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1 Introduction 

 

In a world which is in a constant motion, where the ability to be one step ahead of the 

competition is crucial, quality takes a leading role in any organization's strategy. When 

the constant development promotes globalization by reducing distances and removing 

borders, and consumers have access to products from all markets and fields, there is an 

increasing pressure on organizations in different areas to reduce costs and improve 

products, services and processes so that the quality of the organization’s goods or 

services can be competitive on the global market. All industry leaders understood these 

issues early and have adapted by integrating quality in all direct or indirect productive 

activities by adopting and implementing TQM (Total quality management) principles and 

tools. One of the most important aspects of this concept, namely the avoidance of 

human error becomes a key point, and this can be achieved using relatively simple 

techniques that do not require major investments. 

 

This paper aims to conduct a study on the concept of quality and mainly on its 

improvement. Emphasis will be placed on one of the most popular techniques in this 

field, namely poka yoke, a method developed by the Japanese engineer Shingo Shigeo 

in the 60s, as well as new insights into this technique that revolutionized the quality 

systems around the world, starting from the basic concept created by the founder of this 

method by presenting the disadvantages of an improper implementation of this method 

in the automotive industry, but also by broadening the original concept to other areas 

and processes such as medical field, services or everyday life. Because of the system’s 

diversity, its spreading within the automotive industry and especially with its new 

applications both in the automotive field but also in other industries or human activities, 

the poka yoke theme fascinated and became a very interesting subject, which plays the 

main role in this paper. 

 
The main objective of this study is: 

 

• creating a generic model for poka yoke systems. Firstly the model must be 

applicable to any system, regardless of its complexity or area of application. By 

applying the model to a poka yoke device, an analysis of the effectiveness of the 
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implementation of such a system can be performed, taking into account not only 

the functionality of its components, but also the disruptive factors that can act on 

them. 

 

The secondary objectives that derive are: 

 

• developing a quality improvement model throughout the product lifecycle. By 

defining the phases of a product’s life cycle which are relevant in terms of quality 

construction and associating to each of them various techniques and tools with 

big impact from the palette developed over decades by various quality engineers, 

a model for improving the quality of products and processes can be created which 

will include both the early stages of goods’ life but also the service and recycling 

phases; 

 

• studying various poka yoke systems developed along the production flow of an 

electronic components manufacturer from the automotive industry. The 

presentation of these systems will support the main objective of this work and will 

help obtaining other contributions and highlighting the importance of the poka 

yoke thematic for the contemporary era in general and the automotive industry in 

particular. 

 

Through this work, focused on improving quality with poka yoke systems it was 

attempted on one side to define the quality concept, to present its development from the 

ancient times to the contemporary era, emphasizing then the most advanced form of this 

concept respectively the Total Quality Management. On the basis created by this study, 

the model for the quality improvement for an organization could be shaped, with different 

methods and techniques throughout the product’s life cycle. Because this field is quite 

broad the study was narrowed to the error avoidance theme, especially on the most 

popular method of the Zero Quality Control, namely the poka yoke systems. By 

developing various systems for the automotive industry, new directions of study or 

modelling needs were identified and afterwards dealt respectively realised in this paper. 
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2 The development of the “quality” concept 

 

Quality takes significance in the XXI century. Thus by “quality” the authors no longer 

refer to the features of a product, but to all the processes and structures of an 

organization, developing the original concept till its actual meaning of quality 

management. How this development was achieved, which are its current forms and how 

they influence the life cycle of a product and of a company as a whole, these are some 

of the issues that will be highlighted in order to create a basis for the study of the poka 

yoke systems. 

 

This chapter is treating the developing of the concept of “quality”, its definition, its 

evolution in time towards the concept of Total Quality Management (TQM) as well as the 

standards imposed by its appearance. The definition of quality is not a recent concern; 

attempts in this direction appeared since the beginning of the last century. In order to 

show the evolution in time of the perception of the term quality and its complexity, we will 

present the definitions developed by well-known specialists from different decades of the 

twentieth century as well as the definition found in the dictionary To emphasize the 

complexity reached by this term in the modern era, the definitions introduced by ISO 

9000 will be also presented. 

  

Once defined the term of quality, found also in the title of this work, its evolution will be 

presented from the ancient times till nowadays. This will show that this concept is not 

new, it exists in terms of philosophy since antiquity, but the degree of maturity reached 

today is determined by the technical development beginning with the technological 

revolution from the nineteenth century in England, continuing with the mass production 

implemented by Ford, the statistical methods and concepts of quality management 

developed by the so-called quality gurus and ending with the latest techniques based on 

or as a reaction to the Toyota Production System as Lean Management and Six Sigma. 
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Figure 1: The evolution of quality [IVAN06] 

 

The next aspect treated in this first chapter is the classification of the different concepts 

of quality management under the umbrella of the Total Quality Management, to 

introduce the quality improvement topics. TQM is the most comprehensive tool for 

integrating quality at all stages of product manufacturing, in all the activities and 

departments of the organization. In order to understand this concept, first of all there will 

be clarified the most important contributions of the twentieth century quality engineers 

and the innovative tools they have developed and implemented in the organizations 

where they have worked. 

 

In the modern era the quality techniques have gained more importance, especially in 

America and Europe, where due to the globalization there is a bigger need to improve 

the quality, an important role is assigned to the concept of quality standardization. A 

company producing goods or services cannot be competitive without the standardization 

and auditing of the quality management systems. Further, in order to broaden the 

concept of quality improvement, there will be presented the ISO 9000 group of 

standards that provides a unity of the specialized terminology and clarifies the 

requirements on quality management for different organizations and also a derivative of 

this standards, the ISO / TS 16949 specific for the automotive industry. 
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3 The quality improvement model throughout the 

product life cycle 

 

The different methods grouped under the umbrella of Total Quality Management will be 

presented in this chapter in terms of the four stages of the product life cycle. A model of 

quality improvement is proposed, for any organization involved in the production of 

goods, by detailing the various techniques and tools and their association with the life 

cycle phase where they would bring the maximum added value. 

 

 

Figure 2: Using quality tools along the quality chain phases 

 

For the phase of requirements’ identification there are clarified initially the tools that will 

collect the market data on the needs and desires of the customers in terms of quality, 

such as surveys or market studies. Although they are not necessarily quality 

management techniques, their importance should not be neglected because they offer 

the possibility of gathering valuable information on user requirements. Another tool used 

to collect data, this time from the competition, or market leaders, is the Benchmarking. 

Thus what the competition is making better in terms of quality processes is analysed, 
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and then adapted to the specific of the own organization. The last technique for this 

phase is the Quality function deployment (QFD), which can be regarded as a transitional 

element between this step and the next, because it is a complex tool by which the 

customer needs are transformed into technical specifications creating correlations 

between them and, more important, taking into account not only what the user wants but 

also what he needs. 

 

The planning and development phase will present the model proposed by one of the 

best known quality gurus, Joseph M. Juran, to build quality. The purpose of this model is 

the removal of discrepancies between what is desired in quality based on customer's 

wishes and what is possible, feasible and cost-effective in terms of production 

technology of that good. Therefore known as quality construction phase, it uses 

techniques such as Brainstorming, a method often used and found in the literature, and 

other complex tools such as FMEA, allowing a rational analysis of potential failure 

modes due to the product design or manufacturing and APQP used in planning the 

quality parameters for the product and process development. 

 

Realization phase or the production of the good was the longest and the most important 

phase in the first half of the twentieth century, when the quality concerns began; that is 

the reason why the most numerous techniques of quality are referring to this phase. 

Beginning with the 7 basic tools developed by Ishikawa for quality control and continuing 

with the 7 management techniques added by JUSE (Japanese Union of Scientists and 

Engineers) it is shown the evolution of the quality considerations. Other techniques 

particularly important for this phase will be presented in this work: the 5S method, the 

Japanese technique that underlies the process of continuous improvement, poka yoke, a 

tool developed by the Japanese engineer Shingo Shigeo that consists in the introduction 

of a solution, which is simple, robust and easy to implement to eliminate the defects of a 

product by preventing or correcting errors as soon as possible and the “5 whys” a very 

simple method that allows the rapid identification of the source of a nonconformity by 

repeating the question “why?”. 

 

For a manufacturer the realization phase is not the last issue of concern for quality. The 

last stage in the life cycle of this perspective is represented by the using, withdrawal and 
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recycling phase, which even if not directly related to the manufacturer it provides 

valuable information on the current products and for the future models that the company 

will bring on the market. Also this phase is closely related to the building of the image of 

the organization, because during this stage the contact of the customer with the product 

takes place creating the impressions that will lead to the purchase of other goods. 

 

At the end of this chapter, a series of complex instruments will be presented, which due 

to their action on several stages during the product life cycle could not be classified as 

being of major importance for only one of the phases. This includes the 8D method 

which although used in the realization phase to identify the causes of quality problems 

after receiving the complaints from customers, has also an important role in the phase of 

identification of the requirements and in the development phase as it provides crucial 

information for planning the future products and processes. To this category belong also 

the Kaizen method and the Six Sigma method, which due to their complexity and their 

action on all the activities of an organization regardless of the stage of product life, will 

receive a special status in this work. 

 

This chapter crystallizes the ideas of TQM parents, that the quality that customers 

expect from a product is not only controlled in the production sections but should be 

integrated in products and processes in all the phases and continuously improved to 

face the new challenges of the market. So, a model to improve the quality will be created 

by using different techniques and tools during the stages of product development from a 

user's desire to a good that is used and eventually recycled. Using these tools from the 

early stages of the product life cycle it is recognized the importance of quality building 

and of mistakes avoiding. 

 

4 The error prevention theory 

 

The previous chapters have been designated to present the evolution of quality towards 

TQM and to open a new perspective on quality improving using a combination of 

different techniques and tools found in the literature for a certain phase of the product 

life cycle. The proposed model consists in four important stages in the evolution of a 

good beginning from a customer desire or need till to its actual use and its eventual 
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recycling. Some of the concepts and tools introduced are based on the control, the 

inspection and the quality analysis, but the most interesting perspective brought by the 

other mentioned techniques is the construction of the quality, the design of the products 

and processes in order to avoid completely the quality problems. It is much cheaper “to 

prevent than to cure” as it will be demonstrated in Chapter 5. 

These aspects are based on the Zero defects theory, namely the ZQC (Zero Quality 

Control) concept developed by the Japanese engineer Shingo Shigeo. This chapter will 

treat the most important aspect of quality management: the errors prevention. 

 

At the beginning there will be a short presentation of the creator of this theory, the 

Japanese author Shingo Shigeo, further there will be clarified the steps that helped to 

create the “poka yoke” method – the basis of the errors avoiding theory. The poka yoke 

method has as starting point the idea that the influence of the operator in an automated 

production process was not sufficiently analysed. The operator cannot be treated as a 

machine, because his state of mind is significantly influencing his effectiveness and his 

power of concentration, leaving the possibility of an error occurrence any time such as: 

forgetting some steps of the process, the wrong installing of components or even their 

omission, misunderstanding or misinterpretation of the processes and many others 

more. The using of poka yoke systems is proposed in order to avoid such errors in the 

manufacturing process. [BINN96] 

 

Further the construction of the basis of this study is continued with the presentation of 

the method that involves a set of ideas and techniques for achieving the ideal of zero 

defects, as it was designed and published in “Zero Quality Control” work by its creator 

and developed later by many other authors. 

 

The Japanese engineer managed through this instrument to bring quality closer to 

practice, compared to the other techniques based on data collecting and statistics. By 

using this technique it became more evident that the identification of the causes of the 

errors was too late after their appearance, although it was quite effective in removing 

them. If poka yoke systems development may lead to errors avoiding, Shingo still 

wondered if there was a method to obtain the much desired rate of zero defects, using 

the inspection. Thus arrived at the concept of source inspection, not in the meaning 
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known before, which referred to quality checkout along the material flow from supplier to 

customer, but based on the idea that the defects are the result of some actions and 

specific conditions and their identification in real time could prevent completely the 

appearance of the errors. 

 

So, poka yoke was at that time a method to prevent the reappearance of an error only 

after it was identified, creating a specific system that prevent recurrence. The new 

concept of source inspection was intended to analyse the possible causes of the errors 

and to prevent their occurrence with poka yoke devices. These ideas have emerged as 

the ZQC systems. The concept has been widely treated by Shingo throughout his 

career, being the subject of one of the most important publications in terms of study of 

quality “Zero Quality Control - Source Inspection and the Poka-Yoke System” [SHIN86] 

 

The poka yoke techniques, as shown before, are the basis of the ZQC concept and had 

the greatest impact on the appearance of this innovative method to achieve the ideal of 

zero defects in Japanese companies and not only – over time the two terms merging in 

the technical literature. These techniques will be presented detailed with examples from 

the automotive industry, respecting the initial thinking of these error prevention methods, 

as well as with other examples expanding the original concept to other industries and 

human activities. 

 

5 Original considerations on poka yoke systems 

 

Based on the study on quality evolution from ancient times to the MCT concept and the 

prevention theory, and taking into account the experience of developing poka yoke 

systems for the automotive industry some shortcomings in the treatment of this very 

important quality tool for error avoidance were noticed. These will be addressed further 

through some original contributions that will be made in order to complete this study on 

the topic of poka yoke systems. 
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5.1 Model of the poka yoke systems 

 

In order to easily understand the process by which poka yoke systems help in the error 

prevention, it is important to describe the way in which they are working through an easy 

to follow sequence of functions. This chapter is devoted to the development of such a 

generic model that can characterize all poka yoke systems regardless of complexity, 

type or field of usage. Even if the modelling will be made at a concept level, for each 

particular case it could be applied and detailed in order to identify any opportunities for 

improvement and avoid disruptive factors that can influence the correct functioning of 

the detection and prevention of errors. 

 

Thus the proposed poka yoke model consists of five basic elements: 

 

• “Reading” - before any poka yoke system can correct any error, it must identify 

the state or action that is intended to be verified. In the proposed model this 

component was defined as the “reading” function; 

 

• “Algorithm” – represents the main component of the system, the one that decides 

if an error that affects the final result was identified; 

 

• “Informing” – the component through which the poka yoke device transmits the 

test result to the user or the system in which it is included; 

 

• “Blocking” - the component that removes the possibility of continuing the 

operation in case that a non-compliance is detected; 

 

• “Disruptive factors” – they define all the elements that occur on the system and 

can affect its proper functioning. 

 

Figure 3 illustrates a poka yoke system which consists of the four components 

mentioned above and the disruptive factors that are influencing them. 
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Figure 3: Generic model of a poka yoke system 

 

After applying the proposed model to various poka yoke systems, the lack of the 

blocking component was observed at many of them. Therefore by making an analogy 

with the safety control systems installed on cars, which will be presented in chapter 5.4, 

it is proposed to split poka yoke techniques in: passive and active ones. Passive poka 

yoke systems are the ones with only an information component through which the 

operator is acknowledged about the detection of non-compliant situations, but no 

automatic blocking of the possibility to continue takes place. Active systems increase the 

efficiency of the poka yoke concept by blocking the error propagation in cases of 

operator negligence. The “informing” component takes place most often in parallel with 

the blocking or in other cases it is a result of the blocking itself. 

 

Starting from the components of a poka yoke system which were earlier described, a 

mathematical model to determine the quality of such a system will be proposed. 

 

The notations used for this model are: 

Na Number of active poka yoke systems in the production flow which have an impact on 

the final result 

Np Number of passive poka yoke systems in the production flow which have an impact on 

the final result 
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Pa The probability that the “algorithm” component will work properly in the absence of 

disruptive factors 

Pb The probability that the “blocking” component will work properly in the absence of 

disruptive factors 

Pc The probability that the “reading” component will work properly in the absence of 

disruptive factors 

PD Escape probability for a defect from the manufacturing line 

Pda Probability that the active poka yoke system detects an error 

Pdp Probability that the passive poka yoke system detects an error 

Pe Probability of producing a defect without a poka yoke system 

Pi The probability that the “informing” component will work properly in the absence of 

disruptive factors 

Pii The probability of ignoring the error message of the informing function 

Ppa Probability of disruptive factors appearance with influence on the algorithm function 

Ppb Probability of disruptive factors appearance with influence on the blocking function 

Ppc Probability of disruptive factors appearance with influence on the reading function 

Ppi Probability of disruptive factors appearance with influence on the informing function 

 

Due to the differences in the use of the two types of poka yoke systems previously 

introduced also the mathematical model shall be differentiated for: 

 

• Active poka yoke systems: 

��� = �� × �1 − �
�� × �� × �1 − �
�� × �� × �1 − �
�� 
• Passive poka yoke systems: 

��
 = �� × �1 − �
�� × �� × �1 − �
�� × � × �1 − �
� × �1 − �� 
 

The two formulas are based on the multiplication rule for independent events which 

states that the probability of simultaneously existence of more independent events is 

equal to the product of the probabilities of these events. 

 

Depending on the analysed production flow it is usual to identify more poka yoke 

systems which in the event of malfunctioning will lead to the delivery of fail parts. The 

dynamic model proposed for computing the probability of delivery of fail parts is: 
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�� =���� × �1 − �����
��

���
×���� × �1 − ��
��

�


���
 

 

A reliable poka yoke system should ideally provide an error detection rate of 100%. In 

order to achieve this performance, each component of the presented model must be 

analysed to prevent errors either due to an incorrect system development or due to 

disruptive factors. 

 

For the application of the proposed model a poka yoke system was developed on a 

production line of electronic components for the automotive industry which could store 

all working parameters in a database. This created an experimental model operated in 

series conditions that allowed the identification of the probabilities introduced in the 

previous presented model. 

 

5.2 Modelling the economic efficiency of poka yoke systems 

 

A dynamic model is proposed, for the analyse of poka yoke systems cost-effectiveness 

by comparing the total cost of manufacturing as well as in the scenario with no poka 

yoke but also the version when an error prevention system is installed. After presenting 

the created model, its use will be exemplified through a case study from the automotive 

industry. 

 

The developed model aims to analyse a production system over N periods, with a batch 

size in each period defined as Li where i takes values from 1 to N. The total cost of 

manufacturing further defined as CTF(N,Ipy,Li) is a combination of raw material, operation, 

maintenance, fix, logistic, bad quality costs as well as those caused by the investment in 

a poka yoke system. 

 

The notations used in this model are: 

cdp Storage cost for a unit per period 

CF Location fix costs 

CI Maintenance and setup costs 
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cIp Maintenance cost per period 

CL Internal logistic cost 

CM Raw material cost 

CNC Bad quality cost 

cncp Bad quality cost per unit 

CO Operation cost 

CPY Poka yoke cost 

Fp Fix cost related to the product per period 

Ipy Investment for the poka yoke system over N periods 

Li Batch size in period i 

mp Raw material cost per unit 

N Number of analysed periods 

op Operation cost per unit 

P(Ipy) Probability of producing a fail unit in case of a Ipy investment in the poka yoke system 

pd Probability of producing a fail unit in case of no poka yoke system (Ipy = 0) 

PY Total investment in the poka yoke system 

Si Stock in storage at the end of period i 

Vi Sales in period i 

 

For an Ipy investment in the poka yoke system the total manufacturing costs will be 

defined as: 

�����, �
 , !� = �" + �$ + �% + �� + �& + ��' + �() 

with each component being further detailed. 

 

�" =*! × +

�

��
 

Material costs are the first considered component of the total production costs formula. 

They sum over N periods the product between the number of parts manufactured with 

the raw material cost per unit. 

 

�$ =*! × ,

�

��
 

Operating costs sum the product of the number of manufactured products with the 

labour cost for a single product over N periods. 
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Maintenance cost is calculated by adding the maintenance value for the periods in which 

the line operated. The used formula is: 

�% =*��&-� × .%

�

��
 

where 

��&-� = /0				23	! = 0
1				23	! > 0 

 

In order to calculate the fix costs in the studied range the number of periods N is 

multiplied with the fix cost relative to the product per period. These costs refer to 

indirectly productive personnel costs, equipment depreciation and other overheads of 

the organization. 

�� = � × 5
 

 

Internal logistics costs sum over N periods the product of the number of stored units in 

each period with the cost of storage per period and piece. The used formula is: 

�& =*6 × .�

�

��
 

where 

6 = 67� + ! − 8 
 

Depending on the studied process, quality costs can have a different impact on the total 

cost of manufacturing. So if considering a final process that can produce a defect that 

can no longer be found in the location of production but just by the customer, the cost of 

non quality is very high. On the one hand there will be claim costs for the defective parts, 

and on the other it creates a loss of image in front of the client that can have very 

serious long-term consequences. For processes that can produce defects detectable 

before the products are delivered, the non quality costs are normally the scrap cost for 

the affected parts. The following formula can be applied to both described situations the 

difference being made by the considered non quality cost per product (cncp). 

��' =*! × ���
 � × .9�

�

��
 

where 



Alex Măgdoiu                                  Quality Improvement Using Poka Yoke Systems 

 

 17

���
 � = /:� 				23	�
 = 0
0				23	�
 = �; 

 

The poka yoke cost (CPY) is equal to the investment made for the error prevention 

system. 

 

Based on the equations introduced above, a dynamic model for calculating the total cost 

of manufacturing can be created, where the objective function is to minimize the costs 

so it can be afterwards decided if implementing a poka yoke system is efficient or not: 

�����, �
 , !�

= +2<*! ×+

�

��
+*! × ,


�

��
+*��&-� × .%


�

��
+ � × 5


+*�67� + ! − 8� × .�

�

��
+*! × ���
 � × .9�


�

��
+ �
  

where: 

�
 = 0	,=	�; 

+
, ,
, .%
, 5
, .�
, .9�
	><?	�;	 ≥ 0 

��&-� = /0				23	! = 0
1				23	! > 0 

67� + ! − 8 ≥ 0 

6A = 0 

���
 � = /:� 				23	�
 = 0
0				23	�
 = �; 

 

The developed model was exemplified and applied to a poka yoke system to verify the 

economic efficiency brought by its implementation. The example that is treated in this 

study was developed during the preparation of this thesis and successfully implemented 

on a production line of a company manufacturing electronic components for the 

automotive industry. Other aspects apart from the involvement in this project were not 

considered in the selection of this system as an example, as it was intended to 

demonstrate the applicability of this model on any kind of device taking into account their 

diversity. 
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5.3 Removing design flaws of poka yoke systems 

 

By studying many poka yoke systems, used on the production lines of electronic 

modules for the automotive industry, several examples of poka yoke systems were 

identified, that although at first sight were properly implemented contained certain faults: 

 

• Side effects of poka yoke systems 

• Human factor stronger than the error prevention system 

• Local problem targeted solution is not always sufficient 

• Poka-yoke affecting the production capacity 

 

For the problem correction, in most cases the poka yoke system was reviewed through a 

more comprehensive approach, thus succeeding in eliminating the undesired effects. 

These issues, namely the various deficiencies found in the poka yoke systems and the 

way in which they have been removed, will be presented based on several examples 

[MAGD12]. 

 

5.4 Broadening the concept of poka yoke 

 

The XXI century has brought with it an increased interest in the concept of poka yoke 

and thus its adaptation to certain areas and fields that have no connection to the 

automotive industry or the Toyota Production System [MAGD13b]. Scientific works that 

recognize the importance of the concept developed by Shingo Shigeo and the benefits 

of implementing such systems in constructions [RAMI11] [SANT99] or in software 

development [ROBI97] [NATA13] were created. 

 

But the most common field found in the new articles regarding the poka yoke topic is 

medicine. Here, similar to the automotive and aeronautical industry the importance of 

human errors receives a special attention as they may result in loss of human lives. 

 

Broadening the concept of poka yoke in its application and adaptation to the medicine 

field was done by various authors starting from the ideas of this method’s creator. They 
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named these mechanisms and techniques if not poka yoke -as Shingo Shigeo did- 

methods for human error avoidance. This chapter will present a further broadening of 

the initial poka yoke concept to different fields and in other forms, without being seen or 

recognized by the authors, creators or users as part of the method developed by Shingo 

Shigeo. Therefore the paper proposes examples of poka yoke systems from fields as: 

 

• Management 

• Logistics 

• Daily activities 

• Services 

• Driver assistance systems 

 

6 Poka yoke systems in the automotive industry 

 

Chapter 2 stressed the importance of certain periods of the twentieth century in the 

evolution of quality. While each era has brought innovative concepts, extremely 

important for the organizations that have implemented them, the TQM era roused the 

widespread reactions regarding the concern for quality in industry, especially in 

automotive. In this context the Zero defect theory appeared, as presented in Chapter 4, 

the concept of quality developing from the quality control, so that the nonconforming 

goods do not reach the client, to errors prevention, eliminating in this way the waste and 

the risk that the defects get on the market. 

 

As the Zero defect theory merged over time with the poka yoke systems, this concept of 

errors prevention will be treated especially for the automotive industry, because in this 

area there are significant efforts to improve the quality and to reduce the costs. Before 

studying poka yoke systems themselves an analysis of the evolution of the automotive 

industry in terms of quality development will be made, in order to clarify the meaning of 

poka yoke as a method to prevent errors in this area. Therefore there will be stressed 

the evolution of the quality concept in the automotive industry in general and not 

particularly of the poka yoke systems to demonstrate the wide range of quality 

techniques existing and developed in this field. The fact that the subject of this study is 
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the poka yoke method does not neglect the importance of the other concepts that should 

not be completely ignored. 

 

It is generally recognized that the automotive industry's history began with the invention 

of the internal combustion engine in 1876 by Nicolaus August Otto and with the first 

automobiles built by Karl Benz in 1885 and later by Gottlieb Daimler in 1886 [ BELL13 ] . 

A particularly important contribution was made by Ford, who was the first to implement 

the flow production that would revolutionize the concept of manufacturing. Ford’s 

success in the global market has led to the spread of mass production concepts among 

organizations worldwide. There were, however, negative reactions to this new trend that 

valued quantity more than the freedom of choice of the consumer. These reactions led 

to the creation of TPS (Toyota Production System), one of the most comprehensive and 

popular forms of Quality Management. This concept emerged in the second half of the 

twentieth century with the contributions of the Japanese specialists and the lectures and 

techniques developed by the American specialists who have found in the Japanese 

managers an audience hungry for knowledge and willing to improve. 

 

 

Figure 4: TPS House [LEI08] 
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With this reply given by the Japanese automotive industry in the mid twentieth century 

the Ford supremacy remained just history, its principles becoming outdated and 

unsatisfactory for the customers. Therefore the western organizations tried to discover 

the key of the Japanese success and the result of these tests was outlined in the 

development of a new management concept called “Lean”. 

 

The term “Lean” has emerged in the 80s-90s, after a 5-year study conducted by the 

prestigious MIT School with funding from the automotive industry. Womack and Jones 

analysed the stage of the existing mass production system in America where cost 

reduction was achieved by reducing the number of variables and processes and the one 

in Toyota company whose method of cost reduction led to the elimination of waste in all 

the phases of the production and of the life of the car and to the continuous 

improvement. A lean plant has two key features: the transfer of the objectives and 

responsibilities to the line workers that are adding value to the car and the existence of 

an error detection system that allows quick identification of the root cause. [WOMA90] 

 

The Lean Management is therefore a new way of thinking for the American and 

European automotive industry, inspired by the approach of the Toyota company's 

management focused on the inclusion of quality in production, on the waste elimination, 

on flow production, on continuous improvement and on building of lasting relationships 

based on respect and trust with business partners. It is an evolving concept whose 

applications have been extended to other industries. 

 

The western automotive industry even with the implementation of the Lean Management 

failed to exceed the high quality standards set by Toyota, whose production system in 

continuous development and improvement, based on the Japanese quality-oriented 

psychology, still dominates the market. Therefore, the organizations have made efforts 

to search a system to help them get a much lower rate of defects and thus to shatter the 

Toyota supremacy. So the Six Sigma concept developed in the early 90s by the 

Motorola company was brought to attention. 

 

Six Sigma can be defined as a structured process meant to reduce the variation sources 

of the product as well as of the processes in the whole company, in order to improve 
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quality, to increase the organization’s performances and to meet the customer’s needs 

and expectations. [BOZD10]. The method to obtain the 6σ quality is an extension of the 

Deming's cycle presented in Chapter 2, known by the acronym DMAIC (Define-

Measure-Analyse-Improve-Control). Thus each quality problem is treated as an 

improvement project using different quality methods and techniques for each specific 

phase. [SCHM10], [KNOW12b], [KIFO06] 

 

Since the subject of this work is the study of the poka yoke concept, after the 

introduction of the quality improvement concepts in the automotive industry, there will be 

presented a new perspective on this topic for this industry, which requires a modern 

classification, different from the one created by Shingo Shigeo and presented in Chapter 

4. This one is based on the appearance of the concern of poka yoke designing and 

involves a new classification of the poka yoke systems making the difference between 

process poka yoke and product poka yoke. The illustration of this new classification will 

be made on the actual example of the electronic control systems production, presenting 

their rapid development in recent years and the diversity reached today. To conclude the 

standard production flow for electronic modules is presented, creating an overview of the 

complexity of these products. 

 

In order to complete the poka yoke concept and to stress on the complexity of a 

relatively simple technique at first sight, the most important part of this chapter is 

dedicated to present numerous examples of poka yoke systems implemented in a 

company producing electronic components for the automotive industry. They were 

classified according to the process where they were implemented, in the order they 

occur along the standard production flow - from the freight receiving area, namely the 

storage of components, continuing along the modules’ production lines, testing and 

repair stations, assembly lines, ending with the packaging process. 

 

The adaptability of the concept to the needs of production processes for ensuring quality 

at the highest level will be highlighted. 
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7 Conclusions 

 

This study represents the top of the iceberg in terms of the application area of poka yoke 

systems, presenting only a part of the range of technologies and methods based on the 

theory founded by Shingo Shigeo, most of the times without being labelled as such. The 

applications of the poka yoke method are present around us in every area we operate 

and, even if not perceived, they certainly help us to be more productive and they stop us 

from making errors that could affect the quality at every level. 

 

As a conclusion of this work there will be presented on one hand the original 

contributions brought to the poka yoke subject, and on the other hand the future 

directions of study that could be developed and that the author hopes to be treated in 

the future to complete a vital concept for the industry in general and for the automotive in 

particular. 

 

7.1 Original contributions 

 

It has been demonstrated in this work that the theme of quality improving , although it is 

not entirely new, it will always be a current topic and concern for any organization 

regardless the type of work they perform or the industry they operate. This study made 

various contributions to the theoretical and practical treatment of poka yoke systems that 

have crystallized in developing models, broadening the concept to other areas and to 

other industries in the same time bringing many examples of applications developed in 

the automotive industry. 

 

• The creation of a quality improvement model taking into account all stages of 

a product life cycle. In order to realize this, the phases’ classification in the 

existing literature on the life cycle of a product was initially analysed. Various 

authors have studied this concept from different perspectives but none of these 

was considered to be suitable for this work. Therefore it was developed a model 

which, even if it took some of the ideas found in various publications, constitutes 

a new approach to this issue. Thus there were defined four relevant stages for the 
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life of a product in terms of quality improvement: the requirements identification 

phase, the planning and development, the execution phase and the utilization, 

withdrawal and recycling phase. The identification of these steps made possible 

the model creation by associating the techniques and tools of quality for each 

one, to ensure the maximum efficiency in building or improving the quality of 

products and processes in any organization. 

 

In terms of quality improving, it was considered that the prevention of design or 

manufacturing errors, which would lead to quality problems, is of greater importance 

compared to the inspection or the control. Therefore from the range of techniques 

presented in the model described in the previous paragraph it was chosen the poka 

yoke, the best known method to prevent the involuntary human errors. Thereby there 

were outlined two new models associated this time especially to the poka yoke method. 

 

• The modelling of poka yoke systems based on their structure. This model 

involves analysing and identifying the main components that can be associated 

with any system. On this basis, it was then made a mathematical model by which 

one can analyse the effectiveness of implementing a poka yoke system, taking 

into consideration also the disruptive factors that can affect it. It was considered 

also in the realization of the model the eventual existence of several poka yoke 

systems implemented on the same production line. 

 

• The dynamic model to calculate the total cost of manufacturing. This model 

was developed based on economic considerations in the examples developed for 

the automotive industry, facilitating the comparison from the costs point of view of 

two scenarios of production, i.e. one that does not implement any error prevention 

system and the other in which a poka yoke system is associated to the process. 

With this model one can analyse the economic efficiency of the introduction of 

any type of error prevention during the production flow. 

 

• The removal of design errors of the poka yoke systems. A more detailed 

analysis of the poka yoke systems has led to the identification of some 

deficiencies of such devices implemented in the production of electronic 
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components for the automotive industry. So, this is an alarm signal over the fact 

that although this concept was considered robust and 100% safe, with the 

increasing complexity of the production processes and requirements on 

prevention devices, the attention to avoid design or implementing errors must be 

also increased.  

 

• Extension of the poka yoke concept. This work brings in discussion the 

broadening of the studied concept. Thus, although the production systems 

depend on the implementation of poka yoke devices no study would be complete 

by focusing on just one area. Therefore there were analysed other areas and also 

the everyday life; other systems were found under the name given by Shingo 

Shigeo in different areas such as medicine. There are many other examples that 

are not acknowledged as belonging to this category of systems of prevention. 

This underlines the spread of this method in activities that its creator has not 

taken into account as well as the importance of these new applications that 

sometimes are even saving lives. 

 

A final contribution brought by this work is a practical one: 

 

• The illustration of the numerous applications of the poka yoke concept 

developed over the production flow of a supplier of electronic components 

in the automotive industry. 

 

The development of these aspects, namely the awareness of certain deficiencies in the 

treatment of poka yoke systems brought theoretical and practical additions. However, 

this study cannot be absolute and considered as a completion of any research on poka 

yoke systems. Therefore the conclusion of this work will present the possible future 

directions of study that would bring new perspectives, or would complement those 

already developed previously. 
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7.2 Future research directions 

 

Chapter 5.1 brought a major contribution to the concept of poka yoke by creating a 

model for analysing the effectiveness of such a system. By sharing any system in four 

distinct functions – reading, algorithm, informing and blocking and analysing each of 

them in terms of disruptive factors, it could be created a mathematical model by which to 

calculate the efficiency of the entire system, and thus determine the overall effectiveness 

of developing a poka yoke for that process. The application of this model in an 

experimental situation has proven the benefits of the classical concept developed by 

Shigeo Shingo. 

 

The proposed model is a dynamic one and could be in some cases incomplete, 

especially when taking into account the field in continuous changing where it has been 

developed. In the automotive industry the pressure to improve quality and to reduce the 

costs is high, so the efficiency of the poka yoke system is crucial. The further study of 

the proposed model and its application to several systems in an experimental setting 

could bring additions that would improve or update that one. 

 

Another issue treated in this work has been the extension of the poka yoke concept to 

other industries and areas. In this case there were presented systems that are 

recognized in the literature as poka yoke, applied to other industries, as well as systems 

to prevent errors in utilization or in other areas. It was stressed a new direction of study 

that brings new contributions to the broadening of the application area of poka yoke 

systems. However, this was not exhausted by the study and this field can be expanded 

further. 

 

Further analysis may lead to an increasing awareness of the importance of the use of 

poka yoke systems. With the technological development and the increasing complexity 

of products on the market, preventing misuse of the functions of a good gets a greater 

importance because it influences the user's perception of the quality. A particularly 

important area of study which highlights the timeliness of the concept of poka yoke is 

road safety. Here the applicability of the concept developed by Shingo Shigeo is only at 

the beginning and the developing of the error preventing systems becomes vital.  
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The study of poka yoke systems in utilization can be continued not only regarding their 

applicability but also to broaden their use in other fields and other industries. Thus there 

have been identified certain systems of errors prevention in the literature that were 

recognized as belonging to the concept developed by the Japanese specialist in 

medicine, although there are many other applications in other industries. Therefore, 

further study of these issues would bring an important contribution to updating initial 

thinking on these quality techniques. 

 

A final perspective that can be identified as the basis for a future study derives from the 

many examples presented in this work. Their classification along the production flow, in 

this case of a manufacturer of electronic components for the automotive industry, offers 

the suggestion to develop a catalogue of poka yoke systems. Thus the identification and 

grouping of different examples by production step, and not only , can help the engineers 

as well as the managers in choosing the best system of errors avoiding in 

manufacturing, management, logistics and many other processes within a company. 

 

These are just some directions for future studies that can be derived from this work. 

They emphasized the contributions made by this study, but in the same time they do not 

close the perspectives on poka yoke systems, actually opening many other aspects that 

can be analysed in order to update the concept and to stress its importance among the 

techniques used in improving the quality of products and processes. 
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