers were able to operate with the comfort necessary for the required
production.

7. Training the workshop personnel on the operation and maintenance of the equipment allowed them
to learn about the potential capabilities of each machine and device, as well as the procedures for
keeping the equipment in the best-operating conditions.

Figure 11. Finished products and display for sale
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8. The carbon footprint calculated from electrical consumption is not significantly high, emitting few
greenhouse gases.

The update of the stool workshop provided information on the characteristics and considerations that
must be accounted for in the development of projects that have an impact on the economies of indigenous
peoples and the importance of the advice of universities and spin-off companies in the management of
resources and technical guidance that make it possible to achieve favorable results for the beneficiaries.
The path followed by this project from the management of resources, the injection of funds by govern-
ment programs and the execution and implementation of the workshop, can be taken as an example for
the implementation of more ambitious programs that help to spark the economy of ethnic groups.

CONCLUSION

This paper presented the experience of updating a rustic furniture workshop, owned by a cooperative
made up of members of the Guarigio ethnic group. The main conclusions obtained are summarized below:

With the updating of the furniture workshop it was possible to increase production from 60 stools
to a maximum of 300 per month. This was possible because the semi-industrial machinery can perform
various operations quickly and because the design of the devices made it possible to eliminate unneces-
sary trips by the workers, saving time and effort. The machinery and devices were selected and adapted
to eliminate various harmful postures that were present in the original process, thus helping to improve
the health of workers. The basic principles of ergonomics were useful to design the work elements ac-
cording to the anthropometric measurements of the employees. The increase in stool production does not
have a significant impact on the environment in the area surrounding the workshop, since the wood is
obtained by pruning and there is a large area in the San Bernardo region where there are enough mauto
and elm trees. Cowhide is purchased from local cattle ranchers, so the impact on the environment is
not significant and the process can be considered sustainable. The operation of the workshop does not
generate a significant volume of greenhouse gases, since the carbon footprint calculated from electric-
ity consumption was not significant. The implementation of technology in the production processes of
ethnic groups must necessarily take into account their uses and customs and ensure that workers are not
displaced by machinery. Technology or social assistance projects aimed at indigenous peoples are not
easy or simple to develop, and not every supplier understands the characteristics of the uses and customs
that must be taken into account to deliver a complete project in accordance with real needs and growth.

The projects of indigenous communities must be developed in the cultural context and traditions they
practice. The economy of these communities cannot be developed under objectives or public policies that
are applied in the cities because their development does not follow the same dynamics, and the social
systems of each entity are different. On the other hand, the traditional production processes of indig-
enous groups are generally not ergonomic, which implies that the health of workers is compromised in
the medium and long term. It is important to design a social ergonomics program that can be applied to
solve the postural problems of indigenous groups. Finally, the participation of universities, companies
and the government in social development projects for indigenous communities is necessary to achieve
positive social objectives and impacts on vulnerable groups.
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