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Preface

An exploration of how ergonomics can contribute to the solution of important
societal and engineering challenges, Advances in Social and Organizational Factors
discusses the optimization of sociotechnical systems, including their organizational
structures, policies, and processes. It includes coverage of communication, crew
resource management, work design, design of working times, teamwork, partici-
patory design, community ergonomics, cooperative work, new work paradigms,
organizational culture, virtual organizations, telework, and quality management.

This book provides research on urban infrastructures and how to shape urban
spaces, including stadiums and museums. It covers warning systems in cars,
voice-based interfaces, and the positive effects on manufacturing processes available
from health informatics and management systems. Several chapters examine the role
human factors can play in counter-terrorism efforts and in interpreting deceptive
behaviors. They provide suggestions on how to improve enterprise resource plan-
ning systems and stress the importance of lifelong learning, personalized learning,
and work-life balance. This book also highlights issues with special populations,
detailing how to design and adapt products and work situations for these groups. In
addition to exploring the challenges faced in optimizing sociotechnical systems, this
book underlines themes that play a role in all the challenges and how they are linked
to each other. It concludes with an exploration of emotional ergonomics and the
important positive effects of making people happy and healthy. With chapter authors
from around the globe, this book supplies a broad look at current challenges and
possible solutions. This book contains a total of four sections that cover the fol-
lowing topics.

I. Macroergonomics Solutions of Engineering Management Challenges
II. Human Aspects of Change Management and Implementation
III. Musculoskeletal Aspects of Social and Occupational Ergonomics
IV. Social and Occupational Ergonomics Applications

The organizers would like to thank all the authors for their contributions. Each
of the chapters was either reviewed by the members of the editorial board or
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germinated by them. For these, our sincere thanks and appreciation go to the
members of the board listed below.

Jerzy Charytonowicz, Poland
Diana Horn, USA
S.-L. Hwang, Taiwan
Jussi Kantola, Finland
Brian Kleiner, USA
Leszek Pacholski, Poland
Michelle Robertson, USA
Susumu Saito, Japan
Mike Smith, USA
Hannu Vanharanta, Finland
Z. Wisniewski, Poland
R. Yu, China

We sure hope this book contributed to increase in knowledge in the field of
social and organizational ergonomics and that you find the papers in this book
interesting and helpful to you and your work.

July 2017 Richard H.M. Goossens
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Psychosocial Aspects of New Technology
Implementation

Dennis R. Jones(&)

College of Science, Technology, Engineering, Mathematics, and Management,
Department of Operations and Management, University of Wisconsin – Stout,

Menomonie, WI 54751, USA
jonesde@uwstout.edu

Abstract. New technology is dramatically changing the workplace by allowing
companies to increase efficiency, productivity, quality, safety, and overall
profitability. An effective new technology implementation is required for
companies to compete successfully in the marketplace. Time and money wasted
on unsuccessful and improper new technology implementation is contrary to the
overall goal of improving the competitiveness and profitability of the company.
This paper proposes a technology implementation approach utilizing teams and
teamwork. Teams and teamwork have been recommended as a way to improve
efficiency, productivity, quality, safety, profitability, and employee satisfaction
[1]. New technology challenges the current implementation methods and tech-
niques. To effectively utilize these new technologies it is best to consider all the
factors involved in the implementation process; most importantly the individual
human elements involved. It is recommended to utilize a cooperative team
oriented approach to new technology implementation, which relies heavily on
obtaining employee inputs and participation throughout the entire process. By
doing this; it is hoped that the new technology can be implemented in the most
effective way possible.

Keywords: Psychosocial � New technology � Teamwork � Efficiency �
Productivity � Quality � Safety � Profitability � Employee satisfaction �
Ergonomics � Human factors � Balance theory model � Applied field research �
Manufacturing � Assembly � Production processes

1 Introduction

This paper proposes a technology implementation approach utilizing teams and
teamwork. Teamwork has been recommended to organizations as a way to improve
productivity, quality, and employee satisfaction [1].

2 The Model

The model to be utilized is based on achieving balance between the various imple-
mentation elements. This model is known as the Balance Theory Model of M. J. Smith
and P. Carayon-Sainfort [2] and integrates the psychological and biological theories in
an ergonomic framework.

© Springer International Publishing AG 2018
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This model specifies that the working conditions and other factors outside of work,
can create a stress on the individual. This stress can have physiological and psycho-
logical consequences. If the stress exceeds the individual’s capacity, the stress can
produce a negative effect on the individual which could result in a strain. This is a bad
fit between the individual resources and the work demands. If the stressful exposure
continues for a prolonged time period, then this can result in serious musculoskeletal
disorders.

The factors involved in the implementation process are the new technology char-
acteristics, organization structure, task factors, environmental characteristics, and the
individual human factors involved (Fig. 1).

The Balance Theory Model is as follows:
The Balance Theory Model is a system view concept for the various elements work.

The Balance Theory Model shows the stress that working conditions can exert on the
individual. These five elements of the Balance Theory Model all interact to define how
work is to be performed. The individual is in the center of the Balance Theory Model.
The individual has physical attributes and characteristics, previous experiences and
knowledge, individual attitude and personality, and learned behaviors from which to
draw from in order to cope with the working condition stress. The elements of task,
technology, organization, and environment all influence the job content of work, the
physical effort required of the individual, and the level of stress placed upon the
individual [2].

In the model these factors interact in a systematic fashion to determine the success
and effectiveness of the new technology implementation. This is a total systems model,
in that any one factor can influence and affect the other factors.

Fig. 1. The balance theory model of smith and carayon-sainfort [2].

4 D.R. Jones



3 Team Advantages

The Teamwork is one form of work organization that can have a positive effect on the
various elements of the work organization; especially on the human elements; such as
performance, productivity, motivation, attitudes, and health. Autonomous work groups
(i.e. teams) have the authority to make work decisions, which resulted in increased
personal commitment, improved cooperation, reduced absenteeism, and increased
safety [3].

The advantages of using teams and employee involvement are to increase the
potential for improving efficiency, productivity, quality, safety, profitability, employee
satisfaction, and acceptance of change. Employee involvement affects the five major
determinants of organizational effectiveness which are: motivation, satisfaction,
acceptance of change, problem solving, and communication [4].

4 Participatory Ergonomics

Teamwork has been used in the implementation of participatory ergonomics in order to
improve the working conditions for the employees. The use of teams to evaluate,
design, and improve jobs is gaining widespread acceptance. Participatory ergonomics
views the employee’s participation and knowledge as critical [5]. Participatory ergo-
nomics stresses worker’s experience in problem solving. The employee’s are in the best
position to identify the problems in the work environment. The worker’s involvement
in the analysis and redesign of their work place leads to better solutions by utilization
of the worker’s knowledge to improve the process. Participatory ergonomics stresses
employee empowerment and autonomy, by providing workers with more control over
their work environment.

5 Employee Participation

The concept of employee participation in new technology implementation is to satisfy
the employee’s needs and therefore increase motivation and acceptance of the new
technology to be implemented. Creating the proper environment to motivate employees
and causing them to work harder will result in increased individual employee perfor-
mance [2, 4, 7]. Therefore participation influences satisfaction and performance, and
brings about an increased flow of information between individuals involved in the new
technology implementation. Essentially employee participation is used in order to
reduce the employee’s resistance to change, and created an environment conducive to
enhancing employee acceptance of the new technology.

Psychosocial Aspects of New Technology Implementation 5



6 Case Study

This model, involving teams and teamwork, was utilized on a new technology
implementation in a manufacturing assembly facility. The project consisted of intro-
duction of a new assembly method in a medium size manufacturing facility.

This implementation of new technology consisted of the following project scope:

(1) build a focus factory with capacity to produce 160 units per shift;
(2) convert a 38,000 square foot warehouse into manufacturing space;
(3) build a 5,000 square foot paint line building addition; and
(4) initiate and complete the project within a four month time frame.

7 Case Study Project Items

This case study consisted of the following project items:

(1) reinforce the existing building structure;
(2) install welding ventilation;
(3) install ¾ mile additional power and free paint conveyor;
(4) install nine “new concept” robotic weld cells;
(5) install a “new concept” overhead power conveyor system;
(6) install a new powder paint robotic paint booth;
(7) install three material paint drops, and
(8) construct new offices, lunch room, bathrooms, and locker room facilities.

8 Case Study Highlights Summary

Throughout this new technology case study the following processes were implemented:
information sharing, employee participation, employee involvement, planning for
change, High Involvement Management [4], and the Balance Theory Model [2].

The type of powered overhead conveyor system has never been utilized at the
existing manufacturing facility. Therefore there was a high degree of uncertainty and
uneasiness on the part of the management and employees in the manufacturing facility.
Even though this powered overhead conveyor system has been proven to be successful
in several similar mass production facilities. The current management and employees
had to be convinced that a this was the best thing to do in order to ensure the long term
profitability and survival of the organization.

In addition; the overall management and operational structure of the new assembly
area was to be team oriented. This was a significant departure form the norm in regard
to work group organization. Management had attempted to employ this team oriented
approach in the past with very little success. It was thought that with this new conveyor
and assembly method the time was right to attempt to employ a team oriented
approach. This would be an empowered team oriented approach; in which the teams
were empowered to run the entire assembly area. The team of employees working in
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the area would be empowered to make all day to day decisions related to the smooth
operation of the area. All employees were already familiar with an employee incentive
pay system, so therefore it was thought that total empowerment of the employees
would result in greater employee satisfaction, improved employee motivation, and
yield higher employee productivity and efficiency. The employees were also empow-
ered to design their jobs in order to optimize their productivity and efficiency. The
employees could therefore utilize peer pressure to attract like minded employees to
their peer work group.

In regards to ergonomics; a participatory ergonomics approach was utilized in order
to solve ergonomics problems in the assembly line environment. Participatory ergo-
nomics consists of a small group of employees meeting in order to solve ergonomics
problems which exist. Participatory ergonomics allows employees to be heard
regarding ergonomic problems in the assembly area. Participatory ergonomics also give
the employees the knowledge and access to expertise in order to solve the ergonomic
problem. By listening to the employees opinions, and through cooperation between all
the parties involved; ergonomics problems could be corrected in a timely proactive
manner. The communication and sharing of information in critical to the successful
utilization of participatory ergonomics. Participatory ergonomics is a useful tool to use
to create employee participation and involvement, and also reduce the resistance to
change with the implementation of new technology.

9 Conclusion

This model, involving teams and teamwork, explains a way in which new technology
implementation can be successful; by the interaction of five different factors - tech-
nology, organization, task, environment, and individual. This model establishes a
system to balance the bad aspects of new technology implementation with the good
aspects of new technology implementation. The advantage of this model is that new
technology can be implemented with a holistic “big picture” view of the project.
Therefore all elements of the new technology implementation must be considered in
order to determine the most effective implementation strategy for the new technology.
Teamwork, participation, and employee involvement are critical to the successful
implementation of new technology.
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Abstract. This paper discusses the combined issues of lean thinking and
maintenance in particular performance indicators to identify the impact of lean
thinking within maintenance. Specific attention focuses on the contribution of
lean thinking within an organization, the need for maintenance to align itself
with the business objectives of the organization, and the need for performance
measures to inform of improvement within the organization, and maintenance in
particular, through lean tools and activities.

Keywords: Human factors � Human-systems integration � Systems engineering

1 Introduction

Today, the organizations must be flexible in their operations, capable of producing
quality products and delivering the products to the customers with competitive price
[1–6]. These demands emphasize the need for high levels of overall system reliability
that include the reliability of human resources, machines, equipment, material handling
systems, other value adding processes, and management functions throughout the
manufacturing system [7–10]. Low productivity, downtime, and poor machine per-
formance is often linked to inadequate plant maintenance, which in turn can lead to
reduced production levels, increasing costs, lost market opportunities, and lower
profits. These losses have given firms worldwide the motivation to explore and
embrace proactive maintenance strategies over the traditional reactive firefighting
methods [11–14]. One approach to improve the performance of maintenance processes
is to implement lean tools.

The objective of this papers is to identify the different types of maintenance waste
evident in the companies and to see how the identified maintenance wastes are reduced
or eliminated by the lean tools. The structure of this paper is organized into five
sections. The next section is literature on lean thinking review. The third section is
literature on maintenance strategies and activities, and lean thinking within the main-
tenance process, review. The fourth section discusses the maintenance process from
lean perspectives. The last section contains a conclusion of the paper and proposals for
future research.
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2 Lean Issues

The philosophy of Lean and its practices have emerged as one of the most successful
and widely used systems in today’s world. Many researchers have recommended Lean
as a very effective system for making an organization better and more capable. Lean
can be considered from both a philosophical perspective, related to guiding principles
or overarching goals, and from a practical perspective, as a set of management prac-
tices, tools, or techniques that can be observed directly [15]. In the book [16] the
authors argue that a lean way of thinking allows companies to “specify value, line up
value-creating actions in the best sequence, conduct these activities without interrup-
tion whenever someone requests them, and perform them more and more effectively”.
Shah and Ward [17] define lean production as “an integrated socio-technical system
whose main objective is to eliminate waste by concurrently reducing or minimizing
supplier, customer, and internal variability”.

The focus of Lean is about waste elimination. Waste in Lean, is defined as anything
that does not add value to the product or service from a customer’s perspective [18].
Since waste elimination is one of the Lean objectives, it is crucial for companies to
identify wastes relevant to: defects, waiting time, overproduction, transportation,
inventory, unused creativity and over processing. To identify the waste and take actions
striving for eliminating or limiting them, operational perspective needs to be applied.
Lean from an operational perspective involves implementing a set of shop floor tools
and techniques aimed at reducing waste within the plant. Such tools and techniques
include, for example, setup time reduction, work standardization, kaizen, visual dis-
plays (e.g. 5S), Kanban and preventative maintenance.

Although lean manufacturing has its origins in the automobile manufacturing
sector, other industries have adopted the practices to improve their own operations [19–
23]. Analysis of literature and observation of businesses operations, led to formulation
of the following thesis “transition towards a Lean production system requires funda-
mental changes in the maintenance operations”. Lean does not work without highly
reliable and predictable machines and processes. A failure in equipment or facilities not
only results in loss of productivity, but also in a loss of timely services to customers,
and may even lead to safety and environmental problems which destroy the company
image. Lean Manufacturing requires equipment to be available on demand. The
requirement leads to the revision of the traditional maintenance process in companies.

3 Lean Thinking and Maintenance

Companies are seeking to gain competitive advantage with respect to cost, quality,
service and on time deliveries. The effect of maintenance on these variables has
prompted increased attention to the maintenance areas as an integral part of productivity
improvement [24]. The term “maintenance” is defined in standard EN 13306 as the
“Combination of all technical, administrative and managerial actions during the life
cycle of an item intended to retain it in, or restore it to, a state in which it can perform the
required function (function or a combination of functions of an item which are con-
sidered necessary to provide a given service).” By Khairy [25] the key objective of
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maintenance is “total asset life cycle optimization” and this objective must be attained in
a cost - effective way and in accordance with environmental and safety regulation.
Hence, that maintenance management must align with business activities at strategic,
tactical, and operational levels [26]. Kans [27] has described maintenance management
as activities in order to reach the goals of efficiency, effectiveness and cost-effectiveness
in the maintenance area and where the overall goal is to contribute to company’s
profitability and competitiveness (Fig. 1).

Manymaintenance strategies have been developed in the last decades and applied to a
large array of industries. The interesting classification of maintenance policies is found in
[28]. The author describes, from his point of view, the traditional division of maintenance
policies into 3 categories: technology oriented (Reliability CentredMaintenance - RCM),
human factors oriented (Total Productive Maintenance - TPM) and monitoring and
inspection oriented (Condition-Based Maintenance - CBM). The strategies listed above
are widely discussed in the literature. However, in the enterprises many “individualized
maintenance strategies” refer to “knowledge-based enterprise”. The main objective of
such methods is to use the immaterial resources of each organization in order to increase
the economic benefit resulting from the construction of a maintenance strategy adapted to
the requirements and resources of each organization [29].

Looking at maintenance as a profit center rather than a cost center is fundamental to
Lean and promotes the idea of investing in maintenance to achieve a future return in
production efficiency. However, most companies are solely focusing on manufacturing
efficiency by Lean production tools, but a prerequisite for the success of a Lean
manufacturer is the concurrent adoption of Lean maintenance [23].

The concept of lean maintenance, which originated in the manufacturing industry, is
known as a systematic approach to identify, analyze and eliminate waste through proper
management and continuous improvement. Levitt [30] defined lean maintenance as
delivery of maintenance services to customers with as little waste as possible. This
promotes achievement of a desirable maintenance outcome with fewest inputs possible.

Fig. 1. Connection between maintenance and profitability [27]
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Inputs include labor, spare parts, tools, energy, capital, and management effort. The
gains are improved plant reliability (availability) and improved repeatability of process
(less variation). Broader definition was formulated by Ricky Smith [31], he defined Lean
Maintenance as a “proactive maintenance operation employing planned and scheduled
maintenance activities through total productive maintenance (TPM) practices, using
maintenance strategies developed through application of reliability centered mainte-
nance (RCM) decision logic and practiced by empowered (self-directed) action teams
using the 5S process, weekly Kaizen improvement events, and autonomous mainte-
nance together with multi-skilled, maintenance technician-performed maintenance
through the committed use of their work order system and their computer managed
maintenance system (CMMS) or enterprise asset management (EAM) system”.

The fundamental concept of Lean maintenance is to reduce all resource needs
(inputs) to the lowest possible level consistent with achieving the desired level of
equipment reliability (output). To achieve this goal requires removing waste from all
processes and activities. Waste is defined as any resource or activity related to the
process that is not contributing value to the end “product”, in this case defined as
equipment availability. The biggest losses in maintenance, and thus the biggest
improvement opportunities include:

– Manufacturing Reliability (loss in quality, stop times, loss in speed);
– Partnership between Operations – Maintenance – Engineering (reliability and

maintenance related design, operator based maintenance);
– Elimination of root cause of the problem (choose problem to eliminate; eliminate

problems, educate and teach);
– Storage (reduce the store value at the same time as you preserve service level to

maintenance);
– Integration and application of increased knowledge and skills (education and

training of crafts people to enable multi craft or multi skills);
– Over maintenance (perform too much and wrong preventive maintenance, perform

preventive maintenance before it is needed, do corrective maintenance with higher
priority than needed);

– Use of new technology (less need for maintenance, better maintainability, smart
tools and methods).

Lean Manufacturing can never achieve the best possible attributes of “Lean” without a
Lean Maintenance operation. By definition, Lean means quality and value at the least
possible cost. Without maximum equipment reliability - a product of optimized Lean
maintenance practices - maximum product quality can never be attained. A manufac-
turing plant with intentions of implementing Lean Manufacturing should begin with a
few essential preparations. One of the most important preparations is the configuration
of the maintenance organization to facilitate, first - Lean Maintenance, and next - Lean
Manufacturing. The Maintenance function needs to implement plans to integrate and
evolve its methods to meet the new demands placed on it by Lean Manufacturing. Lean
Thinking can help the Maintenance department to deliver improved departmental
performance, lasting change and raise the profile of Maintenance as a value adding
function rather than a cost. The efforts of Lean will improve the maintenance “product”
quality by lowering measurable process outputs (amount of rework, number of
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maintenance-induced failures, and so on). Identifying the customer and focusing on
improving quality and lowering cost of the product are common elements to both
maintenance and manufacturing.

4 Lean Maintenance Tools and Its Effectiveness

The Maintenance function needs to implement plans to integrate and evolve its
methods to meet the new demands placed on it by Lean Manufacturing. A compre-
hensive lean tools developed for maintenance activities within an organization include
VSM, 5S, overall equipment effectiveness (OEE), Kaizen, work standardization TPM,
SMED, computer maintenance managed system (CMMS) [32]. The above-mentioned
lean maintenance tools are used in enterprises representing different industries, results
of tier implementation are evaluated with metrics and indicators of financial and
non-financial character. The examples of the implementation of lean tools into main-
tenance in three different companies representing food industry are presented below.
According to numerous studies, the food industry is, together with the automotive
industry the sector in which maintenance process is under particular supervision. It is
consequence of the fact that the maintenance of machinery and equipment has a direct
impact on the health safety of products.

4.1 Value Stream Mapping - VSM

Value stream mapping has supporting methods that are often used in Lean environ-
ments to analyze and design flows at the system level (across multiple processes) [33].
Value stream mapping analyzes both material and information flow. By drawing the
VSM, the practitioners were able to: visualize and clearly see the entire flow, identify
the waste in the value stream, establish the linkage between the information flow and
the material flow and understand how the organization will be in the future, if all the
improvement activities are implemented properly and if the identified wastes were
eliminated or removed. Although value stream mapping is often associated with
manufacturing, it is also used in maintenance. Implementation of the tool to mainte-
nance was introduced, among others, in [34]. The example in the Fig. 2 presents
breakdown procedure.

Evaluation of the result of the project was presented by non-financial measures
(reduction of time), but in operating conditions of the company that measure has a
significant impact on the number of goods produced, and therefore money.

4.2 5S Practices

5S practices are a component of lean maintenance which creates room for standardized
environment for work, with a focus on waste elimination and involves five steps.
Successful application of 5S may provide the following advantages in maintenance:
workplaces more efficient, organized, clean, productive and safe; improvement of
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working conditions; better view of the problems; reduction of costs, unproductive time,
space and movements; and reduction of losses related with failures and breaks.

Introduction of 5S practices into maintenance processes shortens the time of repair
(one of the indicators most commonly used to assess the effectiveness of the work of
maintenance is MTTR - Mean Time To Repair), which affects the efficiency of pro-
duction equipment, increasing OEE (Fig. 3).

In the 5S process a key role play visual controls by providing an effective tool to
remove clutter and organize the workplace. Visual controls present to the manufac-
turing operator/maintainer: What the user needs to know; When the user needs to know
it: Where the user needs to see it; in a format that is clearly understood by the user.
Visual controls are varied and may be specific to a particular production environment.
Some examples of visual controls include: graphic visual controls, audio visual con-
trols and automated visual controls.

Fig. 2. Value stream mapping - breakdown procedure
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According to Gupta and Jain [35], 5S is the basic starting tool used to make
companies neat and standardized.

4.3 Standardization

For many Lean projects, the key to sustainability is standardization of work technique.
The standardized work process is designed for the purpose of providing the technician
with the current best method to safely and efficiently perform his or her work, at a
target quality level set by the organization. In the food industry standardization of
activities carried out by operators (e.g. washing a machine) and maintenance staff
(repairs, adjustments, etc.) is of particular importance. Identifying places of accumu-
lation of dirt, eliminating places hard to reach from the perspective of maintaining
cleanliness and the process itself are actions that reduce the possibility of contamination
of the product in its manufacturing process. In companies that benefit from TPM
practices within Autonomous Maintenance pillar teams of operators and maintenance
staff identify possible places of accumulation of dirt, places difficult to reach and
develop standards for cleaning and washing. These standards are the most commonly
known under the name One Point Lesson - OPL. Sample procedure shown in Fig. 4.

Lean maintenance activities are only as effective as their sustainability. This implies
the need to establish goals, analyze trends and take actions adequate to the situation.
Identifying the need to developOPL is one thing, another, no less important is the content
of OPL - how to perform the work contained in the document. A commonly used tool is
the PDCA cycle (Deming cycle), which not only systematizes actions of teams working
on the reduction of losses and the definition of standards, but also draws attention to the
fact that the standard to be effective must lead to repeatable results, regardless of which of
employees will use it. Hence the need for trend analysis and the definition of the moment
in which sustainability has been reached. An example of an analysis of the effectiveness
of measures taken by the AM team towards definition of the standards of cleaning
machines in one of the food industry representatives is shown in Fig. 5.

Fig. 3. Relation between MTTR and OEE - example
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Analysis of the trend enables assessment of not only the effectiveness of the actions
taken (the goal was to reduce the cleaning time for the machine) but sustainability of
results in the longer term. If the effect is maintained over a longer period of time (this
time is determined by the team at the planning stage) then the method of implemen-
tation can be documented in the form of OPL.

4.4 Total Productive Maintenance

A very foundation of Lean Maintenance is Total Productive Maintenance (TPM). TPM
is an initiative for optimizing the reliability and effectiveness of manufacturing
equipment. TPM is team-based, proactive maintenance and involves every level and
function in the organization, from top executives to the shop floor [5]. TPM addresses
the entire production system life cycle and builds a solid, shop-floor-based system to
prevent all losses. TPM objectives include the elimination of all accidents, defects and
breakdowns. One of the most important pillar of TPM concept is “Autonomous
maintenance”. This pillar includes the following issues: team work (operator, mechanic

Fig. 4. Critical point analysis sheet - example
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and electrician together take care for machines and other devices to produce high
quality products at reasonable costs), bringing optimal work conditions back (instal-
lations without defects, easily conservable, clean, operating according to technological
and quality specifications), maintain optimal work conditions (systematic inspections,
cleaning, planned lubrications). As a result of involving employees in improvement
action, a system of initiatives development “Kaizen” is developed. To be successful
“Kaizen” requires good leadership, careful planning and good performance measure-
ment system. The measurement of performance is important for both teams of
employees who design and implement improvement actions and for managers. The
effectiveness of work of teams can be assessed using both measures of financial and
non-financial character. An example of such evaluation is shown in the Fig. 6.

The form described above enables the assessment of effectiveness of individual
teams involved in activities to improve the maintenance processes. Any action taken by
a team is associated with resources and can be treated as a form of investment. Thus,
the assessment of these activities from the perspective of ROI is justified.

Fig. 5. Clearing time trend analysis before and after improvements
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5 Conclusion

Nowadays every company aims to increase, or at least sustain, their profitability by
controlling and reducing production costs. The Maintenance department and mainte-
nance service it provides don’t exist in isolation to the rest of the business – it is part of
a system. Maintenance activity is a fundamental pillar sustaining product high stan-
dards and plant availability. Without this viewpoint, the maintenance results remain
restricted to the performance of each action, losing the overall perspective.

Maintenance influences and is influenced by Lean Manufacturing. The impact of
Maintenance on Lean Manufacturing is its ability to improve the value adding capa-
bility by delivering: (1) stabilized performance to reduce unplanned events and waste
and (2) optimized performance to reduce quality defects, cost and delivery lead times.
The Impact of Lean Thinking on Maintenance is its tools to guide the reduction of
waste and non-value added maintenance activities i.e. stabilize and extend component
life by controlling contamination and minimizing human error; analyze and remove
unnecessary maintenance procedures; developing standard countermeasures to com-
mon problems; reduce time to repair; engage operators in asset care and improve ease
of inspection and early problem detection.
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Abstract. The usage of single-point lessons is a technical support for machine
operators. The lessons are one-page instructions, complementing the knowledge
with diagram of described main or sub-process. They are operating instructions,
whose task is to guarantee repeatability of performed actions, and deliver the
basic knowledge to operators, equalize it and teach best possible solutions. The
instructions determine the method of actions to solve the problem in best known
way. Their short content and diagram or photo included make agreed way of
working easier to remember. They indicate stability and continuity of the pro-
cess, share the knowledge of advanced operators in the form of single page
instructions.

Keywords: Standardization � Lean manufacturing � One point lesson �
Technical procedure � Lacquering UV line � Lacquering process

1 Introduction

Contemporary machines grouping in mutually dependent technological strings obliges
companies to new interpretation of tasks to technical system [1, 2]. Organizing and
automation of work, previously done intuitively or inadvertently, are used to determine
process standards, operation times, identification and elimination of waiting, downtime,
replicates and unnecessarily performed activities [3–5]. This inter-organizational
activities, which consists of documents preparation for activities repeatability regula-
tion, operations and processes, is designed to ensure maximum efficiency, reducing
waste and increasing competitiveness [6–11]. Issues related to work standardization in
modern technology parks refer to efficiency improvement of operations by minimizing
or complete elimination of waste, and controlling the flow of the added value of lean
production Lean Manufacturing (LM) [12]. The wastage of Lean, defined as Muda,
refers to the eight types of losses: overproduction, waiting, unnecessary transport,
excessive or incorrect processing, excess inventory, unnecessary motion, defects, not
used employees creativity [13]. The keynote in the LM is proper processes designing,
which minimizes waste not recognized in planning and organizing before [14–16].
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The article is to discuss issues related to the unification of activities undertaken in
the course of handling a roller coating UV lacquering line, through the use of One Point
Lesson OPL cards. The paper attempts to analyze activities taken on preparation for
work and setting up roller line to a given process suggested by the lacquers supplier.
The discrepancy in setting the line parameter, can lead to insufficient curing of the
lacquer by the UV lamps risking that the product will lose its surface resistance
parameters.

2 The Concept of Standardization in Lean - Historical
Outline

The concepts of work organization and standardization were initiated by American
engineer Frederick Taylor. In his management model encouraged the strict determi-
nation of labor standards, employee tasks and organization of workplace. Taylorism,
although reluctantly accepted by the workers themselves, understands the concept as a
way to increase the exploitation of workers, has been used by plants to Ford auto-
mobiles factories. The work, based on the idea of Ford was continued in 50s of the
twentieth century in Japan by Koichi Shimokawa and Takahiro Fujmoto. The idea of
the Toyota’s factory car production system, based on the movable lines working in
smooth synchrony, improving the concept under the influence of epochal paradigm
change for Comprehensive Control of Quality (Total Quality Control-TQC) [16]. The
name of Lean Management was used by J.F. Krafcik in 1988, followed by Womack,
Jones and Roos, in “Machine that changed the World” [17], popularizing the ideas of
Japanese management concept in the global market. LM overriding goal is to eliminate
waste, that is, everything that raises production costs without paying for it a useful
contribution and commitment to eliminate losses through activities and behavior
standardization in the manufacturing process acting enormous potential source of
corporate performance and customer service improvement. [18] The basic tools of LM
concept, among others [19–22] are: the practice of 5S, Kaizen, SMED, VSM, OPL-
one point lesson, TPM, Kanban, JinT-Just in Time.

The modern routine tasks production model refers to all aspects of the work relating
to: the allocation process elements to the operation sequence and methods for their
exercise in space and time, the cast, the number of required resources and the processed
objects (inventory) and other important elements affecting the progress and results of
the work and performance monitoring [23–28].

3 Interpretation of Standardization in Manufacturing
Companies

Standardization can be defined as the process of creating and applying the rules, aiming
to organize specific activities for the benefit and cooperation interested sides. It
involves: rational selection, ordering, simplification and unification of symbols, con-
cepts, types, sizes, shapes, physical and chemical properties, methods of research,
methods and accuracy of processing and delivery conditions of product. This includes
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standardization planning, development and standard setting, putting them into force,
implementation effects examination and control of their application. Based on the
above, it can be assumed that the standard is a static concept, defining a state, and
standardization is a dynamic concept, defining the performance of something in a
reproducible manner.

Another interpretation of the concept says that the work processes is needed to
facilitate efficient, safe work methods and eliminate wastes, while maintaining quality
[29]. Lean standardization refers to the process in the safest and easiest way for the
employee, and the most cost-effective and productive for the company and to guarantee
the quality for the customer [30]. Standardization as a continuation of normalization
activities carried out at the level of the organization, through the introduction of
documents regulating individual activities, their exact descriptions, to unify the pro-
ceedings and easy replacement of the employee, if necessary.

In order to disseminate the standards, enterprises expose necessary documentation
at workstations, as an extension and clarification of organizations decisions.

The currently popular instruction can be classified as One Point Lessons (OPL).
These are simple documents, usually framed with foil and attached in a visible place on
the machine (the area parameter change or significantly affecting expected results to the
product), or for information on the place of performance of the activity. These
instructions, usually created based on the knowledge of operators are the most effective
actions and form the basis for repeatability course of action on one object by employees
of different changes.

The use of single sided support cards should always be based on the knowledge of
people directly related to the subject and their excess can cause discouragement
employee to work. It is recommended to make sure that the instruction is actually
needed in the workplace and also to be aware of certain restrictions on the company,
leading to work stoppages as a result of over-exploitation of the worker or object.
However, the instructions are helpful in better understanding the process, its stable flow
and safe behavior in the workplace.

4 Interpretation of One Point Lessons in Enterprise

4.1 Object Characteristics – Roller Coating UV Line

The object of observation of the process is a roller coating UV line designed for
furniture flat elements treatment. The process is cyclical lacquer layer film application
on furniture elements, which in appropriate conditions (with UV-light) forms a solid
coating bonded to the substrate with defined mechanical, protective and decorative
function. Example of a line roller shown in Fig. 1.

4.2 Roller Coater

The roller coater is a device equipped with dosing roller, blurring roller, carrying roller,
doctor blades, pump, gutters and guards. Staining of the items takes place according to
the diagram (Fig. 2):
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– metal dosing roller regulates the amount of the applied lacquering layer,
– doctor blade removes excess of applied material and distributes coating evenly and

cares for cylinder cleanliness,
– carrying roller, made of rubber, whose hardness is determined in units of Shore (°

ShA) for direct application on treated element.

4.3 Process Card

Roller coating UV line consists of multiple machines connected together. For workers
of quality control, office workers or lean specialists the knowledge of technology is
enough. Each of them will give priority to different technological aspects. For example,
quality controller will check whether the amount of material being applied is consistent
with the technological parameters, and office worker check if line operator wares
hearing protector. To the Board important roles are the costs of used materials and
compliance with the quality demands to the product. An example of a technological
process for the line is shown in Fig. 3.

On the basis of the information contained in Fig. 3, the process indicates the basic
parameters, but different methods of work can be easily use, what does not break
lacquer supplier guidelines. The interval from-to, is dictated by the influence of the
environment on the process (temperature outside and inside, humidity, day time or day
of the week, materials wear, sanding, UV lamps effectiveness, etc.), as well as the same

Fig. 1. Example of roller coating UV line.

Fig. 2. Roller coater scheme
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quality of element surface to factors such as quality grade, number previously applied
layers on the substrate (raw elements or if element are lacquered again to repair the
surface). A substantial impact on the lacquers consumption is the line automation. At
high speeds, the occurrence of deviations from set parameters are counted in the
number of pallets rather than individual pieces. In general, the detail and easier
treatment process is described that is easier to control application of lacquer to maintain
the desired quality of the product.

Fig. 3. Treatment technology for flat surfaces
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4.4 Elimination of Waste

Modern manufacturing plants in its parks can have a quick and automated lacquering
lines. Consumption of lacquer on one object can be 15−20 thousands kilograms per
month, putting the company on a number of losses and the risk associated with the
complaint or total loss of the product. From the perspective of a single operator,
working not according to the procedure should not have major consequences. How-
ever, based on statistical data purchase costs of additional lacquers are huge and
sometimes the same manufacturer fulfilling orders in accordance with the schedule is
not able to provide additional lacquers if they are missing in factory due to overcon-
sumption. UV lacquers have their expiry date and their cost is so big that production to
build a stock is unprofitable. Of course, for the sake of cooperation, such situations
occur but in the best case production is expected for delivery the additional lacquer a
couple of hours. From perspective of situation described above, the evaluation of
consumed materials and their deviations from the desired technology in the context of
total consumption shows Table 1.

According to the analyzed case corrective action should be taken and additional
standardization process in order to search for the root causes of the condition should be
made. The interesting thing was that the records in the control books did not differ to
preset standards and any deviation as a result of the inspection was immediately
corrected. It also turned out that each operator has its own way of working and it is
difficult to determine which one is the best. Therefore, it was decided make a meeting
where proposed a game that allowed to search together best work schemes. Invited
operators were making paper airplanes and then tried to direct them into the container.
Operators improving and perfecting construction of their paper machines, while
improving their efficiency in flight. This apparent game helped to understand how each
of them strives to achieve the production process while maintaining quality for the
product. It turned out that one-page manual should be prepared, on the basis of which
they perform certain standard tasks that are repetitive and at the same time that they are
not exposed. Example of such instructions are shown in Figs. 4 and 5.

Preparation of cards explaining how to set the machine showed what derogation
from the assumptions can be used. In addition, operators have developed a list of the
best standards to operate machines. It turned out that the overall process itself does not
guarantee stability of lines work and prepared information helped in better under-
standing. Assessment of operator’s work on the basis of publicly available data not
always shows the enormity of the tasks of processing line. Creating one point lessons
so far focused on the 5S in the production were the breakthrough in interpretation of
previously user system instructions. The company has established a common language

Table 1. Overconsumption of lacquering materials due to diviation to agreed parameters

Period: I II III IV V VI VII VIII IX X XI

Line A 17% 15% 27% 21% 22% 18% 24% 15% 19% 17% 19%
Line B 34% 21% 32% 38% 39% 21% 26% 31% 25% 24% 28%
Line C 14% 12% 11% 35% 15% 11% 14% 16% 16% 12% 11%
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that is understandable to a larger group of people. As a result of new working schemes
for line parameters setup subsequent measured time periods showed lower lacquering
materials consumption, as shown in the graph in Fig. 6.

Company name 
(logo)

ONE POINT LESSON – OPL         Registered document

Instruction name:
Rollers marking

Area:
Lacqueri
ng dep.

Doc. No. Date: Actualisation date: Version: 

Workstation: Linia X Owner: 

Roller coater setup parameters
Roller coated transport speed (m/min) 35-38
Dosing roller speed (m/min) 8,3-9,8
Carving roller speed (m/min) 34-36
Dosing roller teperature (°C) 15-18
Carving roller temperature (°C) 22-25
X-material application before carving (g/m²) 40-44
X-material application after carving (g/m²) 25-28
X-material temperature (°C) 24

Safety symbol: Signatures:
Shift A
Shift B
Shift C
Shift D

Foreman: Operator:

Company name 
(logo)

ONE POINT LESSON – OPL         Registered document

Instruction name:
Rollers marking

Area:
Lacqueri
ng dep.

Doc. No. Date: Actualisation date: Version: 

Workstation: Linia X Owner: 

Distance between rollers setup
Distance 
between 
rollers

Lacquer application 
before carving (g/m²)

Lacquer application 
after carving (g/m²)

00030 65 18-20
00027 50 18-20
00024 40 18-20
00021 35 18-20
00018 30 18-20

Safety symbol: Signatures:
Shift A
Shift B
Shift C

Foreman: Operator:

Fig. 4. One point lessons
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Fig. 5. One point lessons with exposition on workstation.

Fig. 6. Assessment of situation after OPL implementation.
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5 Conclusion

The task of lines operation unification was also to develop a method of common
working method at each shift and applied by all operators working with the line. The
advantage of One Point Lesson is transparency and complete knowledge of the specific
technical parameters, which up to now were knowledge of people directly associated
with the line. Additional information, including how to get the machine to work,
located at every crucial point of the activities undertaken by operators, added to the
knowledge of people associated with the technical aspects of the operation. At the same
time it facilitated the work of new employees who can operate the machine obtaining
the same results as experienced operators from another shift. In case the process
change, employee uses all information gathered in the designated place on the line and
may proceed in accordance with the new scheme. These activities allowed for a more
complete standardization and work efficiency increase of lacquering line, providing the
same quality background for manufactured products. As a result, it has improved
safety, as operators stopped the use of additional activities that were raising the risk
related to the accident as a result of roller coaters operating, limiting it to work
according to accepted patterns. Additional benefit for the company was reduction of
consumed lacquers amount by 19%, which contributed to a reduction manufactured
products unit cost. Amount of ordered lacquered materials that were ordered on the
basis of proposed by the supplier of lacquering technology without the risk of stopping
production in the absence of materials for elements treatment were reduced, too.
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Abstract. The article describes the use of TPM pillars: Focused Improvement,
Autonomous Maintenance, Planned Maintenance, Quality Maintenance, Early
Equipment Management and Training and Education, along with their imple-
mentation for the purposes of fatigue management. Among the various tech-
niques used as part of TPM, the techniques that allow better control over the
welfare and safety of workers are highlighted. The following methods proved
particularly useful in fatigue management: Focused Improvement, where small
groups of employees work together proactively to achieve a regular, incremental
improvement in safety and fatigue management, as well as Training to establish
responsible behavioral patterns in the management of fatigue of both employees
and management. The article also presents a theoretical application of the
Overall Labor Effectiveness (OLE) indicator, which is analogous to the Overall
Equipment Effectiveness (OEE) indicator for the purposes of fatigue
management.

Keywords: Ergonomic design � TPM in fatigue management � Systems
engineering � Design for deficits

1 Introduction

Fatigue management is the next step in improving workplace safety. This process
progresses along with developing operational excellence in other key areas of an
enterprise, such as logistics, production and maintenance. Each has an effect on the
enterprise achieving corporate success, and shortcomings in any of these areas can
bring about a dangerous dysfunction of the whole system. With the implementation of
excellence systems such as Total Productive Maintenance (TPM), enterprises achieve
not only a common course of action, but also a common methodology. The applica-
bility of TPM methodology and its related tools was observed while developing a
fatigue management system for employees of bituminous coal mines. This, along with
macroergonomic considerations of fatigue management, gives an opportunity to
implement fatigue management into the context of occupational health and safety
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management systems, and based on that create high functioning decision support for
stakeholders.

2 Fatigue Management in the Mining Industry

Interest in fatigue management is particularly evident in areas of human activity where
the consequences of even the smallest errors due to fatigue can have tragic conse-
quences. One such area is certainly bituminous coal mining, which both in Poland and
around the world is subject to special supervision because of the threat to life involved
in underground workings [1–4]. This situation arises due to the specific working
conditions in this sector and is associated with the occurrence of virtually all natural
hazards, the avoidance of which requires employees to have a significant level of
psychomotor performance.

Management is a natural consequence of work performed under certain conditions
and time. Increasing exhaustion resulting from undertaken effort (physical or mental–
includes readiness for effort) [5] along with human capabilities, establish the curve of
the potential to carry out tasks in a work system. The ability to work is multidimen-
sional and its variability is due to both fatigue resulting from exertion and the natural
variability in human abilities due to biological rhythms (Fig. 1).

The operator’s potential (performance level) supplements the technological and
organizational solutions existing in the work environment (PM-max – maximum
machine potential, PO-max – maximum organizational potential), thereby defining the
human potential in that moment PH(t), which equates to the demand. The difference
between the points on the curve of the required performance of the system and the

Fig. 1. Fatigue–concept of operator performance (source: own elaboration)
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curve of human potential, determines the level of excessive fatigue, which in a given
industry is classified as satisfactory or unsatisfactory. In the event that technological
and organizational measures exceed the requirements of the T-O system, the work
system is temporarily self-sufficient and unattended. The operator remains on standby
until the need arises (but monitoring itself is an operator’s participation in the work
system). This approach shows that fatigue management involves the appropriate
administration of the course of human potential PH, and the supporting technological
and organizational measures PM-max, PO-max, in relation to the requirements generated
by the work system and its immediate surroundings (Fig. 2).

In practice, there is a number of factors associated with the external environment
that are crucial to take into account when applying systems and process fatigue
management [6]. Basic problems contained in fatigue management include:

• recognition of the symptoms of fatigue before it reaches a level high enough that it
threatens the safety of the work system–a number of publications exist on the
methods for efficient and non-invasive detection of fatigue [7–9] or systems to rec-
ognize performance exhibiting fatigue [10]–a comparison of systems can be found
[11], however, subjective measures based on self-reporting are also used [12–14],
and are recognized as an efficient tool for the detection of fatigue,

• allocation of tasks to employees in a way that maximizes their potential to perform
work, optimizing the risk of fatigue leading to undesirable situations,

• an operator’s return to equilibrium from a fatigue state, allowing one to return to
performing operations (a way to restore an employee back to work in the system),
which is related to the issue of situational awareness and the ability to re-assume
responsibility for the tasks performed by the operator (if the system detected a level
of fatigue that made it impossible to continue working safely–so-called back in the
loop [15]),

Fig. 2. Fatigue–prevention of operator fatigue (source: own elaboration)
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• ensuring an appropriately low initial level of fatigue through the management of
environmental factors outside of work,

• integration of fatigue management into a company’s other activities, in a way that
enables the achievement of the aforementioned goals.

In view of the wide range of the above-mentioned mentioned issues, this article pre-
sents the ability to systematize activities in a fatigue management system through the
use of the TPM approach.

3 TPM and Its Use in Fatigue Management

A modern approach to operation maintenance is the TPM (Total Productive Mainte-
nance) program. This management philosophy includes all employees in the effective
management and maintenance of machinery through the elimination of any sources of
losses following the client’s requirements [16]. The general idea of TPM is to organize
repairs within the production team to improve performance of maintenance and pro-
duction staff and re-design and reconfigure equipment in a manner that makes it more
reliable and easier to maintain. This achieves equipment reliability, preventing human
terror, and eliminating accidents, which are the main goals of TPM [17, 18]. A desir-
able side effect of TPM is increasing employee morale and job satisfaction, which also
increases worker safety [19]. To achieve this goal, the so-called TPM pillars are used:
Focused Improvement, Autonomous Maintenance, Planned Maintenance, Quality
Maintenance, Early Equipment Management and Training and Education. All these
pillars can be used for the purposes of fatigue management. Among the various
techniques used as part of TPM, the techniques that allow better control over the
welfare and safety of workers should be highlighted. Some methods of TPM proved
particularly useful in fatigue management: Focused Improvement, where small groups
of employees work together proactively to achieve a regular, incremental improvement
in safety and fatigue management, as well as Training to establish responsible
behavioral patterns in the management of fatigue of both employees and management.

Table 1 presents objectives for each of the pillars of TPM with the corresponding
actions for fatigue management. Analogously to TPM, where undertaken actions
provide continuous and effective machine operation, in fatigue management the same
goals are implemented for the employee. In fatigue management, maximizing
employee efficiency does not equal maximizing employee effort but its optimization.

The indicators used in TPM methodology may also be implemented in fatigue
management. One example would be the Overall Labor Effectiveness (OLE) indicator,
which is analogous to the Overall Equipment Effectiveness (OEE) indicator. OLE
accumulates three workforce factors [21]:

• Availability: the percentage of time the workforce spends making effective
contributions,

• Performance: the amount of product delivered (in mining companies amount of
produced coal per shift, team etc.),

• Quality: the percentage of perfect or saleable product produced (quality of produced
coal).
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The use of OLE indicator in fatigue management involves compiling its value with
workplace conditions and the studied work factors. Achieving system synergy (using
the remaining TPM tools) allows one to search for losses or unproductive activities.
Thus, actions within the work system will be verified according to their impact on the
productivity of the workforce.

An important advantage of TPM in fatigue management may be actions that mit-
igate losses. Examples of the application of particular categories of losses are presented
in Table 2.

Losses may seemingly appear to provide relief in a work system by providing
unscheduled breaks, however, because they appear randomly and are unpredictable

Table 1. The application of TPM in fatigue management (own elaboration based on [20]).

TPM pillar TPM goal and tools Use of TPM in fatigue management

Autonomous
maintenance

Fostering operator ownership–own:
cleaning, lubricating, tightening,
adjustment, inspection

Anti-fatigue self-control,
recognition of states preceding
chronic fatigue

Focus
improvement

Systematic identification and
elimination of losses (5-whys,
FMEA, OEE implementation)

Recognition of losses related to
human labor, detection of
operations that cause unnecessary
fatigue, burdening the employee
without providing adequate work
results

Planned
maintenance

Preventive Maintenance (PM) and
Predictive Maintenance (PdM)–
used tools (PM check sheets,
MTBF)

Constantly striving to limit
fatigue-inducing factors. Use of
MTBF as an indicator of the
adequacy of scheduled tasks (repair
is understood as the time that will
be needed to be able to return to
performing work)

Quality
maintenance

Zero defects approach
M-optimization
(machine/man/material/money)

Optimization of work factors and its
surroundings in order to reach the
absence of overload in any
undertaken action

Education &
training

Multi-skilling of employees
Aligning employees to
organizational goals. Periodic skill
evaluation and updating

Training and awareness of
employees in relation to activities
of fatigue management. Staff
multitasking to ensure appropriate
conditions for rotation and uniform
division of load among employees

Safety &
environment

Ensure safe working environment Measures to improve the safety
culture, even in the case of
high-risk work (mining)

TPM in
administration

Improve synergy between various
business functions

Enhancement of the tribes and silos
value-added approach,
improvement in department
synergy
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they result in increased time pressure during operation (making up losses), and will
consequently decrease employee performance.

4 TPM in a Fatigue Management Integration System

Activities in fatigue management (detection of early symptoms, the allocation of tasks
in order to reduce the effects of fatigue, etc.) require the application of process changes
in the employee management system, which can be included in the following list of
requirements [22]:

1. Detailing the scope, objectives and tasks of individual processes–which will help
direct focus on how to conduct employees to limit their fatigue by making deci-
sions based on the results of monitoring of selected characteristics of the physical
and mental state of employees when performing specified actions.

2. Conducting an in-depth analysis of labor standards and the preparation of changes
that reduce the risk of fatigue of workers employed in specific work positions.

3. Introducing cyclical extensive analyses of accidents resulting from fatigue and
decision-making on the basis of these findings - to supplement existing procedures
or developing new ones.

Table 2. Scope of the application of TPM in fatigue management (own elaboration based on
[20]).

Type of loss Nature of losses, which should be detected and eliminated as part of
fatigue management

Breakdown/failure Working with inefficient/broken equipment
Set-up and
adjustment

Breaks due to changeovers improperly utilized

Reduced speed Working slower than the projected speed of equipment - hardware
Idling and minor
stoppage

Stopping flow in the work system which requires corrective action on
the part of the operator

Defect and rework Fatigue resulting from the need to fix defects at work and
re-perform/re-work tasks

Start-up Working during start-up, a long period of adjusting pace after
resuming work

Tool changeover Loss of time and labor on performing tool changes due to damage or
wear outside the scheduled period of service

Distribution/logistic Lack of automation of highly repetitive tasks leading to inefficient
human labor

Line organization Unsynchronized production line causing downtime on the job
Measurement and
adjustment

Multiple repetitions of measurement and control tasks

Management Losses arising from waiting for a decision–instruction, course of
action–losses resulting from inadequate division of competences

Motion-related Lack of motion economy, unnecessary tasks and transitions
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4. Developing a fatigue factor monitoring system, simultaneously aimed at distin-
guishing fatigue factors and work positions particularly exposed to the risk of
excessive influence of a particular factor.

5. Developing a final list of positions and tasks particularly causing an increase in
fatigue, which will form the research sample during the implementation of an
employee fatigue management system.

6. Implementing a monitoring system by: selecting the scope of the application of the
system, guidelines for its use, those responsible for its use, conducting training for
users, support during its first application.

7. Detecting relations resulting from new solutions and introducing them to a schema
of IT and physical links between components of the system.

8. Developing a set of measures and norms for an assessment of fatigue at analyzed
workstations and periodically comparing the achieved results.

9. Developing measures or indicators testifying to the effectiveness of the worker
fatigue management system.

10. Supplementing the description of operations (procedures, instructions) with new or
modified activities related to limiting fatigue, but also to carrying out an extended
analysis of accidents, training and tutorials, operation of the fatigue factors mon-
itoring system, systematic analysis of data on fatigue factors and decision-making
with regard to the prevention of the consequences of fatigue in individual
employees as well as an analysis of the system’s performance indicators.

11. Confronting the introduced procedural changes with employee representatives, and
hence ensuring their acceptance and success in the implementation of changes.

12. Determining which actions are indispensable for employee fatigue management,
assigning them clearly defined responsibilities, incorporating them into duties as
well as informing the employees.

13. Conducting training and tutorials among staff in order to create favorable attitudes
and behavior towards the fatigue management system.

14. Conducting a series of training sessions on improving the quality of sleep and
reducing stressful factors and raising individual abilities to limit fatigue resulting
from the performed work.

The above-mentioned activities of various strategic level (micro-, meso- and
macroergonomic) [23] may be sorted according to a scheme of implementation sup-
ported by the TPM method. Despite the fact that ergonomics in fatigue management at
the level of work positions will be a very important factor in limiting fatigue, e.g. by
adapting the work space [24] or the mental strain of operators [25, 26] there are sought
ways to integrate these activities to achieve a higher purpose which is the safety and
welfare of workers [27, 28]. A plan for the systemic implementation of fatigue man-
agement with the use of TPM is presented in Fig. 3.

Activities related to individual management functions undertaken independently
will not have a significant impact on improving fatigue states in workers. The TPM
approach may be applied to systematize management activities.
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5 Conclusions

Fatigue management is a relatively new approach in the fields of management science
and production organization. It seems that the next step on the road to excellence of
production systems will be resource management in the context of achieving employee
welfare. Fatigue management may also be a key factor in the issue of adapting work
systems to an aging population. Work performed by the elderly will involve the need to
ensure the safety of staff and work systems along with the immediate surroundings.
This topic has been given a lot of thought in a number of publications in relation to
micro- [30, 31] and macroergonomics [32]. Future work systems will require a much
greater level of responsibility, hence the greater need for integration of various systems
of business excellence and integration of proven systems such as TPM.
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Abstract. Paper concerns methodology of macro ergonomic system maturity
level rating. The technique is design for wide range of branches and may be
useful for companies, where size and reputation have no matter. Sustainability
as a meaningful part of the strategy in modern business and plays important role
in building competitive advantage. Elaborated methodology among other
methods uses Delphi method as a technique for receiving information from
bigger and more competent group of stakeholders or specialists. Procedure
gaining excellence path as a final effect of elaboration is based on pointing out
the area of macro-ergonomic system and its most important indicators, but also
simple equations. This makes methodology easy in use to rank maturity level in
the range of sustainability not only in holistic approach. It is possible to perform
an action for simple processes and specific actions and modules of the company.

Keywords: Excellence � Maturity model � Sustainability

1 Introduction

Competitive advantage acquisition by present day companies should be provided as a
quick reaction related dynamic vicissitudes. The origin of these changes can be sus-
tainable development assumptions as a link of organizational improvement. Corporate
sustainability constituted business answer for this norms but also is understood as
approach concentrated on economical, ecological and social features.

Several methodologies, methods and techniques helpful in gaining improvement
information were elaborated and linked in scientific literature. This group includes tools,
such as maturity models, which the most important part of usage are data objective
implementation and appropriate procedure their transformation. Measurements require
also key factors elaboration, that will impact on kind and quantity of data.

Sustainable development definition was written for the first time by the Brundtland
Commission and was accepted as a definition of the standard [1]. The role of business
is defined as a necessity reduction negative results of business activity [2].

Sustainable development assumptions identification plays a key role in the business
activity. Proper comprehension is also important to provide responsible activity and
create added value for the internal and external community [3]. The author accepted a
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definition of sustainable development in which conception has a high priority of
meeting basic needs of current and next generations.

Business response for sustainable development assumptions is an idea called cor-
porate sustainability. This approach takes into account aspects such as an economy,
ecology and social factor maintaining balance in their exploitation. In addition, con-
ception suggests the direction of business unit improvement, compatible with sus-
tainability at the same time. Summarizing business sustainability state oneself on triple
bottom line performance with long-lasting core ideals and behaviours based on uni-
versal values [4].

Corporate sustainability is a conception that can be measured using several different
tools and methods. Studies over this occurrence are often provided with maturity models.

Maturity models because of their structure, measurable results and their improve-
ment find usage in several different branches. Pioneering maturity model was elabo-
rated in the case to valuate quality of management in a business environment [5]. It
allowed compiling a wide group of maturity models concerning problems such as
organization capabilities including safety, energy, research and development, project
management and teamwork [6].

Each maturity model is consisting of defined number of levels and each of them can
be defined as an evolutionary plateau of process improvement. Achievement new
higher stage means that company or its unit has to face with new expectations in
process of self-improvement [7].

Model structure tool application requires also to prepare a set of indicators and
adoption already elaborated which in further stages will determine the source of
information and present process or set of processes where development is most needed.
These factors may be treated as tasks, processes, abilities or features, that should be
fulfilled for the successful end development [6].

The purpose of the article is to elaborate a procedure for ranking macro-ergonomic
system maturity level in the area of sustainable development.

2 Methodology of Maturity Level Rating in Area
of Sustainable Development

Presented methodology in this paper is a shortened elaboration research and barrier
identification under doctoral dissertation directed in maturity rating of a
macro-ergonomic system. The procedure concerned design for companies of different
sizes and functioned in different branches.

The methodology may be used for gaining competitive advantage which concerns
sustainability development in modern business. Figure 1 presents an algorithm of
procedure coherent with an elaborated method of company maturity level rating.
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2.1 Maturity Levels Definition

Achievements of literature in the range of maturity models are very impressive.
A feature of each model is a possibility of identification current level of development is
the particular aspect, assuming that each level requires fulfilling unique barriers and
foundations.

It is also important, that the company will reach higher levels in correct order.
Otherwise, activities provided to business development will befall started with no
positive result. Table 1 included a general characteristic of maturity levels in reference
to maturity models of different structures.

The author decided to distinguish four levels of maturity in elaborated model such
as beginning, elementary, satisfying and sophisticated. Most of the compiled models
presented in literature consist of four to five levels, what makes an assumption about a
number of levels compatible. It is possible that model implication will be correct in
case of the lower number of levels to achieve full maturity. It will make a
macro-ergonomic system easier to identify current situation and plan further
improvements, especially those, which haven’t plan their business activity in compli-
ance with sustainable development. It is important to ascribe weight for each level,
where each weight would be adequate and proportional in relation to maturity level.
For article requirements the following allocation has been used; beginning – 2, ele-
mentary – 3, satisfying – 4, sophisticated – 5.

Fig. 1. Methodology algorithm. Own study.
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2.2 Key Factors Identification

Key factors are important component of every maturity model. According to each
model, these criteria may be designated directly or used to create a set of requirements
description of achievement particular maturity level. The elaborated model takes into
account two ways of receiving a set of key factors in the area of sustainable
development.

2.3 Key Factors Set Implementation

Taking benefits from a ready set of factors is useful mainly for the macro-ergonomic
system, which hasn’t earlier planned their activities grounded on sustainability and
don’t understand fully idea of the conception. This option gives usage from elaborated
model and its conclusions without skipping any important features of sustainability.
This variant is also recommended for companies that don’t know which process or
group of processes should be improved in the first place.

An attempt of universal key factors identification related to sustainable develop-
ment was given by Baumgartner and Ebner. Their research also concern division to the
main aspects of sustainability which are included in Table 2.

Table 1. Maturity levels definition comparison [4, 5, 8–11].

Level Description
5 – level maturity model 4 – level maturity model

Functional
muddle

Processes identification is informal, their implementation isn’t regular and is
more chaotic

Searching
for
recurrence

Processes identification is formal, results depend on the unified procedure.
Simple techniques of results measurement are implement

Full
recurrence

All processes identification is formal,
beginning with process management,
whereby results and predicted
expectations recur

All processes are defined,
visualized and measured, results
and expectations recur.
Motivation system is starting to
taking place in companyProcess

management
All processes identification is formal,
they are defined and visualized, regular
measurement of results, beginning with
motivation system

Searching
for
excellence

The company is concentrated on process improvement. Full involvement of
employees is visible, as also organizational culture take place. Core values
improve processes
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2.4 Individual Set of Key Factors Elaboration

Company improvement based on elaboration set of indicators should be used by these
systems, which are high awareness in sustainability or which made their firsts steps in
sustainable development. Factors selection requires big amount of collected informa-
tion. That will make a restriction and will streamline on particular process or problem.
Independently from the scale of the problem, it will be necessary to reduce results to the
most important components having the most strategic influence on researched object.
There is a wide range of tools that can be used to reduce a number of factors, however
the author considered the Delphi method as the most effective. A big advantage of this
technique is the possibility of gathering different data after it’s executing in the internal
and external environment. According to the problem, a required information should be
gathered from employees or a group of specialists. Obtained data from business partners
placed in different levels of the structure will make results more horizontal and holistic.
Using specialists knowledge has more meaning in gaining information about manage-
ment as well as a wider range of problems that require scientific approach skill. Next
step is to plan a way to collect and analyse obtained data. Specialist related with
sustainable development elaborated a group of questions as well as set of requirements
necessary to fulfil and decide if particular indicator can be called strategic and important.
The questions example are following:

– Does the indicator provide a long-term view of the community?
– Does the indicator measure a link between society and economy?
– Does the indicator address the carrying capacity of the ecosystem services upon

which the community relies, whether local, global, or from distant sources?

Table 2. Key criteria of sustainable development [6].

Economic
aspect

Innovation & technology
Collaboration
Knowledge management
Processes
Purchase
Sustainability reporting

Ecological
aspect

Resources (materials, energy) including recycling
Emissions into the air, water or ground
Waste and hazardous waste
Biodiversity
Environmental issues of the product

Social aspect Internal Corporate
governance

External Ethical behaviour and
human rights

Motivation and
incentives

No controversial activities

Health and safety No corruption and cartel
Human capital
development

Corporate citizenship
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For the article requirements a ready set of factors has been used that concerns
external social aspect, including ethics and human rights, no controversy in business,
no corruption and corporate citizenship.

2.5 Definition of Criteria on Different Level of Maturity

Detailed analysis of each level of maturity is required for proper current status iden-
tification in the area of the company, which will be the starting point for improvements.
General data about levels of maturity such as level of advanced process management,
their unification, measurability and continuous improvement isn’t enough. Detailed
elaboration will have an influence on objective grading and benefits. Characteristics of
sustainable development aspects are presented in Tables 3, 4, 5. Tables are based on
research provided by Baumgartner and Ebner and concerns key criteria divided into
different maturity levels.

Table 3. Definitions of key indicators in economical aspect [12].

Beginning Elementary Satisfying Sophisticated

Collaboration The
company
is not an
active
partner in
networks

Collaboration
with most
relevant
business
partners

Communication
with
stakeholders
regarding
sustainability
issues

Consequent
communication with
stakeholders is
conducted. The the
company has a
proactive role in
creating networks

Knowledge
management

No
systematic
approach

Some
activities are
conducted in
order to save
sustainability

Integrating
intangible assets

A systematic and a
comprehensive
approach towards
sustainability is
implemented

Table 4. Definitions of key indicators in ecological aspect [12].

Beginning Elementary Satisfying Sophisticated

Emissions
into the
air, water
or ground

Conformity
with laws
regarding
emissions

Definition
of reduction
goals for
major
emissions

Goals for most
emissions are
defined. Cleaner
production
technologies are
used

Ambitious goals for
air emissions are
defined. activities due
to zero emission are
avoided

Waste and
hazardous
waste

Conformity
with laws
regarding
waste

Definition
of reduction
goals for
major waste
flow

Goals for most
emissions are
defined. Cleaner
production
technology is used

Ambitious reduction
goals for waste flows
are defined, waste is
avoided due to zero
emission activities
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2.6 Internal Rating of a Macro-Ergonomic System or Its Restricted Area

At this stage of methodology, company performs self-evaluation based on factor
characteristics on separated maturity levels. The objective approach is very important,
otherwise, the improvement path will suggest wrong queue of development.

Self-evaluation presented in the article concerns beginning level for ethics, human
rights and no corruption and sophisticated level for controversial activities. Corporate
citizenship aspect was evaluated in reference to a satisfying level.

2.7 Criteria Rating Valuation

Hierarchy of criteria maturity rating of a macro-ergonomic system is a key issue related
to final conclusions. Weight values will play an important role in designing the
development path.

Valuation can take place using the Delphi method and as in the case of criteria
selection this method may be concentrated on internal employees experience or
external knowledge of specialists. Group of experts should have been selected because
of their experience and knowledge. Selected group of experts ascribes values for each
criterion in defined and analytical way. Values should be set in defined range and
shouldn’t repeat. Result of this action will be gathered information based on reliable
sources and long-term analysis.

In this paper, a major indicators were attributed to the following weights; Ethics
and human rights – 0,8, controversial activities – 0,6, no corruption – 0,9 and corporate
citizenship – 0,4.

2.8 Company Improvement Compatible with the Path of Development

At this stage of methodology, the result of previous actions is a diagram including:

– Number of maturity levels and ascribed weights,
– Set of key success factors and ascribed weights,
– Analysed and rated current status of a macro-ergonomic system.

Table 5. Definitions of key indicators in the social aspect [12].

Beginning Elementary Satisfying Sophisticated

Corporate
governance

Mandatory
frameworks
are focused
on

Voluntary
frameworks
are focused
on

Further measures
to ensure corporate
transparency are
set

Proactive
commitment
respective stronger
rules are given

Health and
safety

Health is
respected to
the extent of
legal
obligation

Measures
towards
health and
safety are set,
when
accidents
occur

Health and safety
is systematically
planned and
deployed in most
areas of the
company

Various education
programs and
measures are
offered. Most
employees are
trained regarding
sustainability issues
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An exemplary diagram is presented in Fig. 2, which design is based all available
information mentioned earlier.

Figure 2 presents maturity levels in the area of defined sustainable development
criteria. Key success indicator has been selected in self-evaluation process. Levels have
been designated with the usage of red lines and values inside concerns meaning of
particular aspect for the company as a product of criteria weight-related for each level
of maturity.

Next step consists of designing development path, which will point the best
directions of improvement in proper order. The company will have a clear view which
processes or group of them should be modified to let it reach the highest maturity level.

Path designing requires correct analysis of values. This will permit to achieve new
higher level with new requirements more hard to accomplish.

The procedure of designating the first aspect of improvement has been attached in
Fig. 3.

Indicator controversial activities aren’t taken into account because group of experts
estimated its level of maturity on the highest level. Considerations concerns only last
three of key success factors, which are ethics and human rights (rated at about 2, 4), no
corruption (rate 2, 7) and corporate citizenship (rate 1, 6). According to elaborated
methodology, first aspect being improved should be no corruption, because of the
highest value (2, 7). In addition, the value of this aspect in next level is higher than the
others (3, 6), so the second round of betterment also has to refer to it.

Fig. 2. First stage of methodology - current position analyse. Own elaboration.
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Improvement path for all indicators is presented in Fig. 4.

3 Conclusions

An elaborated methodology has been designed for companies which are starting
business activities related to sustainability, as well as macro-ergonomic systems, which
has already based their strategy on sustainable development. This tool may be used
regardless to branch or size of the company. An advantage is a wide universalism,

Fig. 3. Second stage of methodology. Own elaboration.

Fig. 4. Final stage of methodology - development path. Own elaboration.
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thanks to which company can select indicators and analytical criteria and build their
strategy not only in regard to sustainable assumptions but also other restrictions. An
important part of the methodology are benefits resulting from objective approach
during research, a technique for converting and interpreting data and correct procedure.

Research has been provided in the range of doctoral dissertation, which will be
related to develop a previous procedure of analysis of data and performing a simulation
of its usage at an example.
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1 Introduction

For millennia, science has been crafted, practiced and passes over with writings and
drawings – on clay tablets, papyrus scrolls or paper pages. We have grown accustomed,
and quite frankly, addicted to such flat, two-dimensional, mostly monochromatic
representation of knowledge – based on written languages, occasionally enriched with
(2-D) figures and drawings. Arguably, the limitations forced by the medium – a paper
page – guided the birth and evolution of all notations currently used in any scientific
discipline: from biology, medicine or chemistry to math and computer science. Today’s
signum temporis is the “rectangular box with a name in it” which became the most
predominant element of graphical representations used to model just about anything.

New technologies and media have brought significant improvements. Today, one
(electronic) tablet can hold and present contents of thousands weighty books (or a
truckload of clay tablets), hyperlinked text (in HTML, PDF) allows the reader to pass
instantaneously from one text fragment to another without having to (look for books on
the shelf and) flip pages. Multimedia became an indigenous component of presented
content. Today’s electronic devices are inexpensive, handy and robust; their screens are
increasingly eye-friendly, quickly and precisely react to touch, soon enough they will
provide tactile feedback and true 3D display capabilities. All that clearly enables us to
use new, intuitive, interactive, dynamic ways of presenting content [1].

Workflow or Business Process Management means definition, execution and
automation of business processes where tasks, information and documents are passed
from one participant to another to perform certain work, according to a process defi-
nition [2–4].
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Organizations use workflows to coordinate tasks between people and synchronize
data between systems, with the goal of improving organizational efficiency [5, 6].

The paper describes the use of new possibilities of the Spread Page notation for
knowledge representation, such as Three-dimensional Representation, Time-varying
Representation, Layered Representation, Scaled Detail Representation, Aspect-oriented
Representation to describe metadata and the dynamics of displacement of documents in
administrative office. The knowledge representation methods have been developed
allowing you to describe in a single model both static and dynamic properties of
objects.

2 Spread Page Model Representations

Scientific modelling is a scientific activity, the aim of which is to make a particular part
or feature of the world easier to understand, define, quantify, visualize, or simulate by
referencing it to existing and usually commonly accepted knowledge. It requires
selecting and identifying relevant aspects of a situation in the real world and then using
different types of models for different aims, such as conceptual models to better
understand, operational models to operationalize, mathematical models to quantify, and
graphical models to visualize the subject [7, 8].

It is very easy to confuse models and visualizations because they are very closely
related. To draw out the distinction between model and visualization we can define a
model as an abstract information – a set of design decisions. Visualizations give those
design decisions form: they let us depict those design decisions and interact with them
in different ways. In other words visualizations are forms of model representations.

Visualization is any technique for creating images, diagrams, or animations to
communicate a message. Visualization through visual imagery remains the most
effective way to communicate both abstract and concrete ideas.

There are several Spread Page model representations. Each of them can be used to
illustrate different aspect of a model being designed.

2.1 Three-Dimensional Representation

Three-dimensional (3D) models represent a physical object using a collection of points
in 3D space, connected by various geometric entities such as triangles, lines, curved
surfaces, etc. Being a collection of data (points and other information), 3D models can
be created by hand, algorithmically (procedural modeling), or scanned. Their surfaces
may be further defined with texture mapping.

Today, 3D models are used in a wide variety of fields. The medical industry uses
detailed models of organs; these may be created with multiple 2-D image slices from an
MRI or CT scan. The movie industry uses them as characters and objects for animated
and real-life motion pictures. The video game industry uses them as assets for computer
and video games. The science sector uses them as highly detailed models of chemical
compounds [9]. The architecture industry uses them to demonstrate proposed buildings
and landscapes in lieu of traditional, physical architectural models. The engineering

Spread Page Approach to Document Management 53



community uses them as designs of new devices, vehicles and structures as well as a
host of other uses. In recent decades the earth science community has started to con-
struct 3D geological models as a standard practice. 3D models can also be the basis for
physical devices that are built with 3D printers or CNC machines.

2.2 Time-Varying Representation

In many scientific disciplines, there are models with elements or relations between them
that vary in time. Dynamic networks are one of many examples. They are very often
described as time-varying graphs which consist not only with node and edge sets but
also have an additional time instants set that stores changes in the graph with time [10].

Time-varying models could be viewed as a film-strap object that allows skipping
from the given point in time to the next one or the previous one. It could also play an
animated movie for the given period of time.

2.3 Layered Representation

Modern digital maps are in fact collections of layers. At the beginning, digital maps
had the same basic functionality as paper maps. They were just pictures representing
roads outlined by the terrain encompassing the surrounding area. However, as digital
maps have grown with the expansion of GPS technology in the past decade, live traffic
updates [11], points of interest and service locations have been added to enhance digital
maps to be more “user conscious” [12]. Traditional map views are now only part of
digital mapping. In many cases, users can choose between virtual maps, satellite, and
hybrid views.

However layered representation is used not only for geographical mam represen-
tation. Layers are commonly used in digital image editing and processing. In medical
image analysis layers are very powerful tools for collecting data from different sources,
presenting them together, separating different parts of image analyzed, and supporting
doctors in decision making.

Many scientific notations can be represented as layers. This approach allows us to
present individual aspects of constructed model on different layers and analyze them
separately or together, depends on layer visibility settings.

2.4 Scaled Detail Representation

I geography, the larger the scale of the map, the better the features that can be detailed.
A map that shows the water network of a small area may show the river as a polygon
layer and will show the tributaries of that river. A small scale map covering the area
would show that same river as a line feature and the tributaries would be removed (a
process known as generalization). The smaller the scale of the map, the less the actual
detail of a feature is preserved [13].

Computer graphics and animation systems use scaled detail approach to object
representation. There is no need to draw every detail of an object that appears at a very
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long distance from the observer. However, in case when the same object approaches
the observer it is necessary to unhide its details to make it look good at the screen.

In scientific models sometimes there is a need for looking at the model “from the
distance”. That kind of view could be un-detailed. For instance at the general view of
data model there is no need to show all attributes of entities. Rectangles representing
entities, their names inside, and lines representing relations between them would be
enough.

2.5 Aspect-Oriented Representation

Sometimes a model could have a slightly different meaning depends on whom it is
addressed to. For instance if we could imagine a model of a legal agreement, different
parts of that model are important for different persons involved in approval and signing
of it. Instead of delivering to them the whole text of the agreement, they could receive
that parts that are important especially for them, and in the form they prefer. This is the
main point of aspect-oriented representations.

3 Document Management

Document management is the process of applying policies and rules to how documents
are created, persisted, and expired within an organization. Document collaboration is
merely the process of checking out, checking in, and versioning a document before it is
published.

The main aspects of managing documents through a life cycle include the
following [14]:

Metadata. Metadata is typically stored for each document. Metadata may, for
example, include the date the document will be stored and the identity of the user
storing it. The DMS may also extract metadata from the document automatically or
prompt the user to add metadata. Some systems also use optical character recognition
on scanned images, or perform text extraction on electronic documents. The resulting
extracted text can be used to assist users in locating documents by identifying probable
keywords or providing for full text search capability, or can be used on its own.
Extracted text can also be stored as a component of metadata, stored with the image, or
separately as a source for searching document collections.

Integration. Many document management systems attempt to integrate document
management directly into other applications, so that users may retrieve existing doc-
uments directly from the document management system repository, make changes, and
save the changed document back to the repository as a new version, all without leaving
the application. Such integration is commonly available for office suites and e-mail or
collaboration/groupware software. Integration often uses open standards such as
ODMA, LDAP, WebDAV and SOAP to allow integration with other software and
compliance with internal controls.
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Capture. Capture primarily involves accepting and processing images of paper doc-
uments from scanners or multifunction printers. Optical character recognition
(OCR) software is often used, whether integrated into the hardware or as stand-alone
software, in order to convert digital images into machine readable text. Optical mark
recognition (OMR) software is sometimes used to extract values of check-boxes or
bubbles. Capture may also involve accepting electronic documents and other
computer-based files.

Validation. Visual validation registration system and important data. E.g. document
failures, missing signatures, misspelled names, this can be printed on paper documents
or images on paper.

Indexing. Indexing tracks electronic documents. Indexing may be as simple as
keeping track of unique document identifiers; but often it takes a more complex form,
providing classification through the documents’ metadata or even through word
indexes extracted from the documents’ contents. Indexing exists mainly to support
retrieval. One area of critical importance for rapid retrieval is the creation of an index
topology.

Storage and Location. Store electronic documents. Storage of the documents often
includes management of those same documents; where they are stored, for how long,
migration of the documents from one storage media to another (hierarchical storage
management) and eventual document destruction. The Location means a physical
location where documents will be stored and accessed.

Filing. The placement of the hard copy of the document in a storage, cabinet, box, etc.
For electronic systems, documents placed in the physical location are also described by
their metadata. The metadata files the document logically by allowing the document to
be found based on the metadata values assigned to the document.

Retrieval. Retrieve the electronic documents from the storage. Although the notion of
retrieving a particular document is simple, retrieval in the electronic context can be
quite complex and powerful. Simple retrieval of individual documents can be sup-
ported by allowing the user to specify the unique document identifier, and having the
system use the basic index (or a non-indexed query on its data store) to retrieve the
document. More flexible retrieval allows the user to specify partial search terms
involving the document identifier and/or parts of the expected metadata. This would
typically return a list of documents which match the user’s search terms. Some systems
provide the capability to specify a Boolean expression containing multiple keywords or
example phrases expected to exist within the documents’ contents. The retrieval for this
kind of query may be supported by previously built indexes, or may perform more
time-consuming searches through the documents’ contents to return a list of the
potentially relevant documents. See also Document retrieval.

Distribution. A published document for distribution has to be in a format that can not
be easily altered. As a common practice in law regulated industries, an original master
copy of the document is usually never used for distribution other than archiving. If a
document is to be distributed electronically in a regulatory environment, then the
equipment tasking the job has to be quality endorsed AND validated. Similarly quality
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endorsed electronic distribution carriers have to be used. This approach applies to both
of the systems by which the document is to be inter-exchanged, if the integrity of the
document is highly in demand.

Security. Document security is vital in many document management applications.
Compliance requirements for certain documents can be quite complex depending on
the type of documents. For instance, in the United States, the Health Insurance
Portability and Accountability Act (HIPAA) requirements dictate that medical docu-
ments have certain security requirements. Some document management systems have a
rights management module that allows an administrator to give access to documents
based on type to only certain people or groups of people. Document marking at the
time of printing or PDF-creation is an essential element to preclude alteration or
unintended use.

Workflow. Workflow is a complex process and some document management systems
have a built-in workflow module. There are different types of workflow. Usage depends
on the environment to which the electronic document management system (EDMS) is
applied. Manual workflow requires a user to view the document and decide whom to
send it to. Rules-based workflow allows an administrator to create a rule that dictates
the flow of the document through an organization: for instance, an invoice passes
through an approval process and then is routed to the accounts-payable department.
Dynamic rules allow for branches to be created in a workflow process. A simple
example would be to enter an invoice amount and if the amount is lower than a certain
set amount, it follows different routes through the organization. Advanced workflow
mechanisms can manipulate content or signal external processes while these rules are
in effect.

Collaboration. Collaboration should be inherent in an EDMS. In its basic form,
collaborative EDMS should allow documents to be retrieved and worked on by an
authorized user. Access should be blocked to other users while work is being per-
formed on the document. Other advanced forms of collaboration act in real time,
allowing multiple users to view and modify (or markup) documents at the same time.
The resulting document is comprehensive, including all users additions. Collaboration
within Document Management Systems stores the various markups by each individual
user during the collaboration session, allowing document history to be monitored.

Versioning. Versioning is a process by which documents are checked in or out of the
document management system, allowing users to retrieve previous versions and to
continue work from a selected point. Versioning is useful for documents that change
over time and require updating, but it may be necessary to go back to or reference a
previous copy.

Searching. Searching finds documents and folders using template attributes or full text
search. Documents can be searched using various attributes and document content.

Federated Search. This refers to the capability to extend search capabilities to draw
results from multiple sources, or from multiple DMSes within an enterprise.
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Publishing. Publishing a document involves the procedures of proofreading, peer or
public reviewing, authorizing, printing and approving etc. Those steps ensure prudence
and logical thinking. Any careless handling may result in the inaccuracy of the doc-
ument and therefore mislead or upset its users and readers. In law regulated industries,
some of the procedures have to be completed as evidenced by their corresponding
signatures and the date(s) on which the document was signed.

Different kinds of documents can be subject to the document management. That
may be electronical documents as well as hard copied paper documents. Documents are
described by static parameters such as their content, metadata, structure, purpose,
ownership, and dynamic parameters such as their versions, change history, displace-
ment history, traceability. The most important aspect of document management from
the Spread Page point of view seems to be document flow.

However, document security aspects are also very important, especially for docu-
ments with different levels of confidentiality. The values for the security level depend
on four security aspects: confidentiality, integrity, authenticity and traceability [15, 16].

– Confidentiality means protection against unauthorized notice, i.e. no one else except
the sender and receiver of a document should be able to read it during the
transportation.

– Integrity stands for the protection of documents against unauthorized modification.
Data must not be changed during transportation. The modification may be caused
mechanically, i.e. due to a technical error, or deliberately by an attacker.

– Authenticity covers the assurance that the sender sent the document, i.e. it has to be
assured that it is impossible for an attacker to send a message by adopting the
identity of the original sender.

– Traceability means that it can be proofed who sent a document and who received it,
i.e. the sender can proof that he sent the data (Non-repudiation of the origin of the
data) and the receiver can proof that he received the data (Non-repudiation of the
receipt of the data). Traceability also covers the methods used to store and present
document displacement on maps and floorplans. Also the methods for visualizing
document movement among users.

4 Modeling Document Flow with Spread Page

Document flow modeling with Spread Page principles gives some tangible benefits.
Thanks to the techniques described in previous chapters the model can be more
readable and detailed. The Table 1 below describes how different Spread Page repre-
sentations can be used in order to model document flow.

For business process diagramming the scaled-detail representation can be user. It
helps to present on a single diagram both the general view on the process and its
detailed view. That approach helps to understand processes and gives the ability to
switch into details without losing the context of the process part being analyzed.

Aspect oriented representation is also helpful with business process diagramming.
Thanks to that kind of multidimensional diagrams a process designer can focus himself
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on the given aspect of the model, having its other aspects hidden as far as they are not
important on that stage of analysis.

For meta-data modeling time-varying and layered representations are useful to
show historical changes of data model. In addition, the aspect oriented representation
together with the layered representation can be used to determine accessibility levels
for different parts of document meta-data. That approach is also the only way to
establish individual data optionality for each task in the business process model.

Three-dimensional representation is very useful for preparation of storage and
location models as well as filing model. All of these models are of spatial character.
Thanks to the three-dimensional modeling the real-world locations can be reflected in a
natural way.

Because of hierarchical arrangement of the storage units, the scaled detail repre-
sentation is also used for the storage and location model. Thanks to that, operations like
drill-down and roll-up are possible to perform.

A document content must not be the same for different groups of readers. Each of
them could be interested in different part of the document and could look at it from
different angles. That’s why the aspect-oriented representation is best to adapt.

As far as versioning is nothing more than storing document changes in time,
time-varying representation is the best option in that case.

Traceability refers to the three spatial dimensions and the time dimension. There-
fore Three-dimensional representations, Time-varying representations, and Scaled
detail representations are used to prepare adequate models.

Table 1. Modeling document flow with spread page
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5 Conclusion

The use of new possibilities of the Spread Page notation for knowledge representation,
such as Three-dimensional Representation, Time-varying Representation, Layered
Representation, Scaled Detail Representation, Aspect-oriented Representation to
describe metadata and the dynamics of displacement of documents in the restricted
access administrative office was discussed and described.

The research results are part of a R&D project partially supported by the National
Centre for Research and Development under grant No. DOBR-BIO4/006/13143/2013.

The science project – entitled “Electronic system for life-cycle management of
documents with various level of confidentiality” – focuses on the use of the latest
information and communication technologies related to Radio-Frequency Identification
(RFID) and biometrics. The aim of completing this research project is to build and
implement a prototype of a modern secret office designed to manage documents with
various levels of confidentiality. The project covers all processes that take place in a
secret office and use devices equipped with RFID transmitter /receiver modules.

The project tasks, especially those related to the design, demonstrated the usefulness
of the Spread Page approach to document management design and implementation.
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Abstract. This paper describes the concept and system design of the classified
document flow management module. It considers tracking and visualizing of
on-premises and off-premises documents displacement. The requirements model
connected with documents traceability as far as the methods of documents
tracking visualization were developed and presented in this paper.
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1 Introduction

The offices of modern enterprises are equipped with hardware and software to effec-
tively manage open and classified documents. Complementing the currently used
solutions with the opportunity to identify each document using the RFID tags makes it
possible to obtain an automated document management system. It offers great oppor-
tunities in the field of document security, accountability and traceability.

The basic functionalities of the system include:

– remote identification of unclassified and classified data storage devices labelled for
real-time radio-reading at the storage and work location;

– automatic inventory of unclassified and classified documents arranged in piles and
filed, including automatic detection of relocation;

– control of the movement of data storage devices as well as unclassified and clas-
sified documents across security zones, including access control of unclassified and
classified documents;

– protection of data storage devices and documents against unauthorized relocation;
– automatic identification of data storage devices and documents not only at the

storage location, but also at workstations;
– protection against repeated copying of unclassified and classified documents;
– control of printing of unclassified and classified documents with a copy limit;
– identification of the location of individual unclassified and classified documents

with a pre-set accuracy of a file or volume location.

This paper describes the concept and system design of the classified document flow
management module. It considers tracking and visualizing of on-premises and
off-premises document displacement. In addition, the methods of document tracking
visualization were developed and presented in the document.
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The research results are part of an R&D project, partially supported by the National
Centre for Research and Development under grant No. DOBR-BIO4/006/13143/2013,
entitled “Electronic system for life-cycle management of documents of various level of
confidentiality” – focuses on the use of the latest information and communication
technologies related to Radio-Frequency Identification (RFID) and biometrics. The aim
of completing this research project is to build and implement a prototype of a modern
secret office designed to manage documents of various levels of confidentiality. The
project covers all processes that take place in a secret office and the use of devices
equipped with the RFID transmitter/receiver modules. The focus of the research is not
only on documents and data carriers, but also on all secret office equipment (cabinets,
desk, copying machines and entry/exit control devices) and appropriate software (the
RFIDoc system).

2 Classified Document Flow Management System
Architecture

The document lifecycle management, built on the basis of the Business Process
Management System, is used by the personnel of the restricted access administrative
office, where the system is to be implemented. The system co-operates with the fol-
lowing external systems: CrossTalkAppCenter and Cosmos. It is integrated via ade-
quate programming interfaces (Web Service). The document flow management system
also has a graphic user interface (GUI) accessible from an Internet Browser.
CrossTalkAppCenter and Cosmos also have user interfaces enabling their control and
configuration (Fig. 1).

The system is also equipped with a variety of interfaces to external devices. These
devices include: sluice, cabinet, copier, tray reader, and workstation. Each of the
devices is equipped with RFID antenna. It gives the possibility to check for the
presence of documents in the range of devices’ antennas [1–3].

The use of RFID tags and antenna readers allows you to maintain all the events that
can occur during the completion of every-day work. These events, stored in the
database, are a very good source for further data analysis in terms of document
tracking. Thanks to the workflow module that is the part of the system architecture, it is
possible to plan how documents moves between all participants of business processes
related to a modern restricted access administrative office [4, 5].

To enter the secret office, it is necessary to go through a sluice (Fig. 2, left). The
sluice is composed of the entrance door, which allow to enter the secret office from its
environment, and exit door, which allow to exit the secret office to its environment.

It provides the functionality of RFID document detection as well as metal detection.
All the information obtained during the scan may be used to initialize further archive
procedures, such as limiting access to certain parts of the building, informing the
security personnel and so forth.

The cabinet (Fig. 2, right) is an independent mechanically-electronic storage unit. It
has been designed to automatically detect all documents stored within it. This is
achieved with the HF RFID Mode 2 ISO 18000-3 tags.

Classified Document Flow Management 63



Fig. 1. System architecture. Source: own elaboration
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The cabinet casing is made of coated wood or metal, depending on the model.
A pair of sliding door is installed in each, with both a physical and a magnetic lock on
it. Aside from the casing, the cabinet contains the RFID infrastructure (the reader and
the internal antennas), as well as a control unit, a power supply unit, the main board and
the electromagnetic lock which is unlocked with an identifier RFID tag.

The administrative office is also equipped with a copier (Fig. 3, left). This device is
based on Canon 4225 copier machine. It synchronizes the process of copying of the
document with the RFID tag readout of both the document and the RFID identifier of
the user.

Based on the information read from the tags the centralized archive system permits
the copier to create physical copies of only those scanned documents for which the user
is authorized.

The copier includes a purposefully designed RFID antenna, a RFID reader and a
server station modified to interface with the centralized archive system.

The tray reader (Fig. 3, right) was designed for the purpose of initial document
registration. It automatically identifies, reads, writes and tracks the RFID-tagged doc-
uments. It is capable of reliable readout and writing of all RFID tags of the documents
placed on the covered part of the tray.

Fig. 2. The entrance sluice/body scanner (on the left) and the cabinet (on the right)
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Tightly packed stacks of overlapping or touching RFID tags are identified with
100% reliability. The reader operates instantly thanks to two reply channels and is
capable of reliably identifying up to 60 documents placed in the tray [6–10].

The workstation for the restrictive access administrative office workers is equipped
with desktop computer connected to all necessary peripheral devices including tray
readers. It is also equipped with appropriate software for document management and
business processes execution (Fig. 4).

Fig. 3. The RFID copier (on the left) and the tray reader (on the right)

Fig. 4. The restrictive access administrative office management system
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3 Tracking and Visualizing of Document Displacement

As a result of the analysis carried out in order to design a document displacement
visualization module, the following basic features were set out:

1. Create a storage hierarchy for keeping classified documents.
2. Provide the ability to specify the layers for storage units in the store.
3. Maintain data about the storage units.
4. Assign the documents to storage units.
5. Create a hierarchy of documents.
6. Specify the location for the storage unit.
7. Specify the location of the document.
8. Store data about the document.
9. Maintain document change history and document location history.

10. View the history of a document displacement on the map.
11. View the history of a document displacement as a list.
12. Provide a search functionality for data about the document or the storage unit

throughout the system.
13. Display search results as a list.
14. Display search results on the map.

As the result of design stage the requirements model for the document displacement
visualization module was prepared. The exact characteristics of each of the require-
ments are presented in Table 1.

Table 1. Requirements specification for the document displacement visualization module.

Source: own elaboration
Requirement name Requirement description

FR-001 Visualization module The Visualization Module is one of the components of
the RFIDoc visualizer is one of the components of the
system rfiDoc and is responsible for the visualization
of the movement of documents with different levels of
sensitivity

FR-002 RFID ID Registration The module allows registering RFID for documents
stored in the Office and for users of the system with
RFID ID card

FR-003 Registration ID RFID for
the document

The module allows the registration of RFID identifier
for a document stored in the Office. The designation of
the RFID ID document allows you to the location of
the movement document between zones

FR-004 Registration ID RFID for
the user of the system

The module allows the registration of RFID identifier
for the system user. The RFID ID’s for employees of
the law firm to work with RFID devices. Work with
RFID devices is dependent on the permissions
assigned on the user

(continued)
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Table 1. (continued)

Requirement name Requirement description

FR-005 Assigning geographic
location

The module allows you to specify the geographic
location for documents and inventory units registered
in the system rfiDoc

FR-006 Assigning geographic
location for the document

The module allows you to specify the geographic
location for the document. The document commonly
takes geographical assigned the inventory unit in
which it is stored

FR-007 Assigning geographic
location for SKU

The module allows you to assign geographical location
for the SKU. Adding to the geographical influences on
subsequent renderings of units on the map.
Geographical units also applies to documents that are
marked as child elements relative to the unit

FR-008 Add storage structure
model for storing documents

The module allows you to add a storage structure for
storing documents with different levels of sensitivity.
In Windows it is possible to add the entire storage
hierarchy starting with on the building and on a single
document

FR-009 Adding structure using
automatic storage Wizard

The module allows you to add storage structure using a
special Wizard that automatically creates the structure
of the whole warehouse in accordance with the
fundamental values specified by the user

FR-010 Adding individual
elements of storage structure

The module allows you to add individual SKUs within
the structure. User of the system I have the ability to
manually modify the SKU and create storage structure
without using a wizard

FR-011 a mechanism to create a
hierarchy of documents

The module allows you to create within the structure of
the hierarchy store inventory units and hierarchy of
documents

FR-012 mechanism for adding
layers on the map

The module has a built-in mechanism for adding layers
on the map

FR-013 add layers for storage units The module allows you to add layers for the SKUs.
Each added layer is visible on the map

FR-014 Edit layers for SKU The module enables you to edit already added layers
for the SKU

FR-015 Removing layers for SKU The module allows you to remove the layers added for
SKU. Removed layer will not be visible on the map

FR-016 search documents and
inventory units in the system

The module allows you to search all the data contained
in the system m.in. documents and inventory units

FR-017 to display the search
results on a map

The module allows you to display the search results
data in the system on the map. Display the search item
in the form of graphics on the map, is possible only if
the specified will be the location of the item

(continued)
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4 Document Tracking Visualization

The visualization module of the rfiDoc System presents the graphical and text history
of a given document. Thanks to that there is the ability to track the path of the
document displacement (Fig. 5).

RfiDoc system allows you to visualize the event handling of documents with
different levels of sensitivity. To see the document events, go to the section: files and
select documents [11–13]. Then it is possible to select the document whose events you
want to see and select button: show document events document displacement history
(Fig. 6). On the left appears the event visualization on the map, and on the right side of
the timeline of events documents [14–16].

Table 1. (continued)

Requirement name Requirement description

FR-018 to display the search
results in a list

The module allows you to display the search results in
the form of a list. Display the search results in the form
of a list is not dependent on the assignment location in
the system

FR-019 collect and store the
document history

The module allows the collection of data on the history
of a single document. History of the document is
displayed in graphical form or by using the list

FR-020 displaying results
graphically on a map

The module allows you to view the history in the form
of graphics on the map. On the map are marked with
points symbolizing the storage location of the
document and points symbolizing where the document
and where it was sent for the case when the document
is in the process of movement

FR-021 viewing results in the form
of a list

The module allows you to view the history of a single
document in the form of a list of events performed on
the document. The story consists of items illustrating
the activities related to the editing document data or
with his movement

FR-022 Visualization on a map The module allows a Visual representation of the
location of an element registered in the system on the
map

FR-023 visualization of position
documents on a map

The module allows a Visual representation of the
location of the document on the map. Taking into
account the changes in the position of the path of the
document

FR-024 Visualize the position of
inventory units on the map

The module allows a Visual representation of the
location of the SKU on the map

FR-025 to track changes in the
position of the

A Visualizer allows you to track changes in the
position of the document on the maps
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5 Conclusion

The research results are part of a R&D project partially supported by the National
Centre for Research and Development under grant No. DOBR-BIO4/006/13143/2013.

The science project – entitled “Electronic system for life-cycle management of
documents with various level of confidentiality” – focuses on the use of the latest
information and communication technologies related to Radio-Frequency Identifica-tion
(RFID) and biometrics. The aim of completing this research project is to build and
implement a prototype of a modern secret office designed to manage documents with
various levels of confidentiality. The project covers all processes that take place in a
secret office and use devices equipped with RFID transmitter/receiver modules.

This paper describes the document flow management system design. Tracking and
visualizing of document displacement are the most important features in terms of
managing document security. The methods described above have been used in the
Electronic system for life-cycle management of documents of various level of

Fig. 6. Document displacement history

Fig. 5. Document tracking
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confidentiality (RFIDoc) developed by the consortium as the part of the project
mentioned in the Introduction.
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Abstract. The success of an enterprise depends on efficient management of
human capital. However, the application and use of IT solutions supporting
human resource management in practice is still insufficient. The article consists
of four parts: preliminary observations, theoretical issues concerning problems
of human resource management, an analysis of statistical data from companies
and concluding remarks. The first part, preliminary remarks, draws our attention
to the fact that organizations wishing to maintain a good market position in
tough economic times should be focused on continuous improvement of their
employees. Only a modern enterprise where knowledge management plays a
leading role can survive and be competitive. The second chapter analyzes the
literature related to the management of human capital in organizations. The third
chapter analyzes statistical data from Polish companies related to the use of IT
tools aimed at the development of employees. The article summary includes
closing observations based on research conclusions.

Keywords: Competences � Manager � Management � Knowledge � Skills �
Attitudes

1 Preliminary Observations

In the face of extensive transformations which take place in the external environment of
organizations, and most of all transformations caused by informatization, globalization
and tightening competition, questions regarding employee development started to play
an important role in human resource management and the process of shaping perfor-
mance of businesses. This results from the fact that one of the greatest values for
enterprises, regardless their location in the world, are their employees1. According to
the market research, human capital determines the success of an enterprise. Openness,
talent, innovativeness, hunger for knowledge and the ability which helps a company’s
employees adapt to the changing environment make companies gain or lose their
value [1].

1 Research conducted by organizations such as: McKinsey, General Electric and Procter & Gamble.
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According to managers, HR management expenses constitute on average between
40 and 60% of all costs incurred by an organization. This is why an efficiently oper-
ating HR department which supports employee development plays such an important
role in an organization. A properly functioning HR department may indirectly affect the
deployment of organizational priorities, directly affect goals of individual employees
and to what extent they will be able to reach their business goals, and in turn, generate
better results for the company.

Recently, we can observe the increased importance of HR departments in com-
panies which move away from their basic organizational role, which comes down to
dealing with payments and employee paperwork, to building advanced payment,
training, career planning, and talent management systems. Such activities facilitate the
best possible conditions for employee development.

Effective management of a modern HR department is highly complicated and often
requires implementing advanced tools and solutions which help sort out large amounts
of data. Therefore, it seems to be a good idea to implement cutting-edge IT solutions
which will support the management process. It is especially important if we take into
account the dynamics with which the concept of an employee career is constantly
changing.

Consequently, the objective of this paper was to verify the use of IT technologies in
employee development by modern organizations. In order to achieve the listed above
goal, a research problem has been defined, namely: Do modern organizations which
implement integrated management systems make the most of IT tools for better
management of their human resources?

2 Human Capital Management in Organizations

The literature dealing with the subject matter emphasizes the significance of human
capital as one of fundamental resources which plays a crucial role in social and eco-
nomic development. In the opinion of D. Kopycińska, the fundamental factors which
shape human capital include [2]: science, education, labor market, modern technolo-
gies, and health.

Human capital has various definitions and the variables which are used to describe
it characterize resources on many levels. Basic elements which make up human capital
are first of all: competences, intellectual dexterity, and motivation. This definition
makes it possible to diagnose human capital quite precisely. Although the variables are
few, they allow a comprehensive description of an enterprise’s capital.

According to the definition by M. Bratnicki and J. Strużyna [3], human capital
includes the following variables: competences, intellectual dexterity, and motivations
which for example comprise talents, theoretical knowledge, resourcefulness, ability to
change, and predispositions. The authors see human capital as an added value thanks to
which an organization operating in a knowledge-based economy becomes more
competitive.

The theory of M. Bratnicki and J. Strużyna on human capital originated in the
1960s in works of T.W. Schulz [4], the winner of the 1979 Nobel Prize in economics,
and M. Blaug [5]. Works of these researchers discussed the impact of human capital on
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economic growth of a country and the capital value estimation. Based on the conducted
studies, T.W. Schulz proved a strong link between the growth of GNP [6] and the level
of a nation’s education.

Based on his research, T.W. Schulz proved that there is a strong link between the
growth of GNP and the nation’s education level. When defining the crux of human
capital, he presumed that all skills (present day competences) are either inherent or
acquired. All people are born with a specific set of genes which determine their
inherent abilities, or talents. The acquired qualities of a population, which are valuable
and can be augmented by appropriate investment, constitute human capital [7].

Similarly to the definition by T.W. Schulz and M. Blaug, the definition of human
capital by N. Bontis also linked human capital to knowledge, education, and individual
skills (competences) of individuals in realizing national goals and tasks [8]. According
to this definition, it can be assumed that human capital is made up of people and their
competencies, that is all qualities and predispositions which are hidden in them, such
as: knowledge, attitudes, and skills. Competencies have a specific value and constitute
a source of future income for an entire organization [9].

The review of related literature shows that investment in human capital may bring
measurable profits to the company [10]. Empirical research, which employed differed
methodologies, proved that there is a link between the human capital of an enterprise
and its financial performance. The results of 23 analysis conducted by J.D. Margolis
and J.P Walsh indicate that there is a correlation between the level of human capital and
the results achieved by an enterprise [11]. Also G. Urbaniak noticed that human capital
is an added value for a company. He claimed that this value can be perceived in two
ways:

– firstly, by direct application of knowledge and abilities of employees in economic
processes, e.g. negotiations, implementation of operations (results of such opera-
tions transfer to revenues and lowering of costs, which is directly reflected in the
company’s profit and loss account),

– secondly, by accumulation of knowledge in intangible assets, enhancing their value
(such value is not always directly reflected in financial statements; however it is
externalized in the value increase of off-balance sheet intangible assets) [12].

Nevertheless, it is difficult to unequivocally measure human capital in organizations
and clearly determine benefits which are connected with it.

It also appears necessary to take into consideration the division by M. Bratnicki and
J. Strużyna where employees’ talents constitute a particularly important component of
human capital which can guarantee a competitive advantage to an organization [13].
According to the definition by K. Głowacka-Stewart, a talented organization member is
capable of fulfilling higher functions within an organization, has potential for further
development, and his/her work increases a company’s value [14]. This is why iden-
tifying talents, introducing talent management enhancement programs, motivating
talented individuals and demonstrating relationships between effective talent manage-
ment and benefits resulting from it are crucial elements in the management of an
organization [15]. The ultimate objective for introducing programs supporting talent
management in companies is building competitive advantage. Regardless of the
company’s economic situation and market position, it is the knowledge of employees,
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and most of all their creative thinking, that moves each company operating in a
dynamically changing environment to a prominent position. Additionally, providing
care to above-average employees becomes a motivator for other participants in the
organization, activating their self-improvement.

It also needs to be noted that more than half of employers’ representatives (58%)
claimed that their companies have formal talent management strategies. In the case of
companies with more than 5000 employees the percentage is 82%, in companies with
the number of employees between 1000 and 4999 – 57%, and in companies with less
than 1000 employees – 55%2.

3 Using IT Tools to Support HR Management

For many years it was believed that proper human capital management affects
employee development but nobody connected it with the business success of an
organization. Over time, thanks to the market research, companies changed their way
of viewing people management which unequivocally indicated that it was thanks to
properly implemented people management strategies that organizations gained com-
petitive advantage in the market [16], created their positive image, and improved
economic results. It was self-evident that a modern IT system supported implemen-
tation of such strategies.

The purpose of this article is to verify the actual usage of IT technologies in
employee development by modern organizations. In order to achieve this purpose, we
examined twenty companies employing over 50 workers. The study included IT
organizations which sell cutting-edge solutions supporting business management. The
companies have been operating in the Polish market for less than 20 years, so they
qualify as “young” companies (Fig. 1). Only three of them have been in business for
sixteen years.

Fig. 1. Number of years in the Polish market. Source: developed by authors, based on studies

2 Study executed by ADP Research Institute in August 2011 among HR professionals from 602
American organizations employing at least 500 employees.
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Most of the studied companies have a separate HR department (Fig. 2). However,
some of their managers claimed that the departments are not fully operational, and even
have certain flaws which disorganize work in the department. Employees were not
always assigned specific duties and that is why they did not know what they were held
accountable for.

One of key questions the managers in the studied organizations were asked
regarded the use of IT management support systems. Majority of the studied companies
implemented such a system; however, not in all departments (Fig. 3). It was mostly
used by the accounting, IT, and sales departments, and usually limited to managing
figures and not people to support their development. Although the studied companies
are considered most modern in Poland and selling people management modules, they
did not use such solutions in their own companies.

Fig. 2. Organizationally separate HR department. Source: developed by authors, based on
studies

Fig. 3. Departments within organizations with implemented IT systems. Source: developed by
authors, based on studies
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Even if the companies did make certain efforts to install an HR system, it turned out
that it was used for calculating payments, annual or sick leave. Managers in 4 orga-
nizations only stated that the IT system was fully functioning in an HR department.

Four of the studied companies (Fig. 4) included employee’s development needs in
their IT systems. It comes as a surprise, especially since the companies belong to the
group where up-to-date knowledge plays such a crucial role.

An efficiently operating IT system supporting people management in an organi-
zation allows designing particular stages of an employee support program. Properly
implemented IT tools shorten the time needed for verification of paperwork collected to
identify needs of participants within an organization. Moreover, the IT system allows
the superiors to access detailed job descriptions and specific information regarding
particular employees. It also gives access to the data about expectations of employees
in certain positions which should correspond with their competencies. Acquired
information is automatically generated by the system and in a simple and adequate way
transferred to the person concerned. If the system detects any competence deficiencies,
the superior receives feedback which can be used to plan employee development. The
system makes it possible to assign tasks which result from the company’s strategy, but
also allows the organization participants to improve according to their expectations.
Additionally, it enables assessment of the execution of adopted assumptions and,
depending on the achieved results, employees are awarded a bonus or are instructed to
improve their results by undergoing training. The advantage resulting from the appli-
cation of IT systems is a shorter time of accessing desired information which allows
making comparisons and statements, and lowers costs of many processes [17].

Unfortunately, only six of the studied organizations (Fig. 5) took into consideration
actual training needs resulting from earlier conducted analyses. It was usually the
employees themselves who informed employers about their training needs, which not
always turned out to be justifiable.

The results were even worse when it comes to the needs of talented persons in an
organization (Fig. 6). The module supporting needs of exceptional people worked only

Fig. 4. Development needs acknowledged by HR. Source: developed by authors, based on
studies
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in the case of three companies. It is very surprising, since the studied organizations
build their market position thanks to outstanding employees whose knowledge guar-
antees their company’s competitive advantage.

Although the concept of talent management is still quite new in Poland [13], it is
more and more often becoming a key element of HR strategies in many modern
companies. It does not only help organizations build their positive image, but most of
all it helps them improve results.

4 Conclusions

The principle goal of human capital management in organizations is not only increasing
competence level in employees, but most of all building strong relationships between
the employed and the company. Such approach makes organization participants feel
appreciated and change jobs less frequently. Retaining valuable employees is one of
priorities of organizations these days, and is often listed as a strategic goal. One of the

Fig. 5. Training needs acknowledged by HR. Source: developed by authors, based on studies

Fig. 6. Needs of talented employees acknowledged by HR. Source: developed by authors, based
on studies
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tools supporting people management process is an efficiently operating IT system
which facilitates employee career planning and their multilevel development. Properly
implemented IT tools significantly shorten the time needed for verification of personal
paperwork and at the same time show necessary and required training programs. This
operation facilitates and speeds up estimation of the budget necessary for training
implementation, and minimizes inter-organizational costs.

Based on the achieved results it can be concluded that the studied organizations,
even though we call them modern, use IT tools to support human capital management
only to a certain extent [18]. In most cases the system is used only to fulfill very basic
HR functions without acknowledging development needs of employees. It can be
concluded then that applying IT tools for employee development is a myth rather than a
fact in these companies. Managers still do not fully realize the importance of devel-
opment and progress of employees and the impact of these elements on the company’s
performance.

It needs to be underlined that thanks to the implementation of IT systems HR
managers or immediate superiors can follow progress of improvement program par-
ticipants and check whether the right persons have been included in such programs [1].
Because employee development is a challenge for managers as well as organizations
[19], the efficient execution of plans connected with the development and allocation,
but first of all, identification of talented employees is made possible thanks to HR
department support IT tools.

Managers in large and modern organizations must then take into account the fact
that without properly selected IT instruments organizations which operate in a rapidly
changing business environment are not capable of comprehensive people management
and increasing their chances to keep the most valuable employees whose presence
makes the organization more competitive. Therefore, the use of cutting-edge IT solu-
tions to manage people in organizations should become a fact and not only a utopian
myth.
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Abstract. Promotion of the activity of elderly people with the telecare which
uses smartphones is an author’s proposal to increase accessibilities long term
care outside their habitation. The article is a reply to the deficit of ergonomic
methods appraisal of the usability smartphones for elderly people in the mobile
telecare. Methods of estimation of the usability of mobile phones can’t directly
be applied to smartphones which interaction of users is with the help of the
touch screen. In the first empirically verified research applied method of
assessment utility smartphone HS in comparing with Nielsen’s heuristics
demonstrated more effective searching for problems with the service of the
interface of operating system Android. Then was developed new method of
indicator assessment of the usability smartphones based on heuristics HS,
checklists and the environment of the evaluation of the usability of mobile
phones. Method has an application potential, because it enables effective
comparing smartphones with different operating systems in the aspect of their
usefulness for elderly people.

Keywords: Ageing society � Long-term care � Smartphone � Usability �
Heuristics Ergonomics � Telecare � Gerontechnology

1 Introduction

The article shows current and important gerontechnology topic in the area of inter-
disciplinary field of research that connects social gerontology with new technologies.
Supporting the safety and independent living of the elderly people by ICT technologies
should apply to all their activities, both in the home and mobile.

Currently, there is a lack of solutions in home telecare and mobile telecare that
supports mobile activities outside the home. Because of the increasing universality, the
best platform for telecare as a local social policy e-service is smartphone equipped with a
touch screen and sensors. It facilitates the acceptance of ICT by older people, because it
eliminates the need for peripherals devices such as a mouse, keyboard and monitor [1].

The increase of the usefulness of smartphones is a requirement for improving
acceptance and using this devices in a mobile environment by older people. It was
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assumed that the higher usefulness of smartphones has a positive effect on the
acceptance and utility by seniors.

The usefulness of smartphones has the effect of increasing the availability of
telecare as a local social policy’s e-services delivered as a part of long-term care [2].
Simultaneously, it was stated through the analysis of domestic and foreign literature the
deficit of methods, theoretical models, parameters and indicators needed to empirical
evaluation the usefulness of user’s interfaces of smartphones that are used by elderly.
In particular, the lack of method that could estimate the usefulness of smartphones by
the viewpoint of elderly with limited functionality.

Because of the fact that the existing methods of measuring utility applications and
the mobile phones are not fully adapted to evaluate the usefulness of smartphones, it is
necessary to develop a comprehensive method that contains the theoretical model,
criteria, checklists and indicators.

2 Heuristic’s Method of Evaluation of the Smartphone’s
Utility

According to D.C. Burdick [3] gerontechnology at the micro level apply to interaction
between gerontechnology and their users. At the micro level of gerontechnology there
are many important interactions (such as sensual, perceptive, cognitive and motoric)
with the user’s devices by interface. Designing of the utility of the user’s smartphone
interface depends on the knowledge we have about the limitations of the elderly, the
tasks they perform and interactions with the system during use.

Large touch screens improves the usefulness of smartphones, they allow you to
zoom icons, adjustment of the contrast, they reduce the need for glasses [4].

Heuristics evaluation is a popular utility method of the user’s interface that allows
to recognize of the problems related to designation of user’s interface.

The most commonly used heuristics, which are used in the study that includes
usability of Nielsen’s heuristics HN [5] developed in 1994 based on the earlier set of
rules [6]. HN creates ten main principles of human interactions - a device that refer to
elements such as visibility of system status, compliance between the system and the
reality, standards of the behavior and consistency, prevent errors, and ensure their
efficient service and support for the user.

Due to the different contexts of use and features of the smartphone, the evaluation
of their utility is a difficult process and depends on:

– mobile context of use - all aspects related to user interaction, the system and the
surrounding environment that occurs simultaneously,

– the size and resolution of the touch screen - a small screen and resolution can lead to
usability issues,

– using small buttons for input the data and labels may reduce the effectiveness and
efficiency in data entry (consequently, that reduces input speed and increases the
number of errors in the process).

Heuristic analysis can identify problems related to the design of the user interface
and deliver quickly and at relatively low cost feedback to designers. It can be used
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earlier in the software development process and the proper selection of heuristics can
be helpful in rapid improvement of the functional quality of the interface.

The evaluation of the usefulness can be conducted without users by a few experts
analysing and assessing the compliance of the interface with principles of the utility.
Every evaluation is being carried out independently and the result is provided by the
list of the potential problems associated with the utility. Correctly conducted gives the
feedback to designers of the user interface and suggests specific changes increasing the
utility. Tests of the utility are the method used for the evaluation of the utility of the
user interface through the control group of future users. The purpose of the tests is to
check in what way users deal the service of the system when performing typical tasks
(behavior and interactions are being observed). In this method, to identify the problems
associated with the utility, the data associated with the productivity of participants
while examining is being analysed (task’s execution time, rate of mistakes, number of
mistakes, conversion, level of satisfaction with the performed objective), and a level of
the satisfaction of participants from using operating systems is also being tested.

Due to the fact that traditional methods of measurement of the utility are not
completely adapted to the evaluation of the smartphones, it was created a need for
developing the new method of estimation of the utility based on the existing heuristic
method.

It needs to be highlighted that the heuristic method destined to program the per-
sonal computers software is being a starting point for evaluation of operating systems
of smartphones.

Depending on the situation, the result of the heuristic evaluation can be considered
as an expert evaluation of the smartphone utility and as the ergonomic evaluation of the
user interface.

The heuristic evaluation provides opinions about the user interface and helps
identify problems of utility. Heuristics of the utility of Nielsen are often used as
methods of estimation of the utility of software personal computers, application and
websites.

In theory, it was developed the compartition of descriptions of heuristics of the
utility of smartphone for elderly people with the heuristics of Nielsen. The Table 1
present an extensive evaluation of the heuristic (it was added the physical interaction
HS11 and ergonomics HS12) for the smartphone with touch screen through the
introduction of new heuristics HS1–HS12 for elderly based on the heuristics of Nielsen
HN1–HN10.

The first examination consisted on the evaluation of the utility of popular smart-
phone with the touch screen (Samsung Galaxy Ace GT-S5830, operating system
Android v. 2.3.3) was applied with heuristics described in Table 1.

S. Kurniawan’ tests [8] showed that, in terms of using mobile phones the most
important task for elderly, are: making and getting telephone, setting off the alarm,
creating calendar reminder, change of the profile of the sound, sending and receiving
text messages.

Therefore, the evaluation associated with the problems of usability made by six
experts was carried out based on the performance of the eight most important tasks
from the point of view of the elderly, which consisted of:
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Table 1. Compartition of the heuristics of the utility of smartphones for elderly with the
heuristics of Nielsen [7]

Heuristics of the utility of smartphone Nielsen’s heuristics of utility
Identifier Description Identifier Description

HS1 Visibility of the state of the system.
The smartphone should inform the
user of all the processes and changes
through time feedback adapted to the
user

HN1 Visibility of the state of
the system
The system should always
inform the user about what
is happening in a
reasonable time

HS2 Adapt the system to the real world
The smartphone should avoid
technical terminology and
communicate with the user by
concepts known to him (in his
language and using understandable
analogies to reality). It is important to
provide information in accordance
with the natural order of reality

HN2 Adapt of the system to a
real world
The system should
communicate with the user
with his language and use
understandable analogies
to reality

HS3 Control and freedom to the user
The smartphone should allow the user
options for each operation: back,
repeat, cancel and easy way out of an
emergency situation. These options
should be provided by a physical key

HN3 Control and freedom to
the user
The user must be able to
deceive and undo an action
in error
There should be emergency
exits like ‘cancel’ or ‘back’

HS4 Consistency and standards
The smartphone should be applied the
consistently use the same words,
symbols and actions, in accordance
with accepted principles and
standards (consistency: visual,
operational)

HN4 Consistency and standards
In the systemshould be
applied consistent using the
same words, symbols and
action, in accordance with
adopted principles and
standards

HS5 Error Prevention
The smartphone should hide or
disable functions not available, should
alert users of critical activities and
provide access to additional
information

HN5 Error Prevention
System should prevent
errors in first place, thanks
to design that prevents the
error from occurring

HS6 Identify rather than remember
The smartphone should offer visible
objects and navigation options, in
order tomake smaller load of memory.
User should not be imposed by
memorizing information between
successive stages of dialogue and
operation; a guide should always be
easily available

HN6 Identify rather than
remember
The user should not
have to remember a hidden
information in another
screen. Similarly, the
possible actions
must be visible and
identifiable

(continued)
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Table 1. (continued)

Heuristics of the utility of smartphone Nielsen’s heuristics of utility
Identifier Description Identifier Description

HS7 Flexibility and shortcut work
The smartphone should provide basic
and advanced configuration options,
let the user define and customize
shortcuts to frequently used actions

HN7 Flexibility and efficiency
Users should be able to fit
the way of performing
typical tasks to the level of
their abilities to chosen
functions

HS8 Aesthetics and minimalism
Smartphone should be able to show
needed information in the sensible
time, also should avoid showing
unnecessary information in the
determined context of the use. The
economical layout can increase the
legibility, reduce the burdening of the
eyesight and make shorter the time of
searching for the information

HN8 Aesthetics and
minimalism
The design should not be
unnecessarily loaded, and
must be properly organized

HS9 Help to recognize, diagnose and
correct errors
Smartphone should show messages of
the mistakes in language familiar to
the user, indicating at the same time
the type of the problem and theway of
possible solution

HN9 Help to recognize,
diagnose and correct
errors
Error messages should be
expressed in natural
language, precisely
indicate the problem and
propose a solution

HS10 Help and documentation
The system should offer getting the
documentation and help, focus on
user’s current task and showing
concrete steps to do

HN10 Help and documentation
The system should offer
fast help for information
required

HS11 Effectivenesses of the application and
the productivity
The device should be able to load and
show requested information in the
sensible time and minimize steps of
the task to do. Animations andsteps
should be shown smoothly

HS12 Physical interaction and
ergonomics. The
smartphone should ensure
the physical buttons or
similar elements of the
user interface for major
functions. The elements
should be placed in a
recognizable position.
Dimensions, shape and
user’s interface elements
should match the user’s
hands
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1. making a telephone call from the contacts,
2. making a telephone call from the keyboard,
3. answering a phone call,
4. sending text messages,
5. reading text messages,
6. setting a new alarm,
7. adding a reminder to calendar,
8. changing ring settings, notifications and sounds

The evaluated tasks had been carried out under the same ambient conditions by
experts divided into two groups of three people with a similar level of knowledge. For
the evaluation, group number 1 used the Nielsen’s heuristics HN1–HN10, and group
number 2 used proposed new heuristics HS1–HS12.

As a result of the quantitative study, it has been identified a total of 51 utility
problems, 21 utility problems identified by group 1 (HN), and 30 problems identified
by group number 2 (HS). The number of problems of the utility and their degree of the
intensity assigned to every heuristic is presented in Table 2.

Rates of the importance are showing increasing problems of the utility in the Likert
scale 1–5. Suggested new method of estimation HS utility (average of the intensity
4.11) in comparing to heuristics of Nielsen (average of the intensity 3.32), showed the
high accuracy and the utility in searching for problems of the utility of examined
smartphone.

Table 2. Evaluation of problems of utility if smartphone in HN and HS heuristics. [own
elaboration]

Group number 1 heuristics of Nielsen HN Group number 2 heuristics of the utility of
smartphone HS

Identificator Number
of
problems

Average of the
rate of the
importance

Identificator Number
of
problems

Average of the
rate of the
importance

HN1 2 4,50 HS1 3 4,67
HN2 3 2,67 HS2 7 3,71
HN3 1 3,00 HS3 2 3,50
HN4 3 3,33 HS4 3 4,67
HN5 3 4,00 HS5 2 4,50
HN6 1 3,00 HS6 1 3,00
HN7 3 4,33 HS7 4 3,75
HN8 3 3,33 HS8 2 3,50
HN9 1 3,00 HS9 1 4,00
HN10 1 2,00 HS10 1 5,00

HS11 2 4,50
HS12 2 4,50

Total 21 Total 30
The average intensity of utility problems
3,32

The average intensity of utility problems
4,11

86 W. Grzybowski et al.



3 Suitability of Evaluation of Mobile for Smartphones

In terms of suitability for the elderly, there is no developed checklists containing
heuristic evaluation usability of smartphones.

The starting point of evaluation of the utility of smartphones is the checklists and
design guidelines developed for mobile phones. The environment of the evaluation of
the utility of mobile phones known in literature is useful but isn’t taking into account
the aural and tactile aspect of user interface and more bigger screens in new
smartphones.

There was developed new method of estimation of the utility for smartphones based
on heuristics: HS1–HS12 and current checklists: [1, 9] and the environment of eval-
uation of the utility of mobile phones [10]. In the examination, the classification was
based on the rates of the utility that uses the environment drawn up by [9] in order to
compare smartphones at a high level of abstraction.

The author Jin et al. [1] they drew the list of the utility for examination of mobile
phones which 3 were introduced in table in the hierarchical three-level structure of
elements of the user interface Table 3.

Next in the examination procedure there were identified 21 principles of the utility,
that were fulfilled to the user interface, which were grouped in five categories

A. cognitive support,
B. information support,
C. interaction support,
D. user support,
E. productivity support.

The author Ham et al. [10] they described three levels of the abstraction which in the
hierarchical model are important for the evaluation of the utility: properties, criteria and
indicators. In properties (for the first time) was appliedthe division of the user interface
for: LUI (Logical User Interface), GUI (Grafical User Interface) and PUI (Physical
User Interface). For the simplification of the evaluation there were suggested a way of
classifying those results in the more general level. Five rates There were determined five

Table 3. Three-level structure of elements of the user interface (IU) [1]

Lp. First level Second level with
examples

Third level with examples

1 Principles of
operation IU

Menu, navigation,
keyboard, icons

Main menu, groups of menu, tags

2 Screens IU Menu screen
Start screen
Functions-based screen

Menu screen
animation preview
browser

3 Interactions IU Types
Sorts

Confirm, cancel and save changes,
modification, delete

4 Component IU Types
Widgets
Indicator

Menu list
Bars, sliders, buttons
Status indicators
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rates: efficiency, effectiveness, aptitude for learning and in the arrangement - satisfying
and adapting to the property and criteria. In this way it is possible to connect properties
and criteria of the utility and the introduced model faciliate know better what kind of
functions of the mobile phone influence on the utility.

A further continuation of these works was to develop by Heo et al. [10] environ-
mental evaluation of the utility for smartphones (framework) containing four levels:
(1) utility properties, (2) utility criterias, (3) utility rates and (4) mobile utility. They
have been extracted the new indicators related to support: ergonomic, visual, cognitive
interaction, efficiency and utility interaction. The user’s interface elements of mobile
phone were divided into groupes and assigned to: LUI, GUI and PUI:

– LUI related to the information about the content and structure, related to it per-
formance (e.g. the menu structure and navigation),

– GUI interface with graphic elements and visual that shows the relevant information
(e.g. icons and fonts),

– PUI physical interface that supports physical activities of users’ performed tasks
(e.g. physical keyboard and a microphone).

Environment of the evaluation of the usefulness of mobile phones introduced by
Heo et al. [10] was focused on general evaluation of the device. Each level of this
environment transferred the utility to the more abstract level, that uses multi-threaded
taxonomy. Multi-threaded taxonomy allows to classification of the items of knowledge
in many categories, in every level of abstraction. This allows the classification in a
single category of unstructured data, such as the results of application [11]. There were
divided the influence of the utility into three groups: (1) the perception of utility by
users (effectiveness, efficiency), (2) the characteristics of a mobile phone (reliability,
durability, performance and aesthetics), (3) the execution of the task (view of inter-
action: support and error prevention).

4 Evaluation Model of Utility of Smartphone for Elderly

The level of the utility of smartphones is affecting on increasing their utility through
services of the mobile telecare for elderly people, but only under the condition of
approval of new technologies. The is a deficit of the research tools that concerns this
user group, in particular it concerns the criteria and indicators for the evaluation of the
utility of smartphones with big touch screens. In order to develop simple indicators of
evaluation of the utility of smartphones it was created an original model to evaluate
their utility. For conducting empirical examinations, it was developed the following
simple rates of the utility were drawn up:

1. Visual interaction support (VIS)
2. Cognitive interaction support (CIS)
3. Efficiency interaction support (EIS)
4. Usable functionality support (UFS)
5. Ergonomic support (ES)
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A hierarchical model was developed, with the following levels of usability:

1. Characteristics of usability - observable and measurable characteristics of a
smartphone divided into dependent and independent of the task by the user.

2. Criteria for usability - usability factors measured using a variety of checklists and
applied to the indicators of usability.

3. Simple indicators of usability - conceptual constructs for pointing usefulnesses
which are not directly measured.

4. General usability - two indicators of synthetic being the sum of simple usability
indicators.

5 Closing Remarks

In the literature on the subject exist a statement where the experts deal with HCI can
effectively detect problems of the utility. The main objective of the checklist is based
on the discovery of reveal the design errors that reduce utility and recommendations for
the improvement of errors are the final result [12]. An expert judging on the basis of a
checklist may look for the inconsistency in the user interface. However, in the eval-
uation of the utility of smartphones for the elderly it is not the correct method. For that
reason, in the planned second stage the evaluation wasn’t applied with the help of
experts from the first stage, since they don’t have restrictions of limitations of func-
tionality in the same extent, like elderly people.

In this stage of the examination, all elements from the checklist will be assessed by
elderly people from two groups of the age which are: group 1 at the age of 65–74 and
group 2 at the age above 75 years. The smartphones will be compared with checklists
dependent and independent of performing a task and the evaluation of the utility will be
executed based on the answers of elderly people to questions from above checklists.

In order to compare the overall usability of user interfaces for the elderly subjects of
two operating systems smartphones, will be used synthetic indicator of performed
tasks (IPT) and the synthetic indicator of the quality of use (IQS).

The increase of the utility smartphones for elderly people in the telecare is the effect
of positive influence of value of the general usefulness is the result of value general
utility listed with two above synthetic indicators. High usefulness of smartphones
allows more effective performance of tasks, it reduce errors and shortens the period of
the learning of elderly people.

The created method has many possibilities for the evaluation of overall utility of
smartphones for all operating systems, but with the restriction concerning the size and
features of the touch screen.

The developed methods can be a matching value for the user interfaces for
designers and manufacturers of ergonomic smartphones which are useful for seniors.
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Abstract. Improvements in working conditions are a vital factor for an
enterprise’s growth. Commonly, such improvements are undertaken to increase
a company’s ability to respond to customer needs and expectations. However, it
is vital to bear in mind that the potential for improvement is inextricably tied to
the overall business environment. This is of particular importance for under-
takings that operate systemically. The application of systemic principles, such as
those prescribed by the TQM philosophy, helps complete improvements and
identify areas in which improvements are necessary. In any improvement efforts,
considerable significance should be ascribed to workers, the target area of
measures and the people expected to benefit. To ensure proper conditions that
make it possible to complete tasks, it is essential to refer to ergonomic
requirements. For the measures taken to be effective, it is crucial to associate
ergonomic requirements with the systemic principles enshrined in the TQM
philosophy.

Keywords: Ergonomics � Total quality management � Work environment �
Safety � Principles of improvement

1 Introduction

For a company to succeed in maintaining a dominant market position, it needs to
continue to adapt to changing economic environments. For that to be possible, com-
panies have to adopt such solutions aimed at preventing emerging issues as will enable
them to adjust to operating conditions [1, 2]. Compliance with guidelines governing the
change process is particularly crucial when modifying working conditions. Such
compliance guarantees success in achieving the intended improvement outcomes.
Nevertheless, even such modifications are bound to be felt as a disturbance of the
company’s routine operations forcing workers to meet new challenges.

Growth in any industry hinges heavily on the willingness to improve on prior
achievements [3]. This concerns all areas of activity. The improvement process creates
opportunities for an organization to work better and for the labor force to become more
satisfied with their working conditions. The factors that define the level of satisfaction
include:
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– Confidence in the company’s choice of ways to operate,
– A recognition of the value of the company’s efforts by the successive target groups,
– Worker expectations regarding the work environment.

A prerequisite for the overall enhancement of the process environment is to improve
the conditions in which internal process performers operate. Improvements in such
areas can be achieved by employing the principles of TQM, which allow organizations
to secure a competitive advantage. As a consequence, workers, seen as the internal
target group for such processes, become more satisfied [4–6].

2 The Nature of Improvements in Working Conditions

Ever greater importance for ensuring the proper growth of enterprises can be ascribed
to human capital and operating conditions [1]. Therefore, a great deal of emphasis has
been placed on the growing significance of worker health and safety protection. This, in
turn, helps develop new behavior models based on new standards for organizational
behavior and ethical norms.

Work process improvement can be defined as efforts aimed at ensuring that work
proceeds in an optimal manner. To that end, it is vital to match the impacts of all threats
occurring at particular workstations and all untoward factors with the improvement
measures that are undertaken. Such measures determine the proper functioning of
workers at the workplace and their ability to perform their jobs [7, 8]. The irregularities
that occur at a workplace determine the choice of the systemic measures and solutions
used to improve existing worker health and life protection systems. To accomplish such
goals, it is necessary to adopt a consistent preventive policy that protects workers from
occupational accidents and diseases. A key outcome of improvement measures is work
comfort, which depends critically on conformity with ergonomic principles [9]. Any
measures should account for the human factor thereby ensuring job satisfaction and
motivating workers to continue along the path of improvement [4].

The measures taken to ensure that working conditions are improved properly are
summarized in Table 1.

A precondition for the effectiveness of improvement measures is to ensure their
proper implementation. To achieve this, an organization should account for the factors
that determine the ability of workers to perform work effectively. To increase the
organization’s capacity to satisfy the related requirements, which includes improve-
ments in working conditions, it is crucial to adopt solutions that will ensure that any
modifications made have a lasting effect. Such solutions include the monitoring and
assessment of an enterprise’s strengths and weaknesses in the realm of working con-
ditions to enable the company to choose and apply the most adequate improvement
measures that reduce the adverse impacts of working conditions on the workers [10].
Such an approach will allow the organization to ensure that its work environment is
permanently compliant with any applicable legislation and standards and meets worker
expectations [11, 12].
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3 Total Quality Management in Work Environment
Improvement

3.1 Nature of Improvements Pursued on the Basis of TQM Principles

Total Quality Management (TQM) rests on the assumption that an organization will
seek to achieve lasting success. This desire on the part of the organization defines the
conditions in which humans collaborate and the company’s physical resources
designed for the effective achievement of the adopted goals, such goals being customer
satisfaction, the enterprise’s profit and worker satisfaction.

At its essence, improvements rely on policies, the formulation of goals, the
recognition of audit findings, an analysis of information and data, undertaking (cor-
rective and preventive) improvement measures and recognizing the results of man-
agement reviews. By analyzing the available data, an organization will gain the ability
to identify and assess the results of its improvement measures and its future
improvement needs. The effectiveness of an organization’s efforts may be used to
assess the adopted improvement methodology.

The object of the improvement process is man [4, 13]. The goal of ensuring proper
conditions for the operation of human workers should lie at the foundation of any
improvement measures and be correlated with the nature of efforts undertaken in
keeping with TQM guidelines. The strengthening of the position of an employee in an
organization is seen as one of the key criteria of total management that complies with
the principles of TQM. Such strengthening translates into the desired level of

Table 1. Actions taken to identify irregularities and take proper improvement measures

Stage of implementation Description of state of implementation

Analysis of opportunities to adopt
improvement measures

Requires that a proper account be taken of the
organization’s occupational safety policies,
employee responsibilities, guidelines on the
tolerance of threats and work division
structures

Identification of irregularities and
quantitative and qualitative assessment of
their impact

Requires knowledge on the nature of any
existing irregularities, the severity of their
impact and the available options for
preventing their effects

Planning and implementation of
improvement measures

Requires that proper account be taken of the
option to avoid threats, ensure a transfer of
needs, mitigate the effects of irregularities and
ensure conditions conducive to properly
deploying improvement measures and
defining emergency procedures

Monitoring and control of measure
effectiveness

Requires continuous observations and
supervision of any identified assessment
factors, the identification of newly-emerged
threats and assessments of the effectiveness of
preventive measures
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satisfaction achieved by the customer. It is therefore vital for workers to be empowered
and more satisfied with their jobs and to make the organizational climate more
worker-friendly [12]. By ensuring proper conditions for the functioning of employees
(internal customers), organizations are in a better position to fulfill the expectations of
external clients.

TQM principles can be described as factors that define the direction for improve-
ments [3]. As suggested in the TQM philosophy, improvements should include com-
prehensive as well as regular enhancements in work quality and the approach to
management while reducing environmental impact. Growth can best be secured by
committing to a set of measures that include planning, decision-making, organization,
leadership and control designed to ensure that the adopted goals are pursued efficiently
and effectively [5].

3.2 TQM in Working Conditions Improvements

The TQM strategy requires workers to engage in efforts to ensure continuous
improvements in every area of their company’s activities [14]. The main precondition
for accomplishing such work culture is to support worker efforts to achieve success.
Such efforts may involve modifications of the work environment with a view to
improving the possibilities of employees operating effectively.

A company’s success in establishing a management system that will underpin TQM
depends on compliance with four basic rules concerning quality. The rules state that [11]:

– High quality is a company’s prime objective,
– Quality needs to be pursued by every employee,
– Quality is multifaceted and comprises the organization’s people, processes and

systems, including the work environment,
– Quality is better achieved by preventing problems rather than detecting defects.

One prerequisite for ensuring the capacity to improve is to relate improvement mea-
sures to any essential aspects of an organization’s growth. These may include measures
aimed at [14, 15]:

– Defining operational plans and specific qualitative tasks,
– Assigning tasks to specific executive units,
– Modifying the organizational structure to reflect the needs of the new strategy,
– Building up a proper organizational culture in the company,
– Maintaining a proper level of leadership,
– Developing a system of incentives and controls for the actions taken that will be

suitable for the pursuit of the adopted strategy.

In keeping with TQM guidelines, the measures, defined in the above manner, may be
seen as resting on eight management principles that cover key aspects of an organi-
zation’s functioning. Such principles are summarized in Table 2.

In order to ensure that the improvements relying on TQM principles are efficient, it
is vital to [16]:
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Table 2. An approach to implementing management principles consistent with the TQM
philosophy.

Management principle Guidelines for the principle’s implementation

1. Customer orientation – an organization’s operation and growth depends on customer
demand,

– an organization must satisfy the expectations of all of its
customers,

– to secure the desired benefits, an organization needs to create a
positive image,

– to secure the desired benefits, an organization needs to ensure
that its strategic objectives reflect customer expectations

2. Leadership – to establish leadership, an organization needs to define its
goals and objectives,

– leadership relies on the outcomes of shaping an organization’s
internal operating environment that will support its pursuit of
its adopted goals

3. Worker involvement – optimal conditions must be created to attain the expected
commitment level – this, in turn, will enable the organization
to use its workers’ abilities for its maximum benefit

4. Process approach – requires designing optimal ways to carry out measures
necessary for the achievement of the adopted goals,

– requires the identification, integration and systematic
improvement of processes with a view to increasing their
effectiveness,

– requires measures that reflect the rule that processes can only
be conducted if proper resources have been allocated,

– requires defining the scope of information and knowledge that
needs to be gathered as a precondition for the proper operation
of processes and the achievement of the adopted goals

5. Systemic approach to
management

– the main message in the systemic approach is to seek to
establish optimal links between any identified processes and
their management as a process – the result is a greater
efficiency and effectiveness in the implementation of
measures

6. Continuous
improvement

– improvement is an overarching purpose behind the efforts of
any organization,

– improvement is defined as the pursuit of repeated actions
designed to enhance the ability to satisfy requirements,

– continuous improvement must be sought at every workstation,
extend to every identified process and become a permanent
system outcome

7. Fact-based
decision-making

– decisions are made on the basis of a logical analysis of the
available data and information

8. Mutual beneficial links
within organization

– the adopted optimization of relations with all parties and the
development of partner relationships will increase an
organization’s ability to sustain lasting cooperation
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– Identify the processes taking place in an organization,
– Define sequences and mutual impacts,
– Define evaluation methods and criteria as well as resources that ensure the effec-

tiveness of processes and their supervision,
– Ensure continuous monitoring, analysis and improvement of processes.

One task of utmost importance is to designate process owners responsible for their
implementation and for improvement results [17]. The improvements to be undertaken
may concern new technologies and materials as well as better work organization.

3.3 Areas of Benefits Derived from Systemic Improvement

Improvement can be defined as the part of the management process that is focused on
increasing the ability to satisfy requirements. Improvement, therefore, may be equated
with projects designed to achieve additional benefits for both the organization, its
workers and its customers [11]. To ensure that a company that sets out on employing
TQM principles develops sustainably, occupational health and safety solutions need to
be integrated into the overall approach to management. To define comprehensive
conditions for shaping occupational health and safety that are consistent with TQM
requirements, proper rules should be followed to ensure the effectiveness of the
measures taken. Improvements across multiple fields of a company’s operations must
be seen as necessary [3]. The improvement methods and the scope of improvement
actions in an organization determine its competitive position. Pursued in such a fashion,
improvements require that:

– workers be encouraged to step up efforts to shape working conditions,
– workers be involved in implementing improvement measures and assume owner-

ship of the methods of task performance,
– workers be empowered to make unsupervised decisions.

In an effort to promote the growth of an organization, the above measures may be based
on management guidelines covering various areas of an organization’s business. Of
particular importance in this context is the shaping of a safety culture and undertaking
actions consistent with corporate social responsibility [18, 19].

Organization culture describes the values shared by an organization that affect the
way individual workers function within its structures. Culture in this sense is a col-
lection of social norms and value systems that stimulate interpersonal relations among
members of the organization that are critical for achieving specific goals. Such culture
is made up of standards, models, rules and the principles of conduct adopted in a given
environment [20]. A part of the overall culture is the culture of safety which defines the
approaches and behaviors of an organization’s members allowing them to make
decisions to improve safety and promote health within the organization [22].

Corporate social responsibility is defined as the degree to which a company’s
operations are ethical. Such responsibility comprises [18, 19, 21]:

– the implementation and improvement of an organization’s growth strategies aimed
at satisfying stakeholder needs and expectations,

– building positive relations with the environment,
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– ensuring that actions are consistent with legal requirements and other commitments
made by the organization,

– adopting innovations that allow the company to be more effective in its actions,
– improving resources,
– ensuring process safety.

A central focus of efforts to modify working conditions through specific measures is
man – no organization can ever lose track of this principle. An organization willing to
self-improve needs to learn about human needs and be able to describe their require-
ments and expectations. In order for an organization’s measures to produce the desired
results, they must be consistent with the enterprise’s action strategy. Elements of that
strategy must be inextricably linked to key areas of a company’s operations. Only then
will the organization be able to operate efficiently and effectively.

In the search for a balance in fulfilling the expectations of all stakeholders, an
organization needs to display integrity, respect dignity and abide by the ethical rules in
the achievement of its intended outcomes. It needs to recognize that a part of its effort is to
achieve compliance with the ergonomic criteria applicable to its work environment [18].

Ergonomic criteria play an important role in defining requirements that describe
qualitative aspects of the work environment. Traditionally, such aspects are identified
in the form of ergonomic norms or norms that contain ergonomic requirements and that
can potentially be associated with ergonomic criteria. Ergonomic criteria extend mainly
to the human factor and to its role in pursuing business objectives, often becoming
critical for the successful completion of measures [9].

4 Ergonomic Requirements Applicable to Improvement
Consistent with TQM

Ergonomic requirements are typically associated with the creation of friendly working
conditions in keeping with applicable laws. A less common consideration are the
financial benefits to be derived from creating an environment that is conducive to the
effective functioning of an organization [23]. To strengthen the role of ergonomics and
ensure possibilities for the achievement of the desired benefits, an enterprise should
identify the positive effects of applying ergonomic requirements to improve its oper-
ation. These can be approached by focusing on [24]:

– The current status in which ergonomics forms a part of the planning process,
– The desired status in which ergonomics is an integral part of the strategy that an

organization formulates and pursues.

An essential part of such measures is to account for the need to apply ergonomic
requirements seen as prerequisites for the improvement of occupational health and safety
[25]. The assumption that needs to bemade is that ergonomics is a vital part of the process
of shaping the work environment. Its goals are achieved by adopting a pro-humanistic
approach to shaping an organization’s relations with the environment in which it operates
as well as its internal clients, i.e. the company’s workers. All such actions are undertaken
to find the best ways to optimize the loads that workers encounter in their work.
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To ensure that optimization efforts help to efficiently define worker loads, it is crucial
to define the scope of requirements that should be accounted for in shaping working
conditions. An integral part of such conditions are ergonomic requirements. The links
between ergonomic requirements and TQM principles are presented in Table 3.

Table 3. Ergonomic requirements adopted with respect to management principles, consistently
with the TQM philosophy.

Management principle Principle implementation

1 Customer orientation – in its pursuit of its tasks, an organization follows all
ergonomic requirements that affect worker efficiency,

– much significance is ascribed to the conditions in which
the organization’s internal clients operate as well as
their needs and expectations

2 Leadership – ergonomic guidelines are seen as part of an
organization’s mission, vision and operating strategy,

– the organizational culture that is subject to
modifications includes the culture of safety which
accounts for ergonomic requirements associated with
work comfort,

– in its approach to activities, the organization accounts
for social aspects and how they are influenced by
ergonomic requirements

3 Worker involvement – the organization creates conditions in which employee
involvement can be utilized in the improvement effort,

– in the adopted improvement measures, proper account
is taken of worker comments indicating the need for
solutions that increase work comfort

4 Process approach – the allocated resources include knowledge on how to
perform tasks with proper account taken of factors
affecting the ability to achieve the desired outcomes,
including benefits in the realm of working conditions,

– ergonomic requirements are seen as a prerequisite for
the effective completion of processes that allow the
company to accomplish its specific goals

5 Systemic approach to
management

– compliance with ergonomic requirements is seen as a
precondition for process effectiveness and efficiency

6 Continuous improvement – an increased capacity to satisfy requirements is
achieved by adopting ergonomic principles that help
the organization operate more effectively,

– improvements in operating effectiveness are achieved in
all processes and at all workstations and are seen as
critical for the organization’s operation

7 Fact-based decision-making – ergonomic requirements are seen as some of the data
and information necessary for decision-making

8 Mutual beneficial links
within the organization

– the adopted requirements help improve relationships
with all parties participating in business activities
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5 Summary

In their actions, enterprises increasingly recognize the importance of new areas for
improvement pursued in accordance with TQM guidelines. Such areas include:

– Developing an occupational safety culture,
– Shaping social responsibility with proper account taken of various aspects of work

processes.

Such efforts produce a number of benefits which include:

– Greater positive interest on the part of existing and prospective stakeholders,
– Greater customer loyalty,
– Favorable relations with the public,
– A positive image among the workers achieved by investing in their development

and implementing standards that underpin policies, thus contributing to the
enhancement of organizational culture.

An aspect of an organization’s growth that certainly deserves to be seen as critical is the
commitment of workers to contribute to the improvement process and an effort to
embrace ergonomic guidelines in that process. Ergonomics helps improve the potential
for completing tasks. The direct result is greater work efficiency [26].

The TQM structure that an organization employs must be placed in a safe envi-
ronment. In this context, the main role of ergonomics is to ensure comfort and reliable
equipment and eliminate general fatigue as well as fatigue resulting from exposure to
specific working conditions.

Enterprises that abide by the principles of TQM in their operations must be aware of
the need for all workers to strongly commit to the improvement process. This helps
achieve the expected benefits in many fields. For instance, compliance with the ergo-
nomic requirements relating to the work environment helps improve work efficiency,
reduce the biological cost of work and cut the number and cost of errors made during
work [24]. As a consequence, the concerned enterprise improves its competitive position.
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Abstract. This paper feature results of scientific research that is associated with
the improvement of interaction conditions of interactive products. Efficiency of
use of these products remains in close correlation with efficient performance of
decision making processes. Available information resources assist the user in the
effective use of electronic devices only when, at the same time, mechanisms of
adaptation of information to the real needs and learning capabilities of the
individual user in the information environment are being designed. This
multi-dimensional space in which cognitive processes are carried out, in regard to
processing and transferring information, is nowadays characterized by excessive
amounts of information, also called information noise. However, in the use of
interactive products, the common phenomenon of the so-called information gap,
which is the difference between relevant information and the collection of
information became available in the system. The result of designing interactive
products targeted at eliminating this discrepancy is that the user achieve goals
with satisfaction, in less time and without frustration and anxiety, which would
otherwise occur as a result of emotional and cognitive dissonance.

Keywords: Decision making processes � Cognitive processes

1 Introduction

The most important task for the IT product designer is to develop mechanisms to
provide set of information, which will be used by the user during interaction, assessing
the current situation and making appropriate decisions [1, 2]. The designer solves
problems supporting user’s limitations, which are described by [3] in his work on
human-computer interaction. Moreover he or she designs interface, which reflect in
possibly most vivid way the information structure of operating environment. Thanks to
the plasticity of mapping the elements of sought reality, the user is able to project the
images of operational environment, restore from memory the missing pieces of
information and make sound decisions. Basic limitation of humans, related to the
existence of information gap include:

– “visual limitations: ability to flawlessly read information from the screen, the screen
layout should enable the user to clearly separate work areas and easily access
objects in these areas;
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– limitations associated with human’s memory capacity and ability to process data:
the manner of information coding should allow for flawless decoding;

– limitations of manipulation efficiency,” [3].

The scope of knowledge about the information-processing by humans, imple-
mented in the interactive product design is directly proportional to the effectiveness of
tasks and user satisfaction and inversely proportional to information gap. A foundation
in these proceedings is to maintain the generally accepted guidelines for interaction
design, published by the authors dealing with human-computer interaction [4, 5]:

– supporting work tasks;
– taking into account the limitations of humans;
– assuring the enjoyment of use;
– using experience;
– understanding the characteristic of the problem situation.

Fundamental goal of designing is improving the interface through all sorts of
measures:

– ensuring normal flow of information processes, which reduce the load on the visual
system in regard to seeing objects,

– ensuring correct logic of information appearing,
– ensuring human’s ability to keep all necessary information in the so called operating

memory,
– ensuring the development of specific action strategies, e.g. possibility to acquire

additional information.
– introducing harmony of use (visual and auditory stimuli contained in color schemes

and sound settings)

The fundamental criteria of design in the evaluation of the interface reducing the
information gap is the set of quality and ergonomic requirements [6–9]. They include,
among others, the following requirements: currentness, completeness, detailed char-
acter, reliability, availability, comparability, appropriate reaction time and proper fit
between the system and the real world, consistency and standards, preventing errors,
recognition instead of reminders, flexibility and the ability to use shortcuts at work,
aesthetic and creative design [10–12].

A large number of these requirements force the designers of interactive products to
find in the course of numerous experiments, the significance of some of the require-
ments against the others [7, 8]. In the course of these experiments, based on user’s
subjective assessment, relationships between measures in the information environment
of decision-making processes are defined. Results of research regarding the improve-
ment of conditions of perceiving information, understanding information and regarding
the assessment of information usefulness during interaction are presented in Table 1.
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2 Methodological Bases to Minimize the Information Gap

Properly designed interactive product requires associations and synthesis of data
research methods of various origins with a specific situation of human-object inter-
action. I real situations, the value sought by the designer depends on the state of “n”
parameters, which constitute a multi-dimensional sphere of data and moreover a syn-
ergy between these parameters is the core of the designed solution. Choice of possible

Table 1. Summary results of research on efficiency of ergonomic design of operator work
method interface [5]

Information means Characteristic of
work processes

Assessment criteria of method of using interactive
product
Perception
[relative
response
time]

Understanding
[adequacy of choice -
in two categories, in
the unit of time]

Assigning
appropriate
category of
importance
[aptness on a
scale 1 to 5]

Effects of shifting
attention by
breaking the rules

A. Sewage
treatment
technology
operator

Improved
by 30%

Correct Correct

B. Executive
team operator

Improved
by 5%

Correct Overstated

C. Executive
devices operator

Improved
by 2%

Correct Correct

D. Safety
conditions
monitoring
system operator

Improved
by 21%

Correct Correct

Eliminating words,
which are not
emotionally neutral

A. ditto Improved
by 5%

Correct Overstated

B. ditto Improved
by 7%

Incorrect Overstated

C. ditto Improved
by 3%

Correct Correct

D. ditto Improved
by 12%

Correct Overstated

Reducing the
number of sources
of information

A. ditto Improved
by 24%

Correct Correct

B. ditto Improved
by 2%

Correct Correct

C. ditto Improved
by 2%

Incorrect Correct

D. ditto Improved
by 3%

Correct Correct
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solutions during minimization of information gap requires reduction of a number of
variable factors “n” to the most important for a given human-interactive product sys-
tem, with regard to technical and psychological aspects.

Since the tasks of a user are focused on constant processing of information,
therefore general requirements regarding the functioning of IT devices users are treated
as an autonomic system, in which searching, receiving, processing and storing of
information from the environment along with decision making processes occurs.

In the set of preliminary criteria of product improvement there will be those, which
are identified with the following three issues:

1. perceiving information by the user;
2. understanding the content of information;
3. assessment of the level of perceived information;
4. selection of the variant of sought information, when there is abundance of it.

Therefore the criteria of the evaluation of effectiveness of decision making actions
are the following:

– minimal time to perceive and process information,
– comprehensibility (clarity) of the content of information,
– correctness of the assessment of the importance of the perceived information,
– ability to use the information in decision-making.

In order to justify the implementation of appropriate information means, it is
required to describe the process of usage in the observable categories of cognitive
processes (Fig. 1).

Three phases were distinguished during experiments, were suggested:

1. Phase of acquiring information with concurrent analysis of information (searching
for alternative variants);

2. Phase of decision making;
3. Phase of executive action of decision making processes.

Acquiring information is based on direct observation of the interface. In this phase
the main emphasis is on the perception of various visual, auditory and tactile infor-
mation and appropriate reaction to them. This causes an absorption of certain intel-
lectual resources, particularly memory and attention. The more complex is the device
the more information and knowledge is required to properly handle it and correctly
perform the task. Analysis of information includes thought processes leading to
establishing a hierarchy of information variants with regard to the expected usefulness
in the decision-making process and its practical use (carried out with a use of decision
rules). Decision making refers to situations in which the user has to take action with
regard to more than one piece of information [13]. In case of repetitive decisions, which
are typically taken quickly, even automatically, mental effort involved is small. If
however the decision is more complex, it requires the use of large amounts of infor-
mation, often incomplete and associated with a lot of responsibility.
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Executive actions primarily depend on the complexity of tasks, the degree of
practice, typicality or abnormality of movements, particularly from the consequences of
their implementation in a complex decision-making process as shown in Fig. 2.

The occurrence of the information gap is most generally justified by selection
process, which determines the information reaching the human, and which cannot be
processed by him or her.

Knowing that brain can flexibly change strategies of dealing with information in
environment and thanks to appropriate factors in creating a system of ideas, which are
achieved through adequate information measures in the designed systems. A strategy of
the so called active operator is an example of a complex solution, which is focused on
the effect of supporting orientation attention. Thanks to this strategy, rigid boundaries
of brain capacity don’t exist and information gap can be significantly reduced in
decision making processes and executive tasks can be improved.

Selection and 
implementation                

of a decision

Observation of the state 
of interactive product

BEGINNING

Executive action

YES

Making decision

END

Distinguishing               
the problemNO

YES

NO

Fig. 1. Conceptual model of a tasks of an interactive product user. Own elaboration
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3 Algorithm of Minimization of Information Gap

Initially starting from the standard approach to the design of interactive products of
high usability according to ISO 13407 norm, in many design projects the ability to
improve the efficiency of research by restricting their scope to specific cognitive pro-
cesses has been observed. In this area the activities of users of interactive products
associated with decision-making were accepted as representative, in relation to which
the validation of interface was prepared and carried out with positive results. A method
of improvement of interaction requires 9 stages as shown in Fig. 3.

Stage 1: Preliminary analysis of historical data. Relationships in the user’s envi-
ronment in case of performance failure are recognized. Availability of this type of
data enables identifying distractors and initially defining the sources of information
gap. It is when the diagram of information flow is designed for the system human -
interactive device – information environment.
Stage 2: It is required to document the cases of using a taxonomy characterizing the
action for cognitive processes. A description of user’s tasks is created and the
knowledge about improper behavior of the user is supplemented.
Stage 3: Information means supporting user’s decision making tasks are designed.
The objective for the design is to include an optional solution for each individual task.
Stage 4: Planning training and exercises, during which the use of interactive product
is forced in the situation of stress and lack of time. The assessment of effectiveness
of feedback is required.
Stage 5: Documenting the effectiveness evaluation of user’s tasks in difficult situ-
ations. A simulation of the information means used in executive actions of
decision-making tasks under stress and lack of time.
Stage 6: Recording reaction times.
Stage 7: Identification of distractors.
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Fig. 2. Structure of elements constituting the relationships in decision making cycle [14].
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Stage 8: Selection of information means facilitating the decision making during
interaction.
Stage 9: Describing the design solutions supporting user during interaction. The
design is being enriched with innovative solution. The implementation of the
project module is being implemented, which allows the user to actively participate
in the creation of interactive products in the re-validation stage. The effectiveness of
user’s tasks in situation modeled personally by the user is compared.

Experience in regard to information means optimizing the work of interactive
products’ users during decision making activities are related to the following four areas
of research:

1. Reducing the load on visual system with regard to seeing objects;
2. Guaranteeing maximally accurate reception of information provided by the indi-

cating device;
3. Facilitating the including of information appearing “at the input” of the subjective

sphere (a human creating a subjective model of activities);
4. Ensuring human’s ability to keep all necessary information in the so called oper-

ating memory.

4 Conclusion

Ergonomic approach in minimization algorithm of information gaps in interactive
products fulfills the postulate of individual adjustment of technique to user’s abilities.
Using adequate information means generates the transmission of information in such
portions that none of them will exceed the capacity of its reception, and all of them
together guarantee necessary fullness to reflect the reality.

Designing interface with knowledge of human’s information processing processes,
of cognitive processes which characterize executive actions of decision making pro-
cesses influences directly the scope of information gap.

The suggested algorithm of minimization of information gaps provides knowledge
about problem situation and situational context I which the processing of information
of interactive product user occurs. Making use of the phenomenon of time deficit
during critical test at the stage of design validation additionally provides data about
conditions of fallibility of user’s activity efficiency and test the device for compliance
with human’s characteristic. If the human-interface system is to function effectively, it
is necessary that information addressed to man is transferred to him or her in the most
convenient form to be noticed, remembered and understood. Analyzing the model of
information processing we can distinguish components activating the user. Therefore,
the base of interactive product design is the conceptual model of user’s tasks along with
specific activities of the cognitive system.

Interface of every interactive product integrates all elements of the system, between
which the information exchange occurs. It constitutes a hub which filters the expo-
nentially growing amount of data which are fed to the system, which provides
resources for the user. The smaller the scope of information gap the better protected is
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the human in the context of information noise and the more favorable and the
“mechanisms responsible for planning, decision making, discovering errors, reaction in
new situations and refraining from habitual reactions,” [8].
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Abstract. A subject of the paper is a process diagram of data input to IT
system, as a tool to improve communication process inside company. Obser-
vational research as well as reports of errors and missing data created for
administrator of IT production management system, were carried out under real
conditions of company of producing machine parts. These research provided
with the knowledge about quality of communication between various organi-
zational units (departments) within the company and between the IT system
users as well. Presented diagram, with clearly defined steps, specifies method of
filling up the IT system with technological, planning, manufacturing, purchas-
ing, subcontracting and controlling data, improving this way internal commu-
nication process.

Keywords: Communication process � Communicate � Process diagram � Block
diagram

1 Introduction

Communication as a process of transferring or exchanging information between people,
is one of the oldest social processes which accompanies a human from the moment he
began to live in a groups, community and organized structures. Contemporary societies
exist thanks to creating, processing and transmitting information. It means that com-
munication processes are foundation of society which could not function without it.
These processes are carried out on several levels, dependently on social context. The
lowest level creates interpersonal communication units, then we can distinguish
intragroup and between group communication. Next, it is higher institutional com-
munication or even higher public communication, including political, and finally the
highest – mass communication [1].

2 Communication as a Process

Many definitions of communication concept were founded in science of communica-
tion. Their authors point out different aspects, features and elements of the phenomenon
assigning them to different meaning. Communication was thus defined as a mechanism

© Springer International Publishing AG 2018
R.H.M. Goossens (ed.), Advances in Social & Occupational Ergonomics,
Advances in Intelligent Systems and Computing 605, DOI 10.1007/978-3-319-60828-0_12



by which human relationships exist and develop [2], as a tool that allows society to
exist [3], as an act through which group norms are expressed, social control is per-
formed, roles are assigned and efforts are coordinated [4], or as a transactional process
of creating meaning by its users at interpersonal and public level [5]. On the basis on
that analysis, it can be accepted an universal definition that communication is a process
of communicate, sending information between individuals, groups or institutions. Its
aim is to exchange thoughts, sharing knowledge, information and ideas. This process
takes place at different levels of organization, using a variety of measures and causes
specific effects.

3 Communication System

The concept of communication system can be defined in two ways [1]:

• in institutional terms – shows connections between the system components (insti-
tutions, groups), their location, type, kind,

• in functional terms – shows the system as a process, highlights actions and
interactions.

Communication system will exist when interpersonal communication of individuals
and small groups is replaced by a complex, multifaceted and multi-layered commu-
nication process, as well as there will be a message sender and receiver forming a
structured group of people.
The type of communication system is determined by the following factors [1]:

• participants of the system, composition, structure and features,
• control of sending messages, methods and ways of their distribution,
• information sources and methods of delivering them to the system, to senders and

receivers,
• nature of contacts between members of the system,
• rules, norms, behaviour patterns of the system members.

These factors made it possible to distinguish various communication systems (or-
ganizational, political, public, mass), which were created together with civilization
progress. All of these systems have a social nature, because their participants are
members of society.

The concept of social communication system can be defined as a totality of com-
munication relationships, involving creation, accumulation and receiving information
between participants of the system.

4 Organizational Communication System

A proper information flow is essential for functioning company. This is one of the most
important processes related to management system [6].

The organizational communication system corresponds to the communication
processes at group level and between groups. This makes, the narrowest and the
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smallest range. The participants of this system are individuals – people who belong to
organization characterized by internal, hierarchical structure with clearly defined roles
of its members. Relationships between participants of this system are formal and
organizational. All participants have got assigned duties and responsibilities, which
perform them to achieve goals [1].

The communication inside closed organization structure is carried out on the two
levels: interpersonal and group. Interpersonal communication is associated with
information transfer from management to subordinates. Group communication takes
place inside a team performing a common task.

Studies concerning communication processes in organizational communication
system contributed to literature development of organization and management in the
area of creating effective organizational structures. The great importance is given to
organizational culture, which consists of formal and informal structures being the effect
of relationship types between participants of the system.

Literature review presents a various models of organizations, in which each of them
uses different rules determining specific behaviour.

The bureaucratic model was created by Max Weber who was one of the main
representatives of administrative direction of scientific work organization. His greatest
achievement was the theory of authority and the concept of bureaucratic organization
[7–9]. He distinguished three types of authority in formal organization and decided that
each of them, for efficient operation, requires adequate administrative system, which the
most rational form is bureaucracy characterized by a hierarchical organization structure,
labor division within administration and stable regulations [10]. Analyzing this model
from communication process point of view, it should be noted that direction of com-
munication runs from up to down of organization structure, which means that superiors
give commands, subordinates realize them and prepare proper statements and reports.

Human relationships model presents organization as a combination of formal and
informal structures. Proposed by Henri Fayol innovative way of contact in hierarchical
organization structure, called Fayol’s Bridge [7–9, 11], rely on authorizing employees
of various departments to communicate with each other in the less importance matters,
without any formal way. Communication in this model runs in horizontal and vertical
direction. The Fayol’s Bridge was proposed to reduce communication time in orga-
nization and it is an exception from the hierarchy principle formulated by Fayol in 14
rules of management, basing on vertical communication.

Administrative model developed by H.A. Simon presents an organization as
a complex network of communication processes. One of the element of the concept is a
problem of connectivity in organizational system. The process of which is understood as
a process transferring information between members of organization. Superiors and
subordinates have got separate and clearly defined tasks and communication is two-way.
Managers are focused on openness and feedback strategy towards subordinates.

Model Y, developed by McGregor, shows organization as a place of employees
self-realize [12–14]. Managers assume that employees can be ambitious, have moti-
vation, willingness to take responsibility, use self-control and act autonomously. The
process of communication is from down to up, from employees to managers. Orga-
nizational model is characterized by a high flexibility for changes in such environment.
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Likert’s Model participative style [15] perceives an organization as a system of
verbal communication, based on overlapping groups, called linking pins. There are
interpersonal relationships and verbal messages preferred, and communication process
takes place in all directions. The model characterized by a fact that a group of
employees determine their own goals, take decisions by themselves, and manager
usually accepts them. It is based on a full trust between manager and his subordinates
leading to jointly manage a team. It becomes possible to create a highly flexible and
efficiently functioning structure.

The template model is devoid of hierarchy and communication processes take place
in all directions between members. This arrangement increases structure flexibility,
better adjustment to the new conditions and better reactions to chaos and changes.

5 Process Diagram

Process diagram is design to present the chronology and logic way of activities per-
formed in a process. It presents the structure of the process and relationships between
its components in transformation of inputs into specific outputs. In diagnostic approach
it describes an existing process, while in prognostic approach it becomes a tool for
processes modelling. It is a starting point for analysis of processes and it illustrates
process flow pointing executors of particular activities [16].

To present a sequence of activities in a form of flowchart which allows for better
understanding an essence of the process, but significant role concerns preparation of the
schema, because while creating the process there are discoveredmany dependencies [17].

This tool contributes also to improve its quality by reasonable adjustments, cor-
rections and modifications [18].

There is no restriction in using flow diagram. It can be used in production processes,
services or administration, that is why depending on needs and goal to be achieved, a
block diagram can be a carrier of variety of information. Flow diagram can be a simple
presentation of information which is sufficient for general process understanding or it
may be multi-level developing of particular activities and decision points [19].

The flow diagram is usually used to describe existing process, to design new
processes, to design improvements, as well as process analysis and visualize processes
flow in enterprise.

6 Process Diagram of Data Input

This paper is focused on a problem concerning data input of a process diagram as a tool
of improving internal communication in enterprise. The diagram, with clearly defined
steps, describes the method of complete the IT system with technological, planning,
manufacturing, purchasing, cooperative and controlling data, improving this way the
communication process between various organizational units.
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It can be distinguished the following phases of this method:

• preparation and input of technological data,
• manufacturing process design,
• purchasing and subcontracting data input,
• product structure creation (bill of material),
• production planning data input,
• verification of implemented data,
• execution of cost calculation.

The process of data input to production management system starts with preparation
of technological data in design manufacturing processes department. These data are
sent to product master database (PMDB) coordinator. The technological data are input
to PMDB and then distributed to other IT systems transferring various types of data for
master production scheduling system (MPSS), manufacturing system (MS) and cus-
tomer service system (CSS) requirements. Next, PMDB coordinator informs depart-
mental technologists about data distribution to MS. This runs the essence of the
diagram, as a tool to improve communication process of data input to the system.
Technologists begin their work in MS with design manufacturing process in form of
defined technological operations and creation product structure. When product is
produced from purchased material, than purchasing department inputs purchasing data
to MS. Than production planner implements planning data, essential for correct
scheduling production in the system. In next step, the administrator of the system, who
is a coordinator of activities in the process, verify correctness and completeness of
implemented technological, manufacturing, purchasing, subcontracting and planning
data in order to send information to controlling department asking for executing cost
calculation in MS.

The analysis of the process concerning data input to production management
system provides knowledge about complexity of the process, involves many organi-
zational units of the company. Quality of the communication process between orga-
nizational units determines correctness and completeness of implemented data. It is
also an indicator of teamwork skills.

Algorithmic spin of data input process allows to create a block diagram showing
the chronology and logic activities carried out in the process (Figs. 1 and 2). It shows
process structure and relationships between its components. It becomes a general
process model. It is starting point for detailed processes analysis within individual
phases.

This diagram presents general steps and decision points necessary to execute by the
individual organizational units in company, involved in the process by MS users as
well. The idea of the process concerns understanding process essence, its improvement,
and above all improve the quality of communication between the system users. In terms
of usability it contributes to correct and complete the IT system with necessary data to
execute cost calculation in MS.
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Generally, functional approach of the block diagram gives a possibility for further
detailed analysis of various activities executed in the process, thereby showing a kind
of model of communication system in the company.

The process diagram of data input to MS begins with determining whether a new
product or a new component has to be implemented. In case of a new product,
department responsible of manufacturing process design, prepares technological data
required for PMDB. At the same time, the department informs technologist of pack-
aging who prepares data about method of packaging product. Data from the both
sources, technological about product and packaging technology are transferred to
PMDB coordinator, responsible for enter them to database.

When a new component has to be implemented to MS, then information of a
necessity for technology data preparation goes to technologist appropriate department,
where production of the new component will be launched. Now, technological data is
transmitted to production department manager who prepares cost data for PMDB. Then
the set of technological and cost data is sent to packaging technologist who prepares data
about method of the component packaging and finally he enters the set of data to MS.

Fig. 1. General block diagram of data input to MS
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In both described above cases there is packaging technologist who sends data to
PMDB coordinator or implements data to database by himself. This division is dictated
by a type of assortment – product or component.

PMDB coordinator enters the data to the database and distributes them to other IT
systems: MPSS, MS and CSS. The same operation executes packaging technologist in
case of new component. After the implemented data technologists of all departments
have to be informed about data distribution to MS. Each department’s technologist
executes similar activities in MS, allowing to fill the system by data.

Because of large size of the process diagram of data input to MS, the paper will
focus on a part of the diagram presenting certain activities concerning one production
department which reflects essence of the whole process (Figs. 3 and 4).

Technologist of department producing a component X starts working in MS with
design manufacturing process in form of defined technological operations and creation
product structure (BOM) only when material already exists in MS.

In case when the component is produced from purchased material, and it does not
exists in MS, then technologist informs purchasing department about a need to input
missing material to the system. Purchasing specialist creates new material in MS and
enters purchasing data, and then gives feedback to technologist, informs also planner
and warehouseman. The situation may arise when technological operation has to be
executed in other company, than subcontracting data have to be input to MS. This is
also a task for purchasing department.

Fig. 2. General block diagram of data input to MS
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After technological data input, department’s technologist of component X informs
another department’s technologist about work completion in MS and available data
necessary for him to start working.

Then the information from department’s technologist goes to department’s planner
who inputs planning data required to proper production scheduling component. When
finished, department’s planner transmits information to MS administrator who is also a
coordinator of activities related to the process of data input coming from various
organizational units (departments) in order to verify completeness and correctness of
implemented data from the system viewpoint that may send information to controlling
department asking to execute cost calculation. In case of problematic situation, an
appropriate organizational unit, responsible for technological, planning or purchasing
data input, makes appropriate changes, corrections or additions of missing data.

Fig. 3. Process diagram of data input to MS (technological and planning fragments)
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7 Communication in Process Diagram of Data Input

System of communication in the process diagram of data input to MS corresponds to
processes of communication at group level. Participants of the system are people who
belong to various organizational units (departments) in the company. All of the process
participants have got assigned duties which they execute to achieve objectives.

Interpersonal communication is related to information transmission from the pro-
cess coordinator to team members, the process participants and the system users.
Effectiveness of communication processes depends on style of communication and
feedback. Each participant of the data input process has got precisely defined tasks and
method of their execution.

Paying attention in the process of data input illustrated by the diagram on indi-
viduals involved in the communication process, a model of information system transfer
can be obtained (Fig. 5).

The relationships between units designed in the model as design manufacturing
processes department and packaging technologist are similar to the bureaucracy model
because direction of communication runs from up to down of the organizational
structure, it means superior (design manufacturing processes department) gives a

Fig. 4. Process diagram of data input to MS (technological and planning fragments)
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command and subordinate (packaging technologist) executes it. This is the only formal
structure in the process of data input.

In the most of communication cases, the human relationships model appears in
which individuals – participants communicate directly one with one another, omitting
the person coordinating activities in the process, which significantly reduces the time
and way of communication. Information transmission takes places between equivalent
units in hierarchy of formal organizational structure: packaging technologist and
department’s technologist, department’s technologist and department’s planner, pur-
chasing specialist and department’s planner, purchasing specialist and warehouseman
or between units equivalent only in informal structure of the process of data input:
packaging technologist and component production manager, PMDB coordinator and
department’s technologist, packaging technologist and PMDB coordinator.

The analysed model of information system transfer also shows similarities to the
administrative model, presenting organization as a complex network of communication
processes. The communication is two-way: between packaging technologist and
component production manager, MS specialist and controlling department, depart-
ment’s technologist, purchasing specialist and department’s planner, department’s
technologist and purchasing specialist.

Participants of the process of data input have responsibility for quality of imple-
mentation data and motivation to act. They are aware that next process steps depend on
tasks executed by them. So, they work autonomously without control from manage-
ment side. It can be find there elements of the model Y.

It should be noticed that participants of the process create, during data input,
informal structure with functionally different organizational units. Control of the whole
process exercises a person called MS specialist, who plays a leading role.

The above considerations on similarity of the analysed model of system informa-
tion transfer to one of the literature’s models, lead to conclusion that the analysed
model is not homogeneous throughout its structure because individual parts contain

Fig. 5. Model of communication system in process diagram
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features of various literature’s models. One can say that it is a hybrid model of
communication.

Appropriate organizational communication process and interaction are necessary
conditions in a process of combining knowledge and skills in a functional wholeness
which encourages innovation, knowledge development and implementation of effective
mechanisms of organization functioning [20].

8 Conclusions

A subject of the paper is a process diagram of data input to IT system as a tool to
improve communication process inside company.

Observational research as well as reports of errors and missing data created for
administrator of IT production management system were carried out under real con-
ditions of company of producing machine parts. These research provided with the
knowledge about quality of communication between various organizational units
(departments) within the company and between the IT system users as well.

The diagram presented in the paper, with clearly defined steps, specifies method of
completing the IT system with technological, planning, manufacturing, purchasing,
subcontracting and controlling data, improving this way an internal communication
process.

The diagram presents chronologically and logically organized activities, executed
in the process. It shows the process structure and relationship between its components.

There are two approaches to the diagram presented in the paper: diagnostic,
describing an existing and applied under the real conditions the process of data input to
the IT system, and the second one – prognostic approach, which is a tool of com-
munication system between units (departments) in modelling process.

Visualization of the chain of actions as the diagram process allowed to understand
better essence of the process, also subject, functional and communication dependencies
occurring between the IT system users as well as it realized an importance of the
communication process.

Analysis of the process transferring information between organizational units
(departments, people) the above consideration data input process, led to define the
model of communication system as a hybrid model containing features of various
literature’s approaches.
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Abstract. Many companies have been working on to reduce energy con-
sumption these days. However, it could also reduce efficiency of office work
because the office environment becomes uncomfortable by the energy saving.
Thus, it is necessary to save energy and keep workplace productivity at the same
time. Since quantitative analyses about certain effects of workplace environment
to office productivity have been already done in conventional studies, the degree
of each environmental effect can be compared. It is however unclear how the
environmental condition affects their productivity. The purpose of this study is
to propose a systematic combination of various expert statistical methods as a
framework of mechanism analysis of productivity changes. The proposed
framework was also tested by case studies of some different varied environ-
mental factors.

Keywords: Workplace productivity � Analysis framework � Indoor
environment

1 Introduction

Energy consumption on business sector has kept increasing recently especially in
Japan, and many company have been working on reducing energy consumption in their
office places, such as reducing air conditioner use, thin out lightings and so on.
However, those activities of reducing energy consumption could make their office
environment uncomfortable and it may bring negative effect to the workers’ intellectual
productivity, which means workers’ efficiency of intellectual work. Therefore, it is
necessary to design the office environment not only to reduce energy consumption but
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also to keep their intellectual productivity. Thus, to improve office environment in such
effective way, it is required to reveal not only the variation of productivity itself but
also the mechanisms of productivity changes caused by environmental factors.

Since quantitative analyses about certain effects of workplace environment to office
productivity have been already done in conventional studies [1–3]. the degree of each
environmental effect can be compared. However, it is necessary to measure varied
factors and their varying process leading to productivity change in order to reveal the
essential relationship between environmental factors and productivity changes. On the
other hand, some conventional studies have focused on the varying workers’ state that
leads to productivity changes [4]. In light of these studies, the degree of varying
workers’ state can be compared however the degree of productivity changes remains
conjectural. In this way, there are few studies analyzing the mechanisms of productivity
changes that are brought by the environmental changes.

The purpose of this study is to propose a systematic combination of various expert
statistical methods as a framework of mechanism analysis of productivity changes. The
proposed framework was also verified by case studies of some different varied envi-
ronmental factors. In this study, a general mechanism model including every element of
productivity changes and a procedure to quantify the changing mechanisms were
proposed as an analysis framework. The quantification procedure is composed of
measuring methods of the elements of general mechanism model and statistical process
of measured data. Some serviceable approaches were also proposed in each process.

2 Proposed Analysis Framework

Figure 1 shows the whole DFD (Data Flow Diagram) of the proposed analysis
framework. This framework returns a quantitative mechanism model of productivity
changes when analyst inputs certain environmental factors. The quantitative mecha-
nism model shows the strength of causal relationships between productivity changes, a
focused environmental factor and each element of varying productivity. These elements
are described in the general mechanism model. According to Petra [5], it is necessary
for measuring the effect of varying workplace environment on intellectual productivity
to make a model that describes any factors that affect intellectual productivity.
Therefore, this proposed analysis framework is composed of the general mechanism
model and the quantification procedure. The general mechanism model includes whole
elements of varying productivity and shows causal relationships between environ-
mental changes and productivity changes through those varying elements. Thus, even if
there are no hypothesis how a certain environmental change effects, the model realizes
the exploratory data analysis to find which factor is important in the analyzed situation.
The quantification procedure is composed of whole analysis processes not only the
statistical method but also the data measuring method and data processing before the
statistical analysis. This method quantifies the strength of passes between component
elements of the general mechanism model.
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2.1 General Mechanism Model

On account of Woods [6] and Swan [7], this general mechanism model shows that tit is
created from the idea that the environmental change affects internal state factors and the
result of the internal state factors changes, the productivity varies. In addition, some
individual traits that could affect their internal state factors are included such as sen-
sitivity to heat and cold, dry eyes. In this paper, productivity is defined as work
efficiency, so according to Kato [8], it is the ratio of intellectual work progress (output)
to working time (input). Therefore, the general mechanism model is defined as shown
in Fig. 2.

Analysis framework .

Q
uan�fica�on procedure

Choice of measuring 
method

Measuring experiments 

Sta�s�c calcula�on of the 
elements of the general 

mechanism model

Quan�ta�ve evalua�on
of strength

between each elements 

General 
mechanism 

model

Model 
components

Analyst

Quan�fied mechanism model

Measured data
of model components

Representa�ve variables

Measuring method

Focused environment factor

Rela�onship
between

model components

Fig. 1. Full DFD of proposed analysis framework.

Internal state factors

Work place 
environment

Stressor evalua�on

fa�gue mood arousal

produc�vity

individual 
trait

Fig. 2. The general model employed in the proposed framework.
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Here, workplace environment is defined as a certain factor that can affect progress of
knowledge processing. Knowledge processing is one of the layers of intellectual work
proposed byMurakami [9], which includes work to be done consciously and not includes
some creative work such as idea creation. Office work considered in this study therefore
does not include other layers, the information processing layer whose work is done
unconsciously and the knowledge creation layer. For example of the environmental
factors that affect knowledge processing work progress, Mendel [10] focused on the air
quality, room temperature, sound environment, individual controllability and lighting
environment, and Wyon [11] showed that many experts regard these factors important.

The internal state factors here consist of stressor evaluation, fatigue, mood and
arousal. According a conventional study [12], the four factors are defined; stressor
evaluation is defined as individual feeling and unpleasantness about the workplace
environment; fatigue is defined to include both physical and mental fatigue caused by
doing intellectual work; mood is defined as a static emotional state that affects workers’
productivity during interaction with their cognitive processor; and arousal is defined as
a conscious state of stimulated central nervous system and wide-awaken which can
have important influence on productivity from the viewpoint of attention on their work.

In this model, individual trait means some permanent characters that could not be
affected by environmental change nor any varying factors. It includes demographic
items, such as gender, age, family size and income, basic individual characters such as
lifestyle and sense of values, standard values, and sensitivity of environment. Since
these individual traits may have influences on whole the mechanism model, they
should be referred when analysts want to classify analysis participants into some
groups based on common characteristic.

2.2 Quantification Procedure

The quantification procedure derives a quantified mechanism model when analysts
input some workplace environmental factors and elements of the general mechanism
model and their relationships. The procedure includes measuring the elements of
general mechanism model and statistical process of measured data.

The analyst first chooses the measuring method of model components that may be
affected by the focused environmental factor. Although some serviceable approaches
are proposed in each process in this study, it is not necessarily to choose the method
from conventional studies. Any suitable method including both new and old can be
chosen depending on the situation. To get enough amounts of measuring data, how
many data measured per a worker or per time, in other words, the time resolution and
the simultaneous measurement feasibility, have to be considered.

Some typical examples of measuring productivity are cited as follows; one method
is to use performance records of cognitive tasks, including answering time per question
and error rates. Although it has a good time resolution, its results might be affected by
leaning effect during measurement. The learning effects is neglectable by using CTR
(Concentration time ratio), developed by the authors based on the hypothesis that
intellectual works proceed only when workers concentrate on their works. There are
also some methods conducted without any PCs, like the subjective productivity
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assessment that is adaptable to various kind of tasks [13]. The objective time resolution
and simultaneous measurement feasibility of those methods are shown in Table 1.

As examples of measurement of the arousal of internal states factors, UMACL
(UWIST mood adjective checklist) [14], eye movement measurement and electroen-
cephalogram measurement can be employed. UMACL is a general questionnaire used
in broad field of studies, however enough amount of data has to be collected for
factorial analysis. Eye movement measurement and electroencephalogram measure-
ment are physiological indices and they are more objective than questionnaire survey,
however it is necessary to prepare special measuring instruments for the numbers of
participants.

As examples of measuring the fatigue of internal states factors, subjective symp-
toms check [15], eye movement measurement and heart rate variability. Subjective
symptoms check is a simple questionnaire set used in many conventional studies,
including the questions of checking recent days’ working situation. The eye movement
measurement and the heart rate variability are physiological indices so that they are
objective. In addition, they are also often used because they are one of the standard
instruments. The measurement instruments can be shared with arousal measurements,
like eye movement measuring instruments can measure pupil diameter for fatigue and
eye blink for arousal, and measuring instruments of biological signal can measure
electroencephalogram for arousal and electrocardiogram for heart rate variability to
estimate fatigue.

As an example of measurement of the mood of internal state factors, MMS
(multiple mood scale) [16] is recommended. MMS is a questionnaire which consists of
versatile questions. Here, no physiological index is recommended, because there is no
established physiological index to measure mood, long-term varying mental state.

As examples of measurement of the stressor evaluation, SAP (the subjective
assessment of workplace productivity) [17] and subjective evaluation of workplace
environment can be employed. SAP is a questionnaire developed by summarized
relevant studies of stressor evaluation, so that it can be used in wide fields. The
subjective evaluation is a set of specific questions that analyst made in each experi-
ment. If the analyst has some hypothesis of the varying mechanisms of productivity by
environmental change, the subjective evaluation method is effective and easy to
conduct.

Table 1. Examples of serviceable measuring method of intellectual productivity.

Measuring method Time resolution Simultaneous
measurement
feasibility

Records of
cognitive tasks

In minutes One measuring PC to
one participant

Learning effect has to
be considered

CTR (Concentration
time ratio)

In one task set
(about 30 min)

One measuring PC to
one participant

Subjective
productivity
assessment

In one task set Questionnaires
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As examples of measurement of individual traits, demographic characteristics
questionnaire, workplace preference questionnaire and the morningness - eveningness
check [18] are suggested. The measured values are standardized based on the average
and the distribution of all the individuals in order to clearly express the difference.

In actual measurement experiments, in addition to conduct the measurements
correctly, it is necessary to consider how to avoid influence caused by the unintentional
factors except the focused environmental change, such as learning effects and order
effects. Thus, certain countermeasure should be taken such as taking counterbalance on
experimental periods, consequences of experimental condition and participants’ traits.

2.3 Statistic Calculation of Measured Data and Quantitative Evaluation

Statistic calculation of the measured data is necessary step for the following quanti-
tative analysis. Whole four steps are recommended to execute from the top to the
bottom of Table 2.

After these static calculations, the strength between calculated elements of model
are quantified by using covariance structure analysis, Bayesian network analysis and
correlation analysis. In order to execute covariance structure analysis or Bayesian
network analysis, it is necessary to prepare many data to discuss based on statistic
significant level. Correlation analysis is somewhat easy to use because it doesn’t need
many data, but it can’t analyze the significant differences between relationship of
factors. Therefore, it is recommended to choose the suitable analysis method along with
the experimental purpose.

3 Case Studies

The framework was tested by case studies of three different varied environmental
factors; experimental data of productivity changes affected by (1) illumination envi-
ronment, (2) airflow environment and (3) multiple controlled environmental elements.
Details of experiments are shown in Table 3.

Table 2. A list of statistic calculation method and information of when to apply it.

Method When to apply

Normalization When parameters are thought to be composed of variant
with different relative amount or different meaning of
absolute content

Factor analysis When there are too many parameters to analyze and
consider explanatorily

Clustering analysis When the slicing steps become too complex by
unorganized variables

Decision tree analysis
(Regression tree analysis)

When analysts need to classify the analyzed objects into
more suitable groups of similar individual traits
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Results of mechanism analysis are shown in the following figures. First we ana-
lyzed the mechanism model using whole participants’ data, then analyzed two addi-
tional mechanism models, using classified participants’ data, which are
improved/not-improved productivity group, high/low productivity group, or merely
females/males.

Figure 3 shows the results of analysis on experiment (1), which focused on illu-
mination environment. Based on the analyzed mechanism model, the proposed illu-
mination condition improved “energetic” factor and “freshen” factor, then these factors
caused productivity improvement in case of the participants whose productivity
improved under the proposed illumination condition. However, there was no path
connected with “energetic” factor in case of participants of not improved productivity
group. This analysis result shows the basic mechanism to improve the productivity and
also explains the reason of different effectiveness between participants.

Figure 4 shows the results of analysis on experiment (2), which focused on airflow
environment. Results shows that productivity improvement was made by the proposed
environment through temperature feeling, airflow feeling, blur and drowsiness. It
shows that the factor of airflow feeling has both positive and negative effect on the
experimental results. Especially for example of participant of high productivity group,
airflow sometimes disturbed participants’ concentration. Therefore, the results show
that it is necessary to modify the proposed airflow not to disturb participants’
concentration.

Figure 5 shows the results of analysis on experiment (3) which was conducted
under multiple controlled environment. Based on the result, greatly different mecha-
nism could be found between females and males. Especially about the room temper-
ature, the effect came out in different way on productivity changes, which must be

Table 3. Details of case study experiments.

Experiment (1) Experiment (2) Experiment (3)

Conducted
date

2013/7/29–2013/9/5
4 day experiment

2014/8/4–2014/9/6
(summer)
2014/12/20–2015/1/22 (winter)
3 day experiment

2 day
experiment

Participants 24 participants Age
30–50 12 females/12
males

56 participants Undergraduate
or graduate students 30
females/26 males

20 participants
Working
adults

Environment N-TA lighting Vs.
neutral

Airflow Vs. neutral Multiple good
Vs. neutral

Whole
samples

24 � 6 = 144
samples

56 � 6 = 336 samples 20 � 3 = 60
samples

Productivity
measurement

CTR (using receipt classification task)

Other
measurement

(1, 2) Subjective symptoms check (fatigue)
(1) MMS (mood)
(1, 2, 3) Subjective questionnaire (stressor evaluation)
(1, 2) Demographic characteristics questionnaire (individual trait)
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considered carefully when designing office environment. On the other hand, factors of
environmental preference had no effect on productivity, so that it is not important to
consider the environmental preference to design high-productivity workplace.

Like the above, some improvement plans to realize high-productivity workplace
environment could be also proposed by using the results of framework analysis and
some important point to be considered when designing the office environment were
found by the mechanism model. Moreover, especially when classifying the data into a
group of improved productivity and a group of not-improved productivity, each group
had its own mechanism of productivity improvement or reduction. Therefore, it was
confirmed that the framework could interpret productivity changes by the change of
workplace environment without contradiction.
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Fig. 3. Analysis results of case study experiment (1).
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4 Conclusion

In this study, a systematic combination of various expert statistical methods as a
framework of mechanism analysis of productivity changes was proposed. It was also
tested through case studies of some different varied environmental factors. It was
confirmed that the framework could analyze the mechanisms of productivity changes
without contradiction, and it also could suggest some improvement plans of workplace
environment.

In further study, it is required to measure both the productivity changes and the
overall elements of general mechanism model and to analyze them with the proposed
method as a case study in order to improve the proposed analysis method.

Acknowledgment. This work was supported by JSPS KAKENHI Grant Number JP17H01777.

References

1. Wargocki, P., Wyon, D.P., Fanger, P.O.: Productivity is affected by the air quality in oces.
In: Healthy Building 2000, pp. 635–640 (2000)

2. Fisk, W.J., Price, P.N., Faulkner, D., Sullivan, D.P., Dibartolomeo, D.L., Federspiel, C.C.,
Liu, G., Lahi, M.: Worker performance and ventilation, Part 1 and 2. In: Proceedings of
Indoor Air 2002, pp. 784–795 (2002)

3. Kroner, W.M., Stark-Martin, J.A.: Environmentally responsive workstation and worker
productivity. ASHARE Trans. 100, 750–755 (1994)

4. Tanabe, S., Nishihara, N.: Productivity and fatigue. In: Indoor Air 2004, pp. 126–133 (2004)
5. Bosch-Sijtsema, P.M., Ruohomaki, V., Vartiainen, M.: Knowledge work productivity in

distributed teams. J. Knowl. Manag. 13(6), 533–546 (2009)

mul�ple good environment

environmental 
induced 

drowsiness

airflow discomfort (reverse)
room temperature discomfort (r)
humidity discomfort (reverse)
whole room dislike (reverse)
whole room discomfort (reverse)
not dusty
high humidity (reverse)

illumina�ve
induced

concentra�on

produc�vity

environment
freshness

All par�cipants Females Males
mul�ple good environment

environment
al induced 
drowsiness

produc�vity

environment
freshness

room
preference

room
preference

mul�ple good environment

environment
al induced 
drowsiness

produc�vity

environment
freshness

room
preference

room preference

hotness around face
hotness around foot
whole body hotness
easy to arouse by environment

environmental induced 
drowsiness

illumina�ve induced
concentra�on

environment freshness

illumina�on discomfort (r)
dark environment (reverse)
not dusty
easy to concentrate

by environment

clean air
airflow discomfort (reverse)
high humidity (reverse)

illumina�ve
induced

concentra�on

illumina�ve
induced

concentra�on

0.54***
0.58***

0.70***

0.24*

0.60***

0.54***

0.58***

0.45***-0.34*

0.53***

0.55***

0.82***

0.44**0.37*

Fig. 5. Analysis results of case study experiment (3).

130 K. Ueda et al.



6. Sensharma, N.P., Woods, J.E.: An extension of a rational model for evaluation of human
responses, occupant performance, and productivity. In: Healthy Building 2000, Workshop 9
(2000)

7. Swain, D.: Handbook of Human Reliability Analysis with Emphasis on Nuclear Power Plant
Applications, U.S. NRC, pp. 51–76 (1983)

8. Kato, H.: Is the aging of society a threat to japan?; increasing productivity in the next decade
is the key. National Institute for Research Advancement (NIRA) Report 2009.11, pp. 9–10
(2009)

9. Murakami, S.: Purpose and framework of research on intellectual productivity. The 2nd
Reports of the research committee of intellectual productivity, No. 5, 17 Mar 2008

10. Heath, G.A., Mendell, M.J: Do indoor environment in schools influence student performance
a review of the literature. In: Indoor Air 2002, pp. 802–807 (2002)

11. Wyon, D.P., Fisk, W.J.: Research Needs and Approaches Pertaining to the Indoor Climate
and Productivity, Healthy Building 2000 Workshop Summaries (2000)

12. National Institute of Advanced Industrial Science and Technology, Human Welfare
Biometric Engineering: Human Measurement Handbook. Asakura Publishing Co., Ltd.
(2003)

13. Sugiura, T., Hashimoto, T., Terano, M., Nakamura, M., Kawase, T., Kondo, Y.: Evaluation
method of work place productivity, the first report – Organizing productivity evaluation
methods and suggestion of the standard methods. Academic lecture papers of The Society of
Heating. Air-Conditioning and Sanitary Engineers of Japan, 123, pp. 11–22 (2007)

14. Matthews, G., Jones, D.M.: Refining the measurement of mood: the UWIST mood adjective
checklist. Br. J. Psychol. 81, 17–42 (1990)

15. Japan Society for Occupational Health: Handbook of Productive Fatigue (1988)
16. Terasaki, M., Kishimoto, Y., Koga, A.: Construction of a multiple mood scale. Jpn.

J. Psychol. 62(6), 350–356 (1992)
17. Hashimoto, S., Terano, M., Sugiura, T., Nakamura, M., Kawase, T., Kondo, Y.: Productivity

gains from better indoor environmental quality. Transactions of the Society of Heating,
Air-Conditioning and Sanitary Engineers of Japan, vol. 93, pp. 67–76 (2004)

18. Ishihara, K., Miyashita, A., Inugami, M., Fukuda, K., Yamazaki, K., Miyata, Y.: The results
of investigation by the Japanese version of Morningess-Eveningness questionnaire. Jpn.
J. Psychol. 57, 87–91 (1986)

A Study of the Analysis Framework 131



Workplace Violence: The Change Laboratory
as a Tool for Expansive Learning

in the Activity of Social Reintegration
of Adolescent Offenders

Luciana Pena Morgado1(&), Rodolfo Andrade de Gouveia Vilela1,
Silvio Beltramelli Neto2, Mara Alice Conti Takahashi3,

and Elisa De Devittis Camuzzo4

1 School of Public Health, USP, São Paulo 01246-904, Brazil
lucianalpm24@gmail.com

2 The Law School of the Pontifical Catholic University of Campinas,
Campinas, SP 13086-900, Brazil

3 Reference Center for Workers’ Health of Piracicaba (CEREST-Piracicaba),
Piracicaba, SP 13418-220, Brazil

4 State Public Ministry of Campinas, Campinas, SP 13088-653, Brazil

Abstract. This article addresses the issue of the physical and mental violence
suffered by socio - educational support agents who provide services at the
CSAA Foundation - Unit Campinas. The methodology applied will be that of
the Change Laboratory – CL, a Finnish method of training for intervention that
assists in the development of work activities with the presence of professionals
who collaborate with the researchers-interveners. Applied in several countries, it
is a toolbox for designing and testing new forms of work through the expansive
learning of the object based on the dialectic of the ascension from the abstract to
the concrete. Thus far, field visits have been carried out to conduct interviews
and routine observation as well as the analysis of institutional documents. The
research is in the phase of the systematization of the data so that in the coming
months the CL sessions may begin.

Keywords: Violence at work � Socio-educational support agents � Change
Laboratory

1 Introduction

The following passage from a newspaper report describes one of the forms of violence
present in the daily routine of the workers and trainees of the Center for the
Socio-educational Attendance on the Adolescent – CSAA Foundation – Unit Campinas.

“One adolescent and at least two of the staff of the CSAA Foundation were
wounded this Tuesday afternoon (13), during a riot in the San Martin suburb, in
Campinas (SP). The situation was brought under control by about 16h. The building is
located beside the unit where a rebellion occurred on Monday night” [1].
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Violence is a social question and a theme on the national and international public
agenda. One must, in dealing with its historical development, highlight its transfer to
the field of public health in the course of the immensely complicated discussion [2].
Violence has been defined by the World Health Organization as the “intentional use of
force or power in the form of threat or effective action against oneself, another person
or group or community, which causes - or is highly likely to cause - wounds, death,
psychic harm, alterations in development, or privation” [3].

The debate on the various forms of violence is closely related to the directives
emphasized by the international human rights organizations1, which give priority to the
protection of life, guaranteeing dignified conditions of survival for all its subjects in
such a way that their basic needs shall be safeguarded.

Within Brazilian history, violence has been a resource widely exercised by the
dominant classes for the maintenance of the social organization. Violent practices have
been included in the politics of prevention since the founding of the State, and have
been manifested in various contexts, social, domestic and labor [4].

Workers may be exposed to various forms of violence including the physical, the
psychological, the sexual, and to that constituted by the neglect of the preservation of
their health and life, affecting their dignity by moral harassment and other manifesta-
tions which put workers’ mental health at risk when there is a lack of affective and
social support [5].

In the total institutions2 of the CSSA Foundation type, there exists a basic division
between the great controlled mass, which we might call the group of internees, and a
small supervising team. Both these groups tend to conceive the other in terms of limited
and hostile stereotypes – the managing team often see the internees as bitter, reserved
and unworthy of confidence: the internees often see the managers as condescending,
arbitrary and mean [6].

However, it is not just between these two poles that the dynamics of this institu-
tional service is constructed. Among the internees, the daily co-existence for long
periods leads to the creation of relationships and establishes links, leading to the
organization of groups which work with their own rules and make the life of these
establishments still more complicated [7].

This disparity among the actors is reflected in some of the conflicts which exist in
the CSSA Foundation in Campinas, where a privileged position can, in itself, create a
distance between the groups which live together in the institution, leading to situations
of violence which affect both the workers and the internees, as is exemplified by the
rebellions and mutinies mentioned. Further, according to the authors, for the members
of these two categories (internees and agents), the risks to their personal well-being are

1 Especially, for the Brazilian case, the integrating organisms of the so-called Global or universal
system of human rights, constructed by the United Nations Organization (UNO), and those which
constitute the Inter-American Regional System for the Protection of Human Rights, under the aegis
of the Organization of American States (OAS) [8, pp. 239–242].

2 A total institution is a place of residence and work where a large number of persons in a similar
situation, separated from the wider society for a considerable period of time, lead a restricted,
formally administered life.
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among their leading concerns and are strongly marked by the relationships both formal
and informal which regulate their life in the institution [6, 7].

2 Brief History of the CSSA Foundation

The units of attendance to the adolescent in the State of São Paulo were, until the end of
2016, called The State Foundation for the Well-being of the Minor (FEBEM). FEBEM
then adopted the name CSSA Foundation sanctioned by State Law 12.469/2006,
which, among other dispositions, determined the alteration of the name of the orga-
nization, as also the method by which the minors were assisted, incorporating into its
program actions of a socio-educational character for their rehabilitation and reinte-
gration into society [9, 10].

The change of name and method was motivated by a decision of the InterAmerican
Court of Human Rights (Court IDH)3 against the Brazilian State, which accepted a
request for provisional measures formulated by the InterAmerican Commission of
Human Rights (ICHR)4, which sought to protect the lives and the physical integrity of
the children and adolescents interned in the Tatuape Complex of the then FEBEM for
the improvement of the conditions laid out by the determinations of the Statute of the
Child and Adolescent (ECA).

The ICHR reported to the Court IDH situations relating to fights between internees,
floggings, occurrences involving torture, and riots which occurred frequently and
which were not mediated proactively by the State. During the period of the investi-
gation, the deaths of four internees were registered, as well as numerous riots and
attempted mass escapes, often involving the capture and torture of the workers.
A Report drawn up by the ICHR demonstrated that the whole Complex suffered from
grave problems of overcrowding and of deficiencies in hygiene and health care, and
that the adolescents did not have regular access to education, work or social reinte-
gration measures.

With this, the Court accepted the request presented and required that the Brazilian
State adopt, immediately, such measures as might be necessary to protect the life and
personal integrity of all the children and adolescents who resided in the Tatuapé
Complex, as well as of all the persons who were inside the establishment [11, p. 9].
There thus occurred an ample reformulation of the policy of the assistance given by the

3 A Court with competence to judge cases of the violation of Human Rights, integrated into the
InterAmerican Regional System for the Protection of Human Rights. The IDH Court, with its
head-office located in San José, Costa Rica, is an autonomous legal entity, created by the American
Convention on Human Rights, approved in 1969 by the member states of the Organization of
American States (OAS).

4 The ICHR, headquartered in Washington, USAQ, is the maximum organ of the OAS in the field of
the protection of human rights—also integrated into the Inter-American system of protection —,
seeking to fulfill the Inter-American norms relating to the subject before the countries of the
continent, having the legal status, in the fulfillment of this mission, to propose legal actions to the
Inter-American Court of Human Rights. The request for provisional measures is one means of action
of a cautionary and tutelary character, appropriate in cases which involve the seriousness, urgency
and risk of irreparable damage.
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Institution in the quest for more humanitarian treatment with a view to restoring the
tarnished institutional image and avoid future denunciations.

The approval of State Law 12.469/2006 sought to adapt to the directives of the
Institution the norms established by the Statute of the Child and Adolescent (ECA) of
the National System of Attendance on the Adolescent (SINASE) and of the public
policies for the reorganization and decentralization of the assistance given, a change
begun in 1999 and constituting an initial landmark in the process of the restructuring,
modification and amplification of FEBEM. In 2001, new units were inaugurated in some
municipalities of the interior of the state of São Paulo, each with places for 72 ado-
lescents. In 2006, further new units were presented, but with some alterations in their
physical structure and administrative model [12]. At the present time, there are one
hundred and fifty centers for socio-educational attendance in the State of São Paulo.

3 The Center of Socio-Educational Attendance
on the Adolescent – CSAA Foundation – Unit Campinas

The CSAA Campinas is situated in the Matão suburb, on the boundary between the
cities of Campinas and Sumaré. The Center for Attendance can house 56 adolescents of
the male sex in the age range between 17 and 20 years and 11 months of age according
to the Socio-Educational measures of internment as set out by the ECA directives
[13, article 122].

The characteristics of the internees may be classified as follows: those who are
included in the initial program of internment for internees with structured criminal
experience; adolescents who have fulfilled their provisional internment; adolescents
who have already fulfilled the program of supervised liberty; adolescents who have
fulfilled their sentence, or youths who have already fulfilled a program of internment in
the Centre itself or in the CSAA Maestro Carlos Gomes [12].

3.1 The Work Activity of the Socio-Educational Agents

The socio-educational support agents are qualified professional staff who undertake to
accompany the internees in all the planned activities of the CSAA Campinas. Before
the institution’s change of name, the same professional personnel only exercised the
function of surveillance, were called “monitors” and supervised only the discipline and
order in the units [14].

The pre-requisite for the position is complete intermediate schooling. Some of the
socio-educational support agents have exercised previous professional activity in the
field of private security and/or worked in the police or served in the army. The majority
of those interviewed have two or more jobs, which is also true of the nursing pro-
fessionals who fulfill the same daily work-routine (working 12 h a day for two days
and having the following two days off).

In accordance with decisions of the Sinase (2012), in agreement with the Statute of
the Child and the Adolescent (2008) and of the bye-laws of the CSAA Foundation – SP
[15], these professionals have come to assist/accompany the adolescents in the
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fulfillment of their socio-educational activities. These professionals did not, however,
cease to exercise their function as inspectors. The reformulation of the activity, for the
purpose of strengthening the ties between employees and internees, did not involve any
change in the disciplinary role which these professionals exercised, culturally condi-
tioned to acting in a police role. They, therefore, continued to search the internees with
each change of situation within the Center, hindering the deliberate changes proposed
by the directives of the institution, thus making the development of new roles in the
relationships between the actors impossible.

4 Objectives of the Research

The objectives of this research project are: to become acquainted with the work activity
of the socio-educational support workers/agents of the CSAA Foundation – Unit
Campinas; to identify the determining factors of the health-disease/accidents process;
to promote discussion which would reveal the workers’ perception regarding the dif-
ficulties experienced in their activity, as well as the possible solutions and innovations
necessary to overcome them; and to reformulate the system of activity in such a way as
to share it between the actors of the institution, with the mediation of the researchers.

5 Research Methodology

The Change Laboratory (CL) is a Finnish method of formative intervention which
assists in the development of work activities in the presence of professionals who work
together with the researcher/interventionist. Applied in various countries, it consists of
a set of tools for conceiving, projecting and testing new methods of work by means of
expansive apprenticeship of the object under study based on the dialectic of ascension
from the abstract to the concrete [16].

The process of apprenticeship adopted by the Change Laboratory - CL takes as its
frame of reference the theory of cultural historical activity, the theoretical legacy of Lev
Vygotsky and Alexei Leontiev: after having been duly adapted to work situations by
Yrjö Engeström, the method calls for cognitive tools which will assist in the identifi-
cation of the systemic causes of the labor conflicts lived, throughout history, by
workers, as well as the disturbances to be mapped and conceived as contradictions
internal to the structure of the activity, making the collective construction of new forms
of work possible [17, 18].

For the purpose of mapping the contradictions which permeate organizational
structure, it is necessary to examine the institutional changes which have taken place
over time. The theoretical unit of analysis is represented graphically by a triangle,
demonstrating the basic relationships existing in the systems of mediation of a human
activity, thus proposing an Activity System (Fig. 1) which incorporates the unit for the
understanding of human actions performed in the present and the past and how they
might be remodeled in the future [19].
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5.1 Stages of the Change Laboratory (CL)

The CL sessions began with an analysis of disturbances, identifying the systemic
causes of the problems observed which express the contradictions inherent in or
between the systems of activity. During the CL sessions, the participants produced a
future vision of the activity, which is not only based on a classification of what one
does or does not desire. In the CL the vision is based on an analysis of the structure of
the activity which might help to solve the internal contradictions of the system in
question [18, p. 623].

In the process, the professionals and the managers of the unit work intensely,
together with a small group of intervention researchers, during a number of sessions
(generally, some 10 to 12 sessions are held, each lasting 2 h) for the purpose of
analyzing and specifying the challenges in undertaking the activity, and after the
implementation of the new model, several follow-up sessions should be held to reassess
and remodel the activity, as may be necessary [17].

The interventions begin with the collection of data on: (1) the situation of the
activity, such as, historical data on important events; (2) present practices (the way in
which the activity is conducted); (3) the main problems faced, and (4) the main con-
cepts and tools used in the activity. The function of these data is a double one: to serve
as data to be used during the sessions as a mirror of the activity to help the inter-
ventionist to understand the activity and guide the learning process.

The Change Laboratory process may be divided into seven main stages (Fig. 2) and
each phase consists of finding replies to specific questions of the process of analysis,
design and implementation.

Fig. 1. Activity system
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6 Data Collection

The visits to the field began in mid-2016. Thus far, 30 visits have been undertaken,
with an average duration of 8 h each. In the final weeks it was possible to make more
than one field visit a week, which made it possible to dedicate more time to observation
for the collection of quantitative data, the holding of interviews, the analysis of doc-
uments, and observation.

The first visits were made to accompany the routine of the staff and the day-to-day
relationship between the adolescents and the socio-educational support agents. To date,
interviews have been undertaken with the staff. The interviews with the support agents
were undertaken both in pairs and with individuals and there has been one session for
the Collective Analysis of the Work – CAW5 [20].

At the present time, conversation groups are being held with the internees to learn
of the paths they followed before they were interned, what their daily life is like in the
Center and their future prospects.

6.1 First Impressions of the Data Collected in the Interviews

In the workshops held with the staff it was possible to bring to light some problems
experienced in the present organization of their work. Certain of the complaints are of a
labor-law character and relate to e-mail messages received by the staff in the form of

Fig. 2. Cycle of development to be followed in the CL sessions.

5 The Collective Analysis of Work (CAW) is a method which seeks to get to know the work activity
on the basis of a group of workers who give details of the daily activity of their work so that the
researcher may recognize the function without ever having observed the daily practice of the work.
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directives which then become rules and generally arise from arbitrary decisions made
without any preliminary consultation with the workers.

The absence of channels of communication with the management was collectively
stated by the staff as something negative and which caused a certain feeling of revolt in
some of the members of the team who did not understand the logic of some authori-
tarian decisions. This impacted the carrying out of the work, as in the case of the
determination of work targets to be achieved, which were often at variance with the real
conditions which the staff had to face.

The high rate of absenteeism is felt to be negative by both sides. Both the managers
and the staff suffer from the weakening of the functioning staff, though the measures
adopted by the managers to address the problem are not directed at the real causes of
the high level of workers’ absences. The managers opt for punishing the workers who
stay away, reducing the value of the bonus they receive, or by retarding their profes-
sional promotion, measures which serve simply to feed the vicious circle: lack of work
satisfaction – absence of the worker.

The situations of violence seem to be a subject more restricted to the relationship
between the internees and the socio-educational support agents. Even though this
problem has been minimized with the change in the local management, it is a disturbing
circumstance and may occur again at any moment, unless measures are adopted to give
new meaning to the internal relationships.

7 Research Hypotheses

There are countless academic studies which take as the theme of their research ques-
tions related to the CSAA Foundation and they are generally related to the fields of the
social sciences, education and health. The surveys on health address the conditions of
the adolescents who live in a total institution. Little has been observed with regard to
the health of the socio-educational support agents.

Of the studies which investigate the health-work relationship, the research under-
taken by the Regional Work Department in cooperation with Fundacentro6, in 2008,
which focused on the working conditions of the “monitors” (as the agents were then
called) will be taken as our frame of reference.

The researchers were in the field in 2003, at the request of the trade union which
represented the staff, to investigate the causes of the psycho-emotional sickness which
was affecting the staff of FEBEM, as it was then called. The research concluded that
many absences due to emotional disturbances were directly related to the frequent
episodes of violence, leading many of the workers into the use and abuse of alcohol and
drugs, depression, sexual impotence, stress, including post-traumatic stress due to
situations of violence and physical aggression, the Burnout syndrome, as well as other
related disturbances [14].

6 Federal State entities responsible, respectively, for the inspection of labor norms and of the specific
regulation of the themes of health and work safety.
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In view of this, the investigation of the determining factors of the violent behavior
occurring in the institution will assist in the search for solutions which minimize or
even eliminate occurrences of this type. The historical review of the forms of violence
experienced by both sides may reveal key contradictions in the system of the activity of
the CSAA Foundation. How far did the change fail to consider the subject more
carefully? Or, further, which practices survived over time, in such a way as to hinder
the resignification of internal relationships? These are pertinent questions to be
answered in the next stages of our investigation.

8 The Next Steps

The next step will be: to give continuity to the conversation groups with the adoles-
cents. The conversations will be on given themes, and each meeting will address one of
the questions: the most notable ones being work; sexuality; stress and sleep; family –

work and social relationships, and the lack of prospects on leaving the institution; and it
should then be possible to regard the Foundation with other eyes and suggest changes
which consider it not only as a space for disputes with the staff.

A specific theme will be raised with the adolescents to get them to describe their
experience of daily living in the Center to bring to light the contradictions and periods
of tension in their daily experience.

Three interviews will be held for conversations with the top management. Two
interviews will also be held with regional directors in the next stage. At the end of the
conversations, the data will be systematized for the beginning of the sessions of the
Change Laboratory foreseen to begin in May 2017.
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Abstract. Nowadays, more accident cases reported in school cause not only
injuries, but also deaths. This indicates that the importance of safety and health
measures in school should be exposed not only to students but most importantly
to teachers who will be guiding and providing safety and health culture in
school. This paper is based on the study that was motivated by the increasing
reports of accidents in school. The objective of the study was to measure the
understanding regarding safety and health among school teachers in Kelantan by
distributing questionnaires consist of ten District Education Offices (PPD) in
Kelantan, Malaysia. The results show that most of the respondents understand
about safety and health matters with the importance of implementing safety and
health in school. In conclusion, further study on workplace assessment need to
be conducted at school to identify the implementation of safety and health
among school community.
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1 Introduction

Recent years have witnessed increasing reports of accidents that occur in school area.
The reported accidents have caused not only injuries but also deaths. This is a dis-
turbing situation as parents normally feel that school is a safe place for their children to
be in. Schools become one of the largest categories of the workplace because children,
teachers and other members of staff spend a lot of their time in schools exposing them
to a variety of risks and hazards through physical and social activities. This condition
may negatively affect their wellbeing [1]. A previous study reported that students spend
their 180 days in a year, 6 h daily in a school in Turkey [2]. According to Japan Sports
Council, the largest set of school injury data in Japan, is approximately one million
injuries occured in elementary, junior high and high schools each year and this remains
relatively stable year by year [3]. In 2016, records of accidents in school that indicate
the case of mercury spill in laboratories are high and mercury is one of the chemical
hazards that harmful to human body. Meanwhile, there are also accidents occurs in
school involving death; student hit by goalpost at the field, student fall into sewer and
fall from a high building. However, school accidents causing injuries have not been
investigated as widely as those occurring at home or in road traffic accidents [4]. This is
due to the general belief that children are relatively protected in school because of the
safe environment and supervision. School is considered a place of work. In the
Occupational Safety and Health Act 1994 (Act 514) “place of work” means premises
where person’s work or premises used for the storage of plant and substance [5]. In
order to prevent danger situations occuring in schools, safety condition in school needs
to be considered and improved in all of the aspects covering the school physical
environment and the social environment [2].

A significant number of accidents can be traced to unsafe behaviours. Poorly
designed equipment or operations, poor systems and poor working conditions can all
encourage unsafe behaviours, but these behaviours are not inevitable. An organisa-
tion’s attitudes and values regarding safe working are important factors that influence
its approach to work and safety performance. Put another way, it’s not enough to
provide safe equipment, systems and procedures if the culture doesn’t encourage
healthy and safe working environment. Safety culture has been defined as consisting of
shared values (what is important) and beliefs (how things work) to produce behavioral
standards which are interact with an organisations structure and control systems [6].
Safety culture can also be explained as a combination of how people feel about safety
which is about the safety climate, what they actually do and the policies and procedures
that organisation has implement in workpalce [7]. Apart from that, one way of iden-
tifying the need to improve an organsation’s health and safety culture is to evaluate the
current safety climate. Safety climate surveys describe an organisation’s culture using
some factors including how much employees understand and communicate about
safety and health, how committed and responsible they are in order to maintain their
own health and other people’s health [6].

Accidents rate in the industry can be reduced if students at the school are exposed
to issues of occupational safety and health [8]. This means that teachers play an
important role in exposing how safe students should believe and perceive while they
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were in the school surroundings [9]. Thus, in order to create a safer work environment,
the school community needs to create a culture of safety in school. This suggests that
the involvement of all parties is the foundation of development safety culture in school
[10]. Support must be provided by all levels of management and employees [11].
Through a comprehensive environment, the concept of employee engagement is the
process of worker solidarity, participation, and contribution in the process of improving
safety and health [12].

Students, teachers and the management must stick together andmust be committed to
every programmes conducted to create more awareness of safety at work. A strong
commitment from the management is very important in terms of safety and health,
especially in providing basic occupational safety and health as well as in the imple-
mentation of those policies. Themanagementmust plan and carry out programs or related
activities such as identifying hazards, provide safety committees, training of employees,
conducting workplace inspections, investigate accidents, and supply of personal pro-
tective equipment. The implementation of these activities should be monitored, updated
and improved on an ongoing basis assessment to ensure its effectiveness [13].

Apart from that, management is one of the important things that need to be taken
seriously in every work. Commitment of the management is needed to ensure the safety
of students is maintained while doing some activities in the school such as in work-
shops or laboratories. Safety environment will not be implemented without the coop-
eration of students and teachers themselves. Their role is to comply with all the
regulations, the directives, and measures on health and safety management in school
[14]. Besides that, the management of occupational safety and health cannot be viewed
as insignificant and isolated from the total management of an organization [15].

Some studies stated that the safety culture of an organization is related to attitude,
behaviour, system and environmental factors that were implemented by the organization
for creating and maintaining effective safety and health management system [16]. Brad
Dhal’s studies found out that teacher’s perception regarding school safety was affected
by many of the same factors [9]. Those factors include commitment, personal charac-
teristics, contextual characteristics, processes and environmental factors. In other stud-
ies, some of the teachers report that relationships and the learning atmosphere are key
factors in making school’s ground safe. It is possible that teachers who work in the same
school have different perceptions towards the school safety due to the differences in their
experiences, perspectives, ages or roles in their school’s management structures [17].

Promoting safety in the workplace is a key component to every organization. The
measurement of perception regarding safety among employees in their workplace is
one method to gather information on this topic [18]. Information gathered from the
corresponding organization will help in gaining a better understanding of employees’
perceptions, as well as improving their ability to evaluate and maintain existing ini-
tiatives and design new programmes to implement a safer and a healthier environment
in the workplace.

Thus, this paper examines the understanding of teachers regarding safety and health
in school. It focuses on the behavioral perspective regarding commitment and aware-
ness about the importance of safety culture in schools.
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2 Research Methodology

This paper adopts a quantitative approach to assess the safety climate among school
teachers in the state of Kelantan, Malaysia. Kelantan is a state located in the north east of
peninsular Malaysia. It has a total number of 592 schools spreading all over ten District
Education Offices (PPD). This paper presents the result and finding based on a questionnaire
survey distributed among 1,000 school teachers from 100 schools randomly selected from
the ten PPD.

The questionnaires aim to measure the levels of commitment and awareness
toward/about the importance of safety and health environment/practices in school
surroundings of the teachers. The questionnaire was divided into two parts. Section A
is for demographic background of the respondents. Section B is for safety and health
elements. Questions about safety and health elements focus on two main factors
namely commitment towards promoting the safety culture, and awareness about safety
and health environment/practices. Figure 1 exhibits the flow chart of this study.

3 Results and Discussion

This section presents the result obtained from the questionnaire survey. The results
were analyzed by using Statistical Package for the Social Sciences (SPSS). Figure 2
shows the percentage of respondents by gender. It shows that 35.6% are males and
64.3% are females.

Define the problem that occurs in school 

Identify the population and sample 

Commitment 
towards promoting 
the occupational 
safety and health 
culture in school Descriptive analysis of mean and 

percentage using SPSS 

Discussion and Conclusion

Finish

Start

Assess the safety climate by measuring the level of 
awareness of school teachers about safety and health in 

school surrounding through questionnaires

Awareness about the 
importance of safety 

and health 
environmental/practi

ces in school

Fig. 1. A flow chart of this study
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Fig. 2. Percentage of respondents by gender
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Figure 3 shows the percentage of respondent’s age in school. The result shows that
63.8% are 41 years old and above, 18.5% are 36–40 years old, 12.4% are 32–35 years
old and 9% are 21–25 years old.

Besides that, Fig. 4 shows the percentage of working period of the respondents.
The result shows that 59% of them have been working for more than 15 years in
school. Meanwhile 20.3% have been working as teachers for 10 to 15 years, 12.8% of
them have been working for 7 to 9 years, 4.6% of the teachers have been working for 4
to 6 years. 2.3% of the teachers have been working for 1 to 3 years and only 1% of the
teachers have been working for less than a year.

Figure 5 shows that academic background of teachers. Based on the result, 65.4%
of teachers are from degree background, 19.5% have master, 8.2% have diploma, 4.9%
have teaching certificate and 0.4% have degree.

It summarizes that majority of the respondents are females (64.3%), aged between
41 and above years old (63.8%) with more than 15 years of working experience (59%),
and with a bachelor’s degree for academic background (65.4%). The knowledge or
perceptions on safety and health among employees were influenced by the background
of the persons in terms of age, gender, working period and academic background [19].
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Fig. 5. Percentage of respondents by academic background

Table 1. Reliability statistics for commitment aspect

Cronbach’s alpha Cronbach’s alpha based on standardized items N of Items

.889 .894 11

Table 2. Reliability statistics for environmental aspect

Cronbach’s alpha Cronbach’s alpha based on standardized items N of items

.921 .923 10
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Table 1 shows the reliability statistics for the commitment questions used in this
study. The result shows that Cronbach’s Alpha is 0.889 which is considered reliable for
the data. Meanwhile, Table 2 shows the reliability statistics for Environmental Aspect
questions which result 0.921 for Cronbach’s Alpha. It also considered as reliable data.

Apart from that, Tables 3 and 4 show the item total statistics which measures the
validity of each question. It shows that, the alpha value for total correlation is lower
than Cronbach’s Alpha If Item Deleted. This means the questions used in this study are
valid and accepted [20].

On the other hand, Table 5 shows the data of perception regarding the commitment
aspect among the school teachers. Based on table below, the mean score for each
question is between 4 and 5, indicating that the responses for the questions of the
commitment aspect do not conflict each other.

Table 3. Item total statistics of commitment aspect question

Question Corrected item-total correlation Cronbach’s alpha if item deleted

AQ1 0.589 0.881
AQ2 0.639 0.878
AQ3 0.665 0.877
AQ4 0.671 0.876
AQ5 0.616 0.881
AQ6 0.590 0.882
AQ7 0.605 0.880
AQ8 0.657 0.877
AQ9 0.462 0.888
AQ10 0.652 0.877
AQ11 0.653 0.877

Table 4. Item total statistics of environmental aspect question

Question Corrected item-total correlation Cronbach’s alpha if item deleted

BQ1 0.608 0.919
BQ2 0.674 0.915
BQ3 0.700 0.913
BQ4 0.763 0.910
BQ5 0.764 0.910
BQ6 0.734 0.912
BQ7 0.644 0.917
BQ8 0.693 0.914
BQ9 0.741 0.911
BQ10 0.734 0.912

148 N.H.C. Hassan et al.



The result also shows that most of the respondents are committed to implement
safety and health in school. They aware about smoking are not appropriate attitude that
shows in school. Besides that, based on the questions AQ6 and AQ9, it means that the
teachers are aware that commitment is one of the safety and health elements are needed
in an organization. Apart from that, the questions AQ7 and AQ8 means that they have
agreed to give their commitment in order to make sure that the safety and health
surroundings in school can comply with the Occupational Safety and Health Act 1994.
Some researchers noted that organizational health and safety is more effective in many
countries if they show good attitudes in the first place rather than focusing on the
regulations and policies in the workplace [21]. This shows that there is a link between
collective commitment to the health and safety criteria [22]. Apart from that, poor
commitments among the management of the school will escalate a higher rate of unsafe
working situations that can cause accidents [13].

Then, the environmental aspect is also one of the factors in helping to identify
hazards and risks that occur in the school area. Table 6 shows the data of the teachers’
perception regarding environmental aspect in school. From the result, school teachers
are aware of the importance of creating a safer environment in their school due to an
item in the question given. They agree about lighting in their workplace are sufficient
and they feel comfort while teaching in class. The question “I always…” shows that
teachers are always ensured that the workplace environment is in tidy and clean
conditions. On the other hand, rubbish that are collected in school was disposed off in
an appropriate place. Thus we could see that the school’s management has already

Table 5. The mean scores for teachers’ commitment towards safety and health

Questions Items of Commitment Mean St.
deviation

AQI I do not smoke in prohibited places 4.661 .5821
AQ2 I should work carefully 4.6310 .5302
AQ3 Worker safety and health must be a priority 4.6060 .5613
AQ4 My negligence in maintaining safety and health will

cause danger to ourselves, students and colleagues
4.5850 .5892

AQ5 Any damaged equipments are reported immediately 4.5540 .5616
AQ6 I will inform the students and colleagues about the

importance of safety and health aspect
4.5195 .5745

AQ7 I always ensure that the equipments are clean and tidy
after using them

4.4270 .6489

AQ8 I always follow the rules provided by the school 4.3680 .5924
AQ9 I will check the equipment to be used before doing the

job
4.1822 .6661

AQ10 Personal protective equipment does not disturb me in
doing my job

4.1131 .79087

AQ11 I like to use personal protective equipments when doing
job

4.0981 .81469
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practiced the safety and health aspects in their school. Knowledge regarding safety and
health in the workplace is important to create a safer working and learning environ-
ment, the safety of handling technical equipment and the optimization of the working
conditions in order to maintain a safer and healthier workplace. A safer environment
can help employees feel safe [23, 24].

4 Conclusion

This paper has focused on the preliminary assessment of the safety climate in schools
by using questionnaires survey. As a conclusion, the result suggests that teachers in the
study area do have knowledge on a safety and health practice in school. Further studies
about safety and health culture may consider the theory of behaviour as well as Safety
Culture Maturity Model by the Keil Centre. Focus can also be put on measuring the
effectiveness of safety and health implementation in the schools. It is hoped that the
number of accidents in school (including the loss of property whether directly or
indirectly) also can be reduced with the commitment of school management. This is
because collaboration between school management and teachers is an important factor
to ensure an effective implementation of safety and health culture in school.
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Abstract. The article discusses a model of response dynamics to arousal. The
description of the dynamics may be used to dynamically interpret the first law of
Yerkes-Dodson. The discussion has been founded on research into change
implementation methods and concludes with a suggestion of a unique
methodology of change implementation based on dynamical properties of an
organization. As a result of the performed analyses, it has been found that the
level of enthusiasm in completing a task delegated to an individual worker or a
group of workers is correlated to the rate at which the tasks were completed and
the distance to the goal completion. The correlation appears to validate the use
of the first law of Yerkes-Dodson in the area of worker motivation and addi-
tionally offers insight into the issue of recognizing dynamical reasons for irra-
tional behavior of crowds, the phenomenon of neophyte enthusiasm, and several
other reactions.

Keywords: Dynamics of interaction � Yerkes-Dodson law � Motivation

1 Introduction

Motivation may be perceived as a process of self-regulation whose purpose is to control
actions in order that a desired outcome is reached [1]. Such an interpretation implies a
necessity of a wider explanation of various aspects of motivation in change imple-
mentation process. The concept of motivation plays a pivotal role for dynamics of
influence exertion and as such requires a presentation of basic terminology. The
concept itself appears to have earned such numerous definitions and descriptions that
there has occurred some ambivalence in the way they are used.

Motivation has been explained as a process of psychological regulation determining
where man’s actions are aimed and how much energy expenditure is allocated for
reaching the goal [2]. The motivation process is inherently linked to the concept of
motivational tension. The tension is alleviated because of its gratification value.
According to Reykowski, motivational tension follows a realization on the part of a
subject that a state of affairs exists which has the potential of lessening the tension
coupled with the perception that the state is achievable [3].

Theories of motivation draw among others from the body of knowledge about
psychology of instincts, personality and learning [2]. Their connection to motivation is
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descriptive in nature. Instinct may be defined as “the capability of rational action
without the capability of reasoning”. Motivation is, however, accompanied by the sense
of agency. The agency is understood as an actor’s ability to initiate an act and choose
which course of action to take. The acting subject feels responsible for the action and
accepts responsibility for it. The actor could be a goal setting decision maker or a
worker spontaneously deciding to initiate an action or planning to take an action in
response to stimulating environmental conditions (e.g. incentive). This is how the
process of multistage motivation with increasing impact unfolds. The decision-maker
assumes the role of an animator who facilitates action by pointing to goals, benefits and
potential consequences, whereas the decision to act and which course of action to
follow is taken by the actor. The efficiency and effectiveness of the action depend on
the impact of motivational process but it has to be borne in mind that there are limits to
its influence. The effectiveness of a worker’s activity does not rely solely on the
intensity of motivation processes but also on psychosocial conditions determining the
worker’s mode of functioning in the environment.

Motivation theories include fundamental systems based on mechanisms triggering
and sustaining actions [4].

2 Behavioral Mechanisms of Motivation

Behavioral perception of personality points to a direct correlation between a response
(action) of a human to the corresponding arousal (stimulus). An identical model is
applied to the analysis of responses of man viewed as a reactive being. Skorny [5]
postulates that it may become a basis of behavior control applied by adequately
manipulating stimuli and facilitated by knowledge of relationships holding between
stimuli and projected responses. He adds that behavioral model is especially useful in
analyzing animal behavior as well as simple acts1 performed by man. The behavioral
approach constitutes a form of cybernetic model of man according to Wiener [7],
Mazur [8, 9] and other models of behavior derived from cybernetics [10–23].

Performing acts and tasks emergent from the assumed role is a consequence of
changes occurring in the environment. Those changes result from the undertaken
action. Acts in turn are conditioned by contexts in which they are to be performed [24].
The determination of acts and their effectiveness by contexts may be explained by the
phenomenon of feedback meaning that an action2 leads to a change of context in which
it is taking place, and the context determines the course of the action itself [5].
Skorny lists the following categories of contexts [5]:

– short-term and long-term – typically short-term contexts determine long-term ones;
– favorable and unfavorable – resultant from a configuration of conditions securing

success in task achievement;

1 Act – “process directed at obtaining a result in a structure corresponding to conditions so that the
possibility of obtaining the result is kept” [5, 6].

2 Action – is determined by long-term goals. Action comprises acts, which are determined by
short-term goals [5].
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– spontaneous and deliberate – these latter are especially valuable from the per-
spective of studies on dynamics of change implementation since a planned change
applied in a system is always deliberate in its context, let alone identification
experiment which is carried out in given objects of organization;

– optimal – fully conducive to achievement of tasks, satisfaction of needs and to
attainment of another specified (target) level of task achievement;

– normal – there occur identifiable possibilities of successful and effective achieve-
ment of the task but at the cost of additional effort;

– difficult – there exist serious obstacles to realizing the set goals to the extent the
successful completion of the process is jeopardized.

Man does not function in the environment as an involuntary tool but displays
conscious activity manifesting itself in the ability to transform the nature of the
environment – be it directly or through intermediate actions performed as part of
deliberate plans. In the process, evident is the significance of innovation understood as
applying changes to the context of acts performed by an individual. Hence, it should be
noted that such a formulation of imperative to act runs counter [25] to the behavioral
concept of man regarded as a reactive (controllable) being.

This seeming contradiction is not factual as is evident in the behavior of a worker
given a task to do and equipped with an instruction of how to do it. One of the most
important features of an act (and thus an action) is a goal. A man who is performing an
act is aware of its goal, the level of its attainment as well as the effectiveness of the
performance in time. Consequently, acts are targeted and performed in a conscious
manner. The existence of those aims causes a change in the intensity of stimuli
affecting the man in the process of the aims’ achievement. Stimuli frequently function
not only as triggers to initiate actions but also as motivators. The actual performing of
actions aimed at achieving specific goals may hence lead to a change in intensity of
motivators3. The case in point would be a situation in which a worker has been given a
goal to attain, is working towards reaching the goal and is at the same time aware that
the distance to achieving the goal is decreasing as a result of the acts being performed.
The primary goal which triggered an activity (the distance to goal) is modified auto-
matically in the task completion process and plays a role of a variable intensity
motivator. Its intensity decreases over time, it does not, however, always mean a drop
in effectiveness of actions. According to the first law of Yerkes-Dodson (1YD) the
efficiency of action is the highest with medium level of intensity of motivation and the
lowest both when motivation is weak or too strong. It means that the correlation of
efficiency of actions to the change of the action triggering stimulus is not monotonic.

An analysis of all forms of human activity demands investigating their dependence
on the process of stimulation towards acting. This dependence of acting on motives
appears to prove a claim that man is not controlled merely by external stimuli and
contexts. Man consciously modifies interactions with environment and effects changes
in the environment.

3 The function of motivators may be performed by: emotions, needs, interests, aspirations, attitudes,
norms of conduct [5].
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It could thus be concluded that a worker who has been given instructions on how to
execute a task is treated in accordance to behavioral concepts. The worker’s conduct
may be described within these theories as a response to certain requests. Conversely,
due to volatility of context in which the acts are to be performed and which results from
the worker’s activity, initiative and intelligence as manifested in selecting various
action strategies, it could be argued that the worker does not act as an unwitting
reactive subject.

A useful approximation at a model of behavior would need to combine basic
features of both the discussed concepts: man undertakes acts in response to stimuli but
the manner of acting as well as the dynamics of response to the stimuli depend not only
on personality traits (behaviorism) but also on the amassed emotions, aspirations, needs
as well as the external context emergent from the performed activities and acts. It also
seems that the model of acting may to a large extent be based on the role of action
motivators. Their volatility during the execution of act will directly affect the dynamics
of goal achievement. Such a concept may constitute a basis for a rule that could be used
to determine the success of goal attainment in relation to the distance to the goal [26].

3 Motivation Process Dynamics in Change Implementation

Frequently a representation of a fragment of reality (system, arrangement, team) is a
specific dynamic element. The use of dynamic elements in the description of manage-
ment systems is possible because of the possibility of finding phenomenological imi-
tation. If, for instance, during an analysis of a group response to an imposed request in
the form of a new quality standard, the individuals in the group will be treated as discrete
elements, a simulation of group behavior will be easier. With such an approach, obvi-
ously, necessary is a thorough knowledge of dynamics of individual persons (elements).
At times, however, there exist no simple ways of linking phenomena determining
dynamic features of an arrangement with their counterparts in physical sense.

A useful concept for the description of interaction and motivation is inertial
second-order element which is similar to inertial first-order element but has extra inertia.

Fig. 1. The first law of Yerkes-Dodson [5]
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It is manifested in the fact that in the preliminary stage of a element’s response to
request, there occurs a zone of insensitivity. It does not mean there is lack of response
but rather a “lazy initiation”. There is a response evidenced by increased effect, it is,
however, slower in its preliminary stages than for example during the inertial first-order
element [26]. The subsequent action course is similar to the first-order element. Also
here, there occurs an asymptotic convergence to target value determined by the level of
step request; so it is a general form of response to request in which the motivation is
conversely proportional to a stimulus. This in turn is a difference between: aim–effect.

Practical implementations are similar to inertial first-order element. It should
actually be stated that the second-order element is a generalized version of the
first-order element. Based on the examples given above one could point to a zone of
slow response at the initial stages of activity, which could account for the increased
inertia level.

There exists a certain class of contexts, which due to their specification bear striking
resemblance to the characteristics of inertial second-order element. These are contexts
in which there occurs request of unfamiliar nature and a worker (group) displays a low
initial effectiveness of task completion. Among examples of such contexts are:

– execution of tasks within project management – such actions are temporary in
nature (strictly defined timescale) with a specifically defined type and scope of
resources (assets, information, personnel), and atypical (not in terms of technology,
but conditions and specificity); the initiation of actions is cautious, which is man-
ifested in the low initial performance levels, then there follows an acceleration in
execution rate and improvement of effectiveness of actions (performance of actions
within well-trained technologies), after which there occurs a decline of effectiveness
resulting from a diminished impact of primary stimulus which is defined as the
tension between target state and the current outcome of actions with resources
nearing depletion.

– attainment of individual production by a group of workers – conditions similar to
implementation within project management, despite lack of such management
methods’ standardization; similarly, initially there takes place a phase of recog-
nizing the required scope of work and appreciating the degree of execution com-
plexity, and a stage of selection of execution method, then there is a phase of highly
effective goal-aimed effort, which is finally followed by a stage of low effectiveness.

– delegating a new task – exclusively if a worker is confronted with a new problem
and has to come up with a method of accomplishing the task or learn to execute it in
accordance with received instructions;

– delegating a task without specifying a provisional timeframe – if the worker is not
given any deadline when specifying the task, adequate action may fail to be
undertaken at the initial stages of task execution; the deadline is established only
later (based on the received request or an analysis of previous tasks and accumu-
lated experience); further course is coincident with the dynamics of inertial
first-order element;

– aquiring a new skill by a worker or a team – this has also served as an example for
inertial first-order element, as due to the specificity of context there may occur an
instant, enthusiastic commencement of learning and training (inertial first-order) or
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there is an apparent degree of “lag” typically caused by the necessity of familiar-
izing oneself with a more demanding task (inertial second-order).

The cases listed above display some common characteristics:

1. there is evident a low rate of goal attainment in the initial stages of task completion
effort;

2. the rate is low also near the end of the cycle;
3. between the two stages the level of effort is the highest.

Considering the above and the fact that the discrepancy between the target state and
the current level of completion plays a primary role in motivation, it could be con-
cluded that:

– the rate of actions was lowest at the beginning of the process, when the difference
between the target state and the achieved level is biggest (strongest motivation to
achieve the goal),

– the rate of result accomplishment was equally low near the end of the change
implementation process, when the distance” to goal was decreasing (lowest level of
motivation),

– the rate of effort was highest for some intermediary level of motivation.

Figure 2 presents an example chart of the effect achieved in the function of time for
an object with inertial second-order element characteristics and the chart of the first
derivative of the curve. The derivative represents the pace (rate) of goal attainment –
the steeper the slope of the goal attainment curve, the higher the rate, which translates
into quicker and more effective actions in the function of time. Zone A in the figure is

Fig. 2. Task completion by an object with inertial second-order element type dynamical
characteristics: A – strong motivation zone, B – medium motivation zone, C – poor motivation
zone [26].
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the band of very high motivation, zone B corresponds to a medium level, whereas zone
C is an area of very low motivation to act.

The curve representing the rate of goal attainment is reminiscent of a graph illus-
trating the first law of Yerkes-Dodson (Fig. 1). Both illustrate the same correlation: the
highest rate of effort occurs at a certain optimal level of motivation which corresponds
to the distance to the set goal. A very low as well as very high degree of motivation
results in decreased efficiency and compromised effectiveness of actions, which proves
the validity of regarding the dynamics of response to request also for inertial first-order
element as a simplified variant of inertial second-order element.

4 Conclusions

The above considerations prove also that inertial first-order element in psychosocial
contexts is a special case of inertial second-order element. It should be noted that cases
with identified dynamical features characteristic of inertial first-order element concern
contexts in which there occurred an instantaneous initiation of activity in response to
exposure to request. Not only was there no delay but the rate of effect increase was
highest in the initial stages of the cycle. This does not contradict the first law of
Yerkes-Dodson (1YD) but rather seems to confirm it. There appears to occur a specific
situation here in which there is no phase of familiarizing oneself with a new context or
environment but one undertakes action as soon as possible and at the maximum level of
effectiveness. This is possible in one case only. The task to be completed entails actions
which are familiar, well-trained, and can performed efficiently and effectively. The task
completion involves setting in motion a number of well-trained execution procedures.
No phase of adaptation to new conditions is needed, nor is it necessary to learn a new
craft, to practice cooperation within a new team or to assimilate to novel social or
technological contexts. Consequently, there exists no strong fear of committing major
mistakes since the execution of the new task relies on carrying out routine actions and
subtasks.

According to 1YD, low effectiveness of task completion accompanied by high
motivation level emerges from excess pressure which is conducive to occurrence of
action blocking mechanisms as well as prevents one from taking decisions for fear of
error. Very strong motivation stifles effective performance as it leads to repeated
reviewing of the performed work or overzealous preparation for the task execution
suggestive of fear of mistakes and errors. The overall effect is that of prolonged
execution of procedures, repetition of activities and general impotence. Typically, these
mechanisms will disappear with the accrued experience and know-how. Activities
become ingrained through the process of adapting to new conditions and when these
have become familiar the effect of strong motivation gives way to medium level
motivation and the effectiveness of task completion considerably increases. It could be
remarked that the resultant arrangement assumes the characteristics of inertial
first-order element and that it indeed is responsible for execution of tasks in which the
actor feels sufficiently confident to apply familiar and well-trained procedures, actions,
tools, and rules.
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Management and ergonomics are nondeterministic sciences in that formal models
will never hold true for each real-life case and based on them it will not always be
possible to accurately determine quantitative relationships characterizing a given
phenomenon at a given time (provided adequate information on preliminary conditions
is available). Nevertheless, numerous research results seem to confirm the validity of a
thesis stating that there exists a degree of typicality of relationships among charac-
teristic parameters in the studied organizational systems. This is the role of formal
models: they allow recognition and prediction of trends or quantitative correlations in
objects which do not yield to descriptions other than statistical.
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Abstract. This paper is an attempt to define the factors which determine a
transition from a functional approach to the process one in public higher edu-
cation institutions. The determination of which factor, the human one or the
administrative one, define the aims of the changes of management style and the
choice of the methods of these changes were the interesting aspects of the
conducted research. To evaluate the organization’s process maturity, we took
into consideration the most important elements of the process approach and the
specificity of the activities of public higher education institutions, including: an
approach to a creation of organizational structure, an internal capacity to dele-
gate tasks and a capacity to identify the value chain. The deliberations were
based on the research conducted in public higher education institutions and on
the detailed analysis of one of the biggest universities in Poland.

Keywords: Process maturity � Process management

1 Introduction

Higher education institutions are important employers, often the biggest ones in the
cities or regions, with enormous operational and investment budgets. At the same time
they are managed by academic teachers who, in the majority of cases, do not possess
sufficient knowledge from the field of management and have limited possibilities of
benefiting from the experience of professionals in this area of knowledge [1].

There is a close link between a process maturity and the results which are obtained
by a given organization [2]. In the literature one can come across even very sophis-
ticated models of the evaluation of maturity but an application of a typical model for
the evaluation of maturity for a given specificity is connected with a big threat that it
might be inadequate for the character of activities of a public higher education insti-
tution [3, 4]. It is also not certain whether a structure of the parameters describing the
maturity is correctly adjusted to the aim of evaluation in the given circumstances [5]. It
cannot be assumed a priori that a model of the evaluation of the company’s maturity
universal for a given group will be the right one in all the conditions of its operations
and that it will be the correct one taking the aim of the evaluation into consideration [6].
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In order to define the way of changing the management style into the process one it
is first of all necessary to define where the needs of such changes derive from. There are
two potential reasons: external and internal ones. The internal one can be associated
with employees and their needs and the external one is imposed on the staff by the
managers. The research tried to identify the reason for changes in higher education
institutions.

The presented deliberations were based on the research conducted in public higher
education institutions and the detailed analysis of one of the biggest universities in
Poland.

2 Research Method

In case of the public higher education institutions a way of the evaluation of the process
maturity taking into consideration the most important elements of the process approach
and the specificity of the activities of the public universities was applied. These uni-
versities do not follow easily the evaluation of the process maturity [7]. The identified
need to apply a process approach does not always lead to an improvement of activities.

Among the elements of the process management which must be examined in case
of a public higher education institution the following ones must be mentioned: an
approach to building an organizational structure, an internal capacity to delegate tasks
and a capacity to identify a chain of the creation of values and its management [8].
These are the descriptors which are so significant for the process approach that they
should be used as the distinguishing features of the application of this method of
management [9] and on the other hand are a group of features which generally can be
used to assess a level of management of a public higher education institution. In order
to make this evaluation a correct one, a set of descriptors must be complete and
separable. The usage of the indicated three dimensions of the evaluation allows to
define a level of process approach of the analyzed organization and to define the range
of impact of certain aspects on the process management within the organization.

The occurrence of a certain value in one of the dimensions (descriptors) does not
determine the appearance of a certain value in a different dimension. This means their
divisibility. During the research in public higher education institutions it was defined
that the listed three dimensions are sufficient and they are often the only features from
the field of the process approach which can be mentioned in case of a public higher
education institution. In this approach they are a total description.

3 Results of Analysis

3.1 Approach to Building an Organizational Structure

An internal formalization is connected with the functioning of a given organization [10].
The structure of the organization is a combination of the defined functional and hier-
archical dependencies between the elements grouped into departments and organiza-
tional units in the way which allows to achieve the aims of the whole organizations [11].

A Change of Approach to Management from the Functional to the Process One 165



The analyzed higher education institution which is a case study is the university with
more than 70 years of the academic tradition. It is a public technical university. The
following elements exert influence on the organizational structure: a way of managing it,
the principle of term limits, internal division of forces and different areas of influence.

The strategy transformed into a group of processes which serve to implement it
should be a determinant of the organizational structure. In the majority of the public
higher education institutions the structure is an invariant of transformation. However, it
should be functionally dependent on the strategy and directly on the structure of the
processes resulting from it.

In practice it turns out that an archaic structure of a university deriving from an old
academic tradition is an obstacle to achieve the defined aims.

The first step to achieve a client-oriented and quality- oriented approach is an
attempt done by the authorities of the university to look at the organizational structure
not as on a static and a petrified element but in a flexible and process way. The level of
the adequacy of the structure to a strategy indirectly shows a capacity for process actions
[12]. The flexibility in the modification of the structure and a readiness for a quick
reconfiguration is a next aspect which defines a maturity of the organization in the
process approach within a structure [13]. In the analyzed higher education institution no
symptoms of determining the structure of the system by the strategy were found.
Additionally such a link is considered by the majority of the universities as redundant.

3.2 Capacity to Delegate Tasks and Responsibilities with Appropriate
Permissions

The managers are attached to a functional approach in which the employees divided
into proper organizational units are treated only as the executors of the defined tasks.
This dissonance becomes bigger because in the public higher education institutions the
organizational structures have a tendency to create the so-called “silos”- the adminis-
trative units supervised by a given vice-rector. In such a case, an information flow, a
definition of tasks which must be done between the different units and a definition of a
person who is in charge of these tasks is blurred and becomes almost impossible.
A permanent strengthening of the role of a functional approach to the management of
the higher education institutions make the employees believe that they are only
accounted for work which is done and not for the results which are defined for them. As
the research showed, this causes the frustrations among the employees, a discourage-
ment to engage in the development of the organization and in some aspects leads to a
desire to create such a situation which will give them an opportunity to influence a
created value of the service.

3.3 A Capacity of Organizations to Manage a Chain of the Creation
of Values

The chain of the creation of values in the functioning of the higher education institution
is the last of the analyzed elements. The identification of the chain of creating values is
a very simple determinant of the process management. Without defining the mutual
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dependencies between the elements of the management system, the workflows, the
definition of the relations of an internal client and an internal supplier, it is not possible
to speak about the existence of the process approach. In the higher education institution
which was examined it was impossible to identify any cycle of workflow in which
certain executors would identify their role in increasing the value of the flow for a final
client. On the contrary- certain executors know their tasks which must be done but are
not able to refer them neither to strategic aims nor to their suppliers, internal clients or
final client. Simultaneously the employees point at a need to influence the working
environment, methods of work, an environment, a configuration of processes and so
on. In such cases they define the resources necessary to execute the tasks and they
manage the given material, human and financial resources in order to fulfill aims in
optimal ways.

The majority of public higher education institutions shows a functional approach to
management but understands the limitations resulting from such an approach. The
management organs of universities noticed in the process approach a possibility for the
development of the organization and that is why they decided to apply a solution which
can increase the chances of an effective functioning.

The implementation of the rules of the process approach in universities turned out
to be a real challenge due to a pilling of obstacles, mainly of human nature. According
to the rules of the process approach in the analyzed higher education institution four
groups of processes were distinguished: the processes of management, the main pro-
cesses, auxiliary processes and service processes [14].

The university was so much used to the functional approach that the first iteration
of the map of processes within it was only an apparent mapping of the existing
processes, being more a reflection of the functional structure in the form of the scheme
of the “actions which are taking place”.

In case of the analyzed university, the structure of processes which was obtained
was only a reflection of the organizational scheme and had little in common with the
workflows which are done and the range of responsibilities. The evaluation of the map
of processes of the institution, which was preceded by the change of the mentality of
people used to a functional approach responsible for the implementation and by a
critical opinion of analytics “from outside”, was a transformation of the map of pro-
cesses in the “functional” approach into a map of a process approach.

The horizontal links and the dependencies of activities in the different, organiza-
tionally distinguished activities within the organization derive from the new system of
processes. Thanks to the map, within the university people began to be aware of the
existing links and of analogical processes in the areas with the different organizational
subordination.

That is why already in the moment of choosing the owners- i.e. people responsible
for the processes- there are conflicts as according to the current functional approach
every person with a function considers themselves to the best leader of the process.
However, the essence of the process approach is based on the engagement in the
implementation of managerial functions of the owners of processes who know the most
about them and who have a real causative role on the entrusted resources. In reality,
these are not always people who have managerial functions within a given organiza-
tional unit. In such cases one deals with a situation that an administrative factor as an
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imperative of changes towards a process approach fails. The human factor is therefore
dominating which enforces not only a transition to a process approach but also taking
the ownership of processes by people who are the most interested in the role in the
chain of the creation of values.

4 Summary

In the analyzed higher education institution a transfer to process management is a
revolutionary activity. A look at the university by the prism of the processes shows that
such an approach does not go side by side with the functioning organizational structure.
The process management in the framework of the current organizational structure is
questioned because in the distinguished processes there are the activities done by the
different organizational units subordinated to the different departments and the different
areas of administration.

The overcoming of a long, multi-level organizational structure and a definition of a
real responsibility for processes constitute the difficulties in obtaining an effectively
performing process [15]. The activity of employees is not concentrated on searching
the effective ways of the implementation of processes because the decision-making
powers are related to a formal position in the hierarchy [16].

The lack of the proper owner supervision in the public higher education institutions
causes the fact that the development strategies are of a low quality, if of course they are
created [17]. The good exceptions result from the ardor of enthusiasts and not from the
systemic solutions. It proves that also here the human factor and not the administrative
one dominates. If the employees understand a need to make a good strategy, a good
solution is created. In the majority of cases the strategies are prepared because higher
education institutions are obliged to prepare them by the legal provisions [18]. Such
strategies have a low quality.

In the analyzed university, the mapping of the processes was perceived as a chance
to increase the role of the document of strategy. The connection of the strategic aims
and operational activities with single processes provides a system of mutually bene-
ficial relations where every process should implement the aims defined in the university
strategy [19, 20]. In this way the strategy is translated into specific aims and actions.

Therefore, there remains a question how a higher education institution should run
the activities which aim is to move from a functional system to a process approach. The
answer is not clear but it always depends on the decisions of the current authorities. The
activities can be conducted in the direction of the measurement and the list of the
results of the processes as much as the organizational structure of the university allows
for it. However, one issue cannot be questioned- the modification of the organizational
structure can be done at an extent which is allowed by flexibility of the authorities in
the field of management [1, 21]. Therefore, all the changes in the strategic management
of the university depend on the managers, their dedication, determination and a con-
viction of the rightness of actions. Unfortunately it can be supposed that a determi-
nation to strengthen the role of the strategy, a transfer to the following stages of the
process maturity and finally the modification of the organizational structures will be
relatively low because of the conditions of management connected with the term limits,
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changeability of the rules of operation imposed by the legal environment, organiza-
tional “heaviness” or an attachment to the academic tradition [22]. On the other hand,
there is a stronger and stronger bottom-up reaction of employees who want to become
the owners of the processes and the executors in the processes in which they can define
in a clear way their impact on the value of the service provided by the higher education
institution. This means that the administrative factors in the form of the provisions
which oblige universities to create strategies and correct organizational structures stop
to be important. The university which operates well must have a good strategy, a map
of processes which helps to implement it and a structure of employment based on it.
This is the right order to create a strong unit. The factor which determines such
activities is first of all a desire to move to the process activities by people who want to
be an element of the chain of the creation of values.
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Abstract. In Information Society the ICT competency are becoming more and
more important not only for white-collar workers but also for blue-collar ones.
Nowadays most of the economy sectors, such as logistics, cannot operate
without ICT. For Millennials, who gowned up with technology, digital com-
petency is somehow intuitive, but for older generations, especially for mature
workers, ICT can be challenging. That is why a knowledge management in
logistics companies can be a solution for competencies disproportion. The
objective of this paper is to present the analysis of the scope of ICT compe-
tencies needed for employees in positions of logistics and to present the results
of the analysis of the knowledge management in logistics industry. Presented
conclusions of the study are the result of multi-faceted research conducted in
2012–2016 using grounded theory methodology.

Keywords: Mature worker � Logistics 4.0 � ICT competency � Knowledge
management � Lifelong learning

1 Introduction

The technological revolution, which took place in the last two decades of the 20th
century, caused a cascade of changes in key areas of social life. Technological pro-
gress, especially digital trends, may affect the competence required from workers in
different industry sectors, such as logistics.

According to the Deloitte [1] and McKinsey [2] reports, in the field of Information
and Communication Technology (ICT) can be defined the key trends, which signifi-
cantly affect the pursuit of economic activities. Those trends apply to both: the tech-
nosphere, as for example the use of the vast amount of data available on the Internet,
collecting of data in the “cloud”, the widespread use of mobile devices or new forms of
payment, and the social sphere, as interacting, socializing, communicating and working.
Reliance on the user experience in the process of problems solving or the increase of the
importance of e-commerce will also set requirements for logistics workers competencies.
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ICT competency is somehow intuitive for Millennials – generation borne between
the early 1980s to early 2000s which grown up with technology. People born after
1980 are considered as “Digital Natives”, and they are significantly different from
previous generation called “Digital Immigrants”. Millennials think, process informa-
tion and communicate in very different way that for instance Generation X [3].

For older generations, especially for mature workers (55+), ICT can be challenging
both in their private life, as well as in professional one. Mature workers learn much
slower how to use new technologies and are not willing to adapt to new systems or
change the ways of performing a job. Economic reasons very often not allowing
spending enough time on training that is why mature workers need to face ICT chal-
lenge on their own.

2 Mature Workers in Logistics

Mature workers are the persons aged fifty-five and over (55+). Depending on the
source, it can also be a person over fifty (50+), but in polish statistical studies age group
55–65 is specified, that is why in that paper a person 55+ will be considered as a mature
worker. That age group of employees is still growing in Poland.

At the end of 2015 in Poland, among almost 17.5 million of economically active
persons, 2.9 million were people 55+, which gives 16,6% of total. In that age group,
95% (2.8 million) were employed and only 5% were registered as unemployed persons.
However, if that issue will be considered deeper, it can be noticed that population of 55
+ in Poland is 11.3 million and 2.9 million of economically active persons gives only
26% of them. In that age group, 35.3% of men and only 18.9% of women are still
active on the labour market. The age group of 45–55 years old economically active
persons (3.7 million) is 21,4% of all economically active persons in Poland. The whole
population of 45–55 years old is 4.6 million that means that economically inactive
persons are 18% of that age group [4].

One of the answers, why the percentage of economically active persons in the
group of 55+ is so low is the state pension age in Poland, which now depends on the
date of birth. Nowadays women are retiring at age 60 and men at age 65. According to
Polish government act form 2012 until 2040 pension age should be equal for men and
women. Desirable level of 67 years will be reached for men in 2020 and for women by
2040 [5], but the current Polish government in 2016 passed a law lowering the
retirement age to 60 for women and 65 years for men. However, going into retirement
at age 67 will be still possible. Despite all those changes in last years, working age in
Poland, according to Central Statistical Office methodology, is all the time 18–64 years
for men and 18–59 years for women.

Nowadays, approximately 5.2% of economically active persons in Poland works in
logistics industry, and it is definitely male workers dominate industry [4]. Most of work
positions in logistics are now professional drivers, forklift operators, warehouseman,
pickers, packers, etc., so the occupations with supremacy of physical work. Majority of
the mature workers in logistics are employed as physical workers. In the group of
specialists, 55+ workers are not so commonly employed. Logistics industry is still
growing in Poland, as its real development started in 1990s, after the system
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transformation. Therefore, Polish logistics specialist have less than 30 years of expe-
rience on the Polish free market.

Nevertheless, core logistics is an intellectual work, so it needs people working on the
position of analytics, forecasters, planners, specialist in the area of distribution, export
and import, transport and shipping, warehousing, purchasing or supply chain. All those
jobs do not have special physical requirements, so mature employees can perform them,
under the condition, they have proper competencies, especially ICT competencies.

3 Research Methodology

In the studies, one of the qualitative research strategy – a grounded theory methodology
[6] was chosen. This approach, rejecting theories conceptualizing before the test, is
gaining more recognition among researchers of social phenomena, including in Man-
agement Sciences. In accordance with the rules of the method, before the start of the
research no theoretical model was build, there were no axioms or assumptions. The
hypotheses were being built and modified during research. The theory was appearing
during empirical studies, based on data collected in years 2012–2016.

In order to be able to identify the problem and the emergence of the theory, it was
necessary to collect systematically empirical data using a range of qualitative research
methods and techniques. Both, the desk research and field studies were conducted. The
study was divided into phases that allows gradually going into the topic and outlining
the background of studied phenomenon and determining what further studies need to
be carried out. The research results of each step in the study determinate the research
carried out in a next step.

One of the objectives of the study was to determine the scope of ICT competencies
needed for employees in positions of logistics. For that reason, in research selected
logistic companies in Lodz Region in Poland were investigated. The Individual
In-depth Interview (IDI) with managers, coordinators and HR specialist were con-
ducted. IDI with representatives of 20 companies were conducted.

Moreover, survey were conducted with physical workers and specialists. The paper
presents the results of the analysis of the needs for ICT competencies among all groups
of employees: blue-collar workers, specialist and managers. The scope of the survey
included the analysis of competencies possessed by workers employed on logistics
positions, as well as competencies, which are key ones for these work positions. The
aim of the survey was to analyze and evaluate the level of the ICT competencies of
workers in the area of logistics, as well as an analysis of the ICT competencies required
of these workers and the evaluation of the extent to which employees meet these
requirements. The study involved 166 surveyed representing 40 companies. Survey
was conducted among logistics workers employed at one of three levels of positions:
blue-collar workers (22,9%), specialist (56,6%) and managers (20,5%). Although a
group of physical workers was most numerous in each enterprise, those employees
were the least willing to participate in the study.

Another research method used in study was Focus Group Interview (FGI) with
logistics studies graduates starting professional career and with experienced logistics
specialist and managers. Two FGI sessions with in total 25 logisticians were done.
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Parallel to the FGI, analyze of the job advertisements for positions of logistics in the
press and on the web portal was conducted.

The result of the study is the concept of the knowledge management, as a solution
for competencies disproportion in logistics industry.

4 ICT Competencies in Logistics 4.0

Logistics of the future, like the entire Industry 4.0, will be based on new materials,
nanotechnology, RFID technology or cyber-networks. “Smart” devices, products or
packaging are becoming more and more popular and common. Such changes in
technosphere cause the need for changes in social sphere [7]. The revolution in reversal
of roles in the logistics systems is expected. A part of the executive work will be
delegated to computers and other automatic devices [8]. In practice, that can mean that
employees will perform organizational and conceptual tasks exclusively.

A particular challenge for employees of logistics is now navigating among the
endless amount of information and using of a number of available data, which are
crucial factor of market success of companies. The application of data warehouse turns
out to be insufficient. Using of Big Data – large, variables and diverse data sets is an
important challenge for logistics that requires continuous and in-depth analysis of
constantly incoming information. Analyzing, evaluating, interpreting and inferring
skills, which are crucial for logistics analytics, nowadays needs a support of ICT.
Excellent ability to use Excel is basic ICT competency for logistic specialist in each
area of logistics. Logistic analytics should be able not only use existing Excel tools, but
mainly create new ones, according to appearing needs. If the age group 25–34 years old
specialist assessed their Excel literacy as intermediate or even advanced, the age group
45–54 and 55+ assessed it as basic or even none. Mature and middle aged workers are
not so fluent in Excel. They know how to create chart, sort tables, even create
PivotTable, but designing simple macro or advances sorting and consolidating of data
can be challenging. Among blue-collar workers knowledge of Excel is basic of none,
but also nowadays there are no such expectations. According to job advertisement
analysis, despite the development of ICT in logistics in last year, in 2011 in job offers
for logisticians, in the requirements ICT competencies were not exchanged, even for
specialist [9]. Today, they are commonly appearing in job offers for logistic specialist
but they are usually not mentioned in job announces for blue-collar workers, and this is
the group that feels a lack of ICT competencies the strongest.

Logistics specialists, who will use Big Data, need to possess the ability to use
databases efficiently and effectively, but also will need the skills of analysis and syn-
thesis of data. Contemporary polish education emphasizes the development of these
competencies. In the world ranking of the countries in which graduates in education
acquire competence of data processing and data analysis Poland found itself at the
forefront. According to Programme for International Student Assessment (OECD PISA
2015) polish 15-years-old students were on 4th position in European Union and 13th in
the world taking into consideration ability to understand and interpret the text [10]. So
future workers will be better prepared to face the need of synthesis, analysis and
inference data that are, apart from ICT competencies, crucial for logisticians.
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The need for ICT competency in logistics comes also from, watched in recent years,
development of e-commerce on Business-to-Consumer market. The ability to use
existing tools, as well as the ability to design assumptions for new responsive and
effective solutions will be required from logistics employees. The changes in the supply
chain operating are also visible. The first noticeable change is the integration with cus-
tomers and suppliers, thanks to the use of Electronic Data Interchange (EDI), or sharing
data areas on the server, usually in the “cloud”, which also requires ICT competencies.

Another trend in Logistics 4.0 is the Internet of Things (IoT). Application of the
Internet of Things in the warehouse-logistics could allow even more effective and effi-
cient work of automated warehouse that can work in three shifts, without generating
additional personnel costs. IoT also allows for automatic inventorying of stock, as well as
controlling the shelf life of the products. It also increases safety for operators, by auto-
matically stopping the machines and devices, when a worker is in the danger zone [11].
Unfortunately, IoT can cause serious implications not only in the techno- and infosphere,
but also in social sphere. Blue-collar workers, mainly pickers and forklift operators can be
needless to executive work. Therefore, it is so important to take into account the new role
of man in the warehouse-logistics subsystem and to find physical workers proper tasks. In
Logistics of the future blue-collar workers will become younger specialist – qualified
operators who, in a direct or indirect way, will coordinate and control the correct oper-
ation of the system. In that perspective, employees in the lowest positions in logistics, as
well as the other employees, will require digital skills, so the ability to find, evaluate,
utilize, share, and create content using information technologies and the Internet.

The role of the present physical employees in future will be the basic operation of
the system, and therefore they will become the system operators. The role of the present
specialists will be managing Big Data and creating new ICT solutions allowing making
full use of the data, and therefore they will become analytics. Workers and specialists
both will need to use ERP systems such as SAP, ORACLE or JDA or at least process
data using Excel and SQL. The role of the manager will be making decisions based on
the analyses carried out by a specialist and integrating different areas.

According to such a vision of the future of logistics, there will be a need for proper
training of individuals who plan to take a job in the logistics industry, as well as there
will be need for the improvement of the competency of the people already working in
logistics, especially mature workers. Results of the study showed that in each of the
researched group of logistics employees that kind of improvement were desired. In the
group of physical workers, self-assessment of ICT competencies was on the lowest
level. 55+ (even 45–54) executive employees assessed their ICT literacy as primary.
Data input to the computer system was not a bigger problem, provided that there was
available simple and clear instructions, and that task was routine. SAP system, or
similar ones knowledge is also not so popular among Polish logisticians.

Even though, international experts from The World Bank as positive evaluate the
state of the Polish logistics. According to The Global Ranking 2016 in 2016 Poland was
on 33th position among 160 countries with the Logistics Performance Index (LPI) 3.43.
World leader was Germany with LPI 4.23. The LPI is a benchmarking tool which
purpose is to help countries to identify the challenges and opportunities connected with
logistics activities but also to improve their performance. One of the parameters that was
taken into account was logistics competencies: the knowledge, skills and attitude that
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people working in logistics should possess. Logistics competencies index for Poland
was 3.39, when for Germany was 4.28 [12]. That shows that still there is a room for an
improvement in that field in Poland, especially it the area of ICT.

5 Knowledge Management in Logistics 4.0

In Logistics 4.0 to minimize the ICT competencies disproportion between workers,
wellsprings of knowledge – model of knowledge management can be applied. This
model that is typical for Western countries, emphasize the explicit knowledge, so the
one that can be codified in any database. Explicit knowledge is treated as enterprise the
most important resource that gives a competitive advantage and it source can be both, a
company and its environment. If the source of knowledge is out of the organization, it
has to by import from the environment.

In the wellsprings of knowledge model the most important inside are core capa-
bility that can be identified as the core competencies, as they allow integrating the other
components of the model, in connection with both, the interior of the organization and
its environment. Core capabilities allow also for transition from “present” to “the
future”. Core technological capabilities, so those one that set the company apart from
the competition, have four interdependent dimensions: employee knowledge and skill,
physical technical systems, managerial systems, values and norms. Employee knowl-
edge and skill that can be divide into three groups scientific, industry-specific and firm
specific [13].

In logistics, industry-specific core technological capabilities in the dimension of
knowledge and skill are:

– ICT competencies, understand as ability to constantly identify and locate resources
of required information, to acquire and transform information for specific needs,

– analytical competencies, understand as ability to analyze, evaluate, interpret and
infer information.

Wellsprings of knowledge model assumes, that organization to perform efficiently
in problem solving but also in everyday operating needs to implement and integrate
new methodologies and tools, also ICT tools, and experiment, that is, constantly
improve and seek new solutions and of course share knowledge.

Analytical competencies, so ability to analyze, evaluate, interpret and infer infor-
mation, are shaping in long-term education, mainly formal one. It is almost impossible
to share that kind of knowledge in direct way, but it is possible to create and spread
among company employees general procedure for dealing with a problem. The pro-
cedure should base on company interior experience and exterior good practices,
remembering that own company experience is the most important.

Another solution helping mature workers dealing with challenges is to create a
register of good practices consisting of examples of particular cases of problems or
challenges that occurred in the company. Employee who has to solve a problem would
be able to check if similar task/problem appeared in the past and how it was solved. In
the register there should be information who was solving the problem and contact data
to that person. That kind of register should be digitizes and accessible in the company
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intranet. For each described case there should be a place for open discussion and
comments. If an employee interested in a case wants to personally (not on the public
forum) asked about the case, there should be a possibility to sending an email directly
being logged in the register itself. More over each person who is dealing with similar
problem that described in register should mark it on the log of particular case. That kind
of solution will not only allow employees to share knowledge, but also will let to know
managers which cases are the most problematic and interesting. However, the way that
an employee will use the knowledge about problem solving depends on the other
employee’s competences and intelligence. To use that kind of solution basic ICT
competencies are needed.

The treat of this solution is the need to spend time on filling the register. Employees
have plenty of tasks to do, and registering cases will be another time spending one, that
is why they should be reworded for that activity.

Developing ICT competencies is easier and faster than sharing knowledge about
way of analyzing, evaluating, interpreting and inferring information. That kind of
knowledge should come from other employees. Advanced ICT users, so mainly the
logistics specialist, do not have to share with blue-collar workers the knowledge about
creating ICT tools, but they should explain how do they work and how worker should
operate the system. If company employee creates ICT tool, he should train other
workers who has to use it. Interface of the tool should be intuitive and should have built
instruction of use, which is as simple as possible. The most effective instructions are
video instructions, which connect visual instructions with voice ones. ICT tools users
(operators) should not be able to damage the tool or change the way it operates. In the
tool, there should be information who can help if the system is not operating. In that
case, mature logistic executive workers can get rid of the fear of the using ICT.

With mature workers with a gap of ICT competencies who work or want to work as
a logistic specialist knowledge sharing is much more difficult. As in Logistics 4.0
specialist will be managing Big Data and creating new ICT solutions they ICT com-
petency has to be on higher level. Solution for ICT competencies sharing can be joining
advanced ICT users (mainly “Digital Natives”) with beginners (mainly “Digital
Immigrants”) into a pairs working together. In that case, training of ICT competencies
will be a part of everyday work and not a separate activity. One the one hand advanced
ICT users will be a sort of guide in digital environment, on the other matured expe-
rienced employees can share their professional knowledge with younger collogues. It is
solution for both: new employed workers but also for already employed mature
workers with a shortage of ICT competencies.

6 Conclusions

In the Information Society, logistics is based on three pillars: the processes, tech-
nologies and people. Unfortunately, new technologies commonly used also in logistics,
increase the distance between young and mature workers by dividing them into
operative users and those with digital skills gap, so who do not deal with new tech-
nologies. What is crucial, the success of the logistics companies comes from people
who skillfully take advantage of the information making use of technology in all
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logistics processes. Therefore, logistics will need highly skilled workers with ICT
competency, not only young ones, but also mature ones.

The logistics industry, although is not the most innovative sector, is increasingly
dependent on ICT solutions, thereby needs employees which are experts users of ICT
technologies. Logistics companies do not need to hire employees who will provide
them new technical solutions, because they can get them from specialized R&D units,
but need employees who will be efficient users of those solutions or will be creators of
simple or advanced ICT tools.

Moreover, in the logistics of the future the share of physical work will decrease, and
intellectual one will increase, therefore there will be more work stations, where longer
occupational activity will be possible, but the condition to be able to work in logistics
will be to have the ICT competencies.

A knowledge management in logistics companies can be a solution for compe-
tencies disproportion between workers, especially ICT competencies.
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Abstract. Occupational activation of people with disabilities is one of the
forms of their rehabilitation, and ensures their development and satisfaction of
their social needs. The condition for employment of persons with disabilities is
adequate adjustment of the workstation space and the workplace to match their
abilities and accommodate their special needs. This paper reports on the analysis
of the batching plant operator job and workstation with a view to adjusting it for
many types of disabilities. Based on a checklist, types of disabilities which
would not preclude the disabled from being employed in the job are identified.
Next, physical load was estimated to determine if there are any contraindications
for people with specific disabilities to work in the studied job. Based on the
conclusions drawn from the research, adjustments are proposed for each type of
disability. The process of workstation adjustment for people with disabilities and
the research instrument can be used by enterprises in different countries, no
constraints apply here, because all around the world, there are people with
disabilities seeking employment.

Keywords: Person with disabilities � Workforce inclusion of people with
disabilities � Workstation

1 Introduction

The challenge that we are facing today is to provide people with disabilities with
appropriate conditions that would enable them to function in the society and prevent
their isolation and social exclusion. It is essential to fully include people with dis-
abilities in the family, professional and social life, which will make it possible for them
to participate in every facet of life. Professional activity is the best way to achieve it.
Work makes one feel self-sufficient and economically independent. It needs to be kept
in mind, however, that employment must not exacerbate the disability in employees.

Therefore, proper job selection and organization of the workplace for disabled
workers is crucial. Not every job can be adjusted to the abilities and needs of the
disabled. It depends on many factors, e.g. the type and grade of a worker’s dysfunction,
the type of job, the conditions at the workplace, and the possibility of implementing
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technical and organizational changes. Before employing a disabled person, the employer
needs to know the type and grade of the disability, to analyze the tasks of the job to
specify the requirements for the employee at this post, and set the results of this analysis
against the abilities and inabilities of the worker [1]. This study attempts to show how
workplace adjustments in a concrete manufacturing plant can improve workforce
inclusion of people with disabilities.

2 Study Objectives

The objective of the study was to assess how well selected jobs in a facility manu-
facturing concrete products were adjusted to the needs of disabled workers, and to
propose changes that would have to be introduced in the workplace for a selected
disabled person to be placed in the job.

3 Job and Workplace Description

Only males are employed as concrete batching plant operators. They operate concrete
manufacturing machines.

The basic job requirements are: technical qualifications, at least secondary voca-
tional school, certified to operate concrete-mixing systems (Class II Batching Plant
Operator certification), computer literacy.

Typically, operators work an 8-hour (7am–3pm) one-shift schedule. Occasional
overtime may happen in the summer months. Operators are entitled to one 30-minute
break. All workers on a specific production line take this break at the same time.
Operators are allowed to take a bathroom break at any time as long as they inform other
workers on the same line because they will also need to take an involuntary break.

Throughout the shift, the operator performs the same activities. The number of
repeated production cycles depends on the daily plan. During one working shift, single
line workers can produce ca. 6000 concrete blocks or 500 sq. m. of pavers.

The production process includes the following activities [2]:

1. Maintenance check of the batching machinery: checking the electrical and control
systems;

2. Computer-aided raw material dosing: sand, aggregate, cement;
3. Feeding raw materials into the automated batching system;
4. Dosing water and plasticizers;
5. Starting-up the mixer;
6. Mixing;
7. Overseeing the mixing process;
8. Transporting concrete to block machine bins.

The batching plant operator participates directly in activities 1 to 5 and 7.
The batching plant is comprised of:

– three aggregate batchers, 10 m3 each (Fig. 1);
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– one ca. 10-meter long belt conveyor suspended on four tensometers that make it
possible to weigh aggregate to an accuracy of below ± 0.5% (Fig. 2);

– two silos for cement and water storage (Fig. 3);
– screw conveyor for transporting cement and dry materials;
– automatic control panel (a PC coupled with a PLC that enable automatic control of

the batching plant from the operator’s room; the control system allows the operator
to save recipes and produce printouts compliant with EU directives) (Fig. 5);

– planetary mixer, 750 l dry filling capacity, with a skip (Fig. 4.);
– cement, water and admixture weigh batchers mounted above the mixer providing an

accuracy of below ± 0.5%.

A concrete block machine for producing concrete products is connected to the
batching plant.

The control room that goes by the name ‘trailer’ is the main task area for the batch
plant operator. He spends about 6 h per shift there. From April to November, for about

Fig. 1. Aggregate batchers [2] Fig. 2. Belt conveyor [2]

Fig. 3. Silos [2] Fig. 4. Planetary mixer [2]
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2 h per day, he oversees the process outdoors, whereas during the winter season, he
oversees the operation of the block machine inside a production hall.

Cement, sand, aggregate, water and plasticizer are used for production of concrete
products. Dye is added to the mix in the production of pavers.

Workers are not provided with working clothes by the employer. Their outfits are
their personal matter, however, the employer requires that there be no loose-fitting
pieces. Personal protective equipment provided by the employer are stoppers, protec-
tive gloves and dust masks. They are to be worn during the oversight of the mixing
process as this when the worker has contact with cement, fly ash and plasticizer.

The batch plant operator works both in an open space (for about 2 h per shift) as
well as in a closed space (for about 6 h per shift). In the closed space, the operator
controls the process, whereas in the open space, he oversees it. The temperature in the
room is about 20 °C. In summer, it depends on external atmospheric conditions, while
in winter, it tends to be constant as the room is heated.

Average value of illumination intensity inside the control room equals 249 lx and
exceeds the minimum of 200 lx required for this type of work. Illumination uniformity
is 0.8 while the standard is 0.4.

Noise in the workplace is generated by the batching plant (the level of noise is
103 dB), vehicles serving the batchers, hoppers and bins (the maximum sound power
of heavy vehicles at the start of the engine is 105 dB, and light vehicles - 97 dB), and
the production hall located in the immediate vicinity of the batching plant (sound
insulation of all walls of the building - not less than 20 dB; roof sound isolation -
18 dB; equivalent continuous sound level inside the hall within 1 m from each wall -
85 dB, and 75 dB for the roof).

The batching plant operator is exposed to cement, fly ash and concrete admixture
during the oversight of the mixing process. Portland cement, Portland-composite
cement, and Portland-fly ash cement are used at the plant. These types of cement are
commonly used in accordance with the standard PN-EN 197-1:2012 Cement – Part 1:
Composition, specifications and compliance criteria for common cements. Table 1
presents a classification of the substance.

Fig. 5. Batching plant control panel [2]
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Cement dust may cause irritation of the respiratory system. On contact with water,
it may produce strong alkaline environment, which, in turn, may cause skin and eye
irritation. Inhalation of cement dust may lead to health deterioration in people with
respiratory conditions such as emphysema, asthma, or pre-existing skin or eye con-
ditions. In the studied workplace, standard threshold values were not exceeded.

Fly ash is another substance. According to the provisions of the EC directive
67/548/EEC and Regulation EC 1272/2008, it is classified as hazardous [4]. Workers
also handle fine and coarse aggregates, although they are not classified as hazardous or
harmful to human health.

Plasticizer is one of the admixtures with which workers have contact. It is added to
concrete to reduce its water content and improve its workability. The product has not
been classified as hazardous, and is not dangerous for humans if handled in accordance
with OHS rules [5].

4 Research Methods and Instruments

A modified version of the checklist developed by the Central Institute for Labour
Protection – National Research Institute in the research project ‘Framework guidelines
for workstation adjustments for people with disabilities with specific needs’ [6] was the
main research instrument.

The instrument is comprised of two parts. Part one includes 46 questions con-
cerning those characteristics of the analyzed job that could limit the possibility of it
being performed by persons with a specific disability. The diagnostic response - yes -
means that the checked characteristic can render the job more difficult for a person with
a specific disability. The decision to employ the person should be made based on an
analysis of his individual aptitude and psychophysical abilities [6]. Such personalized
approach also orients part two of the checklist due to large discrepancies in the ability
to perform the job in people with the same type of disability.

Part two, comprised of 99 questions, refers to seven aspects of the work environ-
ment that need to be considered when designing the workstation for the needs of people
with a disability. These are: architectural and spatial organization of the workstation,
lighting (including signaling lights), work space acoustics (including signaling sounds),
electromagnetic fields and/or radiation, machines and devices, microclimate, chemical
factors and physical loads. A ‘yes’ response in this part means that as far as this
particular feature of the work environment is concerned, it is suitable for the person
with the specific disability and there is no need to adjust it in this area. A ‘no’ response
indicates that adjustment is required. In part two of the checklist one can choose ‘yes’,

Table 1. Classification of the mixture - cement [3]

Hazard category Hazard description

2 H315 – causes skin irritation
1 H318 – causes serious eye damage
1B H317 – may cause an allergic skin reaction
3 H335 – may cause respiratory irritation
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‘no’ or ‘not applicable’ response. A ‘not applicable’ response means that the charac-
teristic described in the question either is not present or is irrelevant.

Each of the diagnosed characteristics, in both parts of the instrument, is examined
separately for the following types of disabilities: musculoskeletal, vision, and hearing
impairments; mental disorders; intellectual impairments; disability resulting from
systemic diseases (cardiovascular, respiratory, nervous, digestive, and genitourinary
system diseases).

Some characteristics are not relevant in the context of workstation adjustment to the
needs of people with specific types of disability, in which case the checkbox corre-
sponding to the question has been blacked out in the instrument [6].

The original checklist had a number of errors. Therefore, it has been modified to a
large extent by the authors.

For a few answers, the answer key had a number of errors. These were questions 18,
20, 24 and 30 in part I, and questions 38, 90, 97, 98 in part II. For these questions a
(reverse-scored) answer key was used, which means that for part I questions, the diag-
nostic answer was ‘no’, whereas for part II questions, the diagnostic answer was ‘yes’.

The checklist includes questions that follow from previous questions and should be
omitted if the answer to the previous question is negative (N), e.g. the question: ‘Are
the means of transport used for business trips adequate for the needs of persons with
disabilities?’ should be answered only if the answer to previous question: ‘Does your
job require travel?’ was affirmative.

To obtain unequivocal answers, many questions are preceded with additional
general questions or divided into two or more questions, e.g. the question: ‘Is a dis-
abled parking space located next to the building entrance?’ is preceded with the
question: ‘Is there a designated disabled parking space?’; the question: ‘Is the work-
station lighting adequate for task performance and is the worker able to adjust it (e.g.
workers with low vision)?’ was divided into two questions: 1. ‘Is the workstation
lighting adequate for task performance?’, 2. ‘Is the worker able to adjust it (e.g.
workers with low vision)?’.

As no information is available on the instrument’s standardization, it was only used
for qualitative analysis.

In order to complete the checklist, workers and their superiors were interviewed and
documentation review was performed.

Additionally, energy expenditure estimation was performed with the Lehmann’s
chronometric - tabular method, static muscle load was assessed with the OWAS
method, and postural load with the REBA method. Further, a review of substances with
which batching plant operators have contact with was performed.

5 Analysis of the Possibility to Employ Disabled Persons
and Adjustment Recommendations

Based on the study performed with the checklist, interviews and documentation review,
characteristics of the analyzed job that could limit the possibility of it being performed
by persons with specific disabilities were identified. The characteristics by the type of
disability are summarized in Tables 2 and 3.
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The summary presented above implies that a person with lower limb disability may
not be employed in the studied job. This results primarily from the requirement for
working at height, frequent use of the stairs, both of which cannot be eliminated.
Moreover, there is no possibility of expanding the working space to improve maneu-
verability. Upon consultation with an occupational medicine specialist, the possibility
of employing a person with an upper limb disability could be considered because none
of the activities performed at the workstation requires their full functionality.

Persons with visual impairments will not be able to work as batching plant oper-
ators. Apart from the stairway and work at height, the greatest problem for them would

Table 2. Characteristics that could limit the possibility of the job being performed by people
with specific disabilities identified on the basis of part I of the checklist [2]

Type of disability Characteristics of the analyzed job limiting the possibility of
employment of a person with a specific disability

Musculoskeletal disorders - working overtime (occasionally, in the summer months); full
function of lower limbs required; fully functioning
equilibrioception; work at height; work involves machinery
operation; outdoor work

Visual impairments - working overtime (occasionally, in the summer months);
fully functioning equilibrioception; work at height; machinery
operation; exposure to harmful substances (occasionally,
during the oversight of the production process)

Hearing impairments - working overtime (occasionally, in the summer months);
work requires verbal communication; fully functioning
equilibrioception; work at height; machinery operation;
constant verbal contact with coworkers; exposure to harmful
substances; noise exposure

Mental disorders - working overtime (occasionally, in the summer months);
workstation isolated from others (worker is alone at his
workstation and can only radio-communicate with coworkers;
sole responsibility; exposure to harmful substances; noise
exposure

Intellectual impairments - working overtime (occasionally, in the summer months);
workstation isolated from others; sole responsibility;
demanding job requiring longer job training; work involves
operation of many machines; exposure to harmful substances;
noise exposure, outdoor work

Disability resulting from
systemic diseasesa

- working overtime (occasionally, in the summer months);
workstation isolated from others (III); fully functioning
equilibrioception (III); work at height (III); machinery
operation (III); exposure to substances causing allergic
reactions and irritating respiratory system (II); exposure to
harmful substances (I-V); outdoor work – about 2 h/shift (I,
II, V); noise exposure (I)

a (Cardiovascular system (I), respiratory system (II), nervous system (III), digestive system
(IV) genitourinary system (V)).
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Table 3. Characteristics that could limit the possibility of the job being performed by people
with specific disabilities identified on the basis of part II of the checklist [2]

Type of disability Characteristics of the analyzed job limiting the possibility of
employment of a person with a specific disability

Musculoskeletal disorders - public transport stops are not in the immediate vicinity of the
plant (they are 1 km away);
- no designated disabled parking spaces (interview with an
employer representative, and personal observation, allowed me
to confirm that there is enough space on the premises to
designate such space);
- entrance door width 0.8 m;
- no elevator to transport people from floor to floor or any
other lifting devices;
- stairway steps may cause stumbling and catching;
- stairway landing dimensions are not 1.5 � 1.5 m and it is
located within the parameter of the door wing swinging open;
- stairway railings are taller than 0.9 m;
- light switches are at the height of more than 1.2 m;
- there is no accessible toilet in the building;
- at the nearest toilet, there is no maneuvering space (min.
1.5 � 1.5 m), the toilet bowl is not accessible from both sides,
there are no grab bars, the floor surface is not slip-resistant;
- restroom doors are not marked with informational
pictograms;
- in the work room there is not the minimum 1.5 � 1.5 m
maneuvering space, and there is not a minimum 1-meter wide
access way to the workstation;
- there is not a possibility to adjust the desk to the height of the
worker, and the desk itself has no border to stop object from
falling;
- there is no room at the workstation to place mobility aids
securely (crutches, walkers)

Visual impairments - public transport stops are not in the immediate vicinity of the
plant (they are 1 km away);
- no designated disabled parking spaces;
- entrance door is not visible at all times of day;
- a stairway leading to the workstation is not marked with
stripes whose color would contrast with the colour of the floor,
which may cause stumbling, and the landing is in the
parameter of the door wing swinging open;
- light switches are not distinguished with a different colour;
- floor surface in the restrooms is not slip-resistant;
- doors to sanitary rooms are not labelled;
- rooms on the premises are not labelled;
- lighting at the workstation cannot be adjusted;
- in an emergency, there is no light or vibration alarm
signalling;

(continued)

186 A. Polak-Sopinska et al.



be the absence of the possibility to adjust the software and control devices to the
individual needs of the worker.

People with hearing impairments cannot be employed in the analyzed job either.
What absolutely excludes them is the fact that the job requires fully functional equi-
librioception and verbal communication with coworkers.

Due to the isolation of the workstation from others (the worker is alone at the
workstation and only can radio-communicate with coworkers) and heavy responsibility
resting with the worker, employing people with mental disorders or intellectual
impairments is not recommended. People with mental disorders are also excluded by
the fact that the job is complex (requires operating many machines) and involves more
extensive job training.

In the case of disabilities resulting from systemic diseases, people with nervous
system disability are absolutely excluded. Employment of a person with a respiratory
system disability will depend on the physician who will decide whether the present dust
exposure levels could be harmful to the health of the candidate for the job. Similarly,
for a person with genitourinary system dysfunction, a physician should decide whether

Table 3. (continued)

Type of disability Characteristics of the analyzed job limiting the possibility of
employment of a person with a specific disability

- machinery and equipment operation manuals are not printed
in large font/ Braille;
- the surface of the desk is not secured to prevent object from
falling off, and the desk corners are not rounded;
- there is no room at the workstation to place mobility aids
securely;
- the software used in the job is not adapted to the needs of
legally blind people, and there is no possibility to personalize
the font;
- the control panel has large buttons but small captions, which
makes reading them difficult for a low vision person. The same
applies to the software application with preset font

Hearing impairments - no vibration signalling in emergency situations;
- communication between sign language users and hearing
people is not provided for

Mental disorders - there is no room in the building to take medication
Intellectual impairments - public transport stops are not in the immediate vicinity of the

plant (they are 1 km away);
- sanitary rooms are not labelled

Disability resulting from
systemic diseasesb

- no designated disabled parking spaces (I-V);
- no accessible restrooms (IV, V);
- no labelling of sanitary rooms (IV, V);
- desk corners are not rounded (III);
- no designated room to take medication (I-V)

b (Cardiovascular system (I), respiratory system (II), nervous system (III), digestive system
(IV) genitourinary system (V)).
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working outdoors in the months of April to November may exacerbate the dysfunction.
It is highly probable that persons with specific cardiovascular or digestive system
dysfunctions could work as batching plant operators provided that the job will not
demand non-physiological, prolonged stress positions; cause overload of the
static-dynamic system; place people under mental and emotional pressure; cause
excessive energy expenditure [7].

To determine physical load, energy expenditure was estimated with the Lehmann’s
chronometric - tabular method, static muscle load was assessed with OWAS and
postural load with REBA. Test results should allow occupational medicine physicians
to make a decision concerning employment of a person with disabilities.

Overall energy expenditure per shift (480 min) may amount to 850 kcal, which
classifies this job somewhere between light and medium heavy work for males. The
average energy expenditure per minute ranged from 1.5 to 2.4 kcal/minute and was
regularly distributed during the shift. During the study, no activities were observed that
would cause energy expenditure peaks of above 5 kcal/minute.

The static muscle load was small because the category of static load for all worker
postures equaled 1, there were no stress positions, and the time they had to be held did
not exceed 70% of the working shift.

The assessment of the postural load with REBA did not indicate that adjustments
should be required at the workstation. The risk of a musculoskeletal overload was low
for all performed activities [2].

The study shows that there are disabilities which do not preclude a person who
suffers from them from undertaking the job under analysis - cardiovascular, digestive
system, and upper limb disabilities. However, for each case, adequate adjustments
would be required, e.g. for people with digestive system dysfunctions, working
overtime would need to be eliminated, the number of breaks should be increased if
necessary, a room where medication could be taken should be designated, paramedic
assistance should be provided. Further, a disabled parking space should be designated,
and if necessary, the sitting chair should be replaced with a more ergonomic one. It
needs to be borne in mind, however, that the final decision on employment conditions
should be taken by an occupational medicine physician who will take into account
individual needs and abilities of the candidate for the job. Moreover, the company that
is interested in employing people with disabilities should provide adaptive training for
each new employee to introduce them to the principles of co-working with disabled
persons including the potential difficulties associated with the disability of particular
coworkers, and training for managers on disability management in the workplace that
would tackle the issues of worker diversity and individualized approach to the worker,
preferably delivered by an external provider. This would improve the comfort of work
both for the disabled workers and for the non disabled ones [8]. As far as people with
digestive system dysfunctions are concerned, the adjustments introduced in the
workplace would be minor, mainly organizational, although for other diseases, more
expensive technical changes might be required.
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6 Conclusions

The paper presented the process of creating a workstation for a person with disabilities
by adapting an already existing one. First, the workplace was characterized and the
qualification required for the job of a batching plant operator were specified. Next, the
types of disabilities that allowed the disabled to work in the job were identified with the
checklist and other additional methods. All disabilities will require organizational or
technical adjustments at the workstation. The next step to take when a person with
disabilities applies for the job is to check whether the person will indeed be able to
meet demands of the job (to analyze the person’s abilities and disabilities against the
demands of the job). If the person is found to be able to work in, changes should be
introduced to adjust the workstation to the individual needs of the person.

The proposed process of creating the workstation for people with disabilities and
the research instrument may be used by enterprises in various countries, no constraints
apply here, because all around the world, there are people with disabilities who are
looking for work.

One condition for the successful completion of the process is a state where at the
same time, at the same place and under auspicious external circumstances (legal and
organizational determinants), the person with disabilities has the internal motivation
(the need) to work, has the capacity (attributes) to perform the required work tasks,
whereas the employer has certain human resources needs and is willing to take the
decision to employ an interested disabled person having first analyzed the situation,
especially, the balance of additional costs and benefits that employing a person with
disabilities may entail [9].
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Abstract. The key to successfully develop a program to enhance safety and
ergonomics in the workplace is an innovative process that aims to reduce
workplace injury levels as well as minimize risks. This can be achieved by
raising awareness and changing employees’ behavior. Nowadays managers tend
to strive for improved efficiency and productivity in all sectors. However, the
growing demand for greater productivity has put the employees’ health and
well-being at great risk. Following another trend, the enterprise under study is
based on the principles of solidarity economy that aims to guarantee
self-management processes, focusing on the human health and wellbeing rather
than financial profits. Based on the ergonomic questionnaire results and the
follow-up of the co-workers’ routine, some forms of improvement to accomplish
their tasks were suggested.

Keywords: Human factors � Solidarity economy � Ergonomic analysis

1 Introduction

Solidarity economy has spread as a possibility of survival by population segments
excluded from the formal labor market. It manifests itself in different organizational
forms built upon general principles of self-management, characterized by more
democratic decision-making, social relations of cooperation between people and
groups, and horizontality in social relations in general [1]. This possibility establishes,
therefore, a “new” form of production, consumption, and distribution of wealth cen-
tered on the value of the human being, building an alternative to the alienating
dimension of dehumanized work. It also includes a multidimensional character,
involving social, economic, political, ecological, and cultural aspects, in the perspective
of building a fair and sustainable society.

The work with this recycling cooperative raised the need for reflection on the issue
of health and ergonomics in the work developed by these cooperatives. This is because
the construction of self-managed relationships does not in itself assure safer working
conditions, especially in view of the daily urgency for securing a minimum subsistence
income. Thus, the precarious structural conditions and the risks faced in everyday work
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in this association indicate that the issue of ergonomics, health, and safety is pivotal
also in solidarity economy projects.

According to [2], ergonomics is the study of the relation of man and his work,
equipment, and environment, and the application of knowledge from different areas in
solving problems that arise from this relationship. Ergonomics is divided into three
specific characteristics, which can be addressed as physical, cognitive, and organiza-
tional ergonomics.

All subdivisions of ergonomics are integrated in today’s organizations without
neglecting efficiency and productivity. Thus, in the classical method of activity ergo-
nomics, ergonomic analysis of work has been consolidated in the labor sciences as an
effective instrument to operationalize the perspective of understanding work in order to
transform it [3]. From a contemporary point of view, the world of labor is undergoing
accelerated transformations associated with a productive restructuring process with
negative indicators on the health and safety of workers. Examples include work-related
epidemics of musculoskeletal diseases, cases of burnout syndrome, and an increase of
work accidents [4]. The sense of intensification of work, with performance at the limit
of capabilities, has become more and more common in workers’ reports.

Although relative to productive processes, in which the worker is in a subordinate
condition, the rupture with the mental suffering to which workers have already been
submitted by their previous experiences of dehumanized work, is one of the major
challenges faced by solidarity economy projects [5]. Despite of the challenge, this
reflection cannot be avoided, given the risk of replicating in cooperatives the precarious
conditions and health risks found so often in production-driven organizations. Thus, it
is relevant to penetrate into the daily life of these subjects, to understand the meaning
they attribute to their own work, as well as to perform a profound evaluation of
ergonomics, health, and work safety aspects.

2 Methodology

A preliminary analysis was carried out to choose the most suitable method to achieve
the best results with respect to the reality of cooperatives.

The inductive method was adopted, with emphasis on a descriptive approach to
develop first a qualitative analysis and then a quantitative survey corresponding to the
field of study of the work. Descriptive research seeks to discover, as precisely as
possible, the frequency of a phenomenon, its relation and connection with others, as
well as its nature and characteristics.

Based on these factors, a descriptive study was developed supported by a survey
and interviews with employees of a cooperative to gather information about their
feelings and perceptions regarding ergonomics. A total of 10 cooperative workers were
interviewed during the development of their tasks.

Assessment of the workplace was carried out through visits to the cooperative
during working hours to record the real routine of a worker in the cooperative’s space.
Thus, monitoring was performed in such a way that allowed the perception of the real
conditions and challenges faced in this sector.
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After this observatory phase, relevant information was recorded concerning the
working environment of the cooperative during separation of recyclable material.

Based on this assumption, a 10-question survey was applied to the workers to seek
a qualitative knowledge of the work environment of the company that contributed to
the ergonomic understanding of the operations. Next, workers from sorting, fine
material disassembling, and loading and unloading of material, were interviewed to
obtain more information about the general context of the separation, such as the dif-
ficulties faced in the process, characteristics of the posture at work, workload, pro-
ductivity, and ergonomic concerns within the organization.

The administered survey was adapted from [6], which represents an elaborate tool
allowing the worker to express his/her perception regarding the workplace and the
activity performed, informing whether he/she feels discomfort, difficulty or fatigue, in
what intensity, and whether this is related to the work executed. The number of
questions of the survey was reduced from 11 to 10. The survey was administered
orally, taking into account the accelerated work routine and the personal effort of each
cooperative worker, thus, avoiding any pauses during working hours. In addition, due
to the low level of education of the workers, an oral survey eases the understanding of
the questions and provides a more realistic response.

The data were submitted to a qualitative analysis, defined by parameters described
in the literature. Using the level of satisfaction and/or dissatisfaction of the worker with
respect to the degree of difficulty and/or ease pointed out by the information relative to
the study environment, it was possible to verify some aspects of the man-machine-
environment interaction fundamental to ergonomic analyses.

3 Results and Discussion

This section deals with aspects of work organization and the results and discussions
regarding the administered survey, with the aim of identifying the main regions of the
body affected by pain and discomfort, as well as to detect work situations more likely to
cause injury.

The results allowed the development of proposals to promote a process of search for
ergonomic improvements in several tasks, in order to preserve the health and improve
the comfort and well-being of the cooperative workers during the working hours.

3.1 Ergonomics in the Cooperative Work

The information gathered from the visits and monitoring of the cooperative workers’
routine in the work space was sufficient to trace some aspects of the ergonomic reality in
this sector of production. Techniques and methods used in the areas of sorting, pressing,
and loading and unloading of recyclable materials were observed and recorded.

The first noticeable impression was the non-use of personal protective equipment
(PPE) by a large number of cooperative workers in the different production stages.
It was clear that some of the workers use PPE and maintain an adequate level of safety,
aiming at preventing accidents and unhealthy situations. However, others do not use
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PPE and show a lack of interest in their use. This practice has a great influence on the
final outcome of the operations, since adoption of suitable safety measures could
prevent accidents. Moreover, this would allow decreasing the risk of accident and
discomfort inherent to the nature of the task performed.

The PPE routinely neglected by most workers was the protective respiratory mask.
Respiratory masks are essential for workers to handle materials with odors and bio-
logical agents. In addition, there is dust and animals in the workplace that can transmit
diseases. Most workers use gloves that prevent against pathogens, glass cuts, metals,
and pointed objects (puncture-sharp). These also offer some protection to chemicals,
mitigating and preventing to some extent the occurrence of accidents. However, there is
a lack of safety in the unloading of the unseparated materials, since it is not possible to
have prior knowledge of the type of material present, causing several accidents in the
lower limbs (legs). This makes it necessary the use of leather shin guards that can
prevent the contact of legs with any type of perforating object.

With respect to workers who wear gloves and work with PPE in the dismantling of
parts (Fig. 1), they can still be found working in awkward positions and tend to strain
the spine, exposing the body to an irregular labor. Due to the absence of adequate
furniture the conditions are precarious, typical of the adaptation of man to work in si-
tuations of complete discomfort, aiming only at productivity. Although initially the
financial results overcome the labor difficulties, in the long term the worker is not able
to maintain its productivity, entering into decline.

Thus, weariness associated with the repetition of inappropriate postures interferes
directly in the personal productivity and later on the whole group’s productivity, since
the former affects the cooperative’s business, impacting on the collective profits. The
permanence of the worker for long periods in this position causes the loss of labor
capacity in the long term, in addition to exhaustion during the working day. Another
noteworthy point concerns the non-use of uniforms and adequate PPE, thus, bearing
some parts of the body totally unprotected during activity.

Fig. 1. Cooperative worker disassembling parts.
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These same postures can be observed in several other stages of the separation
process, causing discomfort and weariness to the upper areas of the body, such as the
cervical spine, lower back, shoulders, and arms (Fig. 2). The discomfort caused by
prolonged exposure to an improper position may cause physical exhaustion and pain
that may impair the worker’s personal productivity. This situation should be mitigated
by the use of workbenches and/or conveyor belts to facilitate the movement of
materials and improve the posture of workers throughout the handling of recyclable
materials and other equipment.

During the pressing stage, workers bend the body forward to force the recyclables
into the machine, which causes discomfort in their spine (Fig. 3).

Next the workers tie the load in a harmful position and remove the load from the
press in an irregular crouched position, using force to open the press machine.

Fig. 2. Cooperative worker bent during materials sorting.

Fig. 3. Cooperative workers operating the press.
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The more uncomfortable and exhausting the operation, the slower and unproductive the
worker becomes, compromising the pressing time and reducing the material flow.

After the separation stage, it is common to observe workers pulling bags filled with
material to the loading area near the vehicle which collects the separate materials for
sale. The workers carry the bags with their arms turned back further damaging the
cervical spine, lower back, shoulders, and arms. Next, the bags are loaded into the
transport vehicle.

This stage is a period of great pain and physical effort for the workers. They have
developed a particular method for strategically allocating all the bags on the top of the
vehicle. This requires a worker on the top of the vehicle to pack the bags, while at least
two other are responsible for lifting the bags from the ground level with their arms
(Fig. 4).

This operation demands extreme strength of the workers, who in turn do not adopt
safety measures. Furthermore, this operation exposes the worker on top of the vehicle
to the risk of falling while the others are forced to inhale dust and several microor-
ganisms present in the environment. The accomplishment of this task demands a risk
evaluation, platforms, and the use of a safety belt to work at height in compliance with
the Brazilian regulatory norms, which are not properly respected.

Throughout the entire production line, materials are separated and concentrated;
those with no commercial value are discarded for waste. This operation forces the
workers to carry the objects through long distances either pulling them in large con-
tainers (Fig. 5), or using improvised carts.

Both methods expose workers to inappropriate physical efforts and postures,
causing pain and fatigue. This practice damages the lower back, arms, and spine,
directly affecting the worker’s productivity.

Fig. 4. Loading of the bags for sale.
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3.2 Application of the Ergonomic Survey

Application of the ergonomic survey allowed establishing a relationship between the
worker’s tasks and the parts of the body affected by discomfort and pain establishing a
link with a specific work sector. Further, the qualitative and quantitative approach used
allowed to analyze and evaluate some factors related to the non-application of the best
ergonomics practices:

• Tenure at the cooperative;
• Workload;
• Relationship between discomfort/pain and work;
• Region of discomfort;
• Intensity of discomfort/pain;

With regard to the first factor, “tenure at the cooperative”, there is a probable
relationship between the time workers are associated with the cooperative and the
existence of more intense discomfort/pain in several, upper and lower, limbs.

Concerning “workload”, in general all cooperative workers work 8 h per day and
4 h at the weekend, totaling 44 h a week. No influence of this factor was identified on
the evaluated problems.

With respect to the “relationship between discomfort/pain and work”, most of the
workers answered that discomfort/pain is related to the current work sector. The ratio of
workers who believe that pain is directly related to the work sector is shown in Fig. 6.

Regarding the “region of discomfort”, the great majority of the workers presented
discomfort and pain in three regions, the spine, shoulder, and legs according to Fig. 7.

Finally, concerning “intensity of discomfort/pain”, most of the respondents felt a
moderate or a slight discomfort/pain, with the exception of a worker who was in severe
pain during the interview (Fig. 8).

Based on the present combined qualitative and quantitative approach together with
the descriptive analysis, measures will be proposed to improve the ergonomic aspects

Fig. 5. Cooperative associates transporting materials.
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of cooperative work, aiming at a reduction of the discomfort, pain, and health problems
due to the ergonomic posture adopted during work hours.

Examples of these measures include the creation of break times during the day for
rest and hydration, the implementation of gymnastics at work, and the adaptation of
mats and movers for the transportation and movement of materials. These measures
will probably be well received by the cooperative workers in view of the lack of
adequacy of the activity throughout the productive process.
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Fig. 6. Percentage of the workers who associate the discomfort with the work sector.
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Fig. 7. Region of the body with incidence of pain.
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Finally, an ergonomic improvement aimed at increasing productivity and the
well-being of the workers, further reflecting on the cooperative’s financial gains, is
expected to be achieved after this study.

4 Conclusions

This study shows that application of ergonomic concepts allows establishing a corre-
lation between the injuries and problems in the workplace of a cooperative of recy-
clable materials. This is because the interference of a subject changes directly the
context and efficiency of the other.

Each cooperative worker is primarily responsible for itself and the way it operates.
However, this impacts on the overall productivity of the cooperative. Thus, every
cooperative worker is asked to produce satisfactorily in compliance with acceptable
standards. This will not hamper total productivity, adding value to the organization’s
members, controlling operations, fostering well-being, and the personal and group
satisfaction within the organization.

Through this study, it is possible to understand the lack of understanding on the
need to protect health and to work under acceptable ergonomic standards, preserving
physical integrity, avoiding accidents, and exposition to risk situations. Ergonomics is
neglected, precarious, practically ignored, and the tasks are developed in a totally
artisan way, adapting man to work without considering the health aspects of the
cooperative workers.

The culture of self-preservation and zeal for productivity within the workplace is
lacking, given the scarcity of resources and the inadequate working conditions present
in this activity sector.
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Fig. 8. Pain intensity.
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The reality of the cooperative members is challenging, causing workers to worry
about several issues such as the type of materials handled, work hours, labors, pro-
ductivity, and remuneration. However, there is room for improvements, provided the
need to exercise heavy labors is overcome by the will to rethink processes to solve
difficulties and apply improvements in the daily life of the cooperative. Ergonomics in
the sector of recyclable materials cooperatives is a fundamental tool for the recovery of
workers’ dignity, preservation of health, and the achievement of ideal productivity.
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Abstract. The gaps between the skill levels of construction site managers are
widening. Projects are becoming more complex and eventually too demanding.
This hampers construction site management professionals in the effective
management of projects. The construction industry need to keep up with soci-
ety’s demands by ensuring that industry selects the best students and retains
them once they have gained experience. Highly skilled construction site man-
agers are often lured away from the construction environment to other indus-
tries, through higher salaries, better work conditions and work-life balance. The
Baby Boomer generation is slowly exiting the construction industry, taking with
them their critical skills and leaving no replacements. The aim of this study is to
establish a profile for the typical construction site manager in South Africa based
on current day-to-day industry requirements. The methodology included prac-
tical case studies that were used to illustrate that Melvin’s professions list were
the results of eleven typical soft skills, and could be interpreted through Bono’s
six thinking hats. Literature research was conducted on each overlapping soft
skill. A construction management student owns certain soft skills which can be
identified and developed into a quality that gains significant improvement.
When the construction managers use these soft skills to manoeuvre between the
six thinking hats of Bono, his/her effectiveness on a construction site will
increase. Previous work experience will also influence the level on which he/she
can optimise Melvin’s different professions. Useful recommendations were
made, i.e. the importance of cultivating soft skills in a construction manager; the
importance of the ability of the construction manager to interchangeably apply
these softs skills in combination with the six thinking hats; the level of ease with
which the construction manager can balance everything will impact his/her
effectiveness on the project; the margin of increase of production will be par-
tially dependent on the construction managers’ level of effectiveness; and lastly,
a proper tertiary education in construction management and vast practical
experience is not only important, but also essential. Purpose-fit candidates may
have to be headhunted from as early as school level. They can be presented with
bursaries and a guarantee of employment after completing their studies to assist
in creating a pool of purpose-fit candidates that are more likely to stay and grow
in the industry.
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1 Introduction

The construction site manager plays an indispensable role in the construction phase,
coping with the difficult dynamics of an ever changing industry to fulfil the required
project goals [1]. There are many other professionals involved in the construction
life cycle, but it is only the construction site management team that creates something
tacit [2].

Construction management is about getting things done properly throughout the
whole construction project [3]. Fryer (2004) further states that a construction manager
must be able to forecast, plan and control the work, as well as indicate how these
processes should be carried out. While conducting and controlling work, construction
managers also need to lead their teams, have sound technical knowledge of con-
struction, be dedicated, experienced, have a strong character and perform well under
pressure [4].

The lack of experienced construction site managers saps the delivery of projects
within the specified time, cost and quality [5]. The construction industry faces chal-
lenges to attract and retain skilled construction site managers. Lucrative international
opportunities and opportunities in industries successfully lure skilled construction site
managers away. The aging workforce, comprised of the Baby Boomer generation is
steadily being phased out; years of irreplaceable experience are lost. The unattractive
image of the construction industry doesn’t aid the situation, leaving inexperienced
generation-y employees to rise to the occasion to fill the experienced footsteps of the
phased out Baby Boomer generation [6].

While years of practice on site will eventually lead to appropriate skills through
experience, there is a need for accelerated learning to improve the skills of the
generation-y to meet industry demands; yet these skills for a successful construction
site manager are currently not well defined. It should be emphasised that the selection
of required skills is as defined and purpose-fit as possible.

According to Melvin (1979) [7] the psychological aspects of construction man-
agement may be the difference between the success and failure of a project.

Finding and ensuring a continuous flow of excellent construction site managers
who could contribute to both the performance of projects and the construction industry
at large, makes it imperative to understand the dynamics of human interactions. There
is no debate around the fact that construction site managers’ efforts have a direct impact
on the productivity and quality of the work to be completed. Employees whose jobs do
not fit their personality profiles are not likely to add value to their company [8]. The
actual value added will largely depend on the quality of the match or fit that is
established between employees, their work, the organisation, and the environment [9].

A study from Othman et al. (2014) [10] summerised the skills and competencies
(using various sources) that a construction manager graduate need to obtain. The
construction site manager needs to be intelligent, flexible, adaptive, competent and
have the ability to deal with uncertainty and rapid change [11]. Melvin (1979), has
summarised a construction manager as someone who needs specific skills different
from those seen in different professions.
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From the above, it can be seen that there is little consensus on the required skills
and competencies of a successful construction site manager. Lack of success can
however have devastating consequences, as shown by the high failure rate in the
construction industry globally and in South Africa.

A mismatch with the construction managers hard and soft skills compared to the
specific complexity of a project could lead to the ultimate failure of the project [12].
Williams (2002), cited by Mouchi et al. (2011) explains that project complexity is
characterised by two measurements: structural complexity and uncertainty, as illus-
trated in Fig. 1 below.

Figure 1 further illustrates that structural complexity depends on a number of
elements and objectivity of elements. Another measure which makes a project complex
is the uncertainty in goals and methods. Therefore, if the construction manager needs to
effectively manage on demanding construction projects he/she will require different
approaches, mentality and skills.

According to Malvin (1979:36), a construction manager must command a skein of
abilities that thread the range of human occupations. Melvin (1979) further elaborates
and explains that the construction manager must have business management knowl-
edge, understand the different facets of construction, interpret contractual aspects,
sound knowledge of financial management, be able to take risks, mobilise people,
equipment and be an educator. The construction manager needs this wide range of
abilities to be able to take the architects’ ideas and make it tacit [2]. Currently, the
construction manager needs a wide range of skills to successfully manage or add value,
to a project. The demand for experienced construction managers from industry will
only increase. The pressing matter is that the skills gap is continuously increasing for
various reasons. This is not only with regards to the South African construction
industry, but a worldwide phenomenon [13–19].

Fig. 1. Dimensions of project complexity [12].
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The research results of Riley et al. (2008) [20] indicated an overemphasis on the
development of technical skills and a need for more responsiveness to the development
of emotional intelligence (EQ) [21]. The job of a construction manager greatly depends
on their managerial skills, specifically soft skills [22].

According to Affandi (2012) the soft skills quality of construction management
graduates has been an issue since around the 2000’s [20]. The lack of non-technical
soft skills and the high reliance on technical skills of graduates in the past have
changed, concentrating more on human skills.

Human skills include the aptitude to work in teams, problem solving, adaptability
and managerial skills (specifically social skills) [22]. Riley et al. (2008) stated that
emotional intelligence and the related management and leadership skills can be learned
and that the science behind leadership is a much more accurate predictor of success
than any other form of measure [23]. According to Gorman (1998) cited by Riley et al.
(2008), although emotional intelligence can be learned, it is not a technical skill that
can be trained with a neocortical approach typically taken to develop analytical and
technical abilities.

The tertiary institutions developed curriculums over years that focus heavily on the
technical (hard skills) subjects that form part of the underlying fundamentals of a
construction manager. The curriculums also emphasise some managerial and legal
aspects with regards to the construction industry. These tertiary institutions in South
Africa also differ in the weight of technical, managerial and legal subjects that are
taught.

Managers use more of the hard skills (cognisable and easily measured) were as
leaders focusses more on the soft skills (intangible and difficult to measure since they
involve personal and subjective attributes) [24]. Hard skills will involve deliverables
such as work breakdown structures, schedules and critical paths, etc. Most of the times
there are software tools available that can assist in effectively managing these hard
skills. In contrast with hard skills, soft skills cannot be linked with a deliverable or
tangible output. Soft skills generally work without the use of tools or templates [25].
Hard skills may be meaningless if not supported by the managers’ ability to combine
the necessary soft skills [26]. Businesses rate employees’ interpersonal skills more
important than their analytical abilities [26].

There is an unyielding need for a new class of construction industry leaders.
Construction managers are managers, but more importantly leaders [27, 28]. Badger
et al. (2009) stated that there will be more construction activities in the next 30 years
than what we had in the last 2000 years, where investment in talent and human
resources will be unparalleled. People ensure construction projects’ success and not
processes and systems, thus reinforcing the idea of the importance of the human factor
in the construction industry [29].

There is a broad consensus amongst academia and industry that graduates must be
equipped with the necessary technical (hard) skills and non-technical (soft) skills.
However, previous reports and research regarding new construction graduate
employability indicates an unsatisfactory low level of soft skills [22, 29]. Abduwani
(2012) stated that soft skills not only empower the higher education institutions and
workforce in advancing career development and personal growth, they also create new
opportunities and go beyond money motivation. Even in developed countries, there are
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serious shortages of recruits with the critical soft skills which companies require most.
It is of utmost importance for policymakers and construction industry business leaders
to develop interest and preserve talented construction managers to ensure long-term
sustainable growth and competitiveness for the future of the industry as a whole [30].

2 Problem Statement

The demand for infrastructure and building programmes in a changing society is
becoming more apparent. With the current widening gap in experienced skills, projects
will become even more complex and eventually too demanding to maintain the suc-
cessful management by construction site management professionals. The only way to
ensure that the construction industry will keep up with what society is demanding, is to
ensure that the industry selects the best students and retains them when they reach a
higher level of competence.

The construction industry loses construction site managers after a few years of
employment, resulting in a gap that cannot be filled overnight. Students who apply for
studies in this industry and do not have the correct personality trait to work in con-
struction site environments under stressful conditions will continuously increase the
gap. Sometimes highly skilled construction site managers can be easily lured from the
demands of construction site management to other industries for higher salaries, with
better work conditions and work-life balance.

While the Baby Boomer generation slowly exiting the construction industry, taking
with them their critical skills and leaving no replacements, a gap will be created that
will be problematic to fill. Thus purpose fit candidates may have to be headhunted from
as early as school level. They can then be presented with bursaries and a guarantee of
work after their studies are completed to assist in creating a pool of purpose-fit can-
didates that are more likely to stay and grow in the industry.

3 Research Objectives

The aim of this research is to establish the core essential soft skills that a construction
manager will need to cultivate to be able to manage future construction projects.
According to Bilbo et al. (2000) the construction industry has become more dependent
on accredited tertiary institutions to equip construction management students with
relevant critical skills so that they can enter into the multifaceted and arduous work
environment and add value to the construction industry. Theoretically it is acknowl-
edged that significant improvements can be gained from improving the robustness of
the quality of the soft skills inherited by students studying construction management.
Through laying the foundation at these early stages, the young construction manager
can accelerate quicker in becoming an effective leader in the construction industry.

The core objectives of this study can be divided as follows:

1. Determine if a construction site manager needs soft skills.
2. Determine the core soft skills needed for a construction site manager.
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4 Research Method

Within this context, this research focussed on which of these soft skills overlap
between the various different researches that’s already completed. An in depth literature
research was then conducted on each one of these identified soft skills that continu-
ously overlap. A further literature study determined which skills and competencies a
construction site manager needs, and is supported by empirical research. This data will
then be used to assist in building a model that can assist in enhancing the probability of
selecting a purpose fit student for the construction industry, which can secure a more
sustainable pool with varied skill levels and competencies for industry to select from.

5 Results and Conclusions

In previous studies researchers supplied summaries of various lists that indicated the
specific soft skills and competencies (using various sources) that a construction man-
ager graduate need to obtain [10, 33]. Melvin (1979) has summarised a construction
manager as someone who needs specific skills different from those seen in other
professions. Melvin (1979) further indicated that for a construction manager to be
successful he/she must be a chameleon. The construction manager must be a busi-
nessman, builder, lawyer, financier, army general, gambler and an educator [7].

This research area had received little attention in the past, as the construction
industry is dominated by males and soft skills were seen as an indication of weakness.
The majority of academic work focussed on the control of a program, lean construction,
procurement, cost, quality and budgets.

As a construction project involves many incongruent views it was realised that
Bono’s “six thinking hats” can also be used at this stage to support these soft skills and
see if they can fortify the idea of an increase in productivity, thus linking these soft
skills with an increase in productivity [33]. The construction manager must have the
ability to apply these soft skills and within using these softs skills manoeuvre between
the six thinking hats. The construction managers’ ability to use these interchangeable
soft skills in combination or separate and float between the six thinking hats to make
sound decisions, will increase his/her effectiveness on a construction site. As illustrated
in Fig. 2, these interchangeable soft skills and six thinking hats can be used by the
construction manager to transform into any single one or a combination of Melvin’s
professions. The construction managers’ previous experience will also influence the
level on which he/she can use Melvin’s different professions effectively. The practical
case studies indicated the possibility to add another profession to Melvin’s already long
list of professions. It is becoming very important for construction enterprises to
understand the impact of the construction processes on the environment. Whether the
construction enterprise outsource this function for complex projects or absorb it
in-house for less complex projects, the construction manager must ultimately execute
and manage around all the environmental issues specific to his/her site. It impacts from
the costing perspective, managing the Environmental Management Plan during con-
struction to carrying the risk of possible penalties that could be occurred.
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This literature section sought to provide important and useful recommendations.
Firstly, it indicated the importance of cultivating soft skills in a construction manager.
Secondly, it emphasised the importance of the ability of the construction manager to
apply these softs skills interchangeably in combination with the six thinking hats.
Thirdly, the level of ease with which the construction manager can balance everything
will depend on how effective he/she will be on the project. Fourthly, the margin of
increase of production will be partially depended on the construction managers’ level
of effectiveness. Fifthly, to understand that a proper tertiary education in construction
management and vast practical experience is critical, but that these soft skills are crucial
in a supportive context to the latter. Lastly, that it is needed to try and find personal
traits in individuals that typically inherit these soft skills.

6 Recommendations

From the above review of the literature, it can be seen that currently there are chal-
lenges that makes it even more crucial to select and retain these successful construction
site managers with the purpose fit skills, abilities and personal profiles. This need for
training and retaining construction managers is due to the:

• expanding opportunities in Africa
• the pivotal role the construction site manager interprets in the success of delivering

projects
• large percentage of experienced construction site managers that is close to

retirement

1) Leadership Skills

2) Communication Skills

3) Negotiation Skills

4) Conflict Resolution Skills

5) Problem Solving / Critical Thinking

6) Decision Making Skills

7) Motivation

8) Teamwork

9) Stress

10) Work Ethics / Integrity

11) Flexibility and Attitude

Melvins' Professions
• Business man
• Builder
• Lawyer
• Financier
• Army general
• Gambler
• Educator
• *Environmentalist
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d
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Construction 
Manager

A) Interchangeable Soft Skills B) Six Thinking Hats C) Melvins' Professions

Fig. 2. The complex soft skills interaction model [7, 10, 32, 33].
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• the decrease of enrollments of new entrants into construction management tertiary
institutions

• the major economic impacts of projects that failed
• the increase of the complexity of projects.
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Abstract. The aim of the study was to provide a biomechanical risk assessment
in a mechanical engineering industry using sEMG fatigue parameters. Two
experienced right-handed workers were enrolled for the study. sEMG signals
were recorded bilaterally from the following upper limb muscles: middle
Trapezius, anterior Deltoid, lateral Deltoid and long head of Biceps Brachii. The
envelopes of the activity of each muscle were computed as a percentage of the
Maximal Voluntary Contraction (%MVC). We also computed Root Mean
Square (RMS) and Median Frequency (MDF) to investigate localized muscle
fatigue. For the studied workstations, right muscles were more involved than left
ones and consequently by means of JASA fatigue plot we observed more fatigue
events in the right than in the left upper limb in both workers. Results showed
different muscular behavior for each workstation and specific motor patterns.
Despite the fact that the mean cycle activity failed to exceed 10% of MVC,
activity peaks frequently reached up to 30% of MCV. These short-term peak
values could be the cause of increased biomechanical risk. By studying sEMG
fatigue parameters, it is possible to obtain a more detailed risk assessment and to
provide insight towards workstation improvements.

Keywords: Joint analysis of the spectrum and amplitude � Localized muscle
fatigue � Biomechanical risk assessment � MSDs

1 Introduction

The data presented last year by the President of INAIL (Italian Workers’ Compensation
Authority) to the Italian Parliament demonstrates that, in Italy, the reports of occupa-
tional illness caused by Musculoskeletal Disorders (MSDs) have increased continu-
ously since 2011, in both absolute terms and percentage terms [1]. The most recent data
shows that MSDs represent, with 37,240 reports in 2015, 63.2% of all occupational
illnesses reported to the Institute. Similar MSDs values have also been reported in the
United States [2] and in the European Union [3, 4].

Various methods for assessing the risk of the biomechanical overloading of upper
limbs are proposed in the literature, also reported in the ISO 11228-3 standard [5]. Each
of these methods assesses different risk factors but it is difficult for them to manage all
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the features of the many types of work that can be encountered in industrial envi-
ronments. However, although in different ways, all of the methods do seem to agree on
the fact that, of all the risk factors taken into consideration, that which most influences
overall risk is the ‘strength’ factor, defined in the ISO 11228-3 standard as the
“physical effort of the operator required to execute the task”.

With these methods, exertion is often quantified using scales of subjective per-
ception, such as the Borg Scale [6], which presents many limitations.

In literature, several authors have tried to study the relationship between EMG and
the Borg scale [7, 8] under isometric conditions, getting a certain degree of correlation.

There are also several studies that have already used Surface Electromyography
(sEMG) to quantify muscular fatigue, under both static and dynamic conditions, in the
laboratory and in the field [9–15].

The values that can be obtained in terms of average percentage of Maximum
Voluntary Contraction (%MVC), within a typical mechanical engineering industry
production cycle lasting between 40 and 60 s, are relatively low. Peak values within
these production cycles are diluted as part of the mean %MVC and are not properly
taken into consideration.

The aim of this study is to apply, in a real working situation, the Joint Analysis of
the Spectrum and Amplitude (JASA) of sEMG [16–18], which analyzes the temporal
changes in the amplitude of the sEMG signal, evaluated using the Root Mean Square
(RMS) and the frequency of the sEMG signal, expressed as Median Frequency (MDF).
By integrating the values of the angular coefficients of the regression lines of these two
parameters, it is possible to obtain information regarding the physiological state of the
muscle through division into four categories:

1) recovery (decrease in RMS and increase in MDF)
2) force decrease (decrease in RMS and decrease in MDF)
3) force increase (increase in RMS and increase in MDF)
4) fatigue (increase in RMS and decrease in MDF)

2 Materials and Methods

We evaluated two workstations (A and B) in a mechanical engineering industry that
produces different pieces. We selected the line producing the heaviest one (weighing 5
kg). The two workstations differed in terms of the different contributions by the operator.
In Workstation A, workers were less involved than in Workstation B due to an increased
level of automation. Two skilled right-handed male workers were enrolled in the study.
For each worker and for each workstation, we undertook data collection before the lunch
break. Each data collection exercise involved the production of three pieces (three
cycles); the job cycle was different for each of the three cycles since it was partially
determined by the workers. However all the observed cycles were within the limit of 42 s,
as suggested by the factory. Jammings occurred randomly during processing resulting in
unscheduled breaks. However, during the data collection, there were no jammings in the
production line or unusual worker activity. Neither of the participants had a history of
trunk or upper limb musculoskeletal disorders and both were in very good health.
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Bipolar sEMG was obtained during dynamic contractions with a sampling rate of
1000 Hz, using a 16-channel Wi-Fi transmission surface electromyograph (Free-
EMG300 System, BTS, Milan, Italy). A pre-process filtering and denoising procedure
was performed. After skin preparation, surface electromyographic signals were
detected from each muscle by means of two Ag/AgCl pre-gelled disposable surface
electrodes (H124SG, Kendall ARBO, Donau, Germany), which had a detection surface
of 10 mm. Electrodes were placed in the direction of the muscle fibers, according to the
Atlas of Muscle Innervation Zones recommendations [19].

We investigated bilaterally the following muscles of the upper limb: Middle
Trapezius (TRAPsx, TRAPdx; left and right respectively), Deltoid Anterior (DAsx,
DAdx; left and right respectively), Deltoid Lateral (DLsx, DLdx; left and right respec-
tively) and Long Head of Biceps Brachii (BICsx, BICdx; left and right respectively).

For each muscle, muscle activity was computed as a percentage of maximal vol-
untary contraction (%MVC). In order to elicit the MVC from each muscle, six iso-
metric exertions were performed according to SENIAM recommendations [20, 21].
Collected data was processed by means of Analyzer software (Smart Analyzer, BTS,
Milan, Italy). The sEMG signals were rectified, integrated with a mobile window of
0.125 s, filtered with a 5 Hz Hamming low-pass filter and normalized to the maximum
MVC value according to SENIAM recommendations; sEMG signals of MVC were
computed using the same procedure.

The sEMG signals acquired were also processed by means of Analyzer software to
compute the fatigue index. The lower and upper cut-off frequencies of the Hamming
filter were 10 Hz and 400 Hz, respectively, and the common mode reaction ratio was
100 dB. Fatigue indices were calculated for each signal by dividing the signal into
500 ms epochs, within which amplitude and frequency parameters were computed.
Since these parameters have demonstrated a linear trend [22], the linear regression was
evaluated and then the data was normalized with respect to the y-axis.

3 Results

Whilst observed differences in muscular behavior, it was possible to identify, for each
muscle, characteristic activity patterns, which were used to define the cycle start and
end and to normalize the cycle durations.

Workstation A displayed significant activation values only for the right upper limb.
A primary cluster of BICdx and DLdx activity, between 5% and 20% of the cycle,
showed activation levels of about 15% of MVC for the BICdx and about 20% of MVC
for the DLdx. Within the cycle, this initial stage presented the highest activation values.
The BICdx and DLdx were also activated to a significant degree between 21% and 50%
of the cycle and between 71% and 90% of the cycle. In both these stages, the level of
activity was around 10% of MVC for the BICdx and 15% of MVC for the DLdx. The
analyzed muscles of the left limb did not show significant overall levels of activation.

Workstation B also displayed a primary cluster of activity between 5% and 20% of
the cycle. This involved, in particular, both Trapezia and the BICsx, with activity of
about 15% of MVC, and the DAdx with activity of about 30% of MVC.
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Between 20% and 50% of the cycle, activity was reduced in all the muscles under
analysis.

A significant increase in activity was observed between 51% and 60% of the cycle.
In this stage, for both the Trapezia and both the Anterior Deltoids, values of about 20%
of MVC were observed, whilst the bicep activity was slightly higher (25% of MVC).

Another significant stage of activity involving all the muscles was observed
between 65% and 75% of the cycle. Activation values in this stage were found to be
30% of MVC for the TRAPdx, DAdx and BICdx, 25% of MVC for the DAsx and 20%
of MVC for the DLdx, DLsx, TRAPsx and BICsx.

Tables 1 and 2 display the results described above in relation to levels of activation
expressed as %MVC.

Table 1. Summary, for each of the cycle stages identified for Workstation A, of the muscles
most involved and respective level of activation expressed as %MVC.

Cycle time percentage and level of muscle activation (%MVC)
5–20% 21–50% 51–70% 71–90% 91–100%

BICdx 15% BICdx 10% Negligible activity BICdx 10% Negligible activity
DLdx 20% DLdx 15% DLdx 15%

Table 2. Summary, for each of the cycle stages identified for Workstation B, of the muscles
most involved and respective level of activation expressed as %MVC.

Cycle time percentage and level of muscle activation (%MVC)
5–20% 21–50% 51–60% 61–75% 76–100%

Negligible activity DAsx 25% Negligible activity
TRAPsx 20% DLsx 20%

TRAPsx 15% DAsx 20% TRAPsx 20%
BICsx 15% BICsx 25% BICsx 20%
TRAPdx 15% TRAPdx 15% TRAPdx 30%
DAdx 30% DAdx 20% DAdx 30%

BICdx 25% BICdx 30%
DLdx 20%

Table 3. RMS and MDF regression coefficients and JASA interpretation for each muscle of the
first operator and for the two investigated workstations (A and B)

Muscle RMS A MDF A JASA A RMS B MDF B JASA B

DAsx 0,0015 0 NC –0,0007 –0,0005 force decr.
DLsx –0,0013 –0,0008 force decr. –0,0023 –0,0001 force decr.
BICsx –0,0002 0,0008 recovery –0,0002 0,0003 recovery
TRAPsx 0,0009 0,0011 force incr. –0,0005 0,0003 recovery
DAdx –0,0017 –0,0001 force decr. 0,0025 0,001 force incr.
DLdx 0,008 0,0003 force incr. 0,0053 –0,0008 fatigue
BICdx –0,0011 –0,0013 force decr. 0,0055 –0,0019 fatigue
TRAPdx –0,0015 0,0011 recovery 0,0022 –0,0004 fatigue
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Tables 3 and 4 below provide a summary of the angular coefficients of the linear
regression obtained for the two parameters under investigation (RMS and MDF) and
the respective JASA classification for the two operators investigated, for each of the
eight muscles investigated.

Figures 1 and 2 below show JASA plots of the results of Tables 3 and 4. In Fig. 1
displays a Cartesian diagram of the distribution of events, for both operators and both
workstations, for the left upper limb. Figure 2 shows the distribution of events, for both
operators and both workstations, of the right upper limb.

Table 4. RMS and MDF regression coefficients and JASA interpretation for each muscle of the
second operator and for the two investigated workstations (A and B)

Muscle RMS A MDF A JASA A RMS B MDF B JASA B

DAsx 0,0006 0,0004 force incr. –0,0005 0,0005 recovery
DLsx –0,0011 –0,0001 force decr. –0,0017 –0,001 force decr.
BICsx 0,0005 –0,0009 fatigue –0,001 0,0008 recovery
TRAPsx –0,0006 –0,0003 force decr. –0,0001 0,0009 recovery
DAdx 0,0006 –0,0004 fatigue –0,0031 0 NC
DLdx 0,0006 0,0002 force incr. –0,002 –0,0009 force decr.
BICdx 0 –0,0004 NC 0,0024 –0,0011 fatigue
TRAPdx 0,0068 –0,0003 fatigue 0,0036 –0,0006 fatigue

Fig. 1. JASA plot of the left upper limb muscles, for both operators and both workstations
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Fig. 2. JASA plot of the right upper limb muscles, for both operators and both workstations

Fig. 3. Image showing the number of events for the left upper limb in the four JASA quadrants,
for both workstations and both operators. Not Classifiable (NC) events are also represented
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The pie charts of the figures, shown below, display the number of events observed
in the four quadrants of the JASA plot for the left upper limb (Fig. 3) and the right
upper limb (Fig. 4). Of the overall 32 events analyzed (16 per side), three could not be
classified (NC) due to the angular coefficient of either the RMS (one event) or MDF
(two events) being of zero value. With regard to the 16 events of the chart of the left
upper limb, the greatest number of events was observed in the quadrants ‘recovery’ and
‘force decrease’ (6 in each). In addition, three events were observed in the ‘force
increase’ quadrant and one in the ‘fatigue’ quadrant.

However, with regard to the 16 events on the right-hand side (Fig. 4), the quadrant
with the greatest number of events was the ‘fatigue’ quadrant (seven events). In
addition, three events were observed in the ‘force increase’ and ‘force decrease’
quadrant and only one in the ‘recovery’ quadrant.

4 Discussion

For each investigated muscle and for each workstation, characteristic motor activity
was identified, making easy to identify start and end of the three cycles. The results
demonstrate that, in the analysis of the two operators at the two workstations, the most
involved muscles in Workstation A were the DLdx (15–20% of MVC) and the BICdx
(10–15% of MVC). In Workstation B, however, all investigated muscles were involved
on both sides. In particular, in Workstation B, there proved to be most use in the stage
between 61% and 75% of the cycle of the TRAPdx (30% of MVC), DAdx (30% of
MVC), BICdx (30% of MVC) and the DAsx (25% of MVC). This stage corresponds to
the part of the work cycle that required the most effort, in which the operator had to

Fig. 4. Image showing the number of events for the right upper limb in the four JASA
quadrants, for both workstations and both workers. Not Classifiable (NC) events are also
represented
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remove the component being processed (weight 5 kg) from the container, at waist
height, lift it to shoulder height and turn it over.

As far as concerns the results obtained from the JASA analysis, despite the fact that
the data was collected under dynamic conditions and not under static conditions, as
recommended by Merletti [23], a considerable number of events were observed in the
‘fatigue’ quadrant for the right upper limb, as illustrated in Fig. 4.

The results proved more conflicting for the left upper limb, however, which,
especially for Workstation A, was used less and with much lower activation values.

It was not possible to carry out further, more representative data collection, due to
the limited time we were awarded by the company to undertake our study.

The results we obtained demonstrate that sEMG proves to be, to date, a technology
capable of providing useful indications for biomechanical risk assessment, including in
actual work conditions and we can conclude that our results confirm that stated by
Cirfrek [24] in his review: “….the future of this methodology (sEMG) is projected by
estimating those methods that have the greatest chance to be routinely used as reliable
muscle fatigue measures….”.

In any case, research on broader samples of the working population is necessary in
order to verify the effectiveness of JASA under dynamic conditions within real man-
ufacturing situations.
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Abstract. This article determines the prevalence of back pain or discomfort in
the working population of Quito, the capital city of Ecuador, and examines its
association with ergonomic exposures. A cross-sectional study based on data
from the First Working Conditions Survey of Quito-Ecuador (364 women and
377 men) was performed. Overall, 56% of women and 43.5% of men reported
back pain. Moreover, a gradient from upper to lower job categories was found
for both sexes, especially among women. Among both sexes, back pain and
discomfort were significantly associated with awkward, manual handling,
repetitive movements and prolonged sitting or standing. The strongest associ-
ations were found among women. Therefore, monitoring ergonomic exposures
and developing special programs for addressing back disorders are needed.

Keywords: Prevalence � Musculoskeletal disorders � Human engineering �
Health surveys � Ecuador � Public health surveillance

1 Introduction

Back pain is prevalent among the working population worldwide and it is an important
cause of disability and loss of working days. According to the 2005 European Working
Survey (EWCS), 24.7% of the workers in the 27 member states of the European Union
(UE-27) reported back pain [1]. In less economically developed countries data is
scarce, however, a recent cross-sectional study based on 12 024 workers from the 2011
First Central American Survey of Working Conditions and Health (ECCTS, by its
Spanish acronym), found that almost half of the working population reported having
back pain in the previous 4 weeks [2]. On the other hand, it was estimated that low
back pain arising from ergonomic exposures caused 21.7 million disability-adjusted life
years (DALYs) worldwide, in 2010 [3].
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The effects of ergonomic risk factors on the occurrence of back pain in the working
population have been studied extensively, especially in economically developed
countries. Several studies have found evidence of an increased risk of low back pain for
workers exposed to manual handling and awkward postures (flexion and rotation of the
trunk) [4–6]. Further, there is also some evidence about the impact of prolonged
standing on back pain [7].

The exposure to ergonomic risk factors has been found to be one of the most
frequent for the working population among several countries [8–11]. However, cur-
rently there is no available information about the prevalence of back pain and its
association with ergonomic exposures on the Ecuadorian working population.
Recently, Quito, the capital city of Ecuador developed its First Working Conditions
Survey (I ECSST) [12], which allows studying multiple variables on work and health
including back pain or discomfort and several ergonomic risk factors.

The objectives of this study were: (i) to determine the prevalence of back pain or
discomfort in the working population of Quito, the capital city of Ecuador and (ii) to
examine the association between back pain or discomfort and ergonomic exposures.

2 Methods

2.1 Data Source

Data was taken from the First Survey on Safety and Health of Quito (I ECSST, by its
Spanish acronym), the capital city of Ecuador, conducted in 2016. The I ECSST is a
cross-sectional survey based on a representative sample of salaried workers insured by
social security, aged 18 or older, from all sectors of economic activity, and residing in
Quito. In this survey, sample selection followed a multistage stratified random sam-
pling procedure. A sample of 741 workers was drawn from the projected population in
2015 based on the 2010 Ecuadorian Population and Housing Census. Trained inter-
viewers administered the questionnaires in a face-to-face interview at the respondent’s
home between April and July 2016. Details of the survey are reported elsewhere [12].

2.2 Variables

Ergonomic Exposures. We examined five ergonomic exposures, including awkward
postures, manual handling, repetitive movements and prolonged sitting or standing. For
the first two variables, workers were asked: (i) “During your working day, do you
perform tasks requiring awkward postures? (always, very often, sometimes, almost
never and never)” and (ii) “During your working day, do you lift, move or carry
animals or other heavy loads? (always, very often, sometimes, almost never and
never)”. The categories “always” or “very often” defined workers as being exposed.
Repetitive movements, was determined by asking workers whether they perform
repetitive movements in short periods of time, in a working day (yes/no). Prolonged
sitting or standing was elicited by asking respondents to describe their usual work
posture.
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Back Pain or Discomfort. Data on back pain or discomfort was obtained by asking
the respondents: “In the past month, have you had discomfort or pain in the back?
(yes or no).”

Covariates. Analyses were adjusted for age (categorized into 18–34 years, 35 to 49
years, and more than 49 years) and job category. Job category was coded into three
categories according to the nine original broad categories of the International Standard
Classification of Occupations (ISCO): (i) upper (managers and professionals),
(ii) medium (technicians and associate professionals, clerks, and service workers and
shop and market sales workers), and (iii) lower (skilled agricultural and fishery workers,
craft and related trades workers, plant and machine operators and assemblers, and ele-
mentary occupations).

2.3 Data Analysis

First, descriptive statistics were calculated for sociodemographic and labor character-
istics, ergonomic exposures and back pain or discomfort.

Second, the prevalence of back pain or discomfort was calculated by age groups
(18–34, 35–49 and � 50 years), job category (upper, medium and lower), weekly
working hours (� 40 and � 41 h), and ergonomic exposures (awkward postures,
manual handling, repetitive movements and prolonged sitting or standing).

Third, multiple logistic regression adjusted for age and job category were fitted in
order to test the association between ergonomic exposures and back pain or discomfort.
All the analyses were separated by sex. Analyses were conducted using Stats V.11.

3 Results

3.1 General Description of the Sample

A total of 741 workers (364 women and 377 men) were analyzed (Table 1). Most of
the working population were young, with 87.1% of women and 80.9% of men under 50
years of age. Both women and men worked mainly in the service sector (90.1% and
83.8%, respectively), and most of them occupied medium job categories (63.5% of
women and 56.2% of men). Regarding ergonomic exposures, more than 60% of all
respondents said they were exposed to repetitive movements always or very often. This
was followed by 30.2% of women and 22.6% of men reporting exposure to prolonged
sitting or standing, 10.2% of women and 20.4% of men indicating exposure to manual
handling, and 12.6% of women and 14% of men reporting being exposed to awkward
postures. In regard to back pain or discomfort, almost half of the working population
(56% of women and 43.5% of men) stated that they had experienced pain in the four
weeks before the survey.
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3.2 Prevalence of Back Pain or Discomfort

According to the studied age groups, the prevalence of back pain in women was higher
among workers aged over 49 years and in men among those aged 18 to 34 years old.
Among the whole working population, women in lower job categories were more
likely to report back pain or discomfort (70.4%). Specifically for ergonomic exposures,
the prevalence of back pain or discomfort for both men and women was highest among
those exposed to awkward postures (89.1% of women and 69.1% of men) (Table 2).

3.3 Associations of Ergonomic Exposures with Back Pain or Discomfort

For both women and men, being exposed to any of the ergonomic risk factors was
significantly associated with back pain or discomfort (Table 3). The magnitude of the
associations was much higher among women. The strongest association occurred
between awkward postures and back pain or discomfort among men (aOR = 3.3, 95%
CI = 1.7–6.1) and, especially, among women (aOR = 6.9, 95% CI = 2.6–18.2).

Table 1. General description of the population sample by sex, in Quito, 2016.

Characteristics Women Men Total
n % n % n %

Age groups
18–34 168 46.2 146 38.7 314 42.4
35–49 149 40.9 159 42.2 308 41.6
� 50 47 12.9 72 19.1 119 16.1
Economic activity
Agriculture, mining and quarrying 3 0.8 8 2.1 11 1.5
Industry 23 6.3 37 9.8 60 8.1
Construction 10 2.8 16 4.2 26 3.5
Services 328 90.1 316 83.8 644 86.9
Job category
Lower 81 22.3 112 29.7 193 26.1
Medium 231 63.5 212 56.2 443 59.8
Upper 52 14.3 53 14.1 105 14.2
Weekly working hours (mean (SD)) 40.6 (7.1) 42.4 (8.5) 41.6 (7.9)
Ergonomic exposures
Awkward postures 46 12.6 55 14.6 101 13.6
Manual handling 37 10.2 77 20.4 114 15.4
Repetitive movements 215 60.2 241 65.0 456 62.6
Prolonged sitting or
standing

110 30.2 85 22.6 195 26.3

Back pain or discomfort 204 56.0 164 43.5 368 49.7

Salaried workers aged over 18 years, covered by social security.
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4 Discussion

To our knowledge, this is the first time that a sample of workers of different economic
sectors from the capital city of Ecuador has been used to study ergonomic exposures
and back pain or discomfort. The study has produced three main findings: (i) Back pain

Table 2. Number (n) and prevalence (%) of back pain or discomfort according to sociodemo-
graphic and labor characteristics, and ergonomic exposures by sex, in Quito, 2016.

Women Men Total

n % (95% CI) n % 95% CI n % 95% CI

Age groups

18–34 96 57.1 (49.6–64.7) 67 45.9 (37.8–54.0) 163 51.9 (46.4–57.5)

35–49 78 52.4 (44.3–60.4) 66 41.5 (33.8–49.2) 144 46.8 (41.2–52.3)

� 50 30 63.8 (49.9–77.8) 31 43.1 (31.5–54.6) 61 51.3 (42.2–60.3)

Job categories

Lower 57 70.4 (60.3–80.4) 55 49.1 (39.8–58.4) 112 58.0 (51.0–65.0)

Medium 124 53.7 (47.2–60.2) 94 44.3 (37.6–51.1) 218 49.2 (44.5–53.9)

Upper 23 44.2 (30.6–57.9) 15 28.3 (16.0–40.6) 38 36.2 (36.2–45.4)

Ergonomic exposures

Awkward postures 41 89.1 (80.0–98.3) 38 69.1 (56.7–81.5) 79 78.2 (70,1–86,3)

Manual handling 29 78.4 (64.9–91.9) 46 59.7 (48.7–70.8) 75 65.8 (57.0–74.6)

Repetitive movements 136 63.3 (56.8–69.7) 119 49.4 (43.0–55.7) 255 55.9 (51.4–60.5)

Prolonged sitting or standing 75 68.2 (59.4–76.9) 46 54.1 (43.4–64.8) 121 62.1 (41.1–49.4)

Salaried workers aged over 18 years, covered by social security.

Table 3. Associations (odds ratios) between ergonomic exposures and back pain or discomfort
by sex in Quito, 2016.

Women Men
OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)

Awkward postures
No 1 1 1 1
Yes 7,8 (3,0–20,4)*** 6,9 (2,6–18,2)*** 3,5 (1,9–6,4)*** 3,3 (1,7–6,1)***
Manual handling
No 1 1 1 1
Yes 3,1 (1,4–7,1)** 2,7 (1,2–6,3)* 2,3 (1,4–3,8)** 2,1 (1,3–3,7)**
Repetitive movements
No 1 1 1 1
Yes 2,2 (1,4–3,3)*** 2,1 (1,4–3,3)** 1,9 (1,2–2,9)** 1,9 (1,2–2,9)**
Prolonged sitting or standing
No 1 1 1 1
Yes 2,1 (1,3–3,3)* 1,9 (1,2–3,1)* 1,7 (1,1–2,7)* 1,6 (1,1–2,6)

Salaried workers aged over 18 years, covered by social security.
OR odds ratio; 95% confidence interval, aOR adjusted odds ratio for age and job category
*p < 0.05, **p < 0.01, ***p < 0.001
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or discomfort was prevalent among the formal working population in Quito, especially
among women occupied in lower job categories. (ii) The most frequent ergonomic
exposure for both men and women was the exposure to repetitive movements, followed
by prolonged sitting or standing, especially among women; and manual handling,
particularly among men; and (iii) all ergonomic exposures were associated with back
pain or discomfort, however these associations were stronger among women.

Our results are consistent with previous studies, which have shown that back pain is
very frequent among the working population worldwide. In fact, a study based on the
ECCTS, found that the prevalence of back pain in workers was over 50%. However, it
should be noted that the prevalence in our study is higher than in Panama and lower
than in Nicaragua (29.1% and 71.5%, respectively) [13]. Moreover, this prevalence is
much higher than in the 27 member states of the EU-27 (27.4%), according to data
from the 2005 EWCS [10].

Gender differences, with more women than men reporting back pain, coincide with
previous studies [14]. These differences could be explained by a greater pain sensitivity
in women compared to men, as has been found in previous studies [15]. Nevertheless,
other studies have shown that among women, work-family conflict plays a significant
role in the occurrence of back pain [16]. Future studies are needed to assess this
hypothesis. As expected, workers from lower job categories reported back pain more
frequently, which is consistent with previous studies [17]. These inequalities have been
attributed to differences in physical and psychosocial working conditions, as well as
lifestyle factors [18]. Therefore, the interaction of household labor and job category, as
a proxy of social class, might be having a negative impact on women’s health [19].

The frequency of exposure to ergonomic risk factors in the working population of
Quito follows a similar pattern than in other working populations. For example,
according to the 2006 Korean Working Conditions Survey [8], the 2011 Spanish
Working Conditions Survey [9], and the 2010 European Working Conditions Survey
(EWCS) [10] repetitive movements was the most prevalent exposure among their
workers. In addition, according to the EWCS, manual handling was very frequent in
the UE-27. Recently, similar results were found in a study which used a sample of 15
241 workers from the working conditions surveys available in different Latin American
countries [11]. This study found that repetitive movements and manual handling were
among the most frequent exposures in Colombia, Argentina, Central America and
Uruguay. On the other hand, differences of exposure between sexes might be explained
by the horizontal segregation of the labor market, were women and men are concen-
trated in different economic activities, occupations or tasks [20].

As in our study, previous research has shown the association between awkward
postures, manual handling, repetitive movements and prolonged sitting or standing
with back pain. A research about the different levels of evidence of the relationship of
back pain with ergonomic risk factors, found that there is a strong evidence for manual
handling, mild evidence for awkward postures and insufficient evidence for static work
posture [6]. It is important to note that all these associations were stronger for women
than for men. Besides the double burden of job and family demands, women are
usually exposed to a worse psychosocial work environment than men [19], which
might explain these gender differences.
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A limitation of this study is that it excluded informal workers, which have been
linked to poorer working and employment conditions and health outcomes [21]. It is
possible that the informal working population in Quito has a higher prevalence of back
pain than the formal one, as has been found in several Latin American countries [13].
Another important limitation is that this study did not analyze work-family conflict and
psychosocial work environment, which have been found to be important determinants
of back pain [16, 22].

In conclusion, back pain is frequent among the formal working population in Quito,
the capital city of Ecuador, especially among women engaged in low job categories. In
addition, awkward postures, manual handling, repetitive movements and prolonged
sitting or standing are associated with back pain or discomfort, for both women and
men, although these associations are stronger among women. Consequently, moni-
toring ergonomic exposures should be prioritized. Moreover, future research should
incorporate a multidisciplinary approach, exploring on the relationship between ergo-
nomic risk factors, psychosocial exposures and family demands with back pain.
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Abstract. The aim of the study was to analyze the post office user/customer
interface, comparing two workstation layouts. The post office clerk was facing
the client in one layout and seated at 45° with respect to the counter in the other.
We analyzed the most frequent tasks presenting awkward postures: (1) payment
of a postal order; (2) accepting a registered letter. These two tasks were further
divided in their subtasks. We used an optoelectronic motion analysis system,
and measured the Range of Motion (RoM) of trunk, arms and head. Using
equipments placed on the employee left side the 45° workstation layout required
less trunk and head torsion. A larger worktop improved the workstation, leaving
more room for the equipments and allowing the worker to sit in front of screen
and keyboard. However, this solution involved increased RoMs in the activities
performed on both sides. The opto-electronic motion analysis system gave
quantitative data still at the prototype stage. On the contrary, the most common
standardized protocols, based on subjective observations, can give only quali-
tative evaluations. Furthermore, with the opto-electronic system, differently
from simulation software that uses virtual settings, we are able to check the real
interaction between the worker and the layout. From the quantitative data we can
also extract useful information to help occupational doctors in managing
healthcare protocols and to draw up a fuller, real assessment of biomechanical
risks. Designers and planners could also use the data to study work layouts
focusing at the same time to both on worker and on the process.

Keywords: Office ergonomics � Workplace redesign � User/customer
interface � Range of motion

1 Introduction

Notwithstanding the technological evolution and digitalisation of many operations,
which, nowadays, can be carried out through our smartphones, some public services (i.e.
banks, post offices, private postal services, public institution help desks, shops, etc.)
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cannot be completely digitalised. In most cases, customer/operator interfaces have
specific short-term functional requirements for the customer, not taking into account the
long-term postural needs of the operators. Excessive digitalisation has also led to a
paradox: the amount of equipment has increased at the workstation, thus reducing the
already limited availability of space at the traditional workstations. Various guidelines
and checklists [1–4] underline the importance of correct positioning for the most fre-
quently used equipment, allowing easy access for the operator. In the services sector
(banks, shops, supermarkets, etc.). When designing a workstation, both the movements
related to the use of the various equipment (POS, scales, scanners, cash, monitors etc.) as
well as the movements related to customer interaction shall be considered. Every
modification to a workstation and equipment affects not only the performance, but also
the biomechanical risk. Sengupta [5] noted that energy expenditure was closely related
to the reach zone breadth (reach envelope).

Several studies have investigated the reach envelope under static conditions but
without taking trunk movements into account [6–9]; more recent studies have also
considered dynamic conditions [10]. This study aims at comparing two customer/
operator interfaces: (1) the operator is sitting in front of the customer; (2) the operator is
sitting at a 45° angle to the customer, in line with the monitor and keyboard. For this
comparative study, starting with a workstation prototype to analyse, some modifica-
tions were suggested, whose efficacy was assessed through a motion analysis system.

2 Materials and Methods

This study focuses on the two most frequent tasks, which appear to be also the most
critical ones from a biomechanical point of view: (1) payment of a bill (2) weighing and
taking payment for sending a registered letter. For greater ease of analysis, the two
tasks were broken down into the following sub-tasks. Task 1 was broken down as
follows: (1a) withdrawal of the bill by the customer and put on the scanner; (1b) typing
data and picking up the bill from the scanner; (1c) taking the money from the customer
and typing in the amount; (1d) getting the change (banknotes and coins) and the bill
and returning it to the customer. Task 2 was broken down as follows: (2a) taking the
customer’s envelope and placing it on the scales; (2b) picking up and scanning the
tracking form and placing it on the printer; (2c) removing the envelope from the scales
and inserting/removing it from the franking machine and placing it in the outgoing post
box (2d) taking the receipt from the printer, sticking the receipt to the envelope and
placing the letter in the outgoing post box.

For each sub-task, the Range of Motions (RoM) for the trunk and the shoulders in
three spatial planes (frontal, sagittal, transverse), the elbows extension and the head
torsion were calculated. The chair rotation angle, in respect to the table, was also
measured.

Analysis of two different working desk types was made:

(1) Front-facing positioning of the operator in respect to the customer, leaving spaces
and equipment placement unaltered, as during daily operations, with the original
counter.
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Fig. 1. The image shows a kinematic reconstruction of the operator’s starting position at the
unaltered workstation. The rectangles with a darker border represent the position of the monitor
and keyboard (the latter are not to scale).

Fig. 2. The image shows a reconstruction of the operator’s starting position at the modified
workstation. For this, the operator is aligned with the keyboard and monitor (the rectangles with
the darker borders are not to scale in this reconstruction). The areas with dashed borders represent
the modifications made to the workstation addition of a triangular part to align the monitor and
keyboard and to allow forearm support together with lengthening the board to allow equipment
placement (not to scale in this reconstruction).
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(2) 45° positioning of the operator in respect to the customer, made possible by the
addition of a triangular structure connecting the working desk and a board of
extended size on the left side of the operator.

The images below illustrate, respectively, the operator’s starting position for
front-facing positioning (Fig. 1) and at 45° (Fig. 2) at the modified workstation.

2.1 Participants

Four workers with more than 5 years of experience in the activity sector participated in
the study. Their average age was 49 (±5.2), an average height of 177 cm (±3.9) and
average weight of 81 kg (±3.1). None of the participants had ever suffered from
musculoskeletal disorders.

2.2 Equipment

An optoelectronic system for the kinematic motion analysis was used (SMART-
DX6000, BTS, Milan, Italy) [11], consisting of eight infrared cameras (sampling fre-
quency 340 Hz), for recognising passive reflective markers coated with aluminium dust
and positioned in specific anatomical landmarks in accordance with Rab protocol [12].
Other markers were positioned on the two temporal regions, in the centre of the
forehead and on the edges of the chair, in order to investigate trunk and head torsion.

2.3 Detailed Description of the Analysed Sub-tasks

Bill Payment Task. Task 1a. Starting with their hands on the keyboard, they take the
bill, check the bill, place it on the scanner and return hands to the keyboard;

Task 1b. Starting with their hands on the keyboard, they type 08081959, two tabs
and send to the numeric keypad, wait two seconds, take the bill from the scanner and
put it in front of the keyboard, return hands to the keyboard;

Task 1c. Starting with their hands on the keyboard they take the customer’s money,
check the money, put the money on the keyboard, type 50, tab and send on the numeric
keypad, return hands to keyboard;

Task 1d. Starting with their hands on the keyboard and the bill in front of the
keyboard, take a banknote from the draw to the furthest right, move the banknote to the
left, take the change (20 cent more) from the till with the right hand and pass it to the
left, take the bill with the right hand, pass the change and the bill to the right, give them
back to the customer, return hands to the keyboard.

Registered Letter Acceptance Task. Task 2a. Starting with their hands on the key-
board, they take the envelope from the customer with the right hand, pass the envelope
to the left hand and place it on the scales, return hands to the keyboard;

Task 2b. Starting with their hands and the registered letter in front of the keyboard,
take the form with their right hand, place the form on the scanner with the right hand
and put it in the right hand side of the printer;
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Task 2c. Starting with their hands on the keyboard, take the envelope from on top of
the scales with their left hand and put it in the left hand side of the franking machine,
take the envelope from the right hand side of the franking machine with the right hand,
pass the envelope to the left hand and place it in the box, return hands to the keyboard;

Task 2d. Starting with their hands on the keyboard, take the return receipt from the
printer, detach the return receipt tabs with the right hand, stick the return receipt to the
envelope with both hands, take the envelope with the left hand and put it in the box,
return hands to the keyboard.

2.4 Kinematic Analysis

Following a frame by frame reconstruction procedure, to assign each track the
respective marker (Smart Tracker, BTS, Milan, Italy), the acquired data was processed
using Analyzer software (Smart Analyzer, BTS, Milan, Italy).

The movement always started from the same position (sitting in front of the cus-
tomer in position 1 in front of the monitor in position 2). The RoMs were calculated
for: trunk torsion, flexion and lateral bending; abduction, horizontal abdo-adduction
and flexion-extension of the shoulders; elbow extension and head torsion. The chair
rotation angle, in respect to the table, was also measured. The kinematic signals were
finally processed using a low pass filter with 5 Hz frequency. Five tests were carried
out on each sub-task.

2.5 Statistical Analysis

The statistical analysis was performed using SPSS 17.0 software (SPSS Inc., Chicago,
IL, USA). For each RoM, the average and standard deviation were calculated, to which
the Student t-test was applied for paired data. P-values lower than 0.05 (p < 0.05) were
considered statistically significant.

3 Results

Below are the results of the kinematic analysis of each investigated subtask, were a
statistically significant difference was reported (p < 0.05).

Task 1a: complete torsion (trunk + head) remained essentially unaltered (about 37°
overall), but differently distributed. The modified workstation allowed for minor torsion
of the trunk (10.5° Vs 22.6°), but higher torsion of the head (27.5° Vs 14.9°). The
modified workstation allowed for a reduced RoM value for the right shoulder in all
three of the spatial planes: abduction (41.8° Vs 54.1°), horizontal abdo-adduction
(28.4° Vs 33.2°) and flexion-extension (55.1° Vs 61.8°). Moreover, at the modified
workstation the trunk torsion and lateral bending values were lower (17.4° Vs 24.6°),
(26.7° Vs 37.4°).

Task 1b: The modified workstation allowed for reduced rotation of both the trunk
(value of 11.1° Vs 17.2°) and head (7.9° Vs 12.9°). Statistically significant reductions
were also noted in flexion (4.8° Vs 13.7°) and lateral bending (11.2° Vs 31.6°),
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in the right shoulder (39.9° Vs 59.2°) and the left shoulder (10.6° Vs 14.5°) flexion,
abduction of the right shoulder (33.5° Vs 49.9°), horizontal abdo-adduction of the right
shoulder (26.7° Vs 38.6°) and left shoulder (9.1° Vs 19°) and left elbow extension
(20.1° Vs 25.6°). Finally, the modified position allowed for reduced chair rotation
(value of 2.2° Vs 6.6°).

Task 1c: This task was almost exclusively carried out with the operator’s right arm.
Overall, the modified workstation showed high rotation values (trunk and head) in
comparison to the original position (33.2° Vs 27.5°). Similarly, to what reported for
task 1a, in this task the operators adopted a different motor strategy when rotating. In
fact, the modified workstation showed lower values of trunk torsion (6.9° Vs 11°), but
higher head torsion values (26.3° Vs 16.5°). The modified workstation also showed
lower values for trunk flexion (4.8° Vs 13.7°) and trunk lateral bending (11.2° Vs
31.6°), right shoulder flexion (38.1° Vs 50.4°), right elbow extension (63.4° Vs 93°),
right shoulder abduction (33.5° Vs 49.9°) and finally, right shoulder horizontal
abdo-adduction (26.7° Vs 38.6). For this task, chair rotation was lower in the unaltered
workstation (1.8° Vs 5.3°).

Task 1d: This task actively involved both upper limbs. Here, the modified work-
station showed higher chair rotation values (18.6° Vs 15.4°) but lower overall torsion
values for body parts, both for the trunk (21.6° Vs 33.8°), and the head (26.7° Vs
34.9°). The changed position showed reduced RoM and reduced abduction values for
both shoulders (right 47.5° Vs 62.3° and left 7.9° Vs 12.9°), reduced horizontal
abdo-adduction for the right shoulder (43.2° Vs 61.7°) and left elbow extension (39.2°
Vs 52.3°). A significant reduction was also reported, although not statistically signif-
icant, of the extension of both elbows. Flexion and trunk lateral bending remained
substantially unchanged.

Task 2a: the task in the modified workstation showed a statistically significant
reduction in head torsion (27.8° Vs 33.5°), extension of both elbows (right 56.6° Vs
83.3°; left 47.1° Vs 62.7°), right shoulder flexion (31.7° Vs 50.8°) and horizontal
abdo-adduction of the right shoulder (23.7° Vs 46.9°). The unaltered workstation
showed lower statistically significant values of left shoulder abduction (30.5° Vs 41.3°).
The modifications made to the workstation did not lead to statistically significant dif-
ferences in the RoMs related to trunk, in any of the three spatial planes for this task.

Task 2b: Contrary to those previously described, this task was carried out entirely
on the right side of the operator. The modifications introduced produced an overall
increase in rotation (48.9° Vs 42°) trunk torsion was reduced in the modified work-
station (9.9° Vs 29.3°), but head rotation was significantly increased (39.1° Vs 12.7°).
In this task, chair rotation was reduced in the modified workstation, although slightly,
(4.3° Vs 7.7°). The modified workstation also showed higher RoM values for the
operator’s right side, in particularly for elbow extension (84.8° Vs 58.6°), shoulder
flexion (69.1° Vs 48.2°) and shoulder abduction (43.9° Vs 20.2°). However, the
modified workstation showed reduced RoM values for horizontal abdo-adduction of
the right shoulder (46° Vs 61.8°).

Task 2c: This task was carried out exclusively on the operator’s left side. The
modified workstation showed lower values for chair rotation (32.2° Vs 50.2°), trunk
rotation (16.2° Vs 21.5°) and trunk lateral bending (35.2° Vs 54.5°) and right elbow
extension (51.7° Vs 60.9°). However, the modified workstation showed higher values
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of flexion for shoulders (right 39.6° Vs 28°; left 60.8° Vs 38.8°), left shoulder
abduction (44.2° Vs 34.9°) and left elbow extension (70.6° Vs 63°).

Task 2d: In this task – unlike all the abovementioned tasks – the operator moved on
both sides of the workstation. The modified workstation showed high RoM values with
regards to trunk torsion (23.1° Vs 16.4°) and left shoulder flexion (35.4° Vs 26.8°), but
reduced RoM values for chair rotation (18.1° Vs 39.3°), trunk lateral bending (30.5° Vs
50°), left shoulder abduction (12.5° Vs 19°) and horizontal adduction of the right
shoulder (26° Vs 35.7°). The modified workstation showed higher values, although not
statistically significant, in terms of extension for both elbows (right 63.7° Vs 57.2°; left
72.2° Vs 69°).

Tables 1, 2, 3, 4, 5 and 6 summarise the abovementioned results, along with
relevant statistical analysis (statistically significant differences p < 0.05 are reported in
bold) for chair rotation and for each movement under investigation.

Table 1. The table shows the average chair rotation (±SD) achieved relating to the desk and the
relevant statistical analysis for each of the eight sub-tasks analysed.

Task Chair rotation
Front-facing 45° p

Task1a 4.2 ± 0.9 4.3 ± 0.9 0.8066
Task1b 6.6 ± 1.9 2.2 ± 0.4 0.000001
Task1c 1.8 ± 0.4 5.3 ± 3.7 0.0081
Task1d 15.4 ± 4.2 18.6 ± 1.6 0.0371
Task2a 3.8 ± 2.8 3.1 ± 0.8 0.457
Task2b 7.7 ± 2 4.3 ± 2.1 0.0016
Task2c 50.2 ± 8.7 32.2 ± 7.8 0.001
Task2d 39.3 ± 8 18.1 ± 6.2 0.000003

Table 2. The table shows the average RoMs (±SD) achieved for head torsion and the relevant
statistical analysis for each of the eight sub-tasks analysed.

Task Head torsion
Front facing 45° p

Task 1a 14.9 ± 1.2 27.5 ± 2.7 0.0000
Task 1b 12.9 ± 1.8 7.9 ± 1.4 0.0000
Task 1c 16.5 ± 2.2 26.3 ± 2.6 0.0000
Task 1d 34.9 ± 3.2 26.7 ± 8.7 0.0119
Task 2a 33.5 ± 2.9 27.8 ± 2.2 0.0001
Task 2b 12.7 ± 1 39 ± 1.1 0.0000
Task 2c 41.3 ± 3.7 41.7 ± 3.1 0.7963
Task 2d 41 ± 13.1 42.8 ± 2.1 0.6730
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Table 3. The table shows the average RoMs (±SD) achieved for the three spatial planes of the
trunk and the relevant statistical analysis for each of the eight sub-tasks analysed.

Task Trunk flexion Trunk lateral bending Trunk torsion

Front facing 45° p Front
facing

45° p Front facing 45° p

Task 1a 24.6 ± 3.5 17.4 ± 3.3 0.0002 37.4 ± 2.1 26.7 ± 4.4 0.0000 22.6 ± 1.5 10.5 ± 1.3 0.0000

Task 1b 13.7 ± 4.7 4.8 ± 0.9 0.0000 31.6 ± 2.8 11.2 ± 2.7 0.0000 17.2 ± 2.7 11.1 ± 1.1 0.0000

Task 1c 22.3 ± 3.7 15.9 ± 1.8 0.0001 31.6 ± 6.1 22.2 ± 2.7 0.0003 11 ± 1.9 6.9 ± 1.7 0.0001

Task 1d 29 ± 3.3 27.7 ± 10.4 0.7107 34.5 ± 2.6 28.3 ± 10 0.0739 33.8 ± 2.8 21.6 ± 7.3 0.0001

Task 2a 19.2 ± 2.7 19.8 ± 3.2 0.6558 31.2 ± 2.5 31.4 ± 3 0.8731 11.3 ± 1.8 10.1 ± 1.8 0.1534

Task 2b 8.5 ± 1.8 7.2 ± 3.3 0.2885 17.4 ± 2.7 17.5 ± 4.2 0.9502 29.3 ± 1.5 9.9 ± 1.1 0.0000

Task 2c 35.4 ± 4.1 32.6 ± 5.8 0.2285 54.5 ± 5.5 35.2 ± 3.4 0.0000 21.5 ± 1.5 16.2 ± 3.4 0.0001

Task 2d 25.8 ± 8.6 19.9 ± 4.6 0.0718 50 ± 14.7 30.5 ± 5.5 0.0010 16.4 ± 5.3 23.1 ± 2.4 0.0019

Table 4. The table shows the average RoMs (±SD) achieved for the three spatial planes of right
(R) shoulder and the relevant statistical analysis for each of the eight sub-tasks analysed.

Task R shoulder abduction R shoulder Horizontal
abd-adduction

R shoulder flexion

Front
facing

45° p Front
facing

45° p Front
facing

45° p

Task 1a 54.1 ± 2.2 41.8 ± 2.8 0.0000 33.2 ± 4.5 28.4 ± 2.8 0.0103 61.8 ± 3.8 55.1 ± 4.7 0.0025

Task 1b 49.9 ± 4.4 33.5 ± 2.1 0.0000 38.6 ± 5 26.7 ± 2.6 0.0000 59.2 ± 4 39.9 ± 2.9 0.0000

Task 1c 48 ± 2.9 32.7 ± 3.1 0.0000 23.1 ± 5.4 17.5 ± 2.5 0.0081 50.4 ± 3.8 38.1 ± 5.2 0.0000

Task 1d 62.3 ± 3.3 47.5 ± 16.1 0.0107 61.7 ± 4.8 43.2 ± 14.7 0.0014 47.8 ± 2.6 46.5 ± 15.7 0.7991

Task 2a 37.5 ± 5.8 34 ± 4.3 0.1427 46.9 ± 6.3 23.7 ± 4.5 0.0000 50.8 ± 4.1 31.7 ± 2.8 0.0000

Task 2b 20.2 ± 2.8 43.9 ± 2.6 0.0000 61.8 ± 3.3 46 ± 3.3 0.0000 48.2 ± 2.5 69.1 ± 2 0.0000

Task 2c 14.8 ± 2.3 16.2 ± 4.7 0.4086 44 ± 4.9 46.1 ± 8.7 0.5144 28 ± 3 39.6 ± 5.5 0.0000

Task 2d 20.5 ± 6.5 21.3 ± 2.8 0.7249 35.7 ± 9.6 26 ± 4.4 0.0094 24.6 ± 6.8 26.7 ± 3 0.3834

Table 5. The table shows the average RoMs (±SD) achieved for the three spatial planes of left
(L) shoulder and the relevant statistical analysis for each of the eight sub-tasks analysed.

Task L shoulder abduction L shoulder Horizontal
abd-adduction

L shoulder flexion

Front-facing 45° p Front-facing 45° p Front-facing 45° p

Task 1a 7.6 ± 1.6 12.4 ± 2.7 0.0001 25.8 ± 6.2 21.8 ± 6 0.1599 14.4 ± 3.5 16.7 ± 3.9 0.1821

Task 1b 7.3 ± 4 7.6 ± 1 0.8798 19 ± 3.5 9.1 ± 1.2 0.0000 14.5 ± 2.8 10.6 ± 1.3 0.0008

Task 1c 9.5 ± 2.1 12.5 ± 3.3 0.026 19.1 ± 3.4 20.3 ± 3.2 0.4270 17.4 ± 3 25.8 ± 3.5 0.0000

Task 1d 12.9 ± 3.2 7.9 ± 2.8 0.0016 50.9 ± 2.8 42.2 ± 14.3 0.0752 33.9 ± 3 28.4 ± 9.9 0.1100

Task 2a 30.5 ± 11.2 41.3 ± 4.5 0.0111 42.5 ± 17.6 36.4 ± 4 0.2993 25.1 ± 9.9 27.6 ± 2.4 0.4478

Task 2b 10.6 ± 1.9 5.5 ± 1.2 0.0000 20.8 ± 1.2 17.4 ± 5.3 0.0634 11.4 ± 2.1 11.3 ± 5.4 0.9571

Task 2c 34.9 ± 3.8 44.2 ± 2.9 0.0000 49.3 ± 3.1 49.5 ± 4.2 0.9049 38.8 ± 6 60.8 ± 6.9 0.0000

Task 2d 19 ± 7.1 12.5 ± 1.7 0.0115 39.5 ± 11 46.9 ± 2.8 0.0540 26.8 ± 8.1 35.4 ± 4.7 0.0095
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4 Discussion

The changes made to the workstation, especially the introduction of a connecting board
allowing for the alignment of the operator with the monitor and keyboard, appeared to
bring improvement in the sub-tasks 1a, 1b, 1c 1d and 2a, which is in those where the
operator carried out operations mainly in the central and left side of the workstation and
involved interaction with customers. According to the data provided to us, these tasks
are among those most frequently performed by operators. In particular, the RoMs for
lateral bending and flexion were reduced, while as regards rotation, it was noticed that
the workers adopted a different motor strategy, which provided for a broader movement
of the head rather than the trunk. This change appeared to lead to a worsening in the case
of sub-tasks 2b and 2c. In fact, in sub-task 2b, the re-design intervention moved the
operator further away from the right side of the workstation, where the printer was
located, thus leading to an increase of ROMs for elbow extension, as well as for right
shoulder flexion and abduction. Nevertheless, according to the data provided to us, this
subtask resulted in being the least frequent among those actually performed. Meanwhile,
in subtask 2 the change lead to a worsening for upper limb movements, in that the
operator, in order to place the envelope on the scales/franking machine, had to raise their
shoulder and extend their elbow further because of the machine overall size. However,
the alteration involved improvements to the transverse plane resulting in reduced chair
rotation and reduced trunk torsion. The modifications to the workstation in sub-task 2d,
the only one involving actions performed on both sides of the operator, resulted in
advantages and disadvantages. In fact, the RoM values were reduced in regards to trunk
lateral bending, left shoulder abduction and right shoulder horizontal abdo-adduction,
but were greater for trunk torsion and right shoulder flexion. However, the increase in
trunk torsion by 6.7° was largely offset by the reduction in chair rotation by 21.2°.

The activities carried out in the laboratory showed the need to remove the solid
metal footrest fixed and permanently joint to the counter because it interfered with the
base of the operator’s chair.

As a conclusion, the change in the working desk, made with the introduction of a
board joined to the original straight working desk, allowed the operator to align with

Table 6. The table shows the average RoMs (± SD) achieved for extension of both of the
elbows and the relevant statistical analysis for each of the eight sub-tasks analysed.

Task R elbow extension L elbow extension
Front-facing 45° p Front facing 45° p

Task 1a 94.9 ± 6.8 94.8 ± 6.9 0,9743 36.3 ± 5.7 32 ± 3.4 0.0554
Task 1b 69.1 ± 5 68.9 ± 4.9 0.9290 25.6 ± 6.2 20.1 ± 3 0.0212
Task 1c 93 ± 2.3 63.4 ± 3.5 <0.0000 35.8 ± 4.1 27.8 ± 3.5 0.0002
Task 1d 109.7 ± 7.7 103 ± 34.6 0.5575 52.3 ± 7.9 39.2 ± 13.5 0.0163
Task 2a 83.3 ± 6.4 56.6 ± 11.4 <0.0000 62.7 ± 10.8 47.1 ± 5.5 0.0007
Task 2b 58.6 ± 3.8 84.8 ± 3.2 <0.0000 22.4 ± 4.7 17.5 ± 5.8 0.0525
Task 2c 60.9 ± 7.6 51.7 ± 5.2 0.0054 63 ± 2.6 70.6 ± 6.9 0.0044
Task 2d 57.2 ± 17 63.7 ± 5.1 0.2620 69 ± 22.8 72.2 ± 9 0.6846
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the monitor and keyboard as well as providing adequate support for the forearms while
typing, that, according to published data [13], also allowed for muscle engagement
reduction while typing on the keyboard. The change appeared to bring improvement
for most of the sub-tasks investigated, both in terms of trunk torsion and lateral
bending, as well as in terms of interaction with the equipment located on the left side of
the workstation. The flexion-extensions were also reduced in both upper limbs and
trunk during customer interaction. Conversely, the change appeared to lead to wors-
ening, when the operator worked on the right side of their workstation.

To reduce overall head and trunk rotation, it would be appropriate to provide the
operator with a seating that allows the operator to rotate the seating plan rather than
their trunk and/or head.

Furthermore, it would be useful to provide a chair that allows for an easy transition
between sitting and standing positions. This is in view of the fact that, from the
information supplied to us, when working at the counter the operator often stands up
(for example, taking forms from the cabinets, photocopying, picking up/consulting
documents, processing manager requests, etc.) and moves therefore from sitting
position.

Finally, it would be appropriate to provide the workstation with devices that are less
cumbersome as possible, to allow them to be better distributed on the working desk.
This arrangement would lead to a better interaction of the worker with the equipment
and would allow for a greater availability of space, thus providing a more correct
positioning of the operator at the workstation.
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Abstract. This review study investigated seated human biodynamic responses
while exposed under vehicle vibrations. Primary focus of study is to explore
such biodynamic investigations under tractor driving occupations in India. Out
of 127 research articles, 19 found to be suitable as per the aim of study in
between a year span of 2010-till date. Majority of studies are performed on
controlled simulated laboratory set-ups, rather than considering same investi-
gations under real field conditions. Besides, vibration power absorbed function
has been found to be least explored as compared to other biodynamic functions.
However, none of selected studies explored biodynamic response investigations
of Indian tractor drivers while performing on road as well as off-road activities,
which is an existing gap in literature. Therefore, detailed biodynamic studies are
required under Indian terrain conditions to limit whole body vibration related
health disorders by incorporating suitable preventive measures.

Keywords: Whole body vibration (WBV) � Tractor � Ride comfort �
Biodynamics � Health hazards

1 Introduction

Vibrations arise in every moving vehicle so tractors are no exception. Each human
body tends to vibrate at some degree while driving or travelling in any on-road as well
as off-road vehicle [1]. Human body is quiet sensitive to low frequency vibration which
may disturbs adversely in terms of health related disorders. Moreover, 2–6 Hz fre-
quency range is considered as very influencing on human body due to occurrence of
resonance [1]. Tractors are considered as the backbone of agriculture which are
extensively used for both on-road and off-road transportation and field operations.
Usually in all agricultural tasks, tractor drivers works under low frequency vibrations
that can impair the performance of driver and ultimately cause under-utilization of
available power of machinery [2]. However, vibration levels in tractor are higher in
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comparison to other on-road vehicles as per internationally accepted levels [3, 4].
On the other hand, biodynamic investigations have been very popular in recent liter-
ature. In simple form, biodynamics investigation provides motion-motion as well as
force-motion relationships while exposed to vibrations [5]. Out of these functions,
transmissibility comes under motion-motion category and rest two under force-motion
study of human body under vibrating environment [6].

Primarily, present review elaborated biodynamic investigations of seated human
body exposed to whole body vibrations. Especially, study has been performed to
explore the role of biodynamics in tractor drivers of Indian region. Therefore, it is a
step-forward towards such investigations that usually less explored in developing
countries like India.

2 Method/Approach

A systematic methodology has been mentioned in flow chart Fig. 1. The study col-
lected a number of research articles from various reputed Thomson Reuters Indexed
journal from a year 2010 to till date. The various incorporated journals are: Journal of
Sound and Vibration, Journal of Low Frequency Noise, Vibration-Active Control,
Vehicle System Dynamic, International Journal of Vehicle Noise and Vibration,
Ergonomics, Medical Engineering and Physics, Applied Ergonomics, International
Journal of Industrial Engineering, International Journal of Automotive Technology.

Identify Studies

Filtration of Articles

Checking

Exclude Irrelevant 

Literature Review

Results & Discussion

Conclusions

Fig. 1. Flow chart of methodology
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Furthermore, search extended to books, conferences, thesis and other useful study
materials. By considering all, a final database summarized chronologically in order to
present needful information from selected research articles. After summarization,
results have been discussed and concluded accordingly. Moreover, study also exhibits
some research potentials for future researches.

3 Results and Discussion

During identification process, around 127 research articles found to be based on bio-
dynamic investigation under various conditions. While pre-checking, studies found to
include standing as well as recumbent postures of human body while evaluating bio-
dynamic functions. However, study focused on seated body, about 81 studies out of
127 excluded from database. Afterwards, step-1 of screening process filters articles by
observing titles, abstract and keywords but reading of full text in step-2 after step-1
filtration. This screening eliminated 27 articles, which were irrelevant to focus of study.
Further, some articles found duplicate, hence excluded and final database incorporates
19 research articles (Fig. 2).

Total Articles
(127) 

Excluded at Pre-Check  
(81) 

Screening of Articles

Final Database
(19) 

Elimination of Articles
(27) 

Step 1 Step 2

Fig. 2. Selection route of studies for review
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These studies have been summarized in a tabular form that addresses a number of
key points such as type of study, input of vibration stimuli, direction of measurement
and type of biodynamic function as an output of study. This information is quite
essential while performing experimentation of such biodynamic investigations. Table 1
shows summarization of selected studies as follows:

Above table resulted that 84% of biodynamic investigations have been performed
under controlled simulated laboratory set-ups except 16% of field studies. However,
field measurements only targeted transmissibility response evaluation rather than
APMS and VPA functions. Majority of investigations have been performed under
vertical axis of excitation followed by x and y-axis respectively. Only three studies
considered sinusoidal vibration, however, rest all used random vibrations to conduct
experimentation. Moreover, 79% of studies evaluated transmissibility function fol-
lowed by APMS and VPA to study biodynamic responses. A few studies explored
VPA as a better measurement of such responses among other transmissibility and
apparent mass functions. At present, VPA has been seen as least explored function in
selected studies. The study incorporates literature from a number of reputed journals as

Table 1. Summarized data of selected research articles

Study Study
type

Input vibration Response
axis

Biodynamic
function

Lab Field Random Sinusoidal X Y Z APMS T VPA

[7] ✔ – ✔ – – – ✔ ✔ – –

[8] ✔ – ✔ – – – ✔ ✔ – –

[9] ✔ – ✔ – – – ✔ ✔ ✔ –

[10] ✔ – ✔ – – – ✔ – ✔ –

[11] ✔ – ✔ – ✔ – ✔ – ✔ –

[12] ✔ – ✔ – ✔ ✔ ✔ – – ✔

[13] ✔ – ✔ – ✔ – – ✔ ✔ –

[14] ✔ – – ✔ – – ✔ – ✔ –

[15] ✔ – ✔ – ✔ ✔ ✔ – ✔ –

[16] ✔ – ✔ – – ✔ – – ✔ –

[17] – ✔ ▲ ▲ ✔ ✔ ✔ – ✔ –

[18] ✔ – ✔ – – – ✔ ✔ ✔ –

[19] ✔ – ✔ – – – ✔ ✔ – ✔

[20] ✔ – ✔ – ✔ – ✔ – ✔ –

[21] ✔ – ✔ – ✔ ✔ ✔ ✔ ✔ –

[22] – ✔ ▲ ▲ – – ✔ – ✔ –

[23] – ✔ ✔ – ✔ ✔ ✔ – ✔ –

[24] ✔ – – ✔ ✔ ✔ ✔ ✔ ✔ –

[25] ✔ – – ✔ ▲ ▲ ▲ ✔ – –

✔ (Considered), - (Not Considered), ▲ (Not Reported), x (Fore-and-aft
Axis), y (Lateral Axis), z (Vertical Axis).
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mentioned in methodology section. However, International journal of Industrial
Ergonomics contributes maximum (21.05%) towards biodynamics research publica-
tions from 2010 to till date. Consequently, Journal of Sound and Vibration, Journal of
Low Frequency Noise, Vibration-Active Control and International Journal of Vehicle
Noise and Vibration exhibits 15.79% contribution followed by other journals as
described in Table 2.

The selected research articles from respective journals also provide information
about various countries where biodynamics researches have been performed (Fig. 3).

Out of these countries, United Kingdom contributes maximum towards biodynamic
research investigations followed by other countries.

As mentioned above, biodynamic investigations are performed by evaluating in
terms of apparent mass (APMS), transmissibility (T) and vibration power absorbed
(VPA) functions. As far as literature reviewed, selected studies found to contribute
maximum in the form of transmissibility responses followed by apparent mass and
vibration power absorbed responses. However, Vertical axis (Z) seems most prominent
axis rather than fore-and-aft (x) and lateral axis (y) in order to perform biodynamic
investigations whether apparent mass, transmissibility or vibration power absorbed
function as shown in Fig. 4.

Table 2. Percentage contribution of selected journals from 2010-till date
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4 Research Potentials

This review study also tried to explore some research potentials for future researches in
the field of biodynamics in order to enhance human comfort. These studies are not only
limited to vehicles in fact all types of vibrating environments can be analyzed by means
of such biodynamic functions. A few research opportunities have been listed as below:
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• The biodynamic investigations are very much explored in Indian regions, none of
study has been found to investigate apparent mass, and vibration power absorbed
functions. Hence, it may provide better understanding of human response behavior
under various occupations.

• Majority of research studies have been performed under controlled laboratory
conditions. Moreover, results of such laboratory investigations might be compared
with similar conditions under real field conditions.

• Apart from vehicles study, biodynamics investigation might also be performed in
biomedical field applications.

• A detailed investigation may also require to explore the effect of fore-and-aft, lateral
as well as vertical axis, as in many cases fore-and-aft and lateral observed as
dominant axis as compare to vertical axis.

5 Conclusions

Present review study addressed a number of key issues that might be important to
understand for further biodynamic investigations. It has been concluded that majority
of such studies have been quiet popular in developed countries rather than developing
such as India. However, Indian studies are limited to evaluate transmissibility function
only under controlled lab setup conditions. Subsequent to simulated lab setup studies,
similar investigations might be performed under real field conditions in order to
observe the effect of additional factors on output responses. As per the aim of study,
identified studies have not undertaken tractor-driving occupations which is quiet
indispensable in agricultural field. Moreover, Punjab region in India, have been con-
sidered as food bowl of India, which might need such investigation because of higher
usage of tractors while performing various agricultural activities. Therefore, study
concluded a need to explore biodynamic investigations especially on Indian tractor
drivers under both simulated laboratory as well as real field conditions to improve
human ride comfort.
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Abstract. Effects of novel job demands and matched resources on
self-actualization at work were examined longitudinally (1 month) in a sample
of N = 732 employees. At both measurements, cross-sectional correlations
showed positive relationships between requirements for learning and
self-regulation (except for temporal flexibility requirements, as hypothesized)
with indicators of self-actualization (work motivation, meaning in work, occu-
pational self-efficacy). Job resources selected to match these demands (qualifi-
cation options, job autonomy, boundary control) were positively related to
indicators of self-actualization. Results of longitudinal path analysis (controlled
for age, sex, position, education, and self-actualization at baseline) revealed
positive time-lagged effects of learning requirements on occupational
self-efficacy, of qualification options on meaning in work, as well as an aug-
menting effect of the interaction between learning requirements and qualification
options on work motivation. Due to the short measurement interval and high
autocorrelation of indicators, cross-lagged effects are weak. Further limitations
and implications for research and practice are discussed.

Keywords: Work design � New job demands � Job resources � Workplace
learning � Self-actualization � Longitudinal study � Interaction effect

1 Introduction

1.1 Eudaimonic Living

Reflections about meaningful work and its potential for personality development date
back to ancient Greek philosophers like Aristotle. He focused on ethically successful
life conduct in the sense of eudaimonia, which was assumed to be gained through
self-determined activities matching own capacities and virtues, “to achieve the best that
is within us” [1]. Positive psychology with its focus on well-being [2] likewise refers to
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eudaimonia but was critized for higlighting rather hedonic issues like pleasure and
happiness while neglecting eudaimonic prescriptions of growth and human fulfillment
[1, 3]. “Eudaimonic conceptions focus on the content of one’s life, and the processes
involved in living well, whereas hedonic conceptions of well-being focus on a specific
outcome, namely the attainment of positive affect and an absence of pain” [4, p. 140].

1.2 Self-actualization

Self-determination theory (SDT) [5] provides another fruitful framework, as it sug-
gested motives for self-actualization and personal growth, i.e., needs for autonomy,
competence, and relatedness. According to SDT, realization of valued human potential
in terms of self-actualization implies characteristics that offer possibilities for learning
and development of competences, options for self-regulation, and autonomy as well as
social relationships in terms of cooperation and social support. Moreover, by engaging
in individually meaningful endeavors at work, human potential and the “full func-
tioning” of a person is actualized [4]—a process worthy of support by human-centered
work design.

1.3 Self-actualization at Work

Within the context of work in organizations, self-actualization was propagated by
human relations research [6, 7] and sociotechnical system approaches [8] to overcome
monotonous tasks in Tayloristic work systems by human-centered work design [9].
Grounded in Activity Theory [10], Action Regulation Theory (ART) [11] proposed
personality development as the superior goal of work design, thus bringing core criteria
of eudaimonia into work analysis and work design. Likewise, both the Job
Demand-Control-Support-Model [12, 13] and the Job Characteristics Model [14],
accentuate aspects of learning and development at work. Both models have been
synthesized into the broader framework of the differentiated Job Demands–Resources
(JDR) Model of work design [15] that distinguishes between challenge and hindrance
demands according to Transactional Stress Theory [16]. According to the differentiated
JDR Model, challenge demands and job resources are supposed to trigger processes of
motivation and learning.

1.4 Changes in Work

Today, many workplaces feature high demands for learning, self-regulation, and
flexibility [17, 18] due to deregulation of labor markets, transitions towards qualified
knowledge-intensive work, innovation acceleration in information and communication
technologies, and transformations from standardized work to flexible or even bound-
ariless work arrangements [19]. Such fundamental changes in the nature of work seem
to correspond to growing needs and expectations for self-actualization of new gener-
ations of employees labeled “generation Y” and “digital natives” [20, 21].
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A first period of research on flexible work arrangements primarily focused on the
potential benefits of telework and work-time flexibility in terms of balancing life
domains and reduction of work-family conflicts [22, 23], followed by a “positive psy-
chology perspective” on processes of enrichment between work and family domains
[24]. Actually, effort-recovery research seems to predominantly focus on work strain-
related health impairment [25] as a steadily growing side-effect of technologically-
assisted flexible work arrangements under conditions of work intensification and work
extensification [18]. Currently, individual styles of boundary management to cope with
role expectations and preferences and to balance life domains are studied intensely [26].

1.5 Study Aim and Hypotheses

Aim of the Study. Transcending conventional models of work design, this study
investigates main and interactive effects of new job demands and matched
domain-specific job resources on self-actualization at work. Novel requirements for
learning, self-regulation, and work-time flexibility were matched with domain specific
job resources for learning, self-regulation, and time management in order to examine
longitudinally the hypothesized beneficial effects on indicators of self-actualization at
work. Outcomes were derived from eudaimonic criteria in terms of motivated, mean-
ingful, and effective activity at work [1].

Hypotheses. Our study addresses four hypotheses grounded in theoretical frameworks
of Eudaimonia, ART, SDT, and the differentiated JDR-model. (H1) Requirements for
learning and self-regulation are (a) positively and (b) prospectively related to indi-
cators of self-actualization at work. Both demands address self-determined actions as
means to fulfill basic psychological needs for competence and autonomy [5]. (H2)
Work-time flexibility requirements are less related to indicators of self-actualization at
work. Although temporal flexibility demands might also be framed as challenge
demands (e.g., to develop individual time management skills), in terms of SDT,
however, such situational demands should rather elicit an extrinsically motivated,
instrumental behavior than a process of internalized self-actualization (first-order goals
[4]. (H3). Domain-specifically matched resources for learning and self-regulation are
(a) positively and (b) prospectively related to indicators of self-actualization at work.
According to the differentiated JDR-Model, job resources are supposed to support the
achievement of work goals and mastering job demands. Core job resources like
autonomy have consistently been found to enhance intrinsic motivation as an indicator
for personality development at work [27]. (H4). An additional prospective augmenting
(interaction) effect of new job demands and matched resources for learning and self-
regulation on indicators of self-actualization at work is expected. According to
well-established interaction hypotheses in work design ([12, 28]) and based upon
empirical evidence for beneficial interaction effects of (matched) job demands and
resources on indicators of well-being at work [29, 30], we assume such augmenting
effects on self-actualization will hold true for rather novel job demands and their
matched resources for learning and self-regulation at work.
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2 Method

2.1 Sample

The study was conducted as a longitudinal employee survey on working conditions and
psychological well-being. Online questionnaires were distributed by snowball sam-
pling; optional paper-pencil forms were available on request. With a time lag of one
month after baseline measurement (T1), all respondents at baseline were invited to
participate in the follow-up (T2). Complete longitudinal data sets of N = 732
employees were gathered that could be utilized for the analyses. 57.9% of respondents
were female. Mean age was 38.9 years, ranging from 18 to 72 years. 49.7% of
respondents held an university or college degree and another 20% had high school
exams. 30.9% reported to be supervisors. Employees worked in very diverse economic
sectors and occupations, covering a broad range of working conditions in different
settings of modern work.

2.2 Measurement of New Job Demands and Matched Job Resources

New Job Demands. Novel work demands were framed as the requirements employees
face in times of flexible work arrangements. Three measures of “perceived flexibility
requirements” [18, 31] were selected with respect to requirements for learning,
self-regulation, and time-flexibility. Based on the standard instruction “My employer
expects me to …”, three items each were used to operationalize learning requirements
(e.g., “… continuously develop my abilities and skills”), self-regulation requirements
(e.g., “… show high self-responsibility at work”), and time-flexibility requirements
(e.g., “…be flexible with respect to working time”). All items were to be rated on a
six-point response scale (1 = definitely no; 6 = yes, exactly). Cronbach’s alpha (a)
proved satisfying to good internal consistencies for all measures at both times of
measurement (Table 1).

Matched Job Resources. Domain-specific resources to cope with the examined new
job demands for learning and self-regulation were selected from an adapted universal
version of the “Work Analysis Instrument for Hospitals” [32], approved in different
work settings and occupations [33]. Two scales of this instrument, each subsuming
three items, were used to analyze qualification options (e.g., “my work allows me to
acquire new skills regularly”) as a specific job resource matching new learning
requirements, and job autonomy (e.g., “my work offers discretion on how to do my
work”) as the matching resource for self-regulation requirements at work. Finally,
boundary control [26] was chosen as a domain-specific resource to match
work-time-flexibility requirements. Comprising three items (e.g. “I control whether I
have clear boundaries between my work and personal life”), the scale indicates the
degree of perceived psychological control concerning separation vs. integration of
work and private life domains within the scope of boundary management [26]. Items
were to be rated on a five-point response scale (1 = no, not at all; 5 = yes, exactly).
Alpha coefficients of the three job resources measures proved satisfactory to good
internal consistency at both times of measurement (Table 1).
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2.3 Measurement of Self-actualization at Work

Ryff and Singer’s dimensions of psychological well-being [1] address outcomes of a
life well lived, including facets of personal growth, environmental mastery, positive
relationships, life purpose, self-acceptance, and autonomy. For this study, we focused
on work-related dimensions of well-being, thus selecting intrinsic work motivation,
meaning in work, and occupational self-efficacy as suitable theory-based motivational,
cognitive, and behavioral indicators of self-actualization at work.

Intrinsic Work Motivation. The motivational dimension of self-actualization at work
was measured by the three highest-loading items of the well-established intrinsic work
motivation measure [34]. Items (e.g., “I feel a sense of personal satisfaction when I do
this job well”) were rated on a five-point response scale (1 = no, not at all; 5 = yes,
exactly). Internal consistency was good (Table 1).

Meaning in Work. The cognitive dimension of self-actualization at work was mea-
sured by three items of an adapted meaning in work measure [35], focusing on aspects
of meaningful work. The items (e.g., “my work fulfills me”) were rated on a five-point
response scale (1 = completely disagree; 5 = completely agree). Internal consistency
was good to excellent (Table 1).

Occupational Self-efficacy. The behavioral dimension of self-actualization at work
was measured by three items of the occupational self-efficacy measure [36]. Items (e.g.,
“I feel prepared to meet most of the demands in my job”) were rated on a five-point
response scale (1 = completely disagree; 5 = completely agree). The scale exhibited
good internal consistency (Table 1).

3 Results

3.1 Structural Validity and Descriptives

To examine the structural validity of our measurement model, confirmatory factor
analysis (AMOS 23.0) was applied. Results supported the hypothesized nine-factor
model of three factors each for job demands, job resources, and self-actualization
(v2 = 827.085, df = 288, p < .001, v2/df = 2.872, IFI = .938, TLI = .917, CFI = .937,
RMSEA [90%-CI] = .051 [.047, .055], CN = 291 [p < .05]). This model also fit the
data better than alternative models (e.g., demands and resources grouped in three
factors of learning, self-regulation, time-flexibility; one-factor model).

Descriptive results (Table 1) showed rather high levels of perceived employer
requirements for self-regulation as well as moderate to high levels of requirements for
learning and time-flexibility requirements, indicating that employees were confronted
with such novel job demands on a regular basis and to a relevant extent. While
qualification options and boundary control showed rather high values, job autonomy
was less pronounced. Intrinsic work motivation and meaning in work also exhibited
rather high levels in our sample, whereas occupational self-efficacy was reported to a
moderately high degree.
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3.2 Correlations

Intercorrelations among predictors (novel job demands and matched resources) at
T1/T2 ranged between r = −.08/−.12 and r = .41/.49. Stability coefficients of pre-
dictors (autocorrelations between T1 and T2; Table 1) varied between r = .49 and
r = .76. All indicators of self-actualization showed high stability.

Examination of zero-order correlations at baseline revealed that age and leadership
position were positively associated with meaning in work and occupational
self-efficacy (between r = .11 and r = .14; p < .01). Men reported higher occupational
self-efficacy than women (r = .19; p < .01). Whereas time-flexibility requirements
were unrelated to work motivation and meaning in work (between r = .05 and r = .06;
n.s.) and were only weakly associated with occupational self-efficacy (r = .08;
p < .10), learning and self-regulation requirements as well as all matched job resources
showed highly significant correlations with indicators of self-actualization (between
r = 13 and r = .44; p < .01). These findings were quite consistent across measurement
points, providing initial support for H1a and H2.

3.3 Time-Lagged Main and Interaction Effects

A longitudinal path model tested for main and pairwise matched interactive effects of
job demands and job resources (learning requirements and learning opportunities;
self-regulation requirements and job autonomy; time-flexibility requirements and
boundary control) at T1 on the indicators of self-actualization at work at T2. Age, sex,
education, position, as well as outcomes were controlled for at baseline. We thereby
examined the changes in self-actualization at work as predicted by antecedent novel job
demands and matched resources. This hypothesized time-lagged path model (Table 2)
showed an acceptable overall fit with the data (v2 = 36.209, df = 6, p < .001,

Table 1. Descriptive statistics.

Measure Items a (T1/T2) T1: M (SD) T2: M (SD) rtt
New job demands
Learning requirements 3 (.82, .85) 4.51 (1.11) 4.45 (1.09) .76
Self-regulation requirements 3 (.70, .77) 4.94 (0.80) 4.81 (0.83) .68
Time-flexibility requirements 3 (.73, .77) 4.46 (1.11) 4.35 (1.10) .69
Job resources
Qualification options 3 (.72, .77) 3.88 (0.84) 3.79 (0.83) .75
Job autonomy 3 (.79, .84) 3.52 (0.92) 3.51 (0.91) .80
Boundary control 3 (.76, .78) 3.81 (0.94) 3.83 (0.89) .49
Self-actualization at work
Intrinsic work motivation 3 (.80, .82) 4.27 (0.69) 4.23 (0.68) .72
Meaning in work 3 (.87, .90) 3.97 (0.87) 3.93 (0.90) .86
Occupational self-efficacy 3 (.80, .80) 3.73 (0.65) 3.76 (0.63) .70

a = Cronbach’s alpha; rtt = stability coefficient (test-retest reliability).
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cv2/df = 6.035, IFI = .992, TLI = .745, CFI = .992, RMSEA [90%-CI] = .083
[.058, .110], CN = 255 [p < .05]).

The model was dominated by strong auto-regressive paths between T1 and T2
measures of work motivation (ß = .685; p < .01), meaning in work (ß = .799; p < .01),
and occupational self-efficacy (ß = .625; p < .01). Learning requirements exerted a
marginal time-lagged effect on work motivation (ß = .060; p < .10) and a more sub-
stantial effect on occupational self-efficacy (ß = .084; p < .01). Further, occupational
self-efficacy was influenced by job control (ß = .098; p < .01), gender (ß = .110;
p < .01), and, to a lesser extent, flexibility requirements (ß = .051; p < .10), and
boundary control (ß = .052; p < .10). Qualification options contributed significantly to
the prediction of meaning in work (ß = .067; p < .05). Age predicted meaning in work
to a marginal extent (ß = .040; p < .10). The matched interaction of learning
requirements and learning resources showed a significant time-lagged augmenting

Table 2. Path coefficients (b) of time-lagged relationships between novel job demands and
matched job resources (T1) and indicators of self-actualization (T2) at work (N = 732).

Parameter Intrinsic work
motivation T2

Meaning in
work T2

Occupational
self-efficacy T2

Age T1 .013 .040* .005
Sex T1 −.034 .012 .110**
Education T1 −.005 .009 .009
Position T1 −.043 −.001 .035
Intrinsic work motivation
T1

.685*** – –

Meaning in work T1 – .799*** –

Occupational self-efficacy
T1

– – .625***

Learning requirements T1 .060* .033 .084***
Self-regulation
requirements T1

.030 .002 −.003

Temporal-flexibility
requirements T1

.040 .016 .051*

Qualification options T1 .030 .067** −.035
Job autonomy T1 .017 .003 .098***
Boundary control T1 .026 .014 .052*
Learning requirements
x qualification options T1

.065** .012 .053*

Self-regulation
requirements
x job autonomy T1

.028 −.032 .035

Temporal-flexibility
requirements
x boundary control T1

−.018 .003 −.017

R2 .525 .731 .523

*** p < .01, ** p < .05, * p < .10.
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effect on intrinsic work motivation (ß = .065; p < .05) and a comparable, but marginal
influence on occupational self-efficacy (ß = .053; p < .10).

4 Discussion

Summary of the Study. This study extends traditional models of work design by
focusing on rather new job demands of learning, self-regulation, and time-flexibility
perceived by 732 employees in contemporary work in diverse economic sectors and a
broad range of occupations. Referring to differentiated models of job demands and job
resources [15] as well as principles of matched job conditions [29], job characteristics
suitable to cope with requirements for learning (qualification options), self-regulation
(job autonomy), and time-flexibility (boundary control) were selected as
domain-specifically matched job resources.

Beyond the well-known negative side-effects of contemporary flexible work sys-
tems [18, 37], our study aimed to examine main and interactive time-lagged effects of
novel demands and matched resources on aspects of self-actualization at work,
indicative of personality development of employees. Applying theories of eudaimonia
and self-determination, three indicators for self-actualization at work were established.
We focused on work-related dimensions of eudaimonic well-being, represented by
intrinsic work motivation, meaning in work, and occupational self-efficacy as moti-
vational, cognitive, and behavioral indicators of self-actualization at work.

Findings in a Nutshell. The results of the study lend support to the hypothesized
time-lagged effects of both (a) learning demands and learning resources, and
(b) self-regulation demands and job autonomy on self-actualization. In contrast,
time-flexibility demands did not predict self-actualization at work.

Cross-Sectional Results. Patterns of cross-sectional results at both times of mea-
surement revealed that requirements for learning and self-regulation as well as learning
opportunities and job control but not requirements for time-flexibility at work were
positively associated with motivational (intrinsic work motivation), cognitive (meaning
in work), and behavioral (occupational self-efficacy) indicators of self-actualization at
work. A distinction between extrinsic (work context) and intrinsic factors (work con-
tent) might explain such differences, according to assumptions of self-determination
theory [5].

Longitudinal Results. Longitudinal analyses revealed mixed results, supporting at
least some of the expected positive dynamics. Beside several main effects, a notable
time-lagged augmenting interactive effect of requirements and resources for learning on
self-actualization at work was found. This underscores the importance of matching
domain-specific demands and supplies for personal development at work, which means
that self-actualizing work design should seek to pair novel job demands for learning
with corresponding domain-specific resources like qualification options [38] in order to
harness exceptionally beneficial effects.
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Limitations. The rather short measurement interval of one month and the associated
high auto-regressions of indicators of self-actualization might have impeded the
detection of additional or stronger effects of job conditions under study on
self-actualization. In seeking to explain time-lagged effects of novel job demands and
matched resources on self-actualization at work more precisely, future studies should
vary time frames between baseline and follow-up [39].

With respect to novel job stressors like work intensification or acceleration [40, 41]
harmful effects on employee health should be acknowledged. Additionally, social
needs for relatedness should be accounted for with a focus on new cooperation
requirements and matching social resources.

Conclusion. Results of our study will suggest: To promote learning and
self-actualization at work, more attention should be paid to specifically matching
configurations of job demands and job resources. Work design needs to integrate
eudaimonic and self-determined striving into new psychosocial working conditions by
balancing requirements and supplies for learning and self-regulation.
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Abstract. The objective of this paper is to provide an overview of the use of
ergonomic intervention (EI) in rehabilitation programs for workers with com-
pensated work related musculoskeletal disorders (WRMSDs), aimed to achieve
sustainable return-to-work (RTW). Groups of terms allow searching 10 data-
bases. Thirty-one articles were selected. Recurrent themes were identified and
content analyzed to describe the EI. The results support the effectiveness of the
rehabilitation programs with ergonomic component in achieving sustainable
RTW for workers with WRMSDs. However, the content of EIs and the way to
conduct it differ according to the definition of ergonomics and the approach
used. The management of the RTW process seems still be challenging in terms
of training the major actors in how to better modify work and workplace.
A comprehensive ergonomic framework seems needed to guide rehabilitation
professionals in using ergonomics to improve the RTW sustainability by
ergonomic changes and modifications in the workplace.

Keywords: Ergonomics � Work rehabilitation � Return-to Work � Intervention

1 Introduction

Work related musculoskeletal disorders (WRMSDs) are among the most common
causes of disability in many industrialized countries. WRMSDs generate important
personal and societal consequences (such as increased health care needs, worker
compensation and productivity costs for employers, etc.).

Workplace rehabilitation intervention is reported to be successful in people with
WRMSDs when they focus specifically on return to work (RTW) factors related to the
workplace [1–4]. Workplace rehabilitation programs often include ergonomic inter-
vention (EI), focusing on interfacing between workers and their work environments in
order to optimize employee health, safety, performance, and productivity. Numerous
research papers indicate reductions of workplace injuries following an EI, which seems
effective in reducing the physical, cognitive, psychosocial and other job demands,
increasing productivity [5, 6]. Also, there is growing support in the literature for the use
of ergonomics within work rehabilitation programs, especially when the specificity of
workplace parameters is taken into account and the focus is on RTW, work tasks being
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adapted accordingly. Nevertheless, little is known about what EI implies, how it works
and why it leads to such positive outcomes. Thus, the objective of this article is to
provide an overview of the “ergonomics” component of work rehabilitation programs,
and to describe the literature pertaining to the contribution of EI in achieving a sus-
tainable RTW.

2 Methodology

To explore the conceptualization of EIs as a main component of rehabilitation programs,
a scoping review [7] was performed. Firstly, we conducted a systematic search of ten
databases for rehabilitation studies of musculoskeletal disorders between January 2000
and December 2015: Ergonomics Abstracts Online, NIOSH, INRS-Bibliographie,
CISDOC, HSELINE, Pascal, Canadiana, PsychINFO, Francis, MEDLINE. The search
strategy combined three groups of terms (‘work rehabilitation’, ‘musculoskeletal’, and
‘ergonomic intervention’) using an “AND” connector. Secondly, after eliminating
duplicates from a total of 1564 references retrieved, the pertinence and the quality of the
articles were evaluated. Inclusion criteria (availability of the abstract, English or French
language, publication in peer-reviewed journals and rehabilitation or RTW population)
and exclusion criteria (primary prevention, clinical variables and outcomes only, pro-
tocols not followed by the original study, theoretical books’ chapters) helped us select
relevant articles. Two independent reviewers carried out the selection of the articles,
decisions based on inter-judge agreement. Content analyses were conducted in order to
describe how ergonomics intervenes in the rehabilitation programs focusing on RTW.
A grid using informational categories was created in order to describe the selected
studies: objective, design, population/sampling, types of WRMSDs, stage of injury,
descriptive content of the EI, authors’ perspective on the role of ergonomics in the
rehabilitation process, interaction with disciplines other than ergonomics, measures,
outcomes, recommendations, and needs for future research.

3 Results

3.1 Description of the Article Reviewed

Out of the 1176 references retrieved, 31 articles met the eligibility criteria: 11 literature
reviews and 20 articles reporting on one or more empirical studies. The articles orig-
inated frequently from Scandinavian countries, Finland, the Netherlands, USA, Canada
and Australia. Studies focus on generic disability, related to different musculoskeletal
disorders (low back pain, upper extremity disorders, neck, rheumatoid arthritis or
osteoarthritis, whiplash-associated disorders).

Overall, systematic literature reviews focus on the effectiveness of workplace
rehabilitation and RTW programs including an EI component [1, 8–11]. They also
investigate the evidence about the effectiveness of workplace–based strategies inter-
vention in supporting sustainable RTW [12–14] or describe precisely the EI [15–17].
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The empirical studies evaluate the efficacy of particular workplace programs or
describe an ergonomic component of intervention in the RTW process [1, 2, 18–23].

3.2 Ergonomic Contribution

Types of Intervention. Effective workplace rehabilitation programs include partici-
patory ergonomics [11, 14], ergonomic worksite visits [13], ergonomic assessments [10],
adaptation of job tasks and working hours [11, 14], job evaluation [4, 14], workplace
education or training in ergonomics [4, 9], (re)design of workplace, aids or tools [8],
adjustments (improved leg room under the desk, alternative keyboard, adjustable chair,
forearm supports, ergonomic keyboards, ergonomic mice, exercise/rest) [4, 8, 9, 12, 14].

Generally, the authors argue for the necessity of EI and present some evidence of
the usefulness of EI in adapting the work environment to respect the particular needs of
employees with disabilities [2, 22, 24, 25]. Even if lone the use of EI has not been
shown to have a significant effect on the incidence or the prevalence of the rates of
disorders, the potential improvement in work relationship through the EI, is an value
added by itself [25]. It can improve the worker’s level of comfort and its ability to work
productively, which can theoretically contribute to a multimodal intervention’s positive
effect [2, 12, 22, 24, 25].

EIs address different dimensions of the workplace: technical (e.g. furniture, com-
puter, equipment), organizational (e.g. tasks, working hours and duration), individual
(e.g. training, journey to and from work, rehabilitation, work/life balance, psycho-
logical follow-up), worker’s general relation to the work activity (e.g. their difficulties,
their skills, their future) and to the workstation (e.g. activity, movements, cooperation
with colleagues).

Approaches. Occupational therapists or ergonomists act as experts for EI. The spe-
cialist’s role when EI is part of a rehabilitation program consists in counselling the
rehabilitation team for the suitable changes for facilitating the RTW of the worker. In
the case of an EI alone, the ergonomist, after doing an ergonomic evaluation of risk
factors at the workplace, recommend to the organization the needed changes in order to
help with the RTW.

Participative ergonomics consist in consulting workers in order to identify prob-
lems, elaborate appropriate solutions for the RTW and implant transformations in the
workplace, and follow-up [3, 24–27]. For each injured worker, a group is formed that
included an ergonomist (process leader), the injured worker, the worker’s supervisor,
and if possible other stakeholders. After observation of the worker’s tasks by the
ergonomist, the worker and the supervisor ranked obstacles for RTW independently.
Following this, in a meeting of the group to brainstorm and discuss about all possible
solutions for the obstacles ranked highest. The aim was to achieve consensus regarding
feasible solutions. Finally, a short communication form exchanged between the
occupational professional and the worker’s general practitioner prevents conflicting
advises to the worker in the return-to-work process.

Only a few studies use ergonomics as an investigative approach to apprehend the
real activity of the worker before considering dynamic solutions [16, 23, 28].

266 I. Nastasia and S. Gaspard



The ergonomic analysis of work compares and contrasts the activities assigned to
workers with the way they do them by observing the strategies used by the workers to
respond to the demands of the task. After a “primary analysis” of the feasibility of an
intervention in the workplace, a first contact between the company manager and the
ergonomist is made following the worker’s physician’s go-ahead. If the manager agrees
to the ergonomic procedure, the EI includes the following phases: analyzing the
demand, conducting the diagnostic aiming to introduce the submitted inquiry by
activating the company players, elaborating courses of action, presenting the diagnostic
to the company, elaborating the specifications requirements and preparing
contingencies.

Assessment. Ergonomic worksite visits and assessments consist in ergonomic analy-
ses conducted by a specialist with the active participation of the injured employee and,
when possible, the employee’s supervisor [28]. Ergonomic assessment is a useful
method for balancing jobs and human capabilities, conveying the need to understand
the nature of a work activity in order to make adequate adjustments accounting for
changes in the worker’s capacities [10].

Authors also insist on the necessity of job evaluation, including listings with
descriptions of tasks, tools and equipment, and their effects on the biomechanical,
cognitive, emotional and behavioral performance demands on the jobholder. The main
goal of the evaluation is to identify remediable physical stressors and propose feasible
engineering or administrative solutions that would reduce physical and psychosocial
stressors. As a result, appropriate solutions adapted to the employee’s capacity are
planned, and a personalized schedule for the gradual increase in workload and
follow-up is fashioned for the employee returning to work.

In the studies reviewed, ergonomic assessments predominantly include the evalu-
ation and diminishing of physical risks according to the functional capacities of the
worker returning to work [15, 19, 22, 27, 29–34]. Some authors broaden their analyses
from job risk factor evaluation to other aspects of work – such worker’s skills,
teamwork, equipment, organization [17, 24–26].

Training. A key strategy leading to the facilitation of RTW consists in training to
improve ergonomic competencies of case managers coming from insurance agencies,
as well as those of clinical coordinators, supervisors or employer representatives, union
representatives. Successful temporary or transitional work accommodation strategies
depend on different actors’ ergonomic competencies in problem solving, worksite
ergonomic assessment, job accommodation process and communication with the
workers and other stakeholders [10, 20, 27, 32, 34].

Tools. Ergonomic tools assist health professionals in establishing an adequate fit
between work demands and the workers’ capabilities [22, 30, 31, 33, 34]. Ergonomic
tools are often incorporated in training programs or interventions in order to identify
risk factors for specific conditions [1, 3, 23, 28, 29, 33]. They also seem suitable when
identifying ergonomic risk factors, determining potential solutions, and appropriate
adjustments [15, 19, 22, 30, 34].
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4 Discussion

This article aimed to provide an overview of EI’s contribution to the achievement of a
sustainable and safe RTW. Explicit definitions of the concept of ergonomics in reha-
bilitation were rare in the literature reviewed. However, implicitly, many authors adopt
the IEA definition of ergonomics highlighting the multiple domains of possible changes
in workplace. Through the consideration of the descriptions of ergonomic approaches in
the articles reviewed, it appears that ergonomics shares the main goal of work reha-
bilitation programs for matching the capacities of workers with their job demands.

Overall, the findings point to the effectiveness and utility of EI for workers with
MSDs in helping the achievement of a safe and durable RTW of workers with
WRMDs. However, differences exist between the different types of intervention and
approaches of solutions. These differences seem rooted into the conceptual framework
of the ergonomics, whether the definition limits itself to the evaluation of risks and the
prescription of solutions, or includes appropriate work analysis in order to develop
solutions with the participation of all the actors involved in the RTW.

Programs that focus on ergonomic evaluation of risk generally do not involve the
workers in the development of the solution. Moreover, an ergonomist or a team of
occupational professionals performed the assessment through rigid tools, mismatching
the dynamic of changes of the workplace intervention. The development of solutions
relies on experts’ recommendations for counteracting risks and considers the context
only insofar as the injured worker and the supervisor are consulted about the necessary
changes for thwarting the risks.

On the other hand, interventions that focus on ergonomic analysis of work involve
workers and other significant actors in the development and implementation of changes
in the workplace. In fact, the injured worker and the supervisor participate in all the
stages: assessment and risk evaluation, analysis of the actual activity leading to the
proposal of solutions. However, whether the ergonomic program adopts an expert, a
consultative or a participative approach is conditional to the company management and
the supervisor’s willingness to participate actively and involve workers in the process.

Future research need to empower rehabilitation professionals with a framework to
guide practice efforts in the area of ergonomic intervention [35]. Such frameworks
should be constructive or developmental, asserting that ergonomics should emphasize
on employee development in terms of knowledge and skills and optimize collective
activities, address psychosocial and organizational aspects of work through dynamic
process, design and developmental instruments, prevention of musculoskeletal disor-
ders, project design, and other types of ergonomic analyses [36–38]. Moreover, such
frameworks cannot limit the ergonomics with a static view of adaptation, a view that
would restrict its goal to designing systems that are suited to work as it is defined at a
certain point in time, to workers as they are at a particular moment, and to organizations
as they operate here and now [38]. More than in others fields of application, ergo-
nomics - as a part of a rehabilitation program or as an intervention itself aiming to
improve RTW - should emphasize on setting up situations of action that lead to
increased success and to the acquisition or construction of know-how and skills [39].
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The integration of such approaches in workplace rehabilitation can have a beneficial
impact of the RTW and its sustainability.

5 Conclusion

Overall, the results support the utility of EIs in the rehabilitation programs aimed at
achieving sustainable RTW for workers with musculoskeletal disorders. However, the
content of EIs used differs according to their objectives and to the implicit definition of
ergonomics given by the authors. Management of the RTW process of workers with
occupational disorders often poses challenges in terms of how to better modify work
and workplaces as a component of the workplace accommodation and adjustment
process. A comprehensive ergonomic framework seems needed to guide occupational
rehabilitation professionals in using ergonomics to improve the quality and the sus-
tainability of the ergonomic changes and modifications in the workplace.
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Abstract. The preventive evaluation of perceived (dis)comfort during the early
stages of the design process is still an open issue. In Car development process,
all tasks that involve human operations have to be taken into account while
thinking and developing new solutions. Fortunately, modern technologies like
CAE (Computer Aided Engineering) and DHM (Digital Human Modeling), and
some new simulation software, like AnyBody™ or Jack© by Siemens PLM,
allow to investigate, through simulation, some of the aspects related to comfort
perception in humans. In addition, the software named CaMAN®, developed at
University of Salerno, allows the postural comfort evaluations of upper limbs.
The questions to which this paper tries to give answers are: (1) Is it possible to
correlate the simulated muscular activation with perceived (dis)comfort during a
manual task? (2) How different are the subjective perceived (dis)comfort, rated
by the Borg Scale and the (dis)comfort index calculated by software?

Keywords: (Dis)comfort perception � Muscular fatigue evaluation � Task
analysis � Human factors � Car-Subsystems development � Comfort driven
design

1 Introduction

The preventive evaluation of perceived (dis)comfort during a manual task in the early
stages of the design process is still an open issue. In car development process, all tasks
that involve human operations have to be taken into account while thinking and
developing new solutions; in these new solutions, car’s geometry/layout characteristics
and subjective factors may heavily affect the human perception about (dis)comfort
while performing these tasks. Modern technologies like CAE (Computer Aided
Engineering) and DHM (Dig Human Modeling) already offer several tools for a pre-
ventive evaluation of ergonomic parameters for users, using detailed CAD (Computer
Aided Design) models of car and the MBS (multi-body-system) solver for evaluating
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movements and interactions. ISO 11228 provides reference information for ergonomics
and comfort evaluation by introducing parameters for evaluating postural ergonomics
for the manual push/pull and lift/carry of loads, and for repetitive actions. These
parameters can be fused into a “postural load index” that represents ergonomic levels
for posture [1, 2]. A general instrument/method to evaluate and objectivize perceived
comfort, not only based on questionnaires, market researches, or physiological and
biomechanical analyses, is needed for integrating a preventive comfort analysis into the
Product Development Plan (PDP). Digital Human Modelling (DHM) systems like
DELMIA® or Jack© and other kinds of software like CaMAN® [3–5] can help
designers to do this and to present their evaluations using a synthetic index [6, 7].
AnyBody™ is a musculoskeletal modeling system capable to perform an objective
postural comfort evaluation is the study of HMI (Human Machine Interfaces); it was
developed for modelling the physical behavior of joints and muscles, like the spine [8]
and the mandible [9]; for the whole body segments, developers of AnyBody™ paid
attention to validate the biomechanical response [10, 11]. In our study, the previously
cited software were used to perform analyses and find results.

2 State of the Art

Rapid Upper Limb Assessment (RULA) [12], Rapid Entire Body Assessment (REBA)
[13] and Loading of the Upper Body Assessment (LUBA) [14] are well-known methods
to conduct ergonomics evaluations. Even if, in the past 20 years, many papers have dealt
with “comfort”, rating comfort is still an open problem due to the subjective nature of
perception. Methods such as “rating of perceived exertion” [15] have been developed to
“measure”, for example, postural comfort under load by Local Perceived Exertion
(LPE) scale. However, this method seems not sufficient for decoding the entire range of
perceived comfort/discomfort. Considerable research has resulted in many papers
dealing with perceived levels of comfort/discomfort, but the majority of them discusses
the relationships among environmental factors, such as temperature [16], humidity and
applied forces [17], or assume that a relationship exists between self-reported discomfort
and musculoskeletal diseases [18]. Five main factors regarding the relationship between
subjective perceptions of comfort/discomfort and products, processes, interactions,
environment, and users have been discussed in [19], in which there is an interesting
schematization of the mechanism of comfort/discomfort perception that comes from the
Moes’ model [20]. This model has been upgraded by Naddeo et al. [21], as shown in
Fig. 1 (I = interaction; H = human body effects, P = perceived comfort, C/N/D =
comfort/nothing/discomfort), to take into account expectations (E) [23, 33] and changes
in perception due to testing devices. Steady postures have been extensively studied in
the last 10 years [12, 22] and Naddeo et al. [4] defined a rating scale for upper limbs’
posture evaluations. Also, prolonged and moving postures have been studied in recent
years. The most studied situations concerned comfort on seats like in Bazley et al. [23],
Porter et al. [24], Jackson [25], Na et al. [26], Trapanese et al. [27] and Le et al. [28]; in
these papers, several relationships between (dis)comfort and time/tasks have been
highlighted. In particular, Na et al. [26] discovered that comfort and discomfort are
related to muscular activation. Postures under loads have been studied in order to
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understand the effect on the body of muscular activation under loads, force distribution
and muscular/tendons/ligaments fatigue The majority of them used AnyBody™ simu-
lations to study comfort and ergonomic postures is available: Wehner et al. [29] used
AnyBody™ to determine tridimensional tibial load for implant design, comparing
results with in vivo tests. In Wu et al. [30], EMG and AnyBody™ results were paired in
order to optimize a computer’s ergonomic keyboard design. In Cronskär [31], a method
for finite element simulations of stresses in the clavicle plate and bone was used
avoiding often contradictory data from experimental subjects.

3 The Aim of This Research

The goal of this work is to explore and assess the correlation between two sciences:
biomechanics and ergonomics. Similar studies, carried out in several working envi-
ronments, have shown that greater comfort corresponds to less activation of the
muscular system; in this work two specific models were constructed, the first for an
ergonomic evaluation and the second for a biomechanical evaluation, to demonstrate
this statement. Data that could be compared, were obtained from the models and allow
to estimate and investigate the type of correlation between the two sciences. This paper
shows the results obtained through the numerical/experimental analyses made by
AnyBody™ and Jack© of a real human task: software were used to perform simulations
of static and dynamic behavior of a subject that needs to lift a SUV (Sport Utility
Vehicle) car-hood to perform controls or refills. The paper shows the differences among
the results of preventive analyses of perceived effort, made with the applied load
consisting of the weight of the hood, for several subjects belonging to different
percentiles.

Fig. 1. Cappetti and Naddeo comfort/discomfort perception model
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4 Tools and Methods

The basic idea was to start by acquiring the postures during a car-hood lifting by
video/photographic acquisition; to use a simplified human-sized manikin capable of
reproducing a wide range of postures to model the studied task (car-hood lifting); to
analyze and evaluate the movements for performing the task using a commercial
software (manikin) to obtain the overall postural comfort value; and finally to repro-
duce the under-load postures during the movement using a bio-fidelity simulation
software.

The scene, consisting of car and subject, have been filmed and photographed during
the task and images and videos have been analyzed and processed by the software
Kinovea® in order to acquire the body joints’ angles that were used for the elaborations.
Jack© by SiemensPLM was chosen, as commercial manikin, for its “Force Solver”
environment, which allows the realization of “digital humans” (manikins) having
several controllable features: percentile, gender, race, anthropometric measures and
scalability options. The man-machine interaction was modeled in Unigraphics envi-
ronment at FCA labs in Pomigliano d’Arco (NA – Italy). The Force Solver is a static
solver that allows to evaluate the perceived comfort, in terms of efforts, for a given
posture and some given loads. The real movements have been simulated like a
sequence of steady postures because no dynamic simulations are provided in it. The
software outputs consist of a percentage of population that is able to perform the task;
the “effort percentage” is a good index to evaluate the postural discomfort due to the
task as stated in [26, 32]

AnyBody™ software has been used to realize a model that allows analyses of
muscular system activation. The system comes with a full body model containing most
bones, joints and muscles in the human physiognomy (over 1,000 individual muscle
fascicles); it is configured to represent a typical European male (1.76 m, 75 kg), but
this configuration can be easily changed. AnyBody™ uses joint motion and external
force assignment to calculate the activations of the muscles responsible for a certain
motion using an Inverse Dynamics process and a muscle recruitment solver to decide
which muscles (each single fascicle) will be engaged. Each model in AnyBody™
consists of mechanical elements that are classified as one of four types: segments,
joints, muscles and drivers. The segments represent the bones and are connected
together with joints, which represent the mechanical constraints simulating the real
human joints; drivers are used to manage the degrees of freedom of a joint; muscles are
characterized by an initial and a final point of attachment and their selection and
placement are done on the basis of the real configuration of a human. The force of
gravity is always taken into account, while other loads have to be added to the model
by specifying the point of application. The user can choose to have, as output, several
parameters among the ones available in the software. In this work, one of the main
parameters investigated is called “Envelope”, which returns the maximum value of
muscle activation. Each part or subassembly of the body can be defined as a “block”
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and analyzed in terms of all parameters. For example, the Envelope parameter for a
block (e.g. the right arm) returns the values of muscle activation registered in any arm’s
muscle and in the entire block. These values are very interesting because they can be
compared with the data coming from the comfort analysis that involves a complex part
of the body (or the entire body) like the ones coming from “Force Solver” of Jack©.

5 Correlation Test

The first test has been made in order to understand if the used software can be com-
pared each other. The comparing test consisted of a weight lifting in standing position
with the arm along the body, simply using the elbow and the wrist as active joints. The
weight has been simulated through a load applied in the center of the right hand, with
its palm up. The static configuration has been used to analyze the static effort to
maintain the weight at a height corresponding with a 90° elbow position. A normo-type
human (height 1.70 mt., weight 75 kg) has been used to perform this task. As stated in
the Jack© software manual, the maximum weight that can be lifted by a normal people
in these conditions is about 13,20 kg. The AnyBody™ and the Jack© manikins have
been compared in terms of multi-body structure and the load position has been tuned in
order to preserve the right distance between the elbow joint and the point of the force
application (to have the same results in terms of force’s moments).

The test was performed for four different weights: 0 kg, 5 kg, 10 kg and 15 kg. The
obtained results are shown in the following tables; in the right part is possible to see
results coming from AnyBody™ in terms of calculated moments in the joints and of
global muscular activation of the right arm; in the left part is possible to see results
coming from the Force Solver of Jack© in terms of calculated moments in the joints and

Table 1. Results - first campaign of tests, Applied load = 0 kg, Subject H = 1.7 mt.,
W = 75 kg

Force Solver (Jack©) AnyBody™
Joint Capable

[%]
Moment
[Nm]

Joint Moment
[Nm]

Muscular
activation [%]

R Wrist
Flx

100 0,1 Wrist flexion 0,22 7,6

R Wrist
Dev

100 N/A Wrist abduction 0,0063

R Wr
SuPr

100 N/A Elbow pronation 0,047

R
Elbow

100 2,2 Elbow flexion 2,79

R Sh
AbAd

100 1,9 GlenoHumeral
flexion

3,05

R Sh
Hmrl

100 N/A GlenoHumeral ext.
rotation

1,12
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of percentage of saturation of capability of muscles involved in the use of each joint
(Tables 1 and 2).

As can be seen, both software calculate a non-zero reaction without any load
applied, due to the own weight of the forearm; moreover, the software give different
values of moments in the same conditions; this difference is due to the big difference

Table 2. Results - first campaign of tests, Applied load = 5 kg, Subject H = 1.7 mt.,
W = 75 kg

Force Solver (Jack©) AnyBody™
Joint Capable

[%]
Moment
[Nm]

Joint Moment
[Nm]

Muscular
activation [%]

R Wrist
Flx

98 2,5 Wrist flexion 3,55 52.8

R Wrist
Dev

100 N/A Wrist abduction 0,062

R Wr
SuPr

100 N/A Elbow pronation 1,16

R
Elbow

100 17,1 Elbow flexion 18,75

R Sh
AbAd

100 16,0 GlenoHumeral
flexion

18,8

R Sh
Hmrl

100 N/A GlenoHumeral ext.
rotation

6,9

Table 3. Results - first campaign of tests, Applied load = 10 kg, Subject H = 1.7 mt.,
W = 75 kg

Force Solver (Jack©) AnyBody™
Joint Capable

[%]
Moment
[Nm]

Joint Moment
[Nm]

Muscular
activation [%]

R Wrist
Flx

89 4,9 Wrist flexion 6,89 98

R Wrist
Dev

100 N/A Wrist abduction 0,13

R Wr
SuPr

100 N/A Elbow pronation 2,26

R
Elbow

98 31,9 Elbow flexion 34,7

R Sh
AbAd

98 30,1 GlenoHumeral
flexion

34,67

R Sh
Hmrl

100 N/A GlenoHumeral ext.
rotation

12,75
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between the multi-body structure of the manikins and the AnyBody’s one. Neverthe-
less, as the following tables show, the differences can be defined as “predictable”, even
if they have to be taken into account, because, in terms of percentage, remain about the
same when the weight to lift increases (Tables 3, 4, 5 and 6).

Table 4. Results - first campaign of tests, Applied load = 13.2 kg (bolded is a not tolerable
effort), Subject H = 1.7 mt., W = 75 kg

Force Solver (Jack©) AnyBody™
Joint Capable

[%]
Moment
[Nm]

Joint Moment
[Nm]

Muscular
activation [%]

R Wrist
Flx

74 6,4 Wrist flexion 9 127

R Wrist
Dev

100 N/A Wrist abduction 0.17

R Wr
SuPr

100 N/A Elbow pronation 2,97

R
Elbow

92 41,4 Elbow flexion 44,9

R Sh
AbAd

94 39,1 GlenoHumeral
flexion

44,76

R Sh
Hmrl

100 N/A GlenoHumeral
Ext. rotation

16,47

Table 5. Results - first campaign of tests Applied load = 15 kg (bolded is a not tolerable effort),
Subject H = 1.7 mt., W = 75 kg

Force Solver (Jack©) AnyBody™
Joint Capable

[%]
Moment
[Nm]

Joint Moment
[Nm]

Muscular
activation [%]

R Wrist
Flx

63 7,2 Wrist flexion 10,22 143

R Wrist
Dev

100 N/A Wrist abduction 0,199

R Wr
SuPr

100 N/A Elbow pronation 3,38

R
Elbow

85 46,7 Elbow flexion 50,71

R Sh
AbAd

89 44,2 GlenoHumeral
flexion

50,47

R Sh
Hmrl

100 N/A GlenoHumeral ext.
rotation

18,57
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6 Car-Hood Lifting Test

Nine subjects, all volunteers, participated in the experiment. None had a history of
musculoskeletal diseases. The main characteristics of the subjects in terms of weight,
height and main anthropometric characteristics have been acquired and stored. All
subjects were informed of the nature of the tests, and written consent was obtained. The
Ethical Guidelines of both the University of Salerno and Italian Law were respected
while performing the tests. The test case has been realized in collaboration with FCA
research lab in Pomigliano d’Arco (NA) Italy. The chosen car was a FCA mini-SUV
whose front car-hood has been lifted for performing the tests.

Analysis, modelling and simulation have been made through the following steps:

• In AnyBody™ and in Jack© software environment, the kinematics and geometry of
the car-hood were modelled and positioned in order to perform the simulations.

• 25 physical tests have been made in order to understand the human behavior while
lifting the car-hood. The photo/video acquisitions allow to study all humans’
movements for lifting the car-hood. Acquired images have been used for postural
analysis while video acquisition has been used for the movements’ timing.

• Both in AnyBody™ and in Jack© environment, the human-hood interaction has
been modelled and simulated. The arms/hands movements are complicated and
involve a lot of rotation and changes of position. Due to that, the simulation has
been divided in three main steps: in the first one, the subject applies a force that
causes a hood’s constant acceleration; in the second one, the human lifts the
car-hood with a constant velocity, and in the third one, the subject uses a constant
deceleration for moving up and completing the car-hood lifting, and to stop it.

Once the simulation model has been defined and tuned, nine physical tests have
been performed with subjects of different percentile. Each subject was asked to answer
to a question about the perceived exertion by selecting a value in the Borg scale [15].

Each test has been modelled both in AnyBody™ and in Jack© environment and
was analyzed. Immediately it was evident that Jack© software is not capable to perform
dynamic simulations. Therefore, we try to override this issue by creating a sequence of
static positions that represents the sequence of actions in the three steps. The results, in

Table 6. Percentage difference when human-limit load is applied

Subject height: 170 cm subject weight: 75 kg
Applied load: 13.2 kg

Joints angles D% DNm
Wrist flexion –28,89% 2,60
Wrist abduction N/A N/A
Elbow pronation N/A N/A
Elbow flexion –7,80% 3,50
GlenoHumeral flexion –12,65% 5,66
GlenoHumeral ext. rotation N/A N/A
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terms of perceived efforts, were too much different from the calculated muscular/
comfort values given by AnyBody/questions. Due to that, the Jack© model was dis-
carded and the simulations were made only by AnyBody™ software. In the following
figures the results of a subject’s model (1.66 m e di 67 kg) are shown. In the top-left
graphs the curves of right and left arms (legs) are systematically overlapped (not
visible) because of the perfect symmetry of the task. As can be seen, in the first step, the
upper limbs are the most involved in terms of muscular activation. Nevertheless, an
activation of trunk and lower limbs can be noted. In the second step, a higher muscular
activation of upper limbs can be noted. During the third step, the muscular activation of
the upper limbs goes down and the trunk and the legs increase their efforts to lift the
car-hood. This behavior is due to the height of the car-hood (the chosen car is a SUV
with a high Z position for the hood.) towards the height of the subject (Figs. 2 and 3).

The results of the analysis of efforts while performing the task is the following:

• The first step is critical for the upper limbs; in this step, the most part of the efforts is
required to arms’ muscles.

• The final part of the movement (second part of the third step) is critical for the trunk
and the spine, because of the height of the car hood and, perhaps, also because of
the low height of the subject.

The simulated behavior is perfectly in accordance with the answer given by the
subject to the effort questionnaire (Fig. 4).

Fig. 2. Muscular activations in time (top left) and the highest muscular activation in time
(bottom) in the first step of simulation (top right).
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Fig. 3. Muscular activations in time (top left) and the highest muscular activation in time
(bottom) in the second step of simulation (top right).

Fig. 4. Muscular activations in time (top left) and the highest muscular activation in time
(bottom) in the third step of simulation.
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7 Results

In the following Table 7, results coming from AnyBody™ simulations are shown. In
the left side of the table, there are the anthropometric characteristics of the subjects, in
the center of the values of the higher muscular activation and the average value in the
whole simulation, in the right side, the perceived effort in Borg Scale.

As can be seen in those values, lower height people show the higher muscular
activation in the final part of the movement, due to their low stature towards the high
position of the SUV-hood; higher height people show their higher effort in the first part
of the movement due to the spinal flexion they are obliged for their height.

The higher is the height of the subject the lower is the average effort during the
whole movement for car-hood lifting. Each subject exerts a medium-high level of effort
and that implies a medium-high level of LPE for the entire analyzed sample.

Nevertheless, even if we find high muscular activation and high values of perceived
exertion, there is no statistical correlation nor in the average values and in single step’s
values.

8 Conclusions

Through the comparison of AnyBody™ and Jack© software, is possible to assert that in
the static simulation, Jack© and AnyBody™ models run very well their simulation and
allow to understand the perceived level of (dis)comfort. Even the Jack© human model is
simpler than the AnyBody™ one, the obtained results can be used for Comfort-driven
design of human-artifact interfaces with limited movement (quasi-static analysis).

In the Dynamic analysis, Jack© software does not allow to perform simulations that
can be used for assessing the (dis)comfort of an interaction. AnyBody™ software
seems to be a powerful instrument to perform human-artifact interaction simulation and
gives very reasonable results. Nevertheless the muscular activation cannot be used as a
good indicator of perceived discomfort (in terms of perceived efforts) because, prob-
ably, other factors like spine position, human joint’s posture and psycho/physiological

Table 7. results coming from AnyBody™ simulations

Height
[cm]

Weight
[kg]

Max Act.
I STEP

Max Act. II
STEP

Max Act.
III STEP

Average Perceived
effort

157 55 61,78% 63,08% 126,42% 83,76% 13
160 55 63,47% 62,33% 100% 75,27% 14
166 67 63,5% 48,6% 99,2% 70,43% 11
169 68 65,85% 46,61% 88,47% 66,98% 8
170 60 69,60% 44,30% 75,80% 63,23% 13
174 74 69,60% 38,15% 73,07% 60,27% 15
180 95 74,20% 38,70% 56,65% 56,52% 16
185 80 87,44% 44,44% 47,04% 59,64% 12
187 95 90,17% 38,70% 45,13% 58,00% 13
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aspects of the action affect the perception of the effort and, in consequence, of the
(dis)comfort. One of the limitation of this study (that might causes the lack of statistical
correlation) can be found in the low number of subjects used for the test; another
probable reason for the lack of correlation is the weight and the uncomfortably layout
of the used SUV-hood. In order to override those troubles, a future experiment might
involve a wider sample and might be performed on a vehicle with a lighter hood in
order to be more comfortable. In fact, the majority of the subjects said, in their answers,
that the perceived exertions were high (up to 16/20) and 11 on 12 gave an evaluation of
effort greater than 11.

The AnyBody™ software is suitable to perform very good simulations and to drive
the designers to the right choice towards the anthropometric characteristics of the user.

References

1. Annarumma, M., Pappalardo, M., Naddeo, A.: Methodology development of human task
simulation as PLM solution related to OCRA ergonomics analysis. IFIP Int. Fed. Inf.
Process, vol. 277, pp. 19–29 (2008). doi:10.1007/978-0-387-09697-1_2

2. Naddeo, A., Memoli, S.: Postural comfort inside a car: development of an innovative model
to evaluate the discomfort level. SAE Int. J. Passeng. Cars - Mech. Syst. 2(1), 1065–1070
(2009). doi:10.4271/2009-01-1163

3. Naddeo, A., Cappetti, N., Ippolito, O.: Dashboard reachability and usability tests: a cheap
and effective method for drivers’ comfort rating, SAE Technical Paper n. 2014-01-0455
(2014). doi:10.4271/2014-01-0455

4. Naddeo, A., Cappetti, N., D’Oria, C.: Proposal of a new quantitative method for postural
comfort evaluation. Int. J. Ind. Ergon. 48, 25–35 (2015). doi:10.1016/j.ergon.2015.03.008

5. Naddeo, A., Cappetti, N., Califano, R., Vallone, M.: Manual assembly workstation redesign
based on a new quantitative method for postural comfort evaluation. Appl. Mech. Mater.
459, 368–379 (2013). ISBN:978-303785923-0

6. Sousa, L., Pinho, M., Arezes, P., Gòis, J.: University classrooms and students’ compatibility.
In: Proceedings of the 5th International Conference AHFE 2014, pp. 1055–1066 (2014)

7. Vallone, M., Naddeo, A., Cappetti, N., Califano, R.: Comfort driven redesign methods: an
application to mattresses production systems, Open Mech. Eng. J. 9, 492–507 (2015)

8. de Zee, M., Hansen, L., Wong, C., Rasmussen, J., Simonsen, E.B.: A generic detailed
rigid-body lumbar spine model. J. Biomech. 40(6), 1219–1227 (2007)

9. de Zee, M., Dalstra, M., Cattaneo, P.M., Rasmussen, J., Svensson, P., Melsen, B.: Validation
of a musculo-skeletal model of the mandible and its application to mandibular distraction
osteogenesis. J. Biomech. 40(6), 1192–1201 (2007)

10. Andersen, M.S., Damsgaard, M., MacWilliams, B., Rasmussen, J.: A computationally
efficient optimisation-based method for parameter identification of kinematically determinate
and over-determinate biomechanical systems. Comput. Methods Biomech. Biomed. Eng. 13
(2), 171–183 (2010)

11. Lund, M.E., de Zee, M., Andersen, M.S., Rasmussen, J.: On validation of multibody
musculoskeletal models. Proc. Inst. Mech. Eng. [H] 226(2), 82–94 (2012)

12. McAtamney, L., Corlett, E.N.: RULA: a survey method for the investigation of work-related
upper limb disorders. Appl. Ergon. 24(2), 91–99 (1993)

Task Analysis and Comfort Evaluation Through Simulations 283

http://dx.doi.org/10.1007/978-0-387-09697-1_2
http://dx.doi.org/10.4271/2009-01-1163
http://dx.doi.org/10.4271/2014-01-0455
http://dx.doi.org/10.1016/j.ergon.2015.03.008


13. Hignett, S., McAtamney, L.: Rapid Entire Body Assessment (REBA). Applied Ergonomics
31(2), 201–205 (2000)

14. Kee, D., Karwowski, W.: LUBA: an assessment technique for postural loading on the upper
body based on joint motion discomfort and maximum holding time. Appl. Ergon. 32,
357–366 (2001)

15. Borg, G.: Psychophysical Bases of Perceived Exertion. Med. Sci. Sports Exerc. 14, 377–381
(1982)

16. Califano, R., Naddeo, A., Vink, P.: The effect of human-mattress interface’s temperature on
perceived thermal comfort. Appl. Ergon. 58, 334–341 (2017)

17. Galinsky, T.L., Swanson, N.G., Sauter, S.L., Hurrell, J.J., Schleifer, L.M.: A field study of
supplementary rest breaks for data entry operators. Ergonomics 43, 622–638 (2000)

18. Naddeo, A., Apicella, M., Galluzzi, D.: Comfort-driven design of car interiors: a method to
trace iso-comfort surfaces for positioning the dashboard commands. SAE Technical Papers,
paper n. 2015-01-1394 (2015). doi:10.4271/2015-01-1394

19. Vink, P., Hallbeck, S.: Editorial: Comfort and discomfort studies demonstrate the need for a
new model. Appl. Ergon. 43, 271–276 (2012)

20. Moes, N.C.C.M.: Analysis of sitting discomfort, a review. In: Bust, P.D., McCabe, P.T.
(eds.) Contemporary Ergonomics 2005, pp. 200–204. Taylor & Francis, London (2005)

21. Naddeo, A., Cappetti, N., Vallone, M., Califano, R.: New trend line of research about
comfort evaluation: proposal of a framework for weighing and evaluating contributes
coming from cognitive, postural and physiologic comfort perceptions. In: Vink, P. (eds.)
Advances in Social and Organizational Factors, Advances in Human Factors and
Ergonomics” Conference 2014 (2014). ISBN: 978-1-4951-2102-9

22. Apostolico, A., Cappetti, N., D’Oria, C., Naddeo, A., Sestri, M.: Postural comfort
evaluation: experimental identification of range of rest posture for human articular joints. Int.
J. Interact. Des. Manuf., 1–14, April 2013

23. Bazley, C., Vink, P., De Jong, A., Hedge, A.: The influence of expectations and
pre-experiences on comfort at work. In: Conference Proceedings 4th International
Conference on Applied Human Factors and Ergonomics (AHFE), USA Publishing, San
Francisco (2012)

24. Porter, J.M., Gyi, D.E., Tait, H.A.: Interface pressure data and the prediction of driver
discomfort in road trials. Appl. Ergon. 34(3), 207–214 (2003)

25. Jackson, C., Emck, A.J., Hunston, M.J., Jarvis, P.C.: Pressure measurements and comfort of
foam safety cushions for confined seating. Aviat. Space Environ. Med. 80(6), 6 (2009)

26. Na, S., Lim, S., Choi, H.-S., Chung, M.K.: Evaluation of driver’s discomfort and postural
change using dynamic body pressure distribution. Int. J. Ind. Ergon. 35(12), 1085–1096
(2005)

27. Trapanese, S., Naddeo, A., Cappetti, N.: A preventive evaluation of perceived postural
comfort in car-cockpit design: differences between the postural approach and the accurate
muscular simulation under different load conditions in the case of steering-wheel usage. SAE
Technical Papers n. 2016-01-1434 (2016). doi:10.4271/2016-01-1434

28. Le, P., Rose, J., Knapik, G., Marras, W.S.: Objective classification of vehicle seat
discomfort. Ergonomics 57(4), 536–544 (2014)

29. Wehner, T., Claes, L., Simon, U.: Internal loads in the human tibia during gait. Clin.
Biomech. 24(3), 299–302 (2009)

30. Wu, J.Z., An, K.N., Cutlip, R.G., Krajnak, K., Welcome, D., Dong, R.G.: Analysis of
musculoskeletal loading in an index finger during tapping. J. Biomech. 41(3), 668–676
(2008)

284 A. Naddeo et al.

http://dx.doi.org/10.4271/2015-01-1394
http://dx.doi.org/10.4271/2016-01-1434


31. Cronskär, M.: Strength analysis of clavicle fracture fixation devices and fixation techniques
using finite element analysis with musculoskeletal force input. Med. Biol. Eng. Compu.
53(8), 759–769 (2015)

32. Telfer, S., Spence, W.D., Solomonidis, S.E.: The potential for actigraphy to be used as an
indicator of sitting discomfort. Hum. Factors 51(5), 694–704 (2009)

33. Naddeo, A., Cappetti, N., Califano, R., Vallone, M.: The role of expectation in comfort
perception: the mattresses’ evaluation experience. Procedia Manuf. 3, 4784–4791 (2015)

Task Analysis and Comfort Evaluation Through Simulations 285



Human Factors in Designing Workspace:
Customizing Kitchen Counter Design

Anuradha S. Patil1(&) and Neela R. Rajhans2

1 Indian School of Design & Innovation, Mumbai, India
anuradha.mahekar@gmail.com

2 Department of Production Engineering and Industrial Management,
College of Engineering, Pune, India

nrr.prod@coep.ac.in

Abstract. Human factors focus on human beings and their interaction with
products, equipment, facilities, procedures, and environments used in work and
everyday living. Emphasis is on human beings rather than on technical con-
siderations. Designing a workspace is based on the principle that there are
correlations between workspace and body dimensions that cause body posture to
be adapted. The current research aims at designing Kitchen workspace, Kitchen
is the most important room in any household, where maximum work is carried
out. The paper addresses the problems faced while working in kitchen. It reflects
some suggestions to avoid fatigue and musculoskeletal disorder. This will result
in efficient, fast and pleasurable cooking with less efforts.

Keywords: Human factors � Ergonomics � Workspace design � Kitchen �
Anthropometry � Posture � Workspace

1 Introduction

Ergonomics is the scientific discipline concerned with the understanding of interactions
among humans and other elements of the system, and the profession that applies
theory, principles, data and methods to design, to optimize human well-being and
overall system performance.

Ergonomics is a term often used in the area of work conditions improvement,
whereas the term human factors is defined as “the scientific discipline concerned with
the understanding of interactions among humans and other elements of a system, and
the profession that applies theory, principles, data and methods to design, to optimize
human well-being and overall system performance” [1]. The slight difference between
ergonomics and human factors is that the latter pays more attention to the psychological
effects of work conditions on the individual. Human factors “is concerned with the
application of what we know about people, their abilities, characteristics, and limita-
tions to the design of equipment they use, environments in which they function, and
jobs they perform.” (Human Factors and Ergonomics Association) [1].

© Springer International Publishing AG 2018
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1.1 Ergonomics and Body Posture

The relations between ergonomic traits and body posture traits have been studied in
humans performing a task with predominance of static load in sitting and standing
position. Even a workstation that is perfectly adjusted to body dimensions will not
eliminate inconvenient working postures, because many of them have behavioral
causes. Therefore, it is necessary to advise working people to maintain the perfect body
posture; also, the elements on which they work should be designed such as to help
them maintain their posture.

The implementation of ergonomics in system design should make the system work
better by eliminating aspects of system functioning that are undesirable, uncontrolled or
unaccounted for, such as

• Inefficiency – when worker effort produces sub-optimal output
• Fatigue – Improper posture induces stress at different parts of the body which

results in exhaustion
• Accidents, injuries and errors – Poor interface design results in excessive mental

and physical stress. The chances of accidents and injuries increase due to mental
stress

• User difficulties – due to inappropriate combinations of subtasks making the
dialogue/interaction becomes cumbersome and unnatural

• Low morale and apathy.

Systems can be improved by

• Designing the user-interface to make it more compatible with the task and the user.
This makes it easier to use and more resistant to errors that people are known to make

• Changing the work environment to make it safer and more appropriate for the task
• Changing the task to make it more compatible with user characteristics
• Changing the way work is organised to accommodate people’s psychological, and

social needs [2].

The human factors contribution must be multiple, combining cognitive, physical
and social theories, methods and knowledge

1.2 Body Posture and Workspace

Designing a workspace is based on the principle that there are correlations between
workspace and body dimensions that cause body posture to be adapted. In extreme
cases, the results of these correlations may be twofold:

a. Constraining of posture with consequences such as musculoskeletal complaints,
when the operator adapts himself to workspace.

b. Lack of these complaints in case the workspace is adjusted to the operator.

There are strong associations between body dimensions and the adapted posture,
because only high correlations will decide on the proper adjustment of the workspace
to the operator.
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Ergonomics aims to ensure that human needs for safe and efficient working are met
in the design of work system. Through its emphasis on human element, ergonomics
aims to design out deficiencies in existing system and design in reliability and good
performance into new system so that system design does not degrade human perfor-
mance or potential. The purpose of ergonomics is to enable a work system to function
better by improving the interactions between human beings and the other components.
Human behavior at the work takes place in the context of a system and is shaped by the
way the system is designed.

If a physical task is to be carried out in a safe and comfortable manner, various
physical requirements must be met. First, the body needs to be stable. Stability depends
on the relationship between body parts and the base of support provided by the feet, the
seat and any other surfaces in the workspace which can be used to support the body
weight. The design of workspace can determine the range of stable postures which can
be adopted and can be evaluated from this point of view. If a task requires a posture to
be held for any length of time, posture analysis is necessary. Thus, it is essential to
observe worker’s postural behavior and postural strategies can be used both to mini-
mize fatigue and to enable the worker to work more efficiently.

The height of the working surfaces, is important in relation to the operative’s
posture. On many industrial as well as domestic tasks, static fatigue is the main
problem; fatigue, that is, arising not from active muscular effort but from the necessity
to maintain a specific posture of the body throughout the working span - and all too
often, a somewhat unnatural and uncomfortable posture [3] (Fig. 1).

2 Case Study

2.1 Kitchen as a Workspace

Kitchen is the most used room in any house and maximum activities are carried out in
it. And an efficient kitchen is typically a key point in leading a comfortable life. The
kitchen — unlike most other rooms in the home — is a workspace. The job of

Fig. 1. Example of different heights of work platforms, according to different types of work.
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preparing and serving meals gets done there. Making that environment fit you is a most
critical factor for your satisfaction within your kitchen. Ergonomics aims at making this
work more efficient, faster, more pleasant, and less fatiguing by improving the interface
between the human body and the things we need to interact with to get the work done.
Ergonomic principles to be applied in the kitchen to make the work there more pro-
ductive and efficient, no matter the size and shape of kitchen, are discussed in this
paper.

Ergonomics is an applied science that deals with making systems and equipment
conform to human capacity. When applied to kitchen remodeling or any other home
improvement for that matter, it involves designing the layout and specific work areas to
complement with the physical features of the people using the area and how they use it.
This can refer to height, or other factors in the household. The harmony achieved
between the design and personal needs of the family makes tasks done in the most
comfortable and efficient manner.

2.2 Problem Definition

In Indian scenario, women spend at least 3 to 4 h per day in kitchen. The work involves
cutting the vegetables, rolling Indian bread, cooking etc. The work is extensive due to
the special type of preparation required. Also, there are at least 5–6 items to be prepared
per meal. A sample of 20 typical kitchen users from different households and different
kitchen environment were studied. (Study being limited to Indian urban women) Their
activities, motions, postures, use of hands, forces exerted for those actions were
recorded.

The most important element of the kitchen is the kitchen counter. It is observed
that, while starting the work in kitchen, one starts the marathon cooking by clearing off
the counter and quickly starting to chop.

Total tasks can be divided into 3 basic categories:

a. Tasks performed at the counter level (Slicing, Cutting, Mixing, Indian Bread
Making etc.)

b. Tasks performed above the counter level (Cooking, Stirring, Using the Mixer etc.)
c. Tasks performed below the counter level (Using Sink, Washing and Cleaning etc.).

These actions along with their related parameters are summarized in Table 1.
The most common height for a kitchen counter top is 3-feet (36-inches). It is not the

best for a specific task, but it is the best overall compromise for the majority of tasks
done in the kitchen. People who are shorter or taller than the 50th percentile, or those
with special needs, may want to modify that height to better suit their needs.

To determine an optimal height for kitchen working surfaces, one must consider
this anthropometric diversity of the users as well as the diversity of tasks to be per-
formed. One should expect differences, even among tasks performed upon the surface
itself, associated with varying requirements of downward force [4].

No attention is paid towards the fact that a counter too high or too low for one’s
height. This forces the subject to hunch over, straining the muscles in neck, shoulders,
and lower back. If elbow is too high above the work surface, one tends to lean forward
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to put elbows back in an optimal relation to the countertop. If elbow is too close to the
work surface, one tends to either step or lean back to being the elbows back into the
correct position. In either case, the back suffers (Fig. 2).

2.3 Effects of a Faulty Kitchen Counter

a. Working with hands too high and/or too far away – compensatory load on the
curvature of the back

b. Work surface too low – trunk flexion and back muscle strain
c. Constrained foot position due to lack of clearance – standing too far away
d. Working at the corner of counter – constrained foot position, toes turned out very

much
e. Standing in uncomfortable posture for a long time or twisted spine
f. Tall person has to lean a lot while working at sink, whereas short person has to

stretch shoulders and elbows to work above the counter.

Thus, lower back pain, neck pain, feet joint pain, shoulder pain are the most
common complaints among the regular users in the kitchen [5, 6]. Prevention of these

Table 1. Tasks performed on the kitchen counter with related parameters

Sr.
No.

Task to be
performed

Use of
muscular
force

Posture Anthropometric
parameter

1 Cutting,
slicing,
chopping etc.

Little
force
required

Straight torso with fingers and
hand moving. (Knuckle, wrist
and elbow pivot)

Elbow height,
Eye level

2 Putting
elements into
utensil for
cooking

No force
required

Torso bent forward with upper
arm, hand and fingers moving
(knuckle, elbow, shoulder, trunk
pivot)

Shoulder height,
Waist height

3 Stirring Force
required

Torso bent forward with hand,
forearm and upper arm moving
(wrist, elbow, shoulder, trunk
pivot)

Shoulder height,
Eye level, Waist
height

4 Movement of
utensils

Force
required

Movement of torso, upper arm,
forearm, hand, fingers (knuckle,
wrist, elbow, shoulder, trunk
pivot)

Waist height,
Elbow height,
Shoulder height

5 Washing Little
force
required

Straight torso with fingers, hand,
forearm and upper arm moving
(knuckle, wrist, elbow, shoulder
pivot)

Waist height,
Shoulder height

6 Using mixer,
food
processor etc.

Little or
no force
required

Straight torso with fingers, hand
and arm moving (knuckle, wrist,
elbow, shoulder pivot)

Shoulder height,
Eye level
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(a)

(b)

Fig. 2. (a) Different postures adapted while making the Indian Bread; (b) Postures forced
because of inconvenient counter heights, also toes folded/turned out because of lack of space at
the bottom.
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is possible by implying ergonomic kitchen practices i.e. redesigning or customizing the
kitchen counter as per the user’s needs.

2.4 Proposed Suggestions for Designing and/or Modifying
the Kitchen Counter

Frank Gilbreth and Lillian Gilbreth, conducted some fascinating experiments in the
kitchen, eventually developing a plan for kitchen spaces. These kitchen spaces mini-
mized unnecessary motions and movements, but ultimately—and perhaps most
importantly—allowed and encouraged customization and flexibility. They were inten-
ded to enable the user to organize the home according to one’s own work habits. There
was no ideal solution; the height of a kitchen counter must be adjusted to the height of
the person, and the most useful layout would vary from one household to other [7].

Ward and Kirk (1970, UK) studied these matters and BS 3705 (published in 1972)
reads thus: ‘Subject to the need for field research and solving technical problems, it is
thought that a 50-mm incremental range of heights of working surfaces may be adopted
in the future, the ranges being 900 to 1050 mm for sinks and 850 to 1050 mm for
worktops. ‘Adjustments can be different plinth heights and other means’ [4]. These
results refer to the population of UK. No such study is available in literature for the
Indian population. The cooking habits, preparation procedures and anthropometry of
Indian population differs to a great extent from American and European population.

It is essential that the one working in the kitchen should be comfortable for the
performing tasks so as to avoid any errors, injuries or accidents. Following points can
be considered while designing a kitchen counter:

1. Customizing counter heights, rather than forcing the body to adapt to standardized
sizes.

2. Consider installing two or more counters at varying heights i.e. make steps on the
counter (Refer Fig. 3). For example,
a. Utensils put on the burner should be a little lower so as to have better visibility

inside the pot.
b. Hand mixing should also be at a lower level for better leverage and proper

ergonomic alignment.
c. For washing dishes, the working surface is not the countertop, but the bottom of

the sink. So, sink depth is an issue.

Fig. 3. Different heights for different tasks.
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d. Baking also requires a lower working surface. When rolling out dough, you
want to lean forward a little to put your back into the process so your arms and
shoulders do not have to do all the work.

e. Base counter height is found when, with palms on the counter-top, arms rest at a
45-degree angle to the countertop. For chopping, slicing and most food
assembly, this is the optimum height.

3. There should be enough space provided below the kitchen counter to accommodate
the feet of the operator, so that one can stand close to the platform and need not lean
forward (Refer Fig. 4).

4. With the existing kitchen counter,
a. First check the height of the counter before you slice and dice. Put your arms at

your sides and bend your elbows to 90 degrees.
b. The surface should be no more than a few inches below your hands. If it’s too

low, stack cutting boards; if it’s too high, stand on a sturdy platform. Height of
the platform should be equal to that of gas burner.

c. To lessen back strain, stand with your feet shoulder width apart, shoulders back
and knees soft [8].

Fig. 4. An indicative sketch of ideal posture for working at Kitchen Counter.
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3 Conclusion

The reduction of postural stresses is fundamental to workspace design in ergonomics.
A multifaceted approach is needed to arrive at appropriate workspace designs for
different workers. Of the specialized spaces of the home, the kitchen is the one that can
most obviously be treated as a functional workspace and hence, the human factors play
key role in designing this workspace.

To determine an optimal height for kitchen counter, one must consider both the
anthropometric diversity of the users and the diversity of tasks to be performed.
Because the kitchen counter is used by everyone in various age groups with variable
physique, it is needed to be designed according to everyone’s needs and convenience.
If the user working at the counter gives a thought to the working parameters before
starting the work hastily, a lot of pain in the future can be saved. Design of kitchen
platform cannot be generalized but it is to be customized by means of anthropometric
parameters and ergonomic considerations.
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Abstract. Ergonomics plays an important role in occupational safety, produc-
tivity and occupational diseases. For this reason, the creation of the auxiliary
equipment or the machine and the work place designs to improve human life
quality and working conditions is necessary at every area where manufacturing is
made. Musculoskeletal System Diseases (MSDs) constitute 50% of new cases in
occupational diseases. Unproper postures and ergonomic inadequacies in
repetitive work activities in the formation of these diseases which may be painful
during work or at rest are the main factors. Ergonomic improvements made are
not only protect from occupational diseases, but also provide job satisfaction.
This study has been carried out in a dairy-processing machine manufacturer
where labor-intensive project-type manufacturing is conducted according to the
customer orders. Human continues to be the most important element of manu-
facturing in this industry. So, ergonomic problems were determined by observing
the all manufacturing process and suggestions were made by RULA analysis to
improve existing problems by considering anthropometric data.

Keywords: Dairy process industry � Ergonomic analysis � RULA method �
Working performance � Workplace design

1 Introduction

The term “ergonomics” has been is derived from the greek words ergos (work) and
nomos (law) [1, 2]. Although the expression Ergonomy is pervaded in the European
countries, it is called human engineering or human factors in the USA. However in
Turkey it has been translated as work science by the Turkish language association [3].
Work stations and assembly cells in most manufacturing enterprises are like the heart in
a humans body. The more ergonomic work stations and assembly cells are, the more
efficient they get. The fact that more ergonomic work stations and assembly cells makes
more efficient employees. Ergonomics is a science that is struggling to understand the
interactions between people and other elements of the system. The theoretical principle
of ergonomics is to use data and methods to improve human well-being and overall
performance of the system. Ergonomics, as an interdisciplinary field, has three main
specialties: physical ergonomics, cognitive ergonomics and organizational ergonomics
[4]. Briefly, the purpose of ergonomics is that tools, technical systems and the works
are designed to increase health, safety, comfort, and performance of human [5]. The
working area must be developed for working in sitting or standing position [6],
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e.g. using height adjustable tables [7]. In the most general sense, working posture is the
shaping of body, head, trunk, arm and leg members according to workstation design,
work requirement and anthropometric data [1, 8]. Work places are shaped under the
influence of human characteristics, job requirements and job design features.
According to Sutton [9], systems must be designed to eliminate human failure. If the
ergonomic conditions of the individuals in the work area are best met, both production
efficiency and health are maintained [10, 11]. As a basic principle, the work and the
work area must be arranged accordingly, so that the maximum efficiency and satis-
faction of the employee is ensured [12, 13].

Ergonomic application of manual activities that directly affect physical and mental
health is very important [14]. Musculoskeletal system diseases are present in 90% of
handicapped and elderly workers [15]. Also, the treatment of musculoskeletal system
diseases (MSD) costs tens of billions of dollars [16]. Occupational musculoskeletal
disorders are indicated as one of the main causes of inefficiency, incontinence, fatigue,
disability and absenteeism among workers [17, 18]. Studies on ergonomics show that
the development of the best protection method from musculoskeletal system diseases
(MSD) is really important and its benefit to workers and employers [19]. Ergonomic
development in many sectors can be achieved through a participatory approach and
training toolkit [20]. As a result, people cannot be redesigned so that the existing
workspace or machines must be designed such that people can work on or use them.
Improvements made will make the jobs easier and the hardest job to be done. The
workspace designs should be done to ensure working comfortably rather than limiting
the worker [21]. As shown in the study of Kane et al. occupational injuries and
ergonomic workplace design in the formation of MSD diseases are very important
factors [22]. This study has been carried out in a enterprise that has order-based labor
intensive manufacturing, and provides a wide variety of machines for the milk pro-
cessing industry.

In this research, a dairy- processing machine manufacturer is examined. This
enterprise has project type manufacturing system where product characteristics and
measurements can vary constantly according to customer demand. So, each new order
is different from previous one. Also, because of the specific or custom products, single
product is manufactured at a time. This production system requires different set of skills
and intensive labor. In this sector where people are the most important items/elements
for manufacturing, so that the working conditions were assessed from an ergonomic
point of view and necessary measures were presented. There are 20 assembly shops and
every product is manufactured in different assembly shop

2 Ergonomic Workplace Design

The main objective of workplace design is to provide the most comfortable environ-
ment by eliminating distraction and factors that create a physical barrier to the person.
Sutalaksana et al. have analyzed the ergonomic workplace design in the roof tile
industry [23]. It is imperative to consider anthropometric information for the design of
machinery, vehicles and work environments [1]. The purpose of ergonomic work
station that consistent with anthropometric data is to remove or minimize if the
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conditions don’t allow removal the physical and mental strain that the person working
has and harmful posture. Taking account of ergonomic rules as well as anthropometric
information is a prerequisite for humane and economic use [24]. But the challenge of
designing an ergonomic workplace is that the physical dimensions of people vary and
are not all the same size. The importance of using anthropometric variables while
designing the workplace and producing products cannot be ignored. Studies conducted
on this subject show that each individual and society have unique anthropometric
measurements of their own. Therefore a research was conducted to determine
anthropometric measures which will be used in ergonomic design and manufacturing
[25, 26]. According to the anthropometric data of 2006 men in Turkey have an average
height of 168.8 cm, whole arm length of 74.85 cm, lower leg length of 48.38 cm and
higher leg length of 47.50 cm. Three different measurement methods are used to
determine the length dimensions of the human body. These are; the length dimensions
when the person is standing still and sitting down (static anthropometry), when a
section of the body is moving according to a fixed point of the body (dynamic
anthropometry) and when actions need to be done besides staying in a fixed state
(functional anthropometry) [4, 27].

RULA is one of the subjective observation methods that developed to reveal work
related upper limb disorders taking into consideration the strength, repetitive move-
ments, and working postures required for the task. According to this method, prede-
termined classifications and numerical values of the upper limb, neck, back and leg
stances are used to determine the risk score of the observed posture. RULA can be
useful [28] for the risk degrees of workers being exposed to work-related diseases,
muscular effort, spent power and time worked without interruption.

3 Working Place

The company, is an establishment producing machines and equipment for the dairy and
food industry sector since 1980. In a competitive environment, businesses need to
effectively manage production inputs such as raw materials, energy, labor, capital. It is
obvious that the workforce has an important place among these inputs. Work
arrangements made by the employees directly affect the productivity of the production.
Employee-friendly workstation design within these regulations will change perfor-
mance positively [24, 28]. Workers have been observed producing a dry boiling
machine in the establishment producing area in Fig. 1.
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The body measurements of the 3 workers observed working in the part/department
where dry boiling machines are produced and assembled as follows (Table 1).

4 Ergonomic Analysis of the Work Place

If we start by the height of the working place we can generally say the working places
are relevant for the body measurement of the workers. The reason for this is the
workers generally having close body measurement to each other. There is enough room
for the worker to put his legs while he is sitting down, he can even easily stand
up. However there isn’t enough flexibility in seating and backrest systems due to the
usage of an office chair model while assembling the big pieces of the dry boiling
machine on the ground (Fig. 2).

The Score of 7 obtained as a result of the evaluation of the work postures and the
exposure to ergonomic risk factors in Fig. 2, by the RULA. This score indicates high
risk and calls for research, urgent intervention, and the need for change. In this case, the
work done should be revised immediately and necessary method changes and cor-
rections should be made. The workers remain standing during work if the work is
needed as shown in Fig. 3. Since the anthropometric dimensions change from worker
to worker, some of the workers have to spend more effort for sitting or standing work.

Table 1. Body measurements of the workers

Height (cm) Arm length (cm) Leg Length

170 60 95
177 60 95
179 67 108

Fig. 1. Observed workplace
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Not being provided the necessary support while the workers are working, decreases
will occur on efficiency after a period o time. Ease of operation can be provided to the
worker in this situation by sit-stand chairs that have back and leg support which also
have a proper height from the ground. The work postures and the ergonomic risk
assessment in Fig. 3 are evaluated by RULA so that the final score of 3 is obtained.
This score indicate unproper posture, the need for further investigation, and changes
that may be required

Worker uses platform because of the different machine dimensions that arise order
variability while working on it as shown in Fig. 4. Unless the platform is adjustable, it
causes non-ergonomic postures, especially if there are physical and repetitive work for
long time periods. RULA was used for evaluating of working position in Fig. 4, and
the score of 5 was obtained as result. This indicates medium risk, unproper posture and
body usage, so research and change Until the product is finally finished all the sub
processes constantly need manually are neededsoon. operation while doing welding,
grinding and the mounting. This is why it is very important that the workplace design
that will be worked on is proper for a manual work. Generally, there is not a situation
that the workers arms and legs have to move constantly but the whole process
(especially welding treatment) causes the postures that are ergonomically inappropriate.
Since this work doesn’t have a standard time, arm and leg muscles get harmed.
Moreover, resultant static working will lower the blood flow and cause fatigue as
shown in Fig. 5.

In Fig. 5, the work was evaluated with the RULA and the final score of 7 was
obtained. This implies false posture and body usage, so the work done must be revised
and required changes must be made immediately. The welding machine which is an
electrical device is used in the workplace. Heat, flares and chemical gases that are not
suppose to be inhaled are exposed during the welding process. The workers doing this
job are not using gas masks and however just one of the two workers is protected by

Fig. 2. The current chair being used
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welding mask from the heat and flares that could cause severe damage to the other
worker as shown in Fig. 6. Since the welding is done in an exposed area of the
workplace other workers are also effected by this situation. Adequate measures and
protection has not been provided in the welding operation. All the workers who weld
should take safety precautions and to decrease the harm and distraction made to other
workers, the welding should be done in a different chamber or portable welding divider
should use. There is a pool used for welding test, in the work place, and also it is called.
Some parts of the dry boiling machine are welded inside a water pool (test pool) due to
certain reasons as shown in Fig. 7. The water pool is used for welding and this pool is
moveable. They can be placed randomly to empty spaces in the workplace when

Fig. 3. Work height of the workplace Fig. 4. Working on machine with the
platform

Fig. 5. Postures and movements when welding is done.
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welding is needed. In appropriate work methods shown in Fig. 7 occur because of the
unproper pool placement and insufficient pool height (60 cm).

The lack of a certain and sufficient working area for the test pool affects employee
productivity and health, so it results in unproper posture, limited movement, and
injuries. The Rula evaluation result of this working method yields the score of 7.

5 Suggestions

There are moveable machines and tools (manual welding machines, electric tools and
test pools) used according to need because of the project type manufacturing system as
shown in Fig. 1. Specifying and marking of the moveable machines and tools locations
to be placed when the operation is to be carried out will provide organized work and
sufficient work area. The chair that is being used in the workplace showed in Fig. 2 and
also the working postures and methods shown in Figs. 3, and 5 are not ergonomic. In
these workplaces, a chair that provides support for both the back and legs and gives an
opportunity to rest should be preferred. Also recommended chair can be adjusted
according to the worker as shown in Fig. 8. The RULA score was improved from 7 to 3
with this recommendation as shown in Fig. 10. This score result shows that using an
ergonomics chair resulted in an efficiency increase.

Fig. 6. Welding Process Fig. 7. Welding at the test pool

Fig. 8. Recommended chair Fig. 9. Recommended platform
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A platform that have a mechanism for adjusting the height according to work
should be used when working on the dry boiling machine as showed in Fig. 4. Other
than this platform should be surrounded by railing, so the worker using it does not
encounter any work accidents. An ergonomic working environment has been provided
with the recommended platform (as shown in Fig. 9.), which can be adjusted according
to the anthropometric measurements of the worers. Thus, the RULA score was
improved from 7 to 3 with the recommended platform as shown in Fig. 12. When the
worker works on the dry boiling machine as shown in Fig. 4, the platform being used
should have a adjustable height mechanism according to work to be done.

Fig. 10. Improved RULA score result of Figs. 2, 3 and 5 by recommended chair.

Fig. 11. Recommended pool height and working method
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Movable water pool is used for testing of welding operation, so the place of the
pool shown in Fig. 7 should be determined and marked. When a job is going to be done
the workplace where the water pool will be placed should be sufficient, open and
prepared in advance.

Fig. 12. The improved Rula score result of Fig. 4 by recommended platform.

Fig. 13. Improved RULA score result of Fig. 5 by recommended chair
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The static works and postures that are seen in Fig. 5 should be prevented and
placed the sit-stand chair that helps the back and legs and also gives the worker a rest as
shown in Fig. 8. The RULA score was improved from 7 to 3 with the recommended
chair (Figs. 13, 14). Personal and collective protection measures should be taken for
the heat, flares and gases that are exposed as a result of the welding operation shown in
Fig. 6. The welding operation should be done behind a portable safety screen to
prevent other people working in the same place or should be done in a designated place
(like weld cell) with personal protection equipments.

6 Conclusion

Also the cause of non-ergonomic postures of the worker which include bending and
standing on one foot should be prevented by adjusting the height of the pool as shown
in Fig. 11. The Rula score result was improved from 7 to 3 by recommended pool
height and method as shown in Fig. 14. The height of the pool was adjusted by taking
the average leg height of the workers. When working with the pool in order to be open
around it, the area to be placed should be identified and marked. Thus bending is
prevented and posture is reatined. The adjustable chair also provides support for both
the back and the feet as shown in Fig. 8. Also if the adjustable chair working height is
not enough for the job, the platform shown in Fig. 9 should use.

Fig. 14. Improved RULA score result of Fig. 7 by recommended chair.
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There are many small and medium sized enterprises in dairy processing industry.
They have project type manufacturing system. Because of variety and size in the
products, they cannot standardise over all the process. So, the most complex product
that is most-ordered in various sizes is chosed, then its all process and manufacturing
area have been examined from an ergonomic point of view. As a result of the review
ergonomic deficiencies were found in the enterprise. The working environment is
improved from the ergonomic point of view and the productivity of the employees is
increased by the recommendations and evaluations. Also, Ergonomic risk analysis is
provided with the control of these ergonomic improvements. Net efficiency increase
has been proven by comparing work studies measurements on the product before and
after ergonomic evaluation.
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Abstract. Recently, companies have become more interested about well-being
and satisfaction of human resources. There is an increased awareness that
conditions on the marketplace such as high variety products, demand fluctua-
tions and the high service levels required by customers make it necessary to
develop methods and models to measure and predict human performance. As
Lean Manufacturing is a popular method used at companies in order to foster
productivity and innovation in the industrial environment, we proposed the
application of the Ergonomic Value Stream Mapping, a novel tool that aims to
improve ergonomic conditions while productive performance indicators are also
in focus. This work aims to provide academics and practitioners with a novel
tool capable to satisfy current needs in manufacturing environments, regarding
cognitive ergonomics assurance at workplaces. The implementation of
ErgoVSM on its cognitive modality is an effort for acknowledging the signifi-
cance of assessing health risks within each workstation at companies.

Keywords: Cognitive ergonomics � Subjective mental workload � ErgoVSM �
Lean manufacturing

1 Introduction

Over years, lean manufacturing has provided significant positive results in a wide range
of companies, reducing waste and improving productivity; therefore, it is very likely
that will continue to grow and become an important aspect for many industries [1].
However, current research recognize that rationalization tools such as lean generally
have a negative effect on health, risk factor [2] and result in work intensification [3].
Yet, some authors have detected that the lean approach needs to detect situations where
the ergonomic aspect is poor or exist potential improvements. Researchers are aware of
the possible impacts on employee’s productivity, reducing the efficiency on creating
value during a formal job shift [4].

Current conditions in modern manufacturing, such as providing a wide range of
product variety and the established short lead-times, require operators to use higher
cognitive skills to complete a task successfully, which makes the Mental Workload
much higher than assembling a single product, and therefore easily leading to an
increase in human errors. On the other hand, when correctly acknowledged, Mental
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Workload can improve product quality and guarantee the efficiency simultaneously [5].
Subjective Mental Workload (SMWL) refers to the amount of effort done by the mind
during an individual function, and is related to an individual’s mental capacity [6].
Assessment of SMWL is one of the main goals of ergonomics aiming at investigate and
improve the human–machine relationship and achieving convenience and satisfaction
in the workplace [7].

Recent investigation aims to both, improve work conditions and reduce wastes,
resulting on higher productivity and profits. A novel tool that attempts to integrate
ergonomics and lean techniques is the so-called Ergonomic Value Stream Mapping
(ErgoVSM), which has proved to be useful for engineers and experienced operators by
estimating ergonomic improvements of proposed processes without any negative
effects on the estimated production performance [8]. ErgoVSM incorporates aspects of
the physical and psychosocial work environment into the lean tool VSM [9].

Previous works on this field analyzed the gains of considering the significant role of
ergonomics in the rationalization of the work. However, none of them, to the best of
our knowledge, comprises Mental Workload; even more, authors recognize that psy-
chosocial factors of importance to health and well-being should be included in the tool
[8]. This research presents a dual assessment of feasibility, taking into account both the
performance metrics typically used in VSM, and the SMWL, which is valuable for both
academics and practitioners to foster research in this field and improve current pro-
ductive practices.

2 Literature Review

2.1 Overview of the Lean Approach

Lean manufacturing has its origins in the Toyota production system and it consists of a
method to systematically reduce waste and maximize value in manufacturers [10]. The
seven sources of waste that it identifies are: over-production, waiting time, trans-
portation, over-processing, inventory, motion, and scrap [11, 12]. This approach has
become very popular among manufacturers, services and large commercial areas [13].
Nowadays, it is so far the most widely known method for industrial improvement [14]
and acts on improvement work through a set of group activities that pursue the benefit
the organization [15].

Aiming to support and encourage the adoption of lean, many tools have been
developed and adapted to different types of industries and manufacturing environments
over time; this is possible due to its multi-dimensional perspective [16]. Some of the
techniques and concepts commonly applied are: VSM, Gemba walks, JIT, kaizen events,
production preparation process (3p), cellular manufacturing, single-minute exchange of
dies, total productive maintenance, poka-yoke mechanisms, among others [17].

Lean tools and practices have provided companies with significant help at facing the
waste challenge, thus, it has been possible to foster productivity and other key perfor-
mance indicators. There are several cases where authors have reported positive results
after implementation, such as shortening lead-times [18, 19], reduce work-in-process
inventories [10, 20] increase of the value-added ratio [21] and many others. On the other
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hand, authors have perceived a negative side effect as product of the way in which lean
manufacturing practices are applied. Among these impacts are the lack of capability of
some of the tools to quantify and manage uncertainty, as well as to address the benefits
of these tools under a dynamic perspective [16, 22]. Additionally, it has been found that
lean methods affect the risk factors at workplaces, which might be dangerous for
employees as it increases the repetitiveness and the mental workload [2, 3].

2.2 The Role of Ergonomics within Lean Manufacturing Systems

The lean manufacturing system is complex and benefic but the possible changes may
cause ergonomical issues [23]. Human resources, the most important element in an
organization, often feel the problems that arose in this regards. It is very important to
consider that lean manufacturing system has more than one face and this makes the
interpretation of its impact complex, therefore it is necessary to assess each of the
important aspects before any transformation of the productive system, including
ergonomics [24]. Ergonomic interventions attempt to improve physical and/or psy-
chosocial working conditions for the individual while rationalization prioritizes cre-
ation of value at the facilities. Thus, ergonomists, working within a health paradigm,
and production engineers, devoted to improving system performance, may have
conflicting objectives [25].

Some authors have reported results as product of ergonomic assessments in after
implementation of lean manufacturing techniques; these results include positive feed-
back such as an increase of workers autonomy [26, 27] and a decrease of hierarchical
levels [28]. On the other hand, there have been found negative impacts along with the
implementation of lean, including an increase of stress levels [29, 30], as well as work
intensification [26, 31]. This available research allow us to see the importance of
control and verify the well-being of the human resources has to be periodically.

2.3 ErgoVSM in Literature

ErgoVSM is based on the regular VSM methodology proposed by Rother and Shook
[32]. While traditional VSM consists of drawing the current and future state of the
productive system in order to eliminate sources of waste as much as possible [33],
ErgoVSM it includes an ergonomic complement [3, 8]. Literature shows that the
application of ErgoVSM is beneficial for improving ergonomic conditions without any
negative effects on the estimated production performance [8]. However, even though
ErgoVSM forces the employees to evaluate their work environment, a study states that
it is not possible to conclude that those improvements are due the use of this tool [3].
Yet, there is another author, who suggest that ErgoVSM facilitates the development of
an action plan that may result in higher organizational sustainability compared with
VSM, based on preliminary data [9].

Available papers about ErgoVSM focus mainly on the assessment of physical
issues, such as musculoskeletal disorders. Although some exemplary instructions are
given on evaluation of mental demands, control/influence and communication, to the
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best of our knowledge available research has not specifically addressed the SMWL in
previous case studies [34].

2.4 Subjective Perspective on Ergonomic Assessments

There are many subjective procedures and instruments to assess mental workload, three
of the most outstanding among them are the NASA Task Load Index (TLX), the
Subjective Workload Assessment Technique, and the Workload Profile [35].
The NASA Task Load Index [36] evaluates six dimensions in regads of mental
workload: mental demand, physical demand, temporal demand, performance, effort,
and frustration. The Subjective Workload Assessment Technique uses three levels:
(1) low, (2) medium, and (3) high, for each of three dimensions of time load, mental
effort load, and psychological stress load to assess workload. Workload Profile tries to
combine the advantages of secondary task performance based procedures (high diag-
nosticity), subjective techniques (high subject acceptability and low implementation
requirements and intrusiveness [37].

The NASA-TLX instrument was selected for this study, after considering that it has
been utilized in a wide range of areas, including military, government [38] and banking
staff [7]. Additionally, it is very portable and can be used in operational experiments; it
is reasonably easy to use [39] and reliably sensitive to experimentally important
manipulations over the past 30 years [38].

2.5 Subjective Perspective on Ergonomic Assessments

The use of this instrument consists of two parts: ratings and weights. Ratings for each
of the six subscales are obtained from the subjects following the completion of a task.
A numerical rating ranging from 0 to 100 is assigned to each subscale. Then, weights
are determined by the subjects’ choices of the subscale most relevant to workload for
them from a pair of choices. After that, the weights are calculated from the tally of
these choices from 15 combinatorial pairs created from the six subscales. The weights
range from 0 to 5 (least to most significant). The ratings and weights are then combined
to calculate a weighted average for an overall workload score [39].

3 Methods

Even though it is possible to apply this study to any type of hazard, we focused on the
SMWL, considering this of a great value because Ergo-VSM has not been previously
applied to this kind of assessment. Moreover, we chose this evaluation due to the
characteristics of the tasks performed at the workstations. This will be a bi-objective
study with focus on fostering both productivity and ergonomic factors at the workplace.
In this case, we selected a group of group lean tools that have proved to be resilient in
the manufacturing environment along with the instrument NASA TLX to assess
SMWL within the facilities.

310 A. Arce et al.



Firstly, one designated person will create the Ergo-VSM, as the methodology of the
traditional tool indicates, although this will include the values for the evaluation of the
SMWL. The selected techniques will be used in the following order: Ergo-VSM,
kaizen event, Gemba walk, 3p, aiming to propose a feasible option for redesigning the
work area. During the elaboration of the Ergo-VSM, relevant information will be
collected and depicted in the current state map. Then, the same information used for the
creation of the future state of the Ergo-VSM.

Once the maps have been created, the team members of the project will met in form
of a kaizen event in order to develop an improvement proposal collectively. As part of
this event, the members will perform Gemba walks on the production floor to detect
anomalies, and then, a 3p will be carried out by the members. The goal will be to
redesign the workstation aiming to improve the key performance indicators such as
inventories and productivity, while decreasing the SMWL.

To perform the SMWL evaluation of both current and future state, we will use the
physical version of the NASA TLX instrument among the operators. After talking with
employees in order to make them aware of the goals and the relevance of the project,
they will be required to fill up the information in the form shown in Fig. 1, followed by
some questions, as part of the instrument.

Once the proposals obtained as result of the 3p methodology have been developed,
the action plan will be presented to the management level for approval and the model
will be implemented in the production floor, to verify that the previously simulated
results correspond to reality, and adjust the physical distribution or production pace if
necessary. The process herein present must be developed with a continuous
improvement approach, in order to sustain and foster progress.

Fig. 1. Nasa-TLX rating scale.
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4 Case Study

Taking into account the ergonomic and lean manufacturing principles, we pursued a
significant improvement aiming to potentiate wastage reduction and increase produc-
tivity, while reducing SMWL. This project was conducted at a real production system,
where all the above techniques and tools were put into practice as part of one single
project.

4.1 Company Background

The company considered for this project will be called XYZ due to confidentiality
purposes. It is located in the north of Mexico. This is a global company certified in ISO
9000 with several departments and workstations, where it produces electronic com-
ponents for industries such as defense, healthcare, and automotive, among others. We
worked at a specific department with a single product family (a set of products sharing
similar processes). According to the employees and manufacturing engineer of this
area, it had productivity issues since approximately eleven years ago; these situations
refer specifically the great amount of idle time perceived and ineffective work distri-
bution among operators. Even though they knew the importance of provide solutions to
the deficient productivity of the area, this recently became urgent due to new man-
agement strategies.

4.2 Implementation

The team the project was integrated by eight persons from different hierarchy levels,
ranging from operators, shift leaders, process, production, quality and manufacturing
engineers, as well as a manager and an external researcher. Firstly, the Ergo-VSM was
developed with help of the external researcher, taking into account each of the sig-
nificant indicators along the entire value stream at a door-to-door level of the selected
product family. In order to perform the maps of both the current and future state, it was
necessary the support and commitment of several areas, such as planning, purchasing
and procurement of materials. Then, the SMWL evaluations were carried out preceded
by an introductory talk about the goals and relevance of the project to all the operators
of the area. The resulting maps including lean and ergonomic indicators can be
observed in Figs. 2 and 3.

After the important information was available and ordered, it was presented to the
team members and a kaizen event was arranged, with focus on generating ideas that
could potentially achieve both objectives pursued. The team was divided into smaller
groups in order to perform Gemba walks and remark possible areas of improvement;
then, it was necessary to adjust the Ergo-VSM, since as the VSM methodology indi-
cates, some important aspects became noticeable afterwards. Some of the problems
observed were the accumulation of work-in-process inventories, the malfunction of the
press and bad distribution of work content among operators.
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Fig. 2. Ergo-VSM on its current state.

Fig. 3. Ergo-VSM on its future state.
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The team followed the 3p technique aiming to propose a workstation redesign
capable to deliver better results in both ergonomic and productive aspects. As part of
the 3p methodology, the members collaborated in the construction of a prototype of the
new workstation that included the potential improvements t. They first remarked the
goal of the prototype and give keywords to achieve it, such as quality, order, safety,
teamwork, among others. Then, each of the members sketched examples using paper
and pencil, and shared their ideas with the rest of the team as shown in Fig. 4.

The stakeholders reached a common proposal, which acknowledge productivity, as
well as ergonomic aspects. The selected design was then drawn by one of the members
and verified by the rest of them. Right after, they constructed the prototype using
recycled objects such as carton boxes available at the facilities, cardboard, sticky tape
and similar materials. The redesigned the layout and distribution of work, aiming to

Fig. 4. Engineer and operators implementing 3P tool (sketching examples).

Fig. 5. Final 3p design prototyped
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improve the flow of materials and reduce the SMWL indicator. This was tasted and
adjusted, and several simulations of the assembly process were carried out, until the
team approved the prototype (Fig. 5).

5 Results and Conclusions

The application of the selected lean tools showed us that all of the operators within the
analyzed area have experienced excessive mental workload regularly during the per-
formance of the tasks. The activity more demanding was press assembling, for which
the NASA-TLX estimated weight of each of the factors that integrates SMWL. The
highest scores were observed on Performance and Mental Demand scales with
mean ± SD of 84.95 ± 7.18 and 75.71 ± 6.94, respectively.

After simulating the potential improvements approved by the team members,
results showed a decrease on the SMWL from an average overall score of 59.29 in the
current state, to 42.56 in the future state. The changes to be applied as part of the action
plan include materials reposition system for reduction of inventory; layout redesign,
with the transformation to a cell manufacturing system; and the redistribution of the
work among operators according to the takt time. The results obtained after simulation
can be observed in Table 1.

The conducted case study does not show any drawback derived from the consider-
ation of ergonomic assessments as part of the lean activities. Although this type of
additional analysis require a significant amount of time, it might result in future savings
for companies, since it is much more feasible and useful to take into account ergonomic
factors before applying physical transformations in productive systems.Wewould like to
encourage future research on this field by conducting further works, which continue to
evaluate the effects of performing sustainable improvement activities within companies.
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Abstract. Enhanced workstation is a prerequisite to escalate productivity, the
same being applicable for the women police personnel involved in
law-and-order enforcement. The paper deals with how the well-being of the
women police at workplace was perceived after implementation of proposed
ergonomic intervention. The study was conducted with existing All Women
Police Station and other Police Stations in Guwahati, Assam, India, considering
their occupational stress and hazards. In this descriptive study a sample of 30
women police was selected by purposive sampling and analyses were performed
using responses to a questionnaire method and individual/group meetings. The
aim of the study is to be look into office workstation design of police station
with reference to womanhood specific issues to enrich occupational wellness of
the women police personnel. Hence the improved atmosphere of workplace
upsurges the probabilities of innovativeness, accomplishment and enhances the
eminence of work productivity of Policewomen.

Keywords: Policewomen � Workstation modification � Occupational
Well-being � On-job satisfaction � Ergonomic intervention

1 Introduction

Over the preceding years, workplace has become an abundantly diverse environment.
Organizations of all the domains across the globe are gradually envisaging their
workplace approaches with due concern for women working within. Inadequate work
place space and uncompromising work requirements contribute to reduced job satis-
faction due to greater work pressure for any establishment. Flexible workspace
strategies are crucial in order to accommodate the progressive upsurge of modular
workstations with involvement of women. Today’s generation of employees deserve
malleable office environments with employee-friendly job circumstances and policies.
The workstation currently trends on speedy organizational changes into progressive
and flexible work culture. Occupational well-being observes the need to retain pace
with the rapid deviations in office-based work. Working at office (workstation) with
awkward postures or for long periods can cause pain, discomfort and injury.

Policing has so far been a predominantly male’s job globally. Engagement of
women in law enforcement started merely in the early twentieth century in a very lesser
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records [1]. Progressive induction of women in law and enforcement is gradual in a
phased manner (in terms of government rules and policies). Women have diverse
capabilities and authenticities than men [1]. Woman police could bring superfluous
services and potentials, and upsurge the image of, and communal self-assurance in the
police.

In India, women comprise 24.4% of the overall workforce, where safety has
become essential to their physical, professional, intellectual and emotional well-being
in their work place [2]. Lots of innovative fields are escalating fast and it is essential to
accommodate the women police personnel in those domes. The timeworn inclinations
should be set distinctly to set out for first-hand opportunities and potentials of
improvement and accomplishment through more engrossment of women in workplace.
The impression of women in law enforcement is attaining position throughout the
world, and numerous nations are tapping intense determinations to mainstream women
in policing.

Subsequently, the outcome of workspace at police station on the employee effi-
ciency has been efficaciously reflected as a critical contributor to their satisfaction
leading to healthier effective inspiration. In light of these, the present research aimed to
look into the office workstation design of police station with reference to occupational
well-being of the women police personnel through ergonomic design interventions.
This study also explored how workplace environment of police stations build com-
plications and difficulties for women police personnel and adverse impact in the effi-
ciency of policewomen.

2 Methodology

The present study, being a descriptive research and review in nature, was grounded on
primary data as well as secondary data. A survey was administered on thirty (n = 30)
women police personnel of different ranks posted in Guwahati (All women Police
Station of Pan Bazar, Guwahati, Assam), chosen by purposive non-probability sam-
pling, subsequently elucidating them the purpose of the study and obtaining individual
written informed consent. The design of the study endeavoured to assess the
psycho-social/physical hazards, awkward posture and work environment along with
occupational concerns, and the stress divulged thereby on the policewomen in their
workplace, also extended to their outstation duties like patrolling etc. Personal inter-
view (audio recording with individual informed consent) was conducted to support
required information thereby increasing the validity and reliability of responses to the
questionnaire; which alone might not be sufficient to have proper perception about the
ground situation.

3 Results

The research revealed that policewomen in the AWPS Pan Bazar were suffering from
inconveniences and discomforts due to the fact that the design of their workstations was
age old. It was also found that that higher authority did not have a preference for
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workplace comfort in the AWPS. Mostly the respondents reported to suffer from
musculoskeletal disorders in the shoulders, arms and neck at the respective workplace
considering the physical risk factors in the police station while on duty. Greater body
force, repetition, long term static postures, prolonged sitting and standing, exposure to
heat and fatigue were among the frequently identified physical risk factors in the police
job. Workplace of AWPS, Pan Bazar, Guwahati suffered from low maintenance and
which increases the negative consequences thereby reducing the job satisfaction.
Subsidence of these risk factors was the major goal to render utmost preventive
approaches in the work environment. Several respondents stated that policing is not an
easy occupation for females because of insufficient of resources, separate arrangement
and amenities and communal gravities [3].

In many of the developing countries it is evident that the office work station design
is in the initial stage in police station. The Parliamentary Committee of India on
‘Empowerment of Women’ also documented the working conditions of women in

Fig. 1. Results of survey on exposure to occupational and environmental stress and perceived
well-being. 1–12 along X-axis represents the questions from the questionnaire developed
explained hereafter. 1. Lack of resources cause stress. 2. Shift work causes stress for special cases
Like pregnancy, expecting mother, lactating mother, menstruation period. 3. Social life outside
the job is impacted by duty regimen. 4. Occupation-related health issues in special cases like
pregnancy, expecting mother, lactating mother, menstruation period. 5. Unfair work environment
in this job. 6. Inadequate or poor quality equipment/maintenance. 7. Lack of a modern
system/apparatus on duty. 8. Occupational health issues (e.g. back pain, neck pain, and joint
pain). 9. A good infrastructure brings satisfactions while doing work. 10. Prolong standing affects
physical health. 11. Lack of separate modular convenience/prompt service utilities in every police
station. 12. Basic amenities like isolated/separate restrooms and child care units are still a major
requirement for women police personnel
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police force (in its 2013-14 and 2014-15 reports) [4] referring to these lack of facilities
for the women. The Committee articulated that, these issues can only be tackled
through persistent efforts and constant follow up by the government along with time
bound action plans. Figures 1 and 2 depicted the gross responses from 30 policewomen
of All Women Police Station, Pan Bazar, Guwahati before (abbreviated as B in the
tables) and after (abbreviated as A in the tables) some ergonomic interventions towards
the holistic occupational improvement of policewomen.

Analysis of the collected data revealed that office design has a major impact on the
policewomen’s job satisfaction in the workplace (police station). In this study the
workstation was improved in such a way that the set of issues would influence on the
individual to safeguard and augment proficiency. Office design such as furniture, noise,
temperature, lighting and spatial arrangement were considered. The diverse rudiments
of intangible framework have impact on productivity but furniture, temperature and
light have greater impact on employee’s performance. The factor that distresses most
on the output of employees is temperature of workplace, second factor that influences
the output at high rate is office furniture [5]. The prime feature which pretentious the
efficiency of policewomen was the furniture used in the workspace, which was found to
be disrupt every day and overall productivity of policewomen.

Fig. 2. Survey Results On On-job Satisfaction. 1–8 along X-axis represents the questions from
the questionnaire developed explained hereafter. 1–8 represents the questions from the
questionnaire developed explained hereafter. 1. Public attitude towards women police is
uncooperative. 2. Lack of separate utility facilities in police stations. 3. Problems related to
occupational health hazards after intervention. 4. Govt accommodation for womanhood related
issues. 5. Difficulties faced in upbringing of children – day care centre is essential. 6. Need to
have a better working environment in terms of infrastructure. 7. Provision of separate toilet
facility at all offices/outpost. 8. A modular mobile convenience facility while outdoor duty an
immediate need
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Occupational stresses occur due lack of amenities and resources available in the
Police station. One of the foremost apprehensions stated by the policewomen is the
necessity to improve privacy in the workplace [6, 7]. The survey found the almost all
the women police suffers from occupational health hazards like back pain, neck pain,
joint pain due unavailability of resources in the workstation like most importantly
proper furniture’s.

Job satisfaction is an essential module of an organizations for effective and efficient
working condition with the factors the reduces the occupational hazards in the workplace.
Majority of the women police revealed that they are not satisfied with the workstation that
are provided to them. They opined that the lack of such resources makes environment
exhaustive, leading to frequent work burnout in their workplace, and various occupa-
tional hazards.

4 Discussion

According to CHRI (2015) report [1], physical conditions matter significantly,
specifically applicable for the women. Physical work atmosphere is imperative and it
has a foremost effect on mental processes of women police personnel. However, a
better provision could be arranged to ensure the compliant workflow of the police-
women. Necessary design elements in the police station could certainly upsurge the
working condition of the women police personnel, thus increasing the gross wellness of
the employee [8].

As police job deems to levy a higher degree of stress as well array of stressful
circumstances which can affect their physical, mental and interpersonal relations of a
police personnel [9]. The essential characteristic of office accommodation in the police
station is conceivable with the provision of a more flexible workplace [10]. Hence it
was recommended that the workspace i.e., the police station would be a place of
inspiration and ideas rather than a centre for monotonous dispensation activities with
addition to this the workstation must provide organisational reconfiguration and be
malleable to new ways of working environments.

Police station (in India) is a workplace with limited amenities and facilities. The
workplace remains grossly identical for the police station which causes occupational
health hazards with all the respondents interviewed. In this study it was revealed that,
police department were lagging behind due to lack of resources provided to them. In
contrast to this, it was found that in AWPS Pan bazar Guwahati, the existing furniture
were not in a condition of reuse and were beyond the scope of economic repair. It was
at the end of its economic life and was functionally obsolete to refurbish and hence up
gradation with new furniture was necessary for better working conditions of the women
police [10]. Average modular furniture should be used accordingly in the workspace so
as to reduce grounds on which they feel exhausted in their workplace. Portable fur-
niture was recommended to allow modest workplace reconfiguration and modified
layout which are usually efficient and cost-effective.

Understanding regarding ergonomic interventions to reduce musculoskeletal dis-
orders was quite imperative to improve the health hazards and working condition of the
women police in their workplace. Musculoskeletal disorders accounted almost all the
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women police recompense and have repeated strong work-related component for back
pain cases. Workplace risk factors such as combination of physical, psychological, and
psychophysical has been observed within the respondents. Risk factors for the devel-
opment of low back pain include (moderately) flexed, laterally bent or twisted trunk
postures, high forces on the hands, high one time or accumulated forces on the spine,
and vibration [11].

Work and workplace stress is contributing to develop musculoskeletal symptoms in
lower back of women police. In this analysis it was initiated that work stress was
directly virtual to perceived level of musculoskeletal symptoms which means the
higher the work stress the person was more prone to develop musculoskeletal symp-
toms [12]. The factor that distresses most on the output of employees is temperature of
workplace, second factor that influences the output at high rate is office furniture [5].
The work related injuries is significant to identify so that suitable interventions can be
encompassed for reducing the work-related musculoskeletal disorders (WMSD). Fur-
thermore, ergonomics comprises interventions intended at enlightening work at both
the level of entities and at the level of work organization. Thus ergonomic interventions
are recommended to have proper and adequate ergonomics design intervention to
improve the office design for better performance. An intense series of personal inter-
views with policewomen of AWPS and the questionnaires they responded to, explored
a grossly varied tendency of sentiments concerning the current scenario in terms of
exposure to occupational and environmental stress and perceived wellbeing, and job
satisfaction.

5 Ergonomic Interventions

Ergonomic interventions embrace the concern of entire work place, work methods as
well as work organization etc. Moreover, ergonomic intervention would probably
facilitate the individuals for prevention of various health hazards which may causes due
to improper working environment. Present study provided useful ergonomic inter-
ventions in AWPS were approached in the police station to maneuver the physical
susceptibilities relevant to physical hazards. Questionnaire detail and personnel inter-
views with working individuals highlights various health issues related musculoskeletal
disorders in their workplace as mentioned in result section. During the investigation,
poor design and old age furniture, along with improper sitting posture has been found
to be a prime reason behind the reported issue. Therefore, an intervention has been
proposed to replace their existing furniture with well ergonomically design furniture,
which they implemented accordingly (Fig. 3). In addition to it, individuals have been
aware about proper sitting posture in order to work comfortably for prolong time.
However, posture intervention feedback from individuals is pending which may
incorporate in future study.

Analysis of the questionnaire revealed that the police stations have a significant
amount of influence on employee’s efficiency. If the work environment is virtuous then
the women police can achieve stress free workstation and can affect the overall pro-
ductivity. The workplace before and after implementing ergonomic design interven-
tions was shown in the Fig. 3. Analysis of the situation in AWPS clarify that, before
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the intervention the space was too clumsy, lacking proper sitting area with an age old
furniture and after intervention fully modernised furniture at office, sitting area and
counselling desk were allotted in the workplace for better working conditions of the
women police personnel.

6 Conclusion

As in other countries, policing in India is in crucial need of overall improvement.
Nevertheless, there is an imperative requirement to dedicate precise courtesy to the
dilemma of women in the police. The insight that establishes in departmental policies
and performs must be documented and addressed immediately. The lack of facilities
those are vital to ensure an admirable and flexible workplace for women: from basic
amenities, to shift system, lack of proper equipment and maintenance, malleable office
environments, employee-friendly etc. which enable them to more easily balance work
and family responsibilities.

Fig. 3. Ergonomic interventions anticipated for workplace enhancements of Women Police
Station, Pan Bazar, Guwahati and some of their implementations towards easing the workplace
environment. The figures represent the situations prior to [(a), (c)] and after [(b), (d)] ergonomic
intervention.
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7 Significance of the Study

This type of study is today’s need-of-the-hour to empower women and facilitate their
inner talent to come up in service of the nation. The office workspace design also finds
critical importance for perhaps every occupation, where office workstation needs fur-
ther improvement. Also the study recommended that government should boast addi-
tional consideration to make an amiable workplace environment for the law
enforcement to raise productivity and whole organizational performance.
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Abstract. The performance of classical guitar is affected by a number of fac-
tors or conditions, including auxiliary implements for guitar positioning. The
aim of this study was to analyze several conditions such as posture, self-efficacy
perception, comfort and discomfort in guitarists while using three different
auxiliary tools for instrument positioning. The participants were nine students
from the technical career in Music of the University of Guadalajara. All gui-
tarists played fingering exercise using each one of the three implements. They
were video recorded to evaluate posture. Finally, they answered a questionnaire
to know their perception of self-efficacy, comfort and discomfort after using
each auxiliary tool. Results shown that the implements that allow both
legs supported on the floor, present greater postural advantages. However, in the
particular case of self-efficacy and comfort the one that was better evaluated was
the footstool.

Keywords: Occupational Ergonomics � Guitarists � Footstool � Dynarette �
Ergoplay

1 Introduction

The performance of classical guitar is a complex activity and requires different ele-
ments that can change the conditions of interpretation of the instrument. Among these
elements there are auxiliary implements that serve as tools to give a right position of
the guitar, in order to improve the accessibility and visibility of the fretboard. Taking
into consideration that these implements have a direct influence in the interaction
between the music and its instrument, the conditions generated from the use of these
objects can be studied from the perspective of Ergonomics.

The exposition to risk factors can affect the professional activity of musicians. A large
percentage of them have problems due to incorrect posture, anti-ergonomic technique,
excessive force, overuse and insufficient rest, which can lead to musculoskeletal
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injuries [1]. The guitar that 25 years ago did not figure in the statistics, has come to
occupy the first place in the production of functional injuries and musculoskeletal dis-
orders and the ages in which they appear are getting earlier [2].

Another aspect that can be affected by the use of auxiliary implements and have
great importance while performing the instrument is the efficacy, and the evaluation of
this factor could be made through musician’s perception. In this sense, the concept of
perceived self-efficacy is very useful. Human functioning is facilitated by a personal
sense of self-control [3]. If people believe that they can take action to solve a problem
instrumentally, it becomes more self-confident and feels more committed to this
decision [4]. This variable allows to know if the conditions generated with the use of
positioning implements improved the feeling of self-confidence and control over the
instrument while performing.

In addition to posture and perceived efficacy, the interaction with auxiliary imple-
ments, can impact on the comfort and discomfort of the musician. Although broadly
recognized as antonyms, comfort and discomfort present clear differences in their def-
initions, which leads us to recognize them as two variables that can be analyzed inde-
pendently. There is a relation between discomfort and biomechanical and fatigue factors,
whereas comfort is associated with the sense of physical well-being and aesthetics [5].

The aim of this study was to evaluate posture, self-efficacy, comfort and discomfort
during the use of the three auxiliary implements for instrument positioning described
previously.

2 Method

2.1 Participants

Nine students from the Department of Music of the University of Guadalajara partic-
ipated in the study. They were cursing the career of music technician. Aged between 18
and 23 years old, and an experience no more than 4 years of experience in classical
guitar performance. None of the participants had a history of a musculoskeletal disorder
or pathological history that could affect their performance during instrument
interpretation.

2.2 Stage

Tests were carried out in the facilities of the Center of Art, Architecture and Design of
the University of Guadalajara, specifically in the master’s degree in Ergonomics
classroom. All the crystals were covered with black paper to isolate it from the out-
side. Illumination was artificial. All participants used an adjustable height bench with
padded surface and without back support. The procedure was during the day and all
video recordings on a schedule from 10:00 a.m. to 3:00 p.m.
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2.3 Material and Equipment

The selection of auxiliary implements was based on the differences they present in
terms of use, possibility of adjustment and materials (Table 1).

To explain the process to all musicians it was necessary to create an introductory
video. The content of this material included specific instructions about the stages of the
test, an explanation of the questionnaires to evaluate self-efficacy, comfort and dis-
comfort, and finally, a video tutorial where the fingering exercise was played.

Three digital cameras were used to record the participants performance. Cameras
were placed at the upper, back and left side of the guitarist. As mentioned before, all
guitarists played with each auxiliary implement and the same instrument. The speed of
exercise performance was programmed with digital metronome.

2.4 Instruments of Evaluation

The first step was to do a diagnostic analysis to find awkward and risky postures using
the REBA method [6]. After completing these evaluations, and obtaining the frames
where the highest postural risk was identified; the rotation and flexion of trunk, internal

Table 1. Description of auxiliary implements for guitar positioning.
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rotation of right humerus, abduction of the left shoulder and low back compression
were measured using the 3DSSPP software, developed at the Ergonomics Center at the
University of Michigan.

Perceived self-efficacy and comfort were evaluated with a 16-item questionnaire on
a five-point Likert scale, eight items for each variable, with a minimum score of 8
points and a maximum of forty. The higher the score obtained in this questionnaire, the
better the participants’ perception for both variables.

To evaluate if participants felt discomfort while playing a body map based on the
work of Corlett and Bishop [7] was applied. The evaluation included 13 body regions,
based on a Likert scale of five points. With a minimum grade of 13 and a maximum of
sixty-five. The higher the score reported by the participant, the greater the degree of
discomfort.

2.5 Procedure

All participants were into three groups and each one of them began the tests using the
three auxiliary implements randomly assigned. Before requesting the musicians to play
the fingering exercise, their weight and height were determined, these data were nec-
essary for the analysis with the 3DSSPP software. All participants were divided into
three groups and each one of them began the tests using the three auxiliary implements
randomly assigned. Before requesting the musicians to play the fingering exercise, their
weight and height were determined, these data were necessary for the analysis with the
3DSSPP software.

After taking these anthropometric measures, participant entered to the classroom to
watch an introductory video explaining the test process. They were also asked to sign
an informed consent form to confirm their participation.

After finishing this part of the test, the height of the bench was adjusted to the
participant’s popliteth height, looking for a right angle between the leg and thigh,
taking as reference the knee joint.

When guitarists were sitting on the bench, with the corresponding implement and
guitar positioned, they performed four repetitions of the fingering exercise. After
completing the activity, every musician answered the self-efficacy, comfort and dis-
comfort questionnaires. Finally, they performed the exercise using every implement,
and completing the questionnaires three times (one time for each implement). The
metronome was programmed at a time of 80 bpm, to play two notes per pulse.

After the guitarists finished the tests, all videos were saved in the computer and
later edited with a software to synchronize all shots in a single screen. After of that, one
hundred frames of each video were obtained and classified according to the position of
the left limb on the fretboard in the medium, high and low pitch. The representative
frames were chosen according to the level of postural risk estimated through the Rapid
Entire Body Assessment (REBA) and then analyzed with the 3DSSPP software.
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3 Results

The average age of participants was 19.6 (±1) years. None of them reported having a
musculoskeletal disorder. As part of their previous experience, seven of them used the
footstool as the main auxiliary implement, one guitarist used to play with some type of
adjustable implement and one guitarist didn’t use any auxiliary tool.

3.1 Posture

The results reported on left shoulder abduction, internal rotation of the right humerus,
flexion and axial rotation of the torso and compression of the lower back in three
moments of the musical instrument (high, medium and low pitch) in the nine partici-
pants (see Tables 2, 3 and 4).

3.2 Perceived Self Efficacy

Table 5 shows the average ratings in the 8 items of the questionnaire for perceived
self-efficacy.

3.3 Perceived Comfort

The average rating reported by the participants in the 8 items corresponding to the
variable of perceived comfort. (See Table 6).

Table 2. Evaluation of posture indicators in high pitch.

Indicator Implement Angles (mean) Standard deviation

Left shoulder abduction Dynarette 22.5º ±10º
Footstool 27.2º ±11º
Ergoplay 19.3º ±14º

Right humerus rotation Dynarette 90.6º ±17.1º
Footstool 91.3º ±19º
Ergoplay 95.2º ±14.4º

Torso flexion Dynarette 6.4º ±3.2º
Footstool 6.4º ±6.3º
Ergoplay 4.3º ±2.8º

Axial rotation torso Dynarette 9.8º ±5.2º
Footstool 12º ±8º
Ergoplay 11.6º ±5º

Low back compression (N)a Dynarette 1488 ±201
Footstool 1528 ±240
Ergoplay 1360 ±214

aThe measure unit for low back compression were Newtons.
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Table 3. Evaluation of posture indicators in medium pitch.

Indicator Implement Angles (mean) Standard deviation

Left shoulder abduction Dynarette 25.3º ±10º
Footstool 29.6º ±7.4º
Ergoplay 27.2º ±12º

Right humerus rotation Dynarette 94.2º ±15.5º
Footstool 96.4º ±9.4º
Ergoplay 86.7º ±16.3º

Torso flexion Dynarette 3.5º ±2.3º
Footstool 6.1º ±5º
Ergoplay 4º ±2.5º

Axial rotation torso Dynarette 11º ±5.2º
Footstool 10.8º ±7º
Ergoplay 14.6º ±7º

Low back compression (N) Dynarette 1420 ±256
Footstool 1518 ±226
Ergoplay 1390 ±94

Table 4. Evaluation of posture indicators in low pitch.

Indicator Implement Angles (mean) Standard deviation

Left shoulder abduction Dynarette 40.6º ±7.2º
Footstool 39.1º ±10.3º
Ergoplay 39º ±8.3º

Right humerus rotation Dynarette 94º ±13.3º
Footstool 97.2º ±7.5º
Ergoplay 95.3º ±18.1º

Torso flexion Dynarette 4.6º ±4º
Footstool 4.2º ±3.8º
Ergoplay 5º ±4º

Right humerus rotation Dynarette 11.7º ±7º
Footstool 7.5º ±8.4º
Ergoplay 13.3º ±8.3º

Low back compression (N) Dynarette 1541 ±175
Footstool 1500 ±150
Ergoplay 1507 ±188

Table 5. Average rating for the variable perceived self-efficacy.

Auxiliary implement Mean (Points per participant) Standard deviation

Dynarette 28/40 ±9
Footstool 33/40 ±6
Ergoplay 27/40 ±10
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3.4 Perceived Discomfort

The general average of the perception of discomfort test for each auxiliary implement
was obtained. (See Table 7).

4 Discussion

With respect to posture, the ergoplay and dynarette contributed to a lower abduction of
the left shoulder, when interpreting the fingering exercise in the highest frets. In the
middle register, the dynarette was the implement with less postural deviations while
using. In the lower register all auxiliary implements remained within the same range
with a difference not greater than one degree between them in left shoulder abduction.

It is possible to think that these tools could be useful to positively change left
shoulder abduction in the medium and high register, taking to a posture closer to the
neutral while playing the instrument. However, these implements were not shown
equally useful when the musician is playing the first frets of the guitar, since joint
motion depends mainly on the length of the fretboard and the position that the left hand
holds on it.

A positive point about the three auxiliary implements is that none of the participants
had a shoulder abduction greater than 60°, which is important since biomechanically it
is from that point that becomes necessary the participation of other joints to complete
the movement involving a higher energy expenditure.

The internal rotation of right humerus was also used as a reference, which occurs
when the forearm is placed parallel to the body of the guitar to play the strings. In the
three auxiliary implements the internal humeral rotation was near to the maximum
amplitude that is of 100 to 110° approximately. If guitarists keep this posture for long
periods without proper support can generate health problems.

The register with the greater internal humeral rotation was the lower and there were
no important differences between the auxiliary implements. It’s necessary to understand
that these measures were taken from the neutral position that is equal to 0 degrees;
however, it is noteworthy that physiologically there is an internal rotation that is

Table 6. Average rating for the variable perceived comfort.

Auxiliary implement Mean (Points per participant) Standard deviation

Dynarette 29/40 ±7
Footstool 32/40 ±5
Ergoplay 26/40 ±8

Table 7. Average rating obtained in the discomfort test.

Auxiliary implement Mean (Points per participant) Standard deviation

Dynarette 20/65 ±7
Footstool 21/65 ±6
Ergoplay 21/65 ±5
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approximately 30° given by the balance provided by the rotator cuff, placing the
forearm in front of the trunk naturally. What seems to influence the humeral rotation is
the depth of the guitar body, since as analyzed in the frames, the guitarist needs the
impeller to reach a position suitable for the strumming or the taping of the strings.

With respect to the torso flexion, during the performance in the high register, the
Ergoplay had a discretely smaller deviation in comparison with the footstool and
dynarette. It’s possible that this lesser degree of flexion is due to a postural compen-
sation given by other body segments, which helped to make the guitarist’s back more
straight. For example, in the highest register the musician at the same time that flexed
the torso, also carried an axial rotation and abduction and flexion of the shoulder that
helped him to reach the highest notes. Also the physical barrier that represented the
instrument, helped to limit the flexion.

The results for the lower back compression shown that the Ergoplay was better than
the dynarette and footstool in the high and medium registers, but no important dif-
ferences were found while playing the instrument in the low register. It’s important to
mention that with the footstool, a compression higher than 1,500 N was reported in the
three registers, which could represent a long-term risk for the guitarist, duo to hip’s
flexion, the pelvis is conditioned to a retroversion, which could lead to the development
of lumbar kyphosis and poor distribution of body weight on the seat. With elevation of
the lower left limb the weight distribution is asymmetrical. A good sitting posture is
characterized by minimal muscular effort and adequate support in the seat, arms and
foot support [8]; the latter condition is not generated with the footstool. It’s probable
that changes reported in low back compression are also related with the posture
modification, to do this it is necessary certain freedom in the lower extremities that
greatly aid, along with the torso flexion, to repositioning the hip and the postural load
on the ischial tuberosities.

In the evaluation of self-efficacy and perceived comfort results shown that musi-
cians had a discrete tendency to choose the footstool as the best auxiliary tool. It is
possible that this preference is mainly due to the experience that musicians had with
this tool. They mentioned that this device is easy to get, it is cheap and allows a greater
physical contact with the instrument. This last thing is in a relation with a sense of
security at while performing because there is not any artifact between the musician and
guitar.

In the perceived discomfort assessment, the upper back and the buttocks/hip were
the two body segments where the greatest discomfort was reported when performing;
However, there were not great differences in the global discomfort rating between the
auxiliary. So, in this case, none of the three guitar implements contributed to decrease
the discomfort when performing the fingering exercise.

5 Conclusions

It’s important to recognize that, in postural terms, the implements that allow both
legs supported on the floor, present greater advantages. However, in the particular case
of self-efficacy and comfort the one that was better evaluated was the footstool. This
situation makes relevant the search for new options that allow to reduce the most
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compromising angles in the different body segments. It is important to consider the
feeling of closeness and control over the instrument that seems to have a great value for
musicians.

Although the ergoplay counts with an adjustment range and apparently helps to
have a more straight posture, it was not reported as comfortable or reliable as the
footstool. Some guitarists mentioned that the Ergoplay easily destabilize the guitar.

Taking into account the explanation in previous lines it can be concluded that
auxiliary implements for guitar positioning have a positive effect at postural level,
however, each one has characteristics that can be improved.

From the analysis of the performance of classical guitar will be possible to develop
a proposal in which some conditions could be improved like practice habits and help
the instrumentalist in countering the best auxiliary tools to keep a healthy professional
practice.
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Abstract. The market is increasingly competitive and due to it, industries look
after their collaborators’ health, aiming to increase the efficiency through better
work conditions. Therefore, the application of ergonomic principles within
industries have become extremely relevant, it improves the life quality at the
work place, reduce injuries and increase the productivity, which is a desired
factor within organizations. This study brings an ergonomic analysis made by
the application of three ergonomic tools: anthropometric measures applied in the
software Antroprojeto, OWAS method and NIOSH lifting equation in a metallic
system manufacturing industry workstation where workers perform a task of
manual lifting of load (metallic tiles). The application of the tools shows that
methodology of work and equipment dimensions were harmful to workers.
Ergonomic recommendations were suggested and promptly adopted by the
company, contributing to workers health and productivity.

Keywords: Ergonomics � Anthropometry � OWAS method � NIOSH lifting
equation

1 Introduction

The market is increasingly competitive and due to it, industries look after their col-
laborators’ health, aiming to increase the efficiency by better work conditions,
decreasing the incidence of musculoskeletal disorders and absenteeism from work.
Along this line, ergonomics contributes to the development of knowledge and serves as
a support for analyzes of products projects and productive situations.

Ergonomics comes from the Greek ergos, work, and nomos, natural law, is the
science that studies people who work, the way they do it, the tools and equipment they
use, the places they work in and the psychosocial aspects of the working situation [1].
So, the application of ergonomic principles within industries have become more rel-
evant, because improve the life quality at the work place, reduce injuries and increases
the productivity, which is a desired factor within organizations. For this reason,
engineering teams look to acquire knowledge about methods and/or ergonomic tools to
be applied as evaluation of workstation, such as Anthropometry, the OWAS method
(Ovako Working Posture Analysing System) and NIOSH lifting equation (National
Institute for Occupational Safety and Health).
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Anthropometry is an important branch of ergonomics that deals with body mea-
surements such as size, shape, strength, mobility, flexibility and work capacity. As
humans diversify in body dimension, anthropometric measurements become essentials
when designing devices, equipment and system for users [2].

The OWAS method is one of the methods used to identify and analyze work
posture to ensure comfort and safety in work. It can define the movement of all parts of
the body and recommend suggestion to safer and comforter feeling during working [3].

The National Institute for Occupational Safety and Health has understood the
complexities of the lifting problem and the need to develop criteria to calculate lifting
loads for different situation. Thus in 1991 they have proposed a revised NIOSH lifting
equation [4], whose principal product is the recommended weight limit (RWL) for load
lifting performed by healthy workers for up to 8 h [5]. The criteria for establishing the
weight limit are the biomechanical, physiological and psychophysical character [6].

This paper aims to apply ergonomic tools to analyze a metallic systems manu-
facturing industry workstation situated in Vale do Paraiba, state of São Paulo, Brazil,
where workers perform a task of manual lifting of load. The main complaint of those
workers is that they have back pain during the execution of their activities. With the
application of the tools anthropometric measures applied in the software Antroprojeto,
OWAS method and NIOSH lifting equation, the work conditionals were improved,
decreasing the workers complaints about this activity.

2 Methodology

The study was performed inside a metallic tiles manufacturing industry in the sector of
cutting and packing. The industry is situated in Vale do Paraíba, state of São Paulo,
Brazil and has an industrial shed with a covered area of 7000 m2. From this area,
210 m2 that is located near of an exit doors are intended for the cutting and packing
activity, which provides the environment a good ventilation and natural lighting.
Besides that, the environment was recently restructured and has currently an adequate
artificial lighting execution of the activity, as indicated in the illuminance reports
produced in the shed, which were based on Brazilian standard NBR 5382. The fol-
lowing figure (Fig. 1) shows the factory layout with emphasis on the studied area.

The workstation studied in this paper (Fig. 2) is composed by a metallic tiles’
cutting machine where metallic trestles are also used to assist the tiles’ handling during
the cutting process.

During normal operation, there are eight employees working in the machine, which
have as tasks first the segregation of the production line’s tiles and second the sending
to the cutting sector. After these stages, the employees have as final task the packing
and releasing of the material to the storage. The last task is performed on the metallic
trestles. During the tiles cutting sector tasks execution, it was found that the manual
lifting of loads is the main activity performed by workers. The medium weight lifted by
each worker is 15 kg. In this sector there is task caster among the eight workers, so
none of them remain in a same task during the entire work shift, which has eight hours
a day, with three determined pauses: two of 15 min for breakfast and afternoon coffee,
and one of 1 h for lunch.
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For workstation analysis, three ergonomic tools were used: Survey of anthropo-
metric measurements with posterior application in the software Antroprojeto, the
OWAS method and NIOSH lifting equation. For a better understanding, the method-
ology was divided in three parts, as described below:

2.1 Anthropometry

Anthropometry is defined as the science of body size’s measurement [7]. The survey of
anthropometric data is a relevant instrument in ergonomic studies, because through its
analysis it is possible to capture the subsidies to size and evaluate machines, equipment
and workstations. Through this analysis it is possible to determine whether or not there
is an interaction of the anthropometric measurements of the workers in relation to the
performance of their tasks. Also analyze whether these tasks are within the appropriate

Fig. 1. Factory’s layout with emphasis on the studied area

Fig. 2. Workstation studied in this paper
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ergonomic criteria. [8] In order to address that need, the measure of the stature of all
workers were collected and the arithmetic mean calculated, as shown in the Table 1.

The arithmetic mean value was then applied to the Antroprojeto software (Fig. 3).
This software, which was developed by the Federal University of Juiz de Fora, uses an
anthropometric mathematical model to make the estimation of all the body segments
based on the value of the stature.

In addition, with the help of a measuring tape, the values of the main dimensions of
the equipment were raised (Fig. 4).

At the end of this stage the values of body segments’ measures shown by the
software were then compared to the values of the main measures of the cutting machine
used in the process, which were possible to verify the ergonomic suitability of the
equipment to its users.

2.2 OWAS Method

The OWAS method (Ovako Working Posture Analyzing System) provides a simple
method for analyzing the postures adopted during the work. It was developed in 1977 by
Finnish researchers, who worked in a steel company, through the photographic analysis
of the main postures typically found in heavy industry. In the study were found 72

Table 1. Measures of the stature of the cutting and packaging sector workers.

Employees 1 2 3 4 5 6 7 8 Arithmetic Mean

Height (m) 1,72 1,75 1,69 1,72 1,77 1,7 1,75 1,8 1,74

Fig. 3. Antroprojeto software’s interface
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typical postures, which result from different combinations of the positions of the back,
arms and legs (Fig. 5) [9]. In addition, the loads used are also taken into account [6].

From the analysis of the variables back, legs, arm and load, the postures can be
classified into one of the following categories [9]:

• Class 1 - normal posture, which does not require care, except in exceptional cases;
• Class 2 - posture that should be checked during the next routine review of working

methods;

Fig. 4. Equipment overview and its main dimensions in centimeters

Fig. 5. OWAS method postures chart. Adapted from [9].
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• Class 3 - posture should be checked in the short term;
• Class 4 - posture that should be checked immediately;

The classes depend on the combination of the variables back, arm, legs and load
[9], as shown in the Table 2. They can also depend on the duration of the postures. The
first approach was chosen by the researchers to be applied in the study, because there
was not time available to perform the second approach.

Based on the OWAS method, the postures adopted by the workers during the load
(tiles) lifting activity were observed in a spot check and described in detail by the
researchers, since authorization was obtained for the study, except for photographing or
filming the workers. The following figure (Fig. 6) illustrates the postures most adopted
by the workers during the execution of the tasks in the cutting tiles workstation.

Each of these postures was classified individually through the combination of the
variables back, arm, legs and load, which allowed the identification of their respective
classes. Finally, actions were suggested to eliminate the adoption of positions framed
between classes 2 and 4 in the execution of this activity.

Table 2. Postures classification by the combination of variables. Adapted from [9].

Legs
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 Loads

1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 2 2 3 2 2 3 1 1 1 1 1 2
1 2 2 3 2 2 3 2 2 3 3 3 3 3 3 3 2 2 2 2 3 3
2 2 2 3 2 2 3 2 3 3 3 4 4 3 4 4 3 3 4 2 3 4
3 3 3 4 2 2 3 3 3 3 3 4 4 4 4 4 4 4 4 2 3 4
1 1 1 1 1 1 1 1 1 2 3 3 3 4 4 4 1 1 1 1 1 1
2 2 2 3 1 1 1 1 1 2 4 4 4 4 4 4 3 3 3 1 1 1
3 2 2 3 1 1 1 2 3 3 4 4 4 4 4 4 4 4 4 1 1 1
1 2 3 3 2 2 3 2 2 3 4 4 4 4 4 4 4 4 4 2 3 4
2 3 3 4 2 3 4 3 3 4 4 4 4 4 4 4 4 4 4 2 3 4
3 4 4 4 2 3 4 3 3 4 4 4 4 4 4 4 4 4 4 2 3 4

7Back Arms

4

3

2

1

1 2 3 4 5 6

Fig. 6. Main positions adopted during the task of tiles lifting
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2.3 NIOSH Lifting Equation

The most various production sectors of the industry continue concerning with the
manual lifting of loads carried out by the employees. Actually, there is a large number
of occurrences of low back pain resulting from the incorrect accomplishment of this
activity [11]. In 1981, the problem was recognized by the National Institute for
Occupational Safety and Health (NIOSH), which published the Work Practices Guide
for Manual Lifting. Among other things, the document presented a lifting equation to
calculate a recommended weight for specified two-handed, symmetrical lifting tasks.
The same equation was subsequently revised and published in 1991 by NIOSH staff
[5]. Its main goal is to prevent or reduce the occurrence of low back pain in workers
performing the load lifting during work [10].

The main product of the revised NIOSH lifting equation is the RWL (recommended
weight limit), which is defined by the following equation:

RWL = LC� HM� VM� DM� AM� FM� CM ð1Þ

The recommended weight limit (RWL) for lifting is a recommended load that
healthy workers can perform for up to 8 h. In ideal situations, the maximum value of
load is 23 kg, related in the equation as (LC). The others multipliers are: Horizontal
multiplier (HM), vertical multiplier (VM), distance multiplier (DM), asymmetric
multiplier (AM), frequency multiplier (FM) and coupling multiplier (CM). Each
multiplier has a coefficient, which is established in function of the values found in the
specific task [5].

Another term related to this equation is the LI (lifting index), is defined by the
following equation. The LI estimates the level of physical stress associated with a
particular manual lifting task by the relationship of the load lifted weight and the
recommended weight [5].

LI = L=RWL ð2Þ

Aiming to analyze the relationship of the weight lifted by the workers with the back
pain reported by them, both equations were used according to the Applications Manual
for the Revised NIOSH Lifting Equation, 1994. The necessary measurements were
raised with the use of a measuring tape. Only the static posture adopted during the
activity was analyzed, since the equation should not be applied in activities involving
movement of loads [5].

3 Results and Discussion

3.1 Anthropometric Analysis

At the workstation intended for tiles cutting it was identified that there is a suitable area
for the movement of the workers around the equipment, because there is no obstacle. In
addition, it was verified that the machine mats and the trestles allowed the correct
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positioning of the workers’ feet during the load’s lifting and handling activity. It also
allowed the worker to adopt the upright posture during the activity execution.

For heavy work, the ideal working surface height should be up to 30 cm below the
elbow height [9]. Thus, the equipment was considered inadequate to perform the
activity, since the value of the difference found between elbow height and equipment
height was 72.3 cm. For this reason, it was suggested an adequacy in this parameter,
which was promptly done by the company. Supports were placed on the feet of the
equipment and new trestles were manufactured, both with the height of 115 cm. Thus,
the difference in values was adequate, as indicated by the literature, adapting the
workstation to the task.

3.2 OWAS Method

The two main postures adopted during load lifting, which were already shown (Fig. 6),
were analyzed using by means of the OWAS method.

The classifications used the factors of the Fig. 5. The following factors were used in
the classification of the inclined posture adopted for lifting the tile: Back as 2, arms as
1, legs as 3 and load as 2. The class found was: 3 - posture should be checked in the
short term.

The following factors were used in the classification of the upright posture: back as
1, arms as 1, legs as 1 and load as 2. The class found was: 1 - normal posture, which
does not require care, except in exceptional cases.

By the analysis of the obtained results, the adoption of the inclined posture was
considered harmful to the workers, since it is in the class 3.

Following the class’ orientation, the posture was analyzed and a solution was raised
and adopted. Instead of making the workers to remove the tile from the floor, the pile of
tiles was divided in two parts and then placed on trestles, which decreased the workers’
body inclination during the activity (Fig. 7).

The new posture was then analyzed by means of the OWAS method. The
parameters used were: back as 1, arms as 1, legs as 1 and load as 2. The class found
was: 1 - normal posture, which does not require care, except in exceptional cases.

The obtained result proves that the posture adopted for the execution of the activity
was improved after the application of the OWAS method.

3.3 NIOSH Lifting Equation

Through the application of NIOSH lifting equation, the recommended weight limit
(RWL) found was 11,974 kg and the lifting index (LI) was 1,253.

The results show that the weight lifted by the workers (15 kg) was above the ideal
weight (11,974 kg). In order to correct this situation, a suggestion was made. A re-
duction in the spacing between the workers while performing the tiles’ lifting was
suggested in order to achieve a better distribution of the weight of the material.
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4 Conclusion

The application of ergonomic tools anthropometry through the software Antroprojeto,
OWAS method and NIOSH lifting equation allowed an adequate evaluation of the
workstation. The results of the application of such tools show that the work method-
ology adopted and the dimensions of the equipment used in this workstation were
harmful to the workers. This scenario evidenced the need to adopt corrective actions in
order to improve working conditions, which were suggested by the researchers and
promptly implemented by the company. The actions implemented proved to be
effective in solving the problem faced by the workers, since no complaints about back
pain were reported during the execution of the activity after the improvement imple-
mentation, proving the efficiency of the use of the tools adopted in the adequacy of
workstations.

It is hoped that this research encourage engineering teams to seek to acquire
knowledge about the operation of ergonomic tools, so that they can apply them in the
design of equipment and layouts of production systems.

Despite the significant technological advances in the area, the equipment used in
the metal tile manufacturing industry shows deficiencies in its suitability to the end
user, evidencing the need for new studies in this area.
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