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Abstract. The paper describes: elements of a continuous improvement system 
in an enterprise, teamwork as an approach towards solving problems at 
workstations (especially problems concerning ergonomic issues) and methods 
and techniques used in ergonomic standards improvement at the stages of 
problem identification as well as search and implementation of the solutions. 
Requirements and conditions for efficient implementation are substantiated for 
improvements such as: training system, motivational system, system of 
applying and evaluation of applications, financial support of the implementation 
process and 5S program as a starting point for ergonomic improvements. 
Theoretical considerations will be illustrated with examples of improvements 
implemented in Polish enterprises.  
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1   Introduction 

Currently the essence of long-term business strategy in USA and highly developed 
European countries is reaching an increase in efficiency with simultaneous increase of 
the quality of professional life. It is one of the reasons why reaching strategic and 
operational goals of the organization together with subjective treatment of employees, 
with their needs, abilities, aspirations and expectations taken into consideration, 
becomes the fundamental and crucial objective. 

The paper presents results of theoretical and empirical research indicating 
relationships that occur between continuous improvement of processes with 
workstation organization compliant with kaizen philosophy against the increase of 
ergonomic and occupational safety standards levels. 

2   Kaizen the Continuous Improvement Philosophy 

Kaizen is a philosophy that revolutionized the Japanese economy over the last 30 
years. After publishing of the famous book by Masaaki Imai „Kaizen – The Key to 
Japanese Competitive Success” [1], translated to 14 languages and sold in over 
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180000 copies, Kaizen philosophy gained popularity in many countries, and the word 
“kaizen” became a part of many languages. The book appeared to be a crucial factor 
to understand the basis of Japanese economical success. 

Kaizen is a way of thinking and managing. Its essence is the continuous 
improvement of processes in an enterprise through small steps performed by all 
employees. It is considered to be the basis of competitive success of an enterprise by 
the enthusiasts of this management philosophy. 

Rapid pace of change in the field of technology enforces implementation of 
innovation, sudden changes of considerable reach that are meant to radically improve 
the results of work upon the enterprises. Innovations require large amounts of 
financial resources and a considerable effort for its implementation and maintenance, 
otherwise the reached improvement in productivity is not permanent. Proccess of 
implementing new ideas is more efficient when it is supported with kaizen activities 
(Fig.1). 
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Fig. 1. Increasing productivity as a result of implementation of innovation and continuous 
improvement (kaizen) 

Kaizen is a slower but permanent improvement of things, starting from simple 
improvements of tools and working methods, finishing with improvement of whole 
processes performed by all employees achieved with small steps in a way that does 
not require considerable investments. Active participation of every employee is a 
foundation of this theory. 

3   Small Group Activity 

The practical aspect of kaizen philosophy is a, so called, small group activity, these 
groups bear different names (e.g. quality circles, efficiency improvement groups, 
faultless work groups, professional training groups, problem-solving groups, 
occupational safety groups, efficiency committees, discussion groups etc.). Such 
groups should be created autonomously that means they are created from the 
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employees initiative who set the working area and improvement goals for themselves. 
In case of more complex problems, which require interdisciplinary analysis, a task 
force is created that consist of employees from different organizational cells who 
perform related activities. Such teams are usually created by the management and 
dissolved when they fulfill their task. Small Group Activity is based on the following 
premises (Tab. 1): 

Table 1. Characterization of Small Group Activity 

Manner of 
operation 

- voluntary participation 
- small numbers and uniformed membership 
- the rank-and-file initiative inspired by employees 
- continuous actions 
- teamwork 

Manager’s role advisor, promoter, coordinator, instructor, sometimes leader. 

Aims  
- productivity, quality and  punctuality improvement 
- working methods improvement  
- improvement of safety and working conditions 
- decreasing the production nuisance for natural environment human 

potential development 
- increase of employee engagement 

Tasks 
- losses reduction 
- cost reduction 
- quality improvement 
- shipment punctuality improvement 
- maintenance improvement 
- economizing material and energy usage 
- improvement of working methods, facilitating work 
- promoting „good work” mentality  
- communication improvement  

Tools 
Simple and effective teamwork and problem-solving techniques: 
brainstorming, Ishikawa chart, Pareto chart, correlation chart, 5 times 
„why”, 5W1H, FMEA, flow charts and sheets, random observation, 
checklists etc. 

Usually the subjects of small group activities are successive steps of the 5S 
method. 5S is an organized program, that involves all employees to keep clean, 
orderly, well organized and safe workplaces.   

Owing to the use of 5S practices enterprise gains the following benefits: decreasing 
delays and the number of faults, reducing the number of errors and mistakes, 
improving quality, improving occupational safety, decreasing the number of 
equipment breakdowns, better control over production flow, increase of working 
safety, increase of working discipline, increase in teamwork share. 

5S activities are the basis for implementing any improvements in an enterprise, 
especially complex systems such as JIT, TPM, TQM and complex system of Total 
Quality, Environment and Safety Management. 
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Table 2. Steps of 5S method 

SEIRI - SORT Remove unnecessary items form workplace. 

SEITON – SET IN ORDER Sort necessary items, locate everything at the point of 
use. 

SEISO - SHINE Carefully clean your workplace and keep your tools 
clean. 

SEIKETSU - STANDARDIZE Create procedures (standards), which will help for the 
rules to became a routine. 

SHITSUKE - SUSTAIN Sustain the high level of working discipline. When 
training people, try to make them take the rules of 
sustaining as their own. Sustain by making 5S the 
second nature. 

4   Implementation of the Kaizen Philosophy  

Implementing the kaizen philosophy requires the following elements: 

1. Creating organizational structure (appointing a steering committee and 
secretariat, selecting promoters of productivity and appointing small groups). 

2. Elaborating training program (training leaders and trainers, training in 
methods of productivity improvement, training in technical reference 
improvement, training in ergonomics and occupational safety).  

3. Introducing a formal system of placing improvement proposals  
4. Elaborating proposal evaluation and motivational system (financial 

gratification, non-financial gratification methods). 
5. Elaborating procedures supporting the process of improvements 

implementation in the organizational and financial aspect  
6. Documenting and presenting solved problems (photographical records, 

history of problem solving, competitions).  

Problem solving done by small groups is usually performed by the following  
action plan: 

1. Formulating the problem that is to be solved. 
2. Organizing the group. 
3. Determining the action plan for team members. 
4. Solving the problem (collecting data, analyzing data, collecting ideas 

concerning the improvements, selecting the most suitable idea, assigning 
tasks to separate group members), 

5. Implementing the solution. 
6. Collecting and evaluating the results. 
7. Standardization and elaborating of the documentation. 

Standardization is necessary to elaborate an improved algorithm for performing 
particular work. This documentation is used as a basis of communication, employee 
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training and further process improvement. The aim of standardization is to create a 
base for continuous improvement. If the improvements are introduced without 
creating a new working standard, then there usually a comeback to the old system 
occurs. 

Documentation of standardized work should include: 

− Organizational standards (sequential tasks of operators, tact time and lead 
time, level of work-in-process that grants continuous production); 

− Quality standards (requirements concerning qualitative and technical features 
of the product)  

− Ergonomic and occupational safety standards. 

5   Ergonomic Requirements Set for Processes and Workstations 

Practice shows that usually implemented organizational solutions are not verified 
according to ergonomic standards, which does not grant safe and hygienic working 
conditions as well as the comfort of work. It means that new solutions leading to the 
increase in productivity do not always fulfill legal requirements and are performed at 
the expense of employee’s stress and physical effort. While designing new 
organizational solutions it is forgotten that human beings will be part of them, human 
beings that have limited biomechanical and psycho-physical abilities. These abilities 
have a significant influence on the success of proposed improvements as well as 
employees attitude towards work, psycho-physical efficiency and biomechanical 
conditionings have influence on the effects of introduced changes. 

In conformity with Ergonomics field of interest, every organizational solution 
should be verified according to: 

− Nuisance of physical work, in which workload, static load and monotypic 
actions are of great importance, 

− Psychical nuisance, load on central nervous system connected with 
information acquiring, decision making and performing taken decisions as 
well as the monotony of tasks, 

− Spatial planning of machines, devices and equipment at workstations, 
consistent with employee’s limb reach and sight range, 

− Construction and placement of the indicating and steering devices that 
includes quality, strength, size, shape, location, movement and time of using 
the devices as well as methods of locating them according to frequency, 
sequence, functionality, importance and adequacy of location,  

− Environment of working processes, which can either favor or disrupt the 
solutions consisting of: lighting, noise, vibrations, microclimate, air 
pollution, radiation. 

Fundamental requirements that should be fulfilled by the working space are: 

– Devices and equipment should be chosen and placed in a way that does not 
enforce unnatural body positions, they should be in the reach of limbs and in 
sight range and should not limit the freedom of movements, 
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– Manual tasks should be performed at the height of an elbow bend in right 
angle, 

– Use hands only within the area determined by the height of an arm and 
elbow, 

– Reach no higher than that the height determined by a palm of a hand 
stretched up and no lower than the height of a lowered hand hanging loosely, 

– Check whether the adjustment of a chair allows putting elbows in the 
working area, 

– Ensure that feet are placed flatly, with their whole surface on the floor or a 
footrest, 

– Observation area is located beneath the horizontal sight line, 
– Monitors are placed in front of you and never in the lateral sight area. 

It is crucial to remember that in accordance with current regulations a disabled 
person with proper qualifications should be able to use any workstation. 

Thus the list of requirements for workstations should be extended, in order to 
assure accessibility and safety for a user with different types of disabilities, which 
means:  

– adjusting communicational paths to the needs of a disabled person 
– adjusting object to the needs of particular disabled person and assuring a 

proper sanitary background 
– adjusting equipment and devices to the type of person’s disability 
– using objects, which can decrease or eliminate the lack of particular abilities 

of the disabled person, 
– using equipment that will help the disabled person to perform certain tasks 

(sensory disability). 

Above all the workstation cannot: 

– enforce the worker to non-physiological, long-lasting and forced positions 
– overload the static-dynamic system, 
– require nervous tensions, 
– cause excessive energy expenditure, 
– force to long-lasting and monotonous psychical concentration. 

It is crucial to remember that, according to modern ergonomic postulates, 
equipment and devices at workstations should be adjusted to individual needs of the 
user as well as to his or hers expectations and cause the feeling of comfort and 
esthetical delight.  

Action directions: 

− Ergonomic take of esthetical aspects connected with esthetical shock and 
delight 

− Need to adjust products and working spaces to individual needs and 
expectations of users, 

− Need to express and emphasize identity and dissimilarity, 
− Ecology and environmental and living standards. 
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It indicates that: 

− Every worker has an individualized workstation, adjusted to his or hers 
abilities, psycho-physiological needs and anthropometrical features, 

− Tasks to be performed are planned in a way to activate both cerebral 
hemispheres. 

The further part of the paper presents solutions that connect both kaizen 
improvements and ergonomic postulates. The solutions have been implemented in 
Polish industry with the help of the paper’s authors. 

6   Examples of Kaizen Improvements with the Compliance of 
Ergonomic Requirements  

Example 1. Improvement of the Electronic Ballasts Assembly Process [3] 

Before the improvement the process was divided into two areas. The first area 
included milling of electronic systems, the second area included assembly of ballasts. 
Assembly process included placing the electronic system in a steel housing and 
closing the housing, it was operated by two people. The whole process was operated 
by 8 people (Fig.2), without the actual capacity taken into consideration (resulting 
from the current needs). 

 

Fig. 2. Final assembly socket before (A) and after (B) the improvement 

The aim of the project was to increase productivity at the final assembly socket by 
50%. 

On the basis of Lean Manufacturing principles the assumptions for the project 
were formulated: 

− Reducing the time of production cycle and increasing productivity of the 
resources by waste reduction, non-value adding task elimination and 
rationalization of value adding operations, 

− Adjusting the production pace to product demand. 

MILLING

MILLING

CLOSIN

CLOSIN

CLOSIN

A 
CLOSI

CLOSI

B

Mate
rial 

MILLING



370 E. Gorska and A. Kosieradzka 

Proposed solution assumes joining the operations of milling and closing in one socket. 
With the maximum demand for ballasts the socket will be operated by three workers 
and a material supplier. Two milling machines will be operated by one operator, what 
will help to reduce the time of operators inactivity during automatic work of the 
machine. 

Assembly of lower and upper part of housing, up till now, performed at two 
different workstations, will now be done sequentially at one workstation. It will allow 
to eliminate unnecessary manipulative tasks. In the old solution the number of taking 
and giving back the object was equal 6, due to occurrence of three upper housing 
assembly workstations and three lower housing assembly workstations. In new 
solution the number was reduced to two identical workstations (each performs the 
assembly of lower and upper housing). Assuming a standardized time of manipulation 
equal 1 second, it helps to save up to 4 seconds in a typical working cycle. 
Furthermore joining assembly operations at one workstation does not require the 
synchronization of operators work, because they work simultaneously, do not wait for 
each other and possible differences in efficiency do not cause the rise of work in 
process or interruptions. Additional effect of joining the operations is reducing the 
monotony of operators work, what can influence the quality of production and the 
number of failures. Materials are supplied by a material router, who can operate many 
sockets – in presented case it is the fourth worker from the socket. 

It is important to emphasize the flexibility of presented solution. Every time when 
the demand drops it is possible to reduce the worker number to three (two operators 
and a material supplier). Each operator prepares elements for assembly. Continuous 
flow of production in the socket is realized through collecting assembly products 
directly from the space at the milling machine. Work is performed with the minimal 
level of inventory. 

Implementing the described improvements included reorganization of the socket, 
worker training and elaborating the documentation. Conveyor belt was removed, 
location of milling machines was changed, a whole new organization of assembly 
workstations, which included the joined operation of upper and lower housing 
assembly, was made. The same tools were used for the assembly and the remaking 
included only table construction, which was necessary due to the change of tables’ 
height. 

Presented solution demanded an ergonomic analysis due to the change of working 
position from sitting to standing one. The following solutions improving ergonomics 
of work were used: anti-tiredness matting and special footwear improving working 
comfort. 

As a part of kaizen activities housing feeders were designed and manufactured. 
Performing additional activities as a part 5S program resulted in defining fields for 
work-in-process and necessary tools. Work standardization included preparing sheets 
with description of the new method and working sequence. During the reconstruction 
of sockets, trainings for employees from different workstations were performed.  

Example 2. Improvement of the Fuses Welding Process  

In this process traditional fuses are being manufactured, in such product after the 
fuse-wire is blown it is necessary to change the fuse. One of the operations in the fuse 
assembly process is welding the fuse-wire (which conducts electricity) to a ceramic 
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body (filled with quartz sand). The process is operated by one worker, who walks 
through one workstation to another. 

Welding operation is a bottleneck of the process – it is the longest operation and it 
causes work-in-process to occur. Welding machine used in the process was earlier 
adjusted to allow the worker to freely walk from one workstation to another. Worker 
needs to put the ceramic body and fuse wire under the snout of welding machine  
and than press a pedal to start it. Object needs to be held in the air and pressed to  
the snout. 

   

Fig. 3. Welding machine (a) and welding operation with pressing the element to the snout (b) 

Even though the operation lasts only 95 seconds it is very exhausting for the 
worker. Pressing the object and keeping hands above shoulder line causes a major 
static load for the worker, in addition the pedal is located 15cm above the floor, so  
the worker needs to press it in the midair. Worker’s exhaustion causes extension of 
the operation time near the end of the shift and a lower productivity of the line. The 
worker sometimes needs to stop the work to rest. 

The assumptions of the small improvement project are: 

• Decreasing the welding operation time and reducing work-in-process, 
• Decreasing the static load of the worker. 

Proposed solution includes redesigning the workstation according to 
anthropometrical body measures and ergonomic improvements. Workstation will be 
still operated by one employee. 

Working space will be lowered in a manner to enable the worker to keep arms 
below the shoulder line. The assembly line is operated solely by women thus the 
working space will be placed at the height suitable for the elbow height of a 95 centile 
woman and a chair with height adjustment together with a footrest will be introduced. 

Elbow-rests will be installed at the workstation, which will decrease static load of 
arms during the welding operation. Height of the elbow-rests is adjustable so that 

BA
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every person can adjust it to self body measures. Employees have to adjust the height 
of the chair and elbow-rests before the shift starts. 

In present situation pressing the foot-pedal, that starts welding, takes 3 seconds. In 
production of one element the fuse-wire is welded about 25 times. Pressing the pedal 
located above the floor causes major static load, employee changes the leg with which 
the pedal is pressed what causes another extension of the operation time. 

Proposed solution includes installing a footrest with adjustable height to which the 
foot-pedal will be fixed. Thus the employee has the possibility to put the hill on the 
footrest without the necessity to hold the leg in the air in an enforced position. 

Tests with the footrest performed at the workstation allowed to shorten the time of 
pressing the pedal up to 1 second and elbow-rests caused the decrease of welding 
time. Finally the average operation time has been reduced form 95s to 40s. Planned 
production during one shift was 260 fuses but after implementing the solutions it 
raised up to 300 products during one shift. 

7   Conclusion 

There are many proofs which indicate that ergonomic solutions bring many benefits: 
increase safety, convenience and comfort of use, allow to keep health and well-being, 
help to fulfill the needs and expectations of employees. When implementing 
solutions, which result in improving economical results (increase in productivity, 
quality, punctuality, reducing production cycle time, reduce inventory etc.), it is 
crucial to assure that the equipment, machines and processes have ergonomic features, 
because working standard created in this manner is permanent (there is no coming 
back to “old” practices) and it is easier to deal with workers’ resistance to change due 
to assuring working comfort. 
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