
B.-T. Karsh (Ed.): Ergonomics and Health Aspects, HCII 2009, LNCS 5624, pp. 153–161, 2009. 
© Springer-Verlag Berlin Heidelberg 2009 

Participatory Ergonomics as a Method of Quality 
Improvement in Maintenance  

Małgorzata Jasiulewicz-Kaczmarek 

Poznan University of Technology, Faculty of Management Engineering 
11 Strzelecka Str., 60-965 Poznan, Poland 

malgorzata.jasiulewicz-kaczmarek@put.poznan.pl 

Abstract. Modern enterprises are forced to constantly improve ways of man-
agement and to introduce changes. One of the changes is a alteration of organ-
izational culture and acceptance of participation of employees in designing and 
implementing new solutions. Striving for general improvement of system effi-
ciency involves joint design of technical and social systems to achieve the best 
fitness to goals and requirements of system and its parts possible. Not only tech-
nical objects, but also workers and workplaces (work environment) require keeping in 
good condition. Such approach to maintenance stresses human importance and work-
ers place in systems they work in. It also stresses necessity for not engineers, but also 
quality and ergonomics experts as well as technical objects users to involve into main-
tenance actions and processes. The paper presents potential of participatory ergonom-
ics to maintenance quality improvement use.  
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1   Introduction 

Improvement is an undertaking striving for gaining extra benefits for both, organization 
and its customers. Usually in literature on the subject, the term is presented in pro-
quality activities context – ‘continuous improvement’ and most authors associates the 
term with Japanese methods of effectiveness and efficiency of organization activities for 
the benefit of internal and external customers improvement. According to the definitions 
by S. Piersiala and S. Trzcielinski presented in [1], continuous improvement is planned, 
organized and systematic process of continuous change for the purpose of losses elimi-
nation/limitation, as well as productivity and competitiveness improvement, requiring 
commitment of employees on all the levels of organization structure. 

Hence, improvement is solving problems, which are both, discrepancies (differ-
ences) between requirements and results (effects), and searching for opportunities/ 
possibilities to improve effectiveness and efficiency of actions and processes [2]. Thus, 
to improve, the knowledge of processes (or objects analysed) and of methods and tools 
that can be applied, as well as skills in using them, is necessary. 

In contemporary company the maintenance function has become an integral part of 
the overall profitability of an organization. It has been proven that with no doubt main-
tenance as support function in businesses is crucial for companies performance and new 
strategies i.e. lean manufacturing, just-in-time production, total quality control and  
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six-sigma programs implementation (see: [3], [4], [5], [6], [7]). Thus, improving levels 
of utility and efficiency of actions and process performer in UR system [8] is necessary. 
Many organisations tend to adopt the proactive maintenance philosophies such as total 
productive maintenance (TPM) and reliability-centered maintenance (RCM), since these 
approaches are committed to long-term improvement of maintenance management. The 
basic rules of contemporary maintenance concepts/ approaches (TPM, RCM, etc.)  
include:  

• Top managers commitment,  
• Team work, active communication and cooperation between all the interested parties (par-

ticipation), 
• Pro-preventive orientation, based on searching for and eliminating potential threats 

and their causes,  
• Trainings and qualifications and skills of employees improvement, 
• Joining operators in maintenance actions, delegating responsibilities and powers,  
• Methods of work, work environment and safety improvement. 

The goal of the paper is to present opportunities and potential benefits from quality 
of maintenance improvement (from both internal and external perspective) that can be 
achieved with participatory ergonomics. 

2   Participation Aspects 

Improving quality and efficiency of actions and processes of maintenance system re-
quires joint (combined) design of technical and social subsystems1. Not only technical 
objects (tools, machines etc.) should be kept ‘in shape’, condition of work environment 
and people performing processes – company’s employees, is even more important. The 
approach to maintenance presented above is human-centric, focusing on  
people and their place in the system analysed. It also stresses the necessity to join ex-
perts on quality and ergonomics, and not only engineers, in maintenance improving 
actions. Safety, satisfaction of employees, quality of professional work and mood (dis-
position) of employees are positively synergetic in maintenance system, which means 
that total efficiency of a system is much bigger than a sum of its parts (components).  

Contemporary concepts of maintenance management show necessity to join all the 
process parties and performers in improving actions, they stress importance of par-
ticipation and team work. 

Wenger [9] refers to participation as ‘a process of taking part and also to the rela-
tions with others that reflect this process’. It is a complex process that includes, for 
example, doing, talking, thinking, feeling and belonging. Participation involves ac-
tion, e.g., talking with someone, and connection, e.g., feeling that one takes part. 

Participation method is more and more often used in companies to improve ergo-
nomics of work and workplaces – participatory ergonomics. It is an important factor 
promoting initiatives of employees and high efficiency in implementing actions  

                                                           
1 Maintenance system is socio-technical (social subsystem includes individuals (people) and 

social groups, organizational culture they create, as well as goals, tasks and organizational 
strategy, while technical subsystem includes machines, tools and Technologies, as well as ac-
tions taken to perform the tasks). 
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improving work methods, work conditions and risk management (see: [10], [11], 
[12]). The literature presents numerous definitions of participatory ergonomics (see 
[13], [14], [15], [16]). The common characteristic is that in a change process, atten-
tion is paid explicitly to the role of participants [17]. Participants of improving 
changes can be divided into two groups: internal stakeholders, including: 

• top management, their commitment and role is usually strategy, goals and budget 
definition (when changes are local and not cost-generating, the top-management 
role is small), 

• middle management, usually regarded as the head of the department where the 
changes really took place, 

• employees, their commitment is crucial for success of the project/ undertaking, 
They know how the work is done normally and how the improvement works with 
respect to their typical work. They are necessary when it comes to taking decisions 
on changing work method or realisation or implementing new organisation because 
they usually know what is wrong and how to implement changes, 

• experts, they are necessary at the stage of problem analysis, solution choice and 
solution testing, 
and external stakeholders, including: 

• facility management, sector organizations, clients and suppliers, they define their 
requirements, show necessity to implement changes, provide knowledge and skills 
(f.ex. trainings). 

Their role and commitment in particular stages of participatory improving changes 
design can be different. According to [17] in participatory ergonomic project, ergo-
nomists and employees play an essentials role in the improvement process (‘ergono-
mists (or other experts working on work improvement) are involved, because they add 
a new realistic vision and employees are involved because of changes in their work—
and they may know best what and how to change’). 

Though the role of ergonomists and employees is indisputable, nowadays the role 
of facility management, sector organizations, clients and suppliers in initiating im-
proving changes in organizations they cooperate with is more and more often appreci-
ated and stressed in business practice. 

3   Maintenance Stakeholders and Their Requirements 

Maintenance system is a set of organizational units and relations between them de-
fined by maintenance processes accordingly to technologies accepted and used. Com-
bination of maintenance actions and repeated actions striving for processing inputs 
into outputs is a maintenance process (ISO/IEC 15288 (2002)). Applying process ap-
proach to organize maintenance system actions allows to meet the most important 
needs of contemporary organization: pro-customer orientation (in maintenance case it 
is direct orientation on internal client and indirect orientation on external client), 
changes implementation (improvement) and barriers between departments crossing 
(maintenance actions are performed not only by maintenance department employees, 
but also production, supplies an some other department employees) [18]. 

The ISO 9000:2005 standard defines clients as ‘an organisation or a person receiv-
ing the product’. The definition by Juran and Blanton [19] is wider, as it defines client 
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as ‘anyone who is affected by the product or by the process used to produce the prod-
uct’. Clients (both internal and external) are also stakeholders (stakeholders – person or 
group having an interest in the performance or success of an organization (example: 
customer, owners, people in an organization, suppliers, bankers, unions, partner or soci-
ety) (ISO 9000:2005). In the following paper, when analyzing an organization as a sys-
tem (a set of elements and relations between them) the term ‘stakeholder’ will be used 
instead of the term ‘client’ as to improve maintenance quality it is necessary to identify 
stakeholders interested in maintenance system, as well as relations between them since 
they are supposed to enable appointing a common, general goal and motivate to active 
cooperation – participation – striving for the goals appointed achievement.   

Maintenance should be analysed in two perspectives: 

• internal perspective, in which maintenance system is analysed in reference to meet-
ing obligations towards employees (process performers) and other internal proc-
esses of the company (maintenance system in the aspect of processes performed by 
the company and relations between them – processes aspect)2, 

• external perspective, in which maintenance system is regarded as management 
system and analysed in reference to meeting obligations towards environment as 
well as values, methodologies and tools used to perform management functions. 

Maintenance internal perspective is a perspective of internal stakeholders while 
external perspective is a direct perspective of external stakeholders and indirect per-
spective of internal stakeholders. Taking both perspectives into consideration allows 
to identify present and future (potential) problems and to choose proper tools sup-
porting their solution, and thanks to stakeholders identification it allows to build re-
sponsible and competent teams. 

Importance and positive influence of internal perspective of maintenance improv-
ing project is widely discussed in literature on the subject, external perspective is 
taken into consideration only in a small degree.  

3.1   Internal Maintenance Perspective 

Maintenance exists, because disregarding the branch of a company and products it 
provides, it has resources (technical objects) which need to be maintained. Maintaining 
means making the technical object perform tasks and actions defined by their user. 
Hence, the goal of maintenance is guaranteeing that technical objects fulfill their func-
tions and their performance meets the requirements of their operators. Realization of 
the goal above mentioned depends mostly on active participation and commitment of 
the operators (employees) and managers. 

As maintenance system works for internal clients, the goal of maintenance should 
be defined to meet general requirements of internal client and then decomposed to 
meet specific requirements of maintenance processes and workstations (as presented 
in Figure 1), where: 

P1, …, Pn – maintenance processes, 
S1, …, Sn – workstations. 

                                                           
2  „Internal client’s satisfaction provides perfect quality, because if an organisation meets the 

needs of its clients and enables its internal clients performing their tasks, then the organisa-
tion (the net of internal clients) cooperates for clients (internal and external) [20]. 
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Fig. 1. Maintenance goals structure 

Goals identified and presented to the employees, along with necessary resources 
provided and properly managed, are maintenance tools. 

Continuous integration of enterprise management systems is the reason why main-
tenance systems lost organizational autonomy they had so far and became an element 
of internal chain of stakeholders: production – quality – maintenance [21] (relation 
presented in Figure 2). 

As the requirements of the internal system’s stakeholders are continuously changing, 
the goals are changing as well. The changes include time, processes realization and 
working conditions [22]. The concept of “working conditions” consists of two dimen-
sions: “conditions of work,” describing the practical conditions under which people 
work and cope with a specific technical and organizational environment, and “condi-
tions of employment,” describing the rules and status under which people are employed 
and trained. 
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Fig. 2. Maintenance and internal stakeholders 
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The result of actions improving working conditions is employees’ well-being, which 
includes job satisfaction, motivation, organizational commitment and job involvement. 
Each well organized, goal-oriented process in which people take part, should provide 
human well-being as one of its outputs, hence processes are performed by people and 
their improvement is mostly in exploiting people’s capacity and turning from simple 
communication to interactive communication and commitment – participation (com-
munication is critical to achieving genuine participation). Each of the stakeholders 
should be aware not only of realization of goals of processes take part in, but also of 
processes of suppliers and clients, as they are internal stakeholders. Internal quality of 
services is interpreted with people’s attitude to each other and the way they help one 
another. It is one of the aspects of quality culture of organizations, culture inside or-
ganization influences how the services for its employees are performed. 

By including internal perspective of maintenance, quality and ergonomics into im-
proving actions better integration of human and systems is provided and the central 
role of the user in systems design is stressed. A key principle of participatory ergo-
nomics is that workers are the experts in what they do. Therefore, maintenance work-
ers should be involved in the identification and analysis of hazards in the workplace, 
and the development of solutions that could reduce these hazards. 

Work environment plays the main role in preventing discordances and in provoking 
discordances in maintenance system. The factors provoking maintenance discordances 
are believed to be: procedures (f. ex. complex, unrealistic, out of date and out of 
range), equipment (f. ex. Lack of proper equipment, equipment that does not meet re-
quirements), knowledge (f. ex. lack of knowledge, trainings, experience), work organi-
zation (f. ex. problems with communication between workers, lack of teamwork), time 
pressure (f. ex. rush, misdefined maintenance schedules), however designing and real-
izing trainings can limit the mistakes and failures above mentioned and their conse-
quences as well. To achieve this, it is necessary to build teams and support their work 
with experts, both internal and external, advice. 

An example: 

A middle-sized company of mechanical branch employs 123 workers. In the com-
pany, two teams were appointed, both including production workers and maintenance 
workers. There was also safety and hygiene of work expert taking part in both teams’ 
works. For both teams he organized and realized training on workplace hazards and 
risk connected with their previous routines. The task for the teams was to analyse ac-
tions (workplace preparation) as they were realized so far. There were two meetings 
every week in three months time. After each meeting a report including suggestions 
for changes and potential benefits was prepared. The outcome of teams work was 
following: 

• Analysis of hazards and potential risks during operations, thanks to which unneces-
sary actions were identified, operations order was changed and necessary tools 
were identified, as well as supervision rules, 

• Modification of old reports and the way they were filled in, rules of communica-
tion process in case of failure existing or potential (expected), 

• Responsibilities ranges for operators were developed, as well as instructions for 
workplaces (for both, operators and maintenance workers). 
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Result of changes implemented were assessed on the meeting of both teams after six 
months. According to employees, they believed in possibility to implement changes 
themselves and they were ready to accept more responsibility. Employees have learned 
to evaluate the improvements and are able to choose and evaluate the consequence of 
changes in the workstation and organization. The work and environment limit some 
possibilities, but the employees have enough control to change the work. They tested 
various new ways of working and workstations, and could experience how it works. 
This positive experience could have played a role in the success. 

3.2   External Maintenance Perspective 

Improving quality of actions and processes in organizations should closely connected 
with needs and expectations of external stakeholders as the performance of an organiza-
tion depends upon the interaction between business functions and stakeholders both 
within and outside of the company. External integration of processes performed by a 
company becomes the more important, the more important supply chain in which the 
company takes part in is. Organization’s ability to provide clients with products meeting 
their requirements is as important as product’s technical features, and the ability seems 
to accurate infrastructure and competent, satisfied workers. Organization’s stakeholders 
are, in many cases, integrators of engineering best practices, and they believe sharing 
knowledge and improving supply chain processes are their duties. 

In food branch companies, pharmaceutical companies and automotive industry 
stakeholders participation is a common standard, and training programmes are oriented, 
besides from technical issues, also on building proper relations between stakeholders, 
care for work environment and quality of life at work. Participation of ergonomics and 
quality are believed to be the basic element of delegating and receiving responsibilities 
and rights of workers. Consequence in ‘managed development’ realization is reflected 
in the following sentence ‘my benefit is your benefit’ and in the following question 
‘what can be done to make me happy thanks to your satisfaction?’. 

4   Summary 

The paper presents two aspects of including participatory ergonomics to maintenance 
quality improving set of methods. The first aspect is internal perspective of mainte-
nance and its place in he structure of processes performed by a company. The second is 
the external perspective, in which maintenance system and its improvement is strictly 
connected to needs and expectations of external stakeholders. Because of growing im-
portance of relations between an organization and its stakeholders (f. ex. in food and 
pharmaceutical industry), the second perspective seems to be very important. Though 
initially maintenance seems to be important for stakeholders only indirectly, author’s 
work as an expert in design, implantation and exploitation of pro-quality systems and 
as an auditors in stakeholders audits has proven that most of discordances and notices 
is on infrastructure supervision not only in technical, but usually in social aspects. The 
consequence is increasing commitment of stakeholders in internal processes improve-
ment. Teams of workers, initiated by organization partners, in which experts appointed 
by organization partners participate in changes implementation, are more and more 
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common. Managers usually do not speak on participatory ergonomics, but they use it. 
The most important is that thanks to changes implemented in participative way compa-
nies build new organizational culture based on awareness of common goals, responsi-
bilities and competences, in which workers feel safe (both physically and psychically) 
and are appreciated.  
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