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1. Introduction

Today’s global marketplace requires that organi-
zations do not compete as independent entities, ra-
ther as an integral part of a supply chain (SC) [27].

The supply chain, as a network, is expected to
provide the right products and services on time, with
the required specifications, at the right place to the
customer. However, a SC can be quite a complex
system; it is usually defined as a set of interdepen-
dent organizations that act together to control, man-
age and improve the flow of materials, products,
services and information, from the origin point to
the delivery point (the end customer) in order to
satisfy the customer needs, at the lowest possible
cost to all members (Lampert et al. cited by [4]).

The pressure to cut costs and the unpredictable
delivery requirements have resulted in long working
hours, a high use of outsourced work and the speed-
ing up of production lines. These indirect supply
chain effects may be more of a difficulty for an ade-
quate health and safety at work [19]. Therefore, de-
sign, planning and management complex systems
will increasingly have to address the issue of making
trade-offs between occupational safety and produc-
tion, and ergonomics should be central to this [37].

Nowadays many companies are undergoing orga-
nizational transformations in order to meet the
changing of market demands [23]. Thus, in order to
become more competitive, SC are adopting new
management paradigms to improve SC performance:
lean, agile, resilient and green (LARG paradigms)
[3]-

The lean supply chain seeks waste minimization;
the agile supply chain is focused on responding ra-
pidly to market changes; the resilient supply chain
has the ability to respond efficiently to disturbances;

and the green supply chain pretends to minimize
environmental impacts [20].

The implementation of new production paradigms
that reduce work cycle times and task variety, such
as lean manufacturing, tend to increase the physio-
logical and psychological strain on workers [23].
Such approaches demand particular care with the
issues related with Human Factors, to avoid health
and safety problems to workers and losses to com-
panies, due to increase of errors, productivity lost,
absenteeism and diminishment of employees’ mo-
rale, compensations and law suites [23]. Thus, the
successful introduction of these new production pa-
radigms depends among others on a Human Factors
oriented approach [23].

Ergonomics, also known as Human Factors, is the
scientific discipline concerned with understanding
the interactions among humans and other elements
of a system. It applies theory, principles, data and
design methods in order to optimize human well-
being and overall system performance (IEA cited by
[23]). This means that Ergonomics, which is a sys-
tems-oriented discipline, seeks to optimize the func-
tioning of systems, through the elimination or at
least the diminishing of the incompatibility between
workers and their work system, as well as any other
safety and health hazards [23].

Thus, human resource is the key factor of organi-
zational success [32]. In this work a conceptual
framework integrating ergonomic and occupational
safety design principles during the different imple-
mentation phases of lean, agile, resilient and green
practices is presented.

This paper is organized as follows: after this in-
troduction a literature review related to the combina-
tion of Human Factors and LARG organizations/SC
is presented. In the third section the conceptual
framework is introduced. At the end of the paper,
some conclusions are drawn from the presented
work.

2. Literature review

The lean paradigm is an approach which provides
a way to do more and more with less and less (less
human effort, less equipment, less time and less
space), while coming closer to customer require-
ments (Womack et al. cited by. [3]). The main pur-
pose of implementing lean manufacturing is to in-
crease productivity, reduce lead time and costs, and
improve quality, (Sanchez and Pérez, Karlsson and
Ahlstrém cited by [33]) thus providing the upmost
value to customers.

Lean production focus on improving business
processes in order to cut costs and serve customers
better. This strategy has received attention from er-
gonomics because implementation of this strategy
has been linked to reduced employee well-being [7].
In the following paragraphs a summary of studies
combining the lean paradigm and the Human Fac-
tors is presented.

A three-year environmental project was imple-
mented at the Petrocart S.A. paper and board mill,
through the Danish Support Program for Eastern
Europe (DANCEE). The aim was to use “Lean and
Green” Production to improve industrial compliance
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with the effluent regulations and with European In-
tegrated Pollution Prevention and Control (EUs
IPPC) Directive under implementation in Romania,
thereby improving the environmental conditions in
the Bistrita River running through the town. In a
first phase water saving equipment and biological
treatment was installed and in a second phase clean-
er technology (Lean and Green) was implemented.
The results obtained included better housekeeping
(5S and Kaizen) and a Total Quality Management
(TQM) organization was implemented where prod-
uct quality, environment and occupational health
and safety were merged into one system [36]. This
was the only paper found that combined more than
one paradigm (Lean and Green) with Human Factors,
in this case, occupational health and safety (OSH).

Two manufacturing lines producing semiconduc-
tors using different technology concepts, namely
Conventional Line (CL) and Lean Production Line
(LPL), were examined by Wong and Richardson
[40]. Both lines that manufactured the same prod-
ucts were compared using various factors, including
working conditions, task risks and hazards of the job,
and physical body stress. Ergonomic approaches
were adopted in the investigation of the two lines.
Survey questionnaires were administered to 30% of
the workers, and multiple statistical tests were used
to determine crucial predictors and to investigate the
interactions between the factors. The observed ergo-
nomic differences of the two production lines were
compared, and appropriate managerial remedial ac-
tion was recommended. The research has shown that
ergonomics interventions reduced the OSH prob-
lems and led to better working conditions, thus in-
creasing job satisfaction. The research also con-
cludes that ergonomics helps to improve productivi-
ty, product quality, and employee morale.

Using high-level, three-dimensional computer
graphics simulation and other engineering analysis
tools, Hunter [14] investigated the advantages of
ergonomic tools of one manufacturing system de-
sign over another. The study compared lean manu-
facturing (manufacturing cells) and the functional
(job shop) design. Initial research indicated a sub-
stantially lower risk of work-related injuries when
using the lean manufacturing rather than the func-
tional job shop design; this means that the design of
the manufacturing system may inherently reduce or
eliminate physiological problems before they devel-
op. Three ergonomic areas - energy expenditure,
potential for harmful postures, and potential for re-
petitive motion disorders - were analyzed from si-
mulated and monitored data on energy expenditure,

postures, repetitive motion, and other processing
functions, such as cycle time. In all three analyses,
the results revealed that the lean production manu-
facturing cell was superior from an ergonomic point
of view over the functional job shop manufacturing
system.

Another study examined the relationship between
lean job design and work-related musculoskeletal
disorder (WRMSD) risk factors [39]. The primary
aim of the study was to examine the relationship
between lean job design and WRMSD risk at a lean
manufacturing plant and compare ergonomic expo-
sure to a traditional plant. The specific aims of the
study were to determine: if jobs in the lean plant
have an intensified work pace and greater ergonomic
risk; and what organizational practices at the lean
manufacturing site increase and/or attenuate ergo-
nomic risk factors. A sample of 56 production jobs
from each plant was analyzed. The results of this
study suggest that lean manufacturing does not nec-
essarily increase workers” WRMSD risk so long as
key features of the system are implemented — specif-
ically, a focus on process quality [39].

Guidelines to assess lean production (LP) impacts
on working conditions either at a plant or at a de-
partmental level were tested on a harvester assembly
line in an American-owned plant in Brazil [33]. The
assessment of LP impacts on working conditions
was based on multiple sources of evidence, such as
face-to-face interviews, questionnaires, direct obser-
vations and the analysis of production procedures.
The data collected were grouped into four con-
structs: work content; work organization; continuous
improvement; and health and safety. The results
indicated that workers considered their working
conditions were fairly good and had improved after
the introduction of LP.

Today, organizations suffer a tremendous pres-
sure to become more agile, efficient, profitable and
dynamic [2]. Since customer requirements are conti-
nuously changing and products life cycles are get-
ting shorter, the supply chains must be able to re-
spond quickly to market needs. So, the agile para-
digm helps providing the right product, at the right
time to the consumer, which is the main objective of
any supply chain [1].

Assessing the market attractiveness is considered
to be very relevant in the global market scenario,
since it can help organizations to gain a greater
awareness of market dynamics, speed up the deci-
sion process and increase its consistency, thus enabl-
ing the strategic alignment and the improvement of
the organizational performance [2]. So, Amaral and
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collaborators [2] developed a methodology based on
the monitoring information provided by several in-
dicators, resulting in the calculation of Market At-
tractiveness Indexes. The indicators were selected
based on the accessibility of information from dif-
ferent statistical sources (Instituto Nacional de Es-
tatistica (INE), Eurostat, OECD, etc.) and on a panel
of experts opinions. They applied concepts, tools
and techniques traditionally used in the project man-
agement field, and explored them within the context
of ergonomics and occupational safety and health.

There has been much recent interest within Hu-
man factors in the burgeoning movement of organi-
zational resilience and resilience engineering (Holl-
nagel et al. cited by [37]). Organizations that follow
resilience engineering approach must create
processes that are robust yet flexible and use re-
sources appropriately in the face of disruptions or
ongoing production and economic pressures [37].

The resilience definition can be twofold: resi-
lience can be an organization’s ability to retain or
recover rapidly a stable condition, enabling it to
pursue its activities during and after a major acci-
dent, or in the presence of great and ongoing pres-
sure (Woods, Hollnagel et al., Wreathall cited by
[21]) or can focus more on the question of arbitra-
tion between safety and production, which means
that resilience has the ability to manage great pres-
sure as well as conflicts between safety and produc-
tion objectives (Hale and Heijer, Flin cited by [21]).

The resilience concept associated with safety was
mentioned by several authors: (Foster cited by [18])
defined resilience as an ability to accommodate
change without a catastrophic failure, or the ability
to absorb shock graceful; (Rosness et al. cited by
[18]) adapted the resilience definition to the capacity
of an organization to accommodate failures and dis-
turbances without producing serious accidents;
(Reason and Hobbs cited by [18]) defined resilience
as the properties of an organization to make it more
resistant to its operational hazards.

Resilience seems to be a strategic concept dealing
with the improvement of safety in complex systems,
since it could reconcile the notions of performance
and safety rather than systematically oppose them
[21].

Some case studies that relate to the resilient para-
digm and the Human Factors are presented next.

An article by Morel and collaborators [21] ex-
amined several ways of improving safety in the sea
fishing activity. A simple modeling of the relation-
ship between resilience and safety was presented,
and the choice of strategies for safety-improving

interventions considering the system’s financial per-
formance and the legal pressure to which profes-
sional sea fishing is subject to was discussed. The
strategies tested were micro-ergonomics that offered
conduct assistance guidelines based on accident ana-
lyses of the most serious and frequent causes (colli-
sions while fishing); and macro-ergonomics which
compared the safety level of large firms having
committed to a Total Quality approach, to that of
smaller companies, often privately owned. Neither
of the two strategies worked out as expected: the
micro-ergonomics anti-collision assistance strategy
was misused towards an increase of the fishing ob-
jective; and in the macro-ergonomics one of the
largest firms suffered less shipwrecks, but a much
greater number of work-related injuries.

In the rail engineering context, Wilson and colla-
borators [37] described a specific project where the
notion of a Human Factors case was employed to
analyze engineering functions and related uman Fac-
tors issues. A Human Factors issues register for po-
tential system disturbances was developed, prior to a
Human Factors risk assessment, which jointly cov-
ered safety and production (engineering delivery)
concerns. Wilson and collaborators [37] also com-
mented on the potential relevance of a resilience
engineering perspective to understanding rail engi-
neering systems risk and suggested that a framework
of resilience engineering might allow proper consid-
eration of the different trade-offs that must be made
in proposals for new rail engineering systems of the
future. Resilient systems should have the capability
to deliver acceptable levels of service with appropri-
ate levels of protection and at a cost that can be af-
forded.

Lisbeth and collaborators [18] introduced resi-
lience as an alternative concept for reflecting upon
safety. They adapted a model for resilience that was
used in a development process but, instead of focus-
ing the analysis on incident reports, they applied a
proactive view. The occupational accidents factors
they focused on were: sufficient time, knowledge
and competence, resources and working environ-
ment. The empirical background was a case study on
an oil and gas installation in the North Sea that had a
negative trend in Lost Time Injury rates. They tried
to answer the following research question: How can
resilience be built in practice in organizations? and
concluded that the three main qualities required for a
resilient organization are: anticipation, attention and
response.

Environmentally sustainable green SC manage-
ment has emerged as an organizational philosophy



1716 S. Figueira et al. / Integration of Human Factors Principles in LARG Organizations

by which to achieve corporate profit and market-
share objectives by reducing environmental risks
and impacts while improving the ecological effi-
ciency of such organizations and their partners. The
increased pressure from community and environ-
mentally conscious consumers had lead to rigorous
environmental regulations, forcing the manufactur-
ers to effectively integrate environmental concerns
into their management practices (Rao and Holt cited
by [3]).

Environmental sustainability, or the ‘green
movement’ has received far more attention recently,
and certain strategies and recommendations from
interventions  designed for promoting pro-
environmental behaviors may inform efforts to in-
tervene on critical behaviors for improving occupa-
tional safety and health [6].

OSH and environmental sustainability are parallel
challenges. The similarities between environmental
sustainability and OSH efforts are significant
enough that the two may be thought of as major
components of the overall concept of sustainability
in the workplace. That is, safety should be included
as a critical piece of any sustainability effort, and the
term sustainability should imply safety as well [6],
as discussed in the next studies presented.

A survey of the literature regarding behavioral in-
terventions for both environmental sustainability and
occupational safety and health was conducted by
Cunningham and collaborators [6]. They first ex-
amined each field independently and then assessed
areas that overlap. They concluded that improve-
ments in both environmental sustainability and
(OSH) require individuals to take action above and
beyond the status quo. Also, the similarities between
environmental sustainability and OSH efforts are
significant enough that the two may be thought of as
major components of the overall concept of sustai-
nability in the workplace. By harnessing the mo-
mentum of the green movement and adapting suc-
cessful intervention approaches from the environ-
mental sustainability domain, OSH leaders may
achieve sustainable improvements in worker safety
and health. Finally, they recommend that leaders in
the respective fields of OSH and environmental sus-
tainability should seek partnerships with these coali-
tions to benefit from their synergistic cooperation
and learn techniques for achieving positive changes
in sustainability across domains.

Two case studies from small and medium sized
Austrian companies in which cleaner production
projects and the implementation of integrated man-
agement systems yielded technical, organizational,

economic, and public relations improvements [11].
Cleaner production is an effective approach to ana-
lyze the productive processes. It aids to reducing use
of chemicals and generation of waste and emissions.
Simultaneously helps to sensitize workforce and
management for environmental problems caused by
the enterprise including health and safety. Also, a
management system focusing on team work and
continuous improvement of quality, environmental
aspects and health and safety can help to ensure that
once companies leaderships are committed to get-
ting on the continuous improvement journey toward
sustainable development, they are more likely to
continue on that journey with their employees, sup-
pliers, shareholders, customers and other stakehold-
ers.

In a study developed to understand how managers
make decisions involving the elements of sustaina-
bility, violations of US Occupational Safety and
Health Administration regulations and Toxic Re-
lease Inventory reports of emissions were used as
proxies for employee well-being and environmental
performance. The objective was to understand how
the various elements of sustainability relate to each
other, especially when examining performance from
a triple bottom line perspective (environmental, em-
ployee well-being and operational performance out-
comes). The results suggested that real improve-
ments in operational performance come by simulta-
neously focusing on both environmental and em-
ployee well-being outcomes. Moreover, in the data
set there were a number of companies whose envi-
ronmental issues also had health and safety implica-
tions [26].

From the literature review presented, it becomes
clear that the introduction of LARG paradigms in
today’s organizations must be combined with a Hu-
man Factors approach in order to improve their suc-
cess. Nevertheless, it was not found a study that
introduced Human Factors design principles during
the implementation of the four paradigms in an or-
ganization reality.

3. Conceptual framework

The main goals of Ergonomics when addressing
industrial environments are to safely maximize hu-
man efficiency; to minimize exposure to recognized
ergonomics risk factors; and to proactively strive for
continuous program improvement in any design or
redesign of products or processes [35].
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This section presents a conceptual framework that
allows integrating ergonomic and safety design
principles in the different implementation phases of
lean, agile, resilient and green practices.

The present conceptual framework is a generali-
zation of the work done by Nunes and Machado [23]
which was based on the integration of an Ergonomic
approach in lean manufacturing design and imple-
mentation, and where a conceptual building block
for lean manufacturing implementation and opera-
tion considering ergonomic control block for moni-

toring the overall system performance was presented.

The conceptual framework presented in Figure 1
consists of an iterative process that combines the
implementation of ergonomic and safety design
principles with the implementation of LARG para-
digm practices.

The design of workplaces must consider its re-
quirements, the target worker population and the
ergonomic and safety principles, legislation and
standards. This is an iterative process that can be
done in the actual workplace or through simulation
and/or prototyping of the considered solutions, for
instance using CAD applications and other computer
aided tools such as decision support systems (e.g.,
SAMMIE [5], FAST ERGO X [24], RA X [22]).

Ergonomics
& Safety

Workplace, > Actual Workplace, J
Requirements Workplace Ergonomically | =

Ergonomic & Safety
Targetworkers _J Risk Analysis
population

= Ergonomic Principles 7'y * f

Safety Principles
s

These last tools support the ergonomic and safety
risk analysis, help the ergonomist’s work and the
dialogue with engineers.

When a set or an individual LARG practice is im-
plemented it must be taken into consideration its
effects in the human resources of an organization. In
order to minimize ergonomic and safety hazards and
organizations losses, the work system must be ana-
lyzed according to ergonomic and safety principles,
and any problems associated with the implementa-
tion of LARG practices must be taken care of.

For instance, when a lead time reduction is im-
plemented, which is a lean and resilient practice (see
[8]), this change can lead to the reduction of work
breaks’ duration affecting the workers’ recovery
period. Another example is the increase in the fre-
quency of production of new product, an agile prac-
tice (see [8]) that has an effect on how work is orga-
nized and performed, which can lead to an increase
in the mental workload imposed to workers.

There are also some LARG practices that can
have a positive effect on workers. For instance, the
decrease in the quantity and variety of hazardous
and toxic materials involved in a manufacturing
process, which is a green practice (see [8]) also con-
tributes to improve the health and safety of workers.
1.

Workplace Mockup > i & Safe | &
or

h 4

Design/
iy Redesign

. Workplace
CAD

(Paper-based or
Computer-based
Methodologies)

Standards

Fig. 1 - Conceptual framework combining the implementation of the ergonomic and safety
design principles with the implementation of LARG paradigms practices [25]
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4. Conclusions

SC managers are adopting new management pa-
radigms to improve SC performance. These new
paradigms, such as lean, agile, resilient and green,
tend to increase the physiological and psychological
strain on workers [23]. Thus, the introduction of
LARG paradigms in today’s organizations must be
combined with a Human Factors approach in order
to improve their success.

Organizational ergonomics covers Human Factors
issues in the design of operational structures and the
management of organizations [34].

In this work, a conceptual framework that allows
integrating the ergonomic and safety design prin-
ciples during the implementation of LARG practices
is presented.

The iterative framework will allow introducing
the appropriated ergonomic and safety design prin-
ciples according to the LARG practices imple-
mented and the effects that this implementation can
have in the organization’s human resources.

In future research the application of this concep-

tual model should be done based on a real case study.
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