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Abstract 

One of the universal characteristics of all organization concerns their attempts to 

achieve high product quality at low price. For that reason, the contemporary 

organizations direct their attempts to improve the utilization of workers’ potential 

and adopt the line-stopping strategies at the shop .The research presented in this 

thesis aims at analyzing and revealing to what extent the decisions at the shop floor 

depend on operators. The conclusions drawn in this paper contribute to 

determination of the scope of operators’ responsibilities and examination of the 

ways in which workers maintain the process uninterrupted. The role of operators for 

attaining the desired product quality is presented as well. These objectives have 

been accomplished through theoretical work.
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1 Introduction 
The topic of the thesis regarding decision-making at the shop floor is introduced in 

this chapter. Purpose and limitations of the thesis are presented as well. 

1.1 Background 

Having completed the initial planning and the necessary preparations by managers 

and planning department, an operator begins to perform his/her tasks. In the course 

of their performance, operators have to constantly adjust the process to its normal 

state and decide on new options in order to achieve what is planned. Obstacles may 

force operators to make corrections. All these activities serve to explain the essence 

of decision-making. Hence, by making decisions and subsequently executing them, 

operators at the shop floor control the process. If operators are in control of a 

process, they are capable of sustaining the process stable and could cope with 

unforeseen situations (Scherer, 1998). 

At operational level, decision-making largely concerns the product features and the 

process, both given in the specifications and procedure manuals. If operators detect 

a discrepancy, they are responsible for using the available means, knowledge and 

skills in order to keep adhering to the master plan. In case of disturbances which may 

exceed their potentialities, they inform either a supervisor or the managers (De Feo 

et al., 2003). 

A lot of companies still employ a “post-mortem” inspection, which is called judgment 

inspection. That, however, has one major shortcoming namely it is responsible for 

one sole thing: it serves to detect defected products at the end of their processing 

without revealing the cause of their abnormal state.  Judgment inspection may only 

decrease the errors of operators made through carelessness or lack of experience. 

Because of the previously mentioned drawbacks of this kind of inspection, Toyota 

production system has implemented a more efficient form of inspection: informative 

inspection. The main concept of this alternative consists of reducing defects by 

informing a worker as soon as any kind of disturbance is identified. Thus, an operator 

is afforded an opportunity to intervene in the process and to make decisions as to 

what kind of measures need be taken so that the source of the defect should be 

eliminated (Shingo, 2005). 

1.2 Description of the problem 

Manufacturing is the part of the company that determines its potential. For that 

reason, a lot of organizations aim at implementing improvement programs such as 

”Just-in-time “and “Total productive maintenance” at the shop floor. In most cases 

the problem is that companies emphasize on the form of the program but neglect its 

essence – operators which actions and decision reflect in product quality. 



Introduction 

5 

Organizations should, on one side, focus their attention on the strong opportunities 

of the company and, on the other side, enhance the weak points in order to use 

these improvement programs more efficiently (Petersson, 2000). 

In the course of the past 10 years, American companies have not shown respect for 

the operators and have mainly relied on machine performance of the tasks. In most 

cases the problem is that companies focus their attention on high efficiency with 

fully automated systems and underestimate the merits of workers at the shop floor. 

In contrast to most of the American companies, in Japan, and especially in Toyota 

production system, the significant role of the operator is fully appreciated (Ohno, 

2006). Consequently, it could be concluded that in recent years, companies have 

become increasingly aware of the importance of the work force and its contribution 

to the development of the organization. 

The company management has to focus on creating appropriate conditions under 

which operators could make decisions by themselves. The management could be 

regarded as a body that only determines the limitations for decisions; it is the 

workers who are responsible for taking actions with respect to fulfilling the goals. 

Being in a closest position to the process itself, an operator is the person who plays a 

central role in assuring high product quality. 

High effectiveness of a human–machine system could be achieved by providing an 

operator with such devices as would enable him/her to monitor the system and 

ensure correct and relevant feedback (De Feo et al., 2003). 

1.3 Purpose 

The purpose of the thesis is to identify and analyze to what extent decisions are 

made at the shop floor, as well as the role of the operator for the successful 

attainment of desired product quality in the field of Lean production and Total 

Quality Management. 

In order to attain the purpose, three research questions have to be elucidated:  

RQ.1 what is the scope of the responsibilities of operators at the shop floor? 

To be able to answer this question, the quality control concept has to be reviewed in 

this thesis. Statistical techniques for quality have to be analyzed, in order to reveal 

the means which operators possess for achieving product uniformity and stable 

process. It is appropriate to determine the extent to which the elements of self-

control influence decision-making regarding the task of the operator to stay in 

control of a process. Next, the question will be answered by identifying how 

operators cope with emergency circumstances during the execution of their tasks at 

the shop floor and how they maintain the process uninterrupted. In order to define 

the scope of responsibilities of operators to a larger extent, their tasks during the 
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different stages of kanban system have to be outlined. Answering the question 

necessitates determining how operators maintain optimal capacity of equipment 

and machinery, in order to achieve high productivity level. Finally, this chapter will 

be completed by analyzing how operators suggest better ways for accomplishing 

their tasks. 

RQ.2 what factors influence decision-making at the shop floor? 

How do the operators use the available information in order to make decisions at the 

shop floor? This question will be answered by identifying how knowledge and 

perceptions influence decisions of operators at the shop floor. In addition, the affect 

of measurement system error over the decisions of operators have to be examined. 

RQ.3 how decisions are made by the operators at the shop floor? 

What is the role of operators in the feedback loop with respect to the corrective 

activities in case of discrepancies from the target quality? 

1.4 Limitations 

The research focuses on decision-making at the shop floor. The perspective referred 

to the project is in the field of “Lean Production” – Toyota production systems and 

Quality Theory (Total Quality Management). In this thesis, only process control 

activities performed at the operational level are presented and further dimensions, 

such as managerial activities, are not considered. The focus in this theoretical work is 

not on the main characteristics and functions of process quality controls (on-line 

quality controls), but rather on how these tools support the operators’ decisions at 

the shop floor to control the process. In this theoretical work the accent is put on the 

traditional mass production, Lean production and Lean principles in temperature-

dependent process. 

1.5 Disposition 

The thesis is divided into six chapters. The initial chapter aims at giving an idea of the 

main purpose of the thesis and the ways in which it would be achieved. Chapter 2 

introduces the methodology necessary for conducting theoretical research. Chapter 

3 presents the literature review in the field of Lean production and Total Quality 

Management relevant to the topic of this thesis. Besides, analyses made throughout 

the chapter are interlinked with the theory in order to draw implications relevant to 

the purpose of this thesis. In connection to the previous chapter, chapter 4 discusses 

some of the factors that could affect the decisions of operators at the shop floor. 

Chapter 5 outlines how operators take actions in case of discrepancy between the 

anticipated and the actual product quality. Finally, in chapter 6, a discussion is 

presented, in order to be defined the extent to which the purpose of this thesis is 

achieved. 
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2 Research methodology 
This chapter introduces the scientific methods and techniques for conducting 

literature review that are of relevance to the research presented in this thesis. 

2.1 Scientific approach 

In the course of this thesis, the different philosophical presumptions for 

understanding and explaining the reality are discussed, and various methodological 

approaches are developed on their base. From one point of view, the term 

“methodology” means “the science of method” (Checkland, 1999, p.31), from the 

other point of view, it could be presented as “creation of knowledge” (Arbnor et al., 

1997, p.11). 

Science examines the regulations and the laws that exist between natural 

phenomena (Checkland, 1999). The scientific approach of creating knowledge is 

based on “explicit relation between ideas and empirical observations” and on the 

use of exact formulated rules (Arbnor et al., 1997, p.22). The scientific method has to 

be taken into consideration as a “philosophical outlook”, which involves quantitative, 

qualitative procedures, experimental and non-experimental techniques (Rosnow et 

al., 1996, p. 6). 

The research presented in this thesis is multidisciplinary since answering the 

research questions presumes considering different disciplines from the field of 

industrial engineering, namely Lean Production and Total Quality Theory. The 

problem set in this paper regards the extent to which operators make decisions at 

the shop floor. It is divided into different parts, such as the responsibilities of the 

operators, what influence their decisions, how exactly they take actions in case of 

extreme circumstances. The relations between these parts are discussed, and how 

they interplay with each other as a whole (in a synergistic way). Therefore, it could 

be concluded that in the thesis a system approach for perceiving the reality is 

applied during the research (Checkland, 1999). In addition, the best system as a 

whole is attained when the most suitable combination of the parts is selected. 

In connection with the aforementioned approach, two other methods for creating 

knowledge are necessary to be mentioned - analytical and actors. The analytical way 

for creating business knowledge is applied when the parts of a whole are known, and 

the sum of them forms the whole. The actors approach differs from the previous two 

in the way it apprehends reality and the whole is “understood via the actors’ finite 

provinces of meaning” (Arbnor et al., 1997, p.52). 

To some extent, this research has been affected by the analytical approach since it 

considers reality as “mutually dependant fields of information” (Arbnor et al., 1997, 
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p.44). However, it could be difficult to employ the actors approach because it is 

irrelevant for the research objective. 

2.2 Research method 

The method employed in solving the problem outlined in section 1.3 is based on 

theoretical work and literature reviews. Since the purpose of the research is to 

reveal and analyze how operators make decisions at the shop floor, it is necessary to 

examine first the prior art about the problem presented in the thesis (Hart, 2004). In 

essence, the literature review encompasses activities such as collecting, synthesizing 

and analyzing books, reports, articles, conference papers and other materials that 

are of relevance for the problem set in the thesis (Williiamson, 2002).  

It is stated that two major traditional research methods in social science are 

available – positivist and interpretivist. The scientific (positivist) approach for 

research is formed on the bases of deductive reasoning1, while inductive reasoning2 

underlies the interpretivist approach (Williamson, 2002). In order to achieve the 

purpose presented in the thesis, the positivist method is employed. To support this 

statement it is necessary to give an example here. On one side, information is 

derived from different books and articles about the various quality control 

techniques; on the other side, the responsibilities of the operators at the shop floor 

are examined. Consequently, it becomes possible to conclude how workers maintain 

the production quality. 

The literature in the field of Lean production and Total Quality Management is very 

extensive, although there are few books and articles that examine the 

responsibilities of the operators at the shop floor and their role for achieving quality 

in production. The research questions are precisely formulated, in order to use the 

terms included in them as key words when searching for information on the topic. To 

narrow the scope of the articles, a combination of key words is used (Fink, 1998). 

Searching for books begins with browsing the Jönköping Library Online Public Access 

Catalogue (OPAC). Since this thesis is developed on the basis of theoretical work, the 

research is focused on finding the relevant books from distant past to the present. 

This would enable the development of the topic to be mapped chronologically (Hart, 

2004).The 

1
The next step of the research concerns the search in relevant databases that are 

specialized in articles (Fink, 1998). For the case studied some of the most 

                                                 
1
Deductive reasoning aim at generating a statement for a specific situation on the basis of general 

principles (Willianson, 2002). 

2
Inductive reasoning aim at generating hypothesis (Willianson, 2002). 
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appropriate databases are ABI/Inform for business, management and finance, 

Science Direct, Emerald Full text. In addition to the aforementioned sources of 

information, a large number of sites provide links to electronic books, such as Google 

Scholar, Google Search, WorldCat ctr. (Hart, 2004). 

The literature review has to be screened by using two criteria – practical feasibility 

and quality. The feasibility criteria enable selecting the studies according to “content 

coverage, language, type of publications, research methods, duration of data 

collection, funding sources”. The quality criteria refer to the design of the study and 

the way for achieving the predefined objectives (Fink, 1998, p.51). 

In the field of Lean Production and Total Quality Management, there are no distinct 

standards which separate studies on the basis of the quality criteria. Therefore, 

these criteria could not be applied when selecting appropriate literature for the 

research. 

The feasibility criteria that are used in this thesis allow selection of studies written in 

English. Due to the fact that the project level of the thesis is undergraduate, the 

work has to be focused mainly on books and articles (Hart, 2004). On the bases of 

these criteria for attaining the purpose predefined in this thesis books, articles and 

journal are used. Since this project aims at discussing how operators make decision 

at the shop floor in contemporary production systems, an accent is put more on 

recent studies rather than old ones. 
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3 Responsibilities of operators 
This chapter highlights scientific information within the field of Lean Production 

(Toyota production systems) and Total Quality Management. This information is of 

great importance when it comes to analyzing and demonstrating the goals described 

in the thesis. These aspects of literature aim at revealing the range of operators’ 

duties at the shop floor. 

Realizing the importance of taking actions on a real-time basis and uncovering the 

root of the problem leads to authorizing the operators with responsibilities to a 

larger extent (Liker, 2004). When there is a quality event that could lead to the 

production of substandard product, operators are required to take right and fast 

decision in order to return the process to its normal state (Miscikowski et al., 2006). 

Such human-oriented philosophy and this particular way of thinking are propagated 

by Toyota production system (TPS).  Operators should be trained how to take the 

right actions on the basis of the information available, as well as how to prevent 

abnormalities from recurring (Liker, 2004).  

Having in mind the contribution of operators to production quality and significance 

of their right decision-making, the attention in this thesis is focused on their role at 

the shop floor. 

The responsibilities of operators concerning process control are illustrated in the 

following figure 3.1. 

 

Figure 3.1  The Juran Trilogy diagram (De Feo 2003, p.87) 
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The main purpose of this figure is to clarify, which decisions dependent on managers 

in an organization and which on operators at the shop floor. Managers determine 

the level of performance and provide operators with necessary instructions. The task 

of operators is to use what is given and to strive to perform in the way prescribed by 

managers (De Feo et al., 2003). The responsibilities of operators imply restoring the 

process to the state that should have been initially, however, they are not in charge 

of further process improvements (Deming, 2000). The task that has to be fulfilled by 

operators at the shop floor is to follow these preliminary defined levels of 

performance. Operators act within stipulated limits and their duty is to control the 

process with the means and information supplied to them by the managerial body 

(Juran, 1998). They are responsible for keeping the process stable and predictable 

(Scherer, 1998). 

As a theory for causes of variations is fundamental for the aim of the thesis, a 

distinction between special and common causes has to be drawn. Common causes 

are inherent in the process, such as humidity fluctuations, changes in temperature, 

deterioration of equipment performance (Mason et al., 2000). According to 

Shewhart (1986), if in the process exists only common-cause variations, it could be 

said that the process is in statistical control. In this regard, modern statisticians use 

the term stable and predictable, instead of using the phrase “to be in statistical 

control” (Juran, 1998). These common problems that cause disturbances at the shop 

floor go beyond the responsibilities of operators (De Feo et al., 2003). Although 

authors use different terms about the other type of causes of variations such as 

“assignable cause’’ (Shewhart, 1986), ”special cause” (Deming, 2000), or “sporadic 

cause” (De Feo et al., 2003), they all agree on their characteristics. “Special causes of 

variation are not inherent in the process and can be therefore readily identified” 

(Mason et al., 2000, p.234). At the shop floor disturbances and errors are 

unanticipated and emergent and hence, they could be predicted with minimal 

probability (Sherer, 1998). For this reason, it could be concluded that responsibilities 

of operators comprise of ability to cope with special disturbances (Juran, 1998). The 

role of operators at the shop floor regarding the improvement of process quality is 

reviewed in terms of elimination of the special cause variations (Jabnoun, 2002). 

Examples for special causes are machine malfunction, machine control error, 

excessive scrape rates (Scherer, 1998) as well as tool wear, measurement errors, 

individual errors (Mason et al., 2000). 

Clarifying the different structures for shop floor control and employee 

empowerment could help us to define the responsibilities of operators in terms of 

process management.  

When a hierarchical structure for control is applied in an organization, in case of 

disturbance operators are demanded to inform the managers and to wait for 
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commands (Bongaerts et al., 2000). According to Hatvany and Duffie, a more 

appropriate structure for control is heterarchical one, owing to the fact that 

operators are empowered with more responsibilities and the decisions are taken in a 

faster manner. The only shortcomings are related to global optimization and 

predictability. The authors also suggest a holonic structure i.e. a structure that 

represents an integration of the advantages of the aforementioned cases (Bongaerts 

et al., 2000).  

Out of the mentioned above comparison between the three control structures, it 

could be concluded that for an organization is more suitable to adopt a holonc one. 

This is due to the fact, that in this case operators are delegated to make-decisions to 

a middle level of discretion in comparison to the other two cases. This level of 

discretion from one side, would assure a faster response to disturbances and from 

the other side, a necessary predictable level of performance. 

According to Bowen and Lawler (1992), empowerment is presented as “a means that 

enable employees to make decisions “(Jobnoun, 2002, p.184). Empowerment could 

be presented as well as ”an increase in employee discretion” (Godfrey, 1997,p.564). 

The empowerment contributes for enlargement of the responsibilities of operators, 

because of the fact that they are required to make decisions that in the past were a 

part from the duties of managers (Miscikowski et al., 2006).  

In contrast to the empowerment approach, at the beginning of quality management 

the role of the employee as participants in attaining quality was limited. The 

operators’ responsibilities comprise of problem detection and analyzing of their 

work (Godfrey, 1997). 

Since the aim of this thesis is to define to what extent decisions are made by the 

operators as well as their responsibilities at the shop floor in the field of Total quality 

management and Lean production, it is appropriate to compile and clarify the set of 

activities included in the term “process control”. In order to formulate the activities 

accomplished by the operators at the shop floor, it is necessary to answer the 

question “What have to be controlled within the process?”. 

Because of the fact that the aim of organizations is to accomplish outcomes whose 

parameters are within a predefined range, the process quality control becomes an 

essential part of operators’ responsibilities (Tennant, 2001). According to 

Miscikowski et al. (2006, p.45) ”Empowerment requires shop floor operators to step 

outside their traditional roles and make quality decisions previously made by 

managers”. 
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3.1 Quality control 

3.1.1 Quality control definitions 

Since a research question concerning the set of operators’ responsibilities is 

examined in this thesis, it is of importance to elucidate the quality control concepts. 

The concept of quality control has undergone a lot of changes and refinements. 

Hence, a great number of definitions exist in this field, some of which are presented 

below. 

Feigenbaum initiates the idea of Total quality management (TQM). According to his 

concept, quality control has to be performed as different tasks allocated to 

employees at all hierarchical levels in an organization (Wadsworth et al., 2001). 

Besides the activities included in Feigenbaum’s theory such as assessing the product 

or process conformity with the standards and taking corrective action on difference, 

the aspects of quality control theory such as incremental improvement in the 

standards are highlighted as well (Jabnoun, 2002). 

“Total quality control  is an effective system for integrating the quality – development 

(planning), quality–maintenance (control), and quality improvement efforts of the 

various groups in an organization so as to enable production and service at the most 

economical levels which allow for full customer satisfaction”(Feigenbaum, 1983). 

 

The concept of quality control implies activities like measuring actual performance, 

comparing the obtained results to preliminary stipulated standards and 

specifications, and, in event of difference, taking necessary corrective actions. The 

main role of control is to assure that the desired quality of products and process are 

met during operational work (De Feo et al., 2003). The same opinion is advocated by 

Dale and Oakland, who claim that “All control requires the establishment of a 

standard for the means of comparison, the assessment of conformity, and the 

application of suitable corrective actions where necessary” (Godfrey et al., 

1997,p.560). 

In this regard Bounds et al. (1996) suggests a new theory in which the idea of 

proactive control is developed. In addition, the responsibilities of the operators in 

relation to preventive control, real time control and detection of causes of problems 

are determined explicitly. Their theory is addressed to aspects of quality control such 

as analyzing of collected data by using statistical methods and surveying of input 

(Jabnoun, 2002). 

Most authors agree on the significant role of the operators at the shop floor in the 

quality control, although their theories examine the role of workers to a different 

extent and from different aspects. From Feigenbaum’s considerations, it could be 

deduced that his theory is more directed towards decision-making by managers 
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rather than by shop floor operators. The theory of Bounds et al.(1996), it is more 

suitable in relation to the purpose of this thesis. This is due to the fact that the 

quality control aspects presented in their theory are in terms of operational decision-

making. For the sake of this research, quality control is regarded as a continuous 

process carried out by operators at the shop floor, which includes the following 

elements: 

- Measuring actual performance; 

- Identifying whether the product or process parameters are within a 

preliminary defined scope; 

- Taking actions on difference; 

- Taking preventive actions; 

- Investigating the root of the problem; 

Juran quality control elements underlie the concept presented in this thesis, as well 

as the components from Bounds et al. (1996) theory are included. 

Having in mind that process parameters vary during manufacturing, it becomes clear 

the necessity to reveal how it is control by operators. Hence, the objective of the 

forthcoming section is to analyze the appropriate quality control techniques. 

3.1.2 On-line process quality controls 

According to Shewhart three steps exist for process quality control by operators. The 

first step consist of formulation of specifications; the second one is related to the 

appropriate working conditions that enables operators to manufacture products that 

meet the standards; finally the third step comprises of inspection of the product 

quality. Moreover, Shewhart presents statistical process control as an operation or 

techniques that contribute to products uniformity and enable operators to assess 

whether a certain product meets the desired quality or not (Shewhart, 1986). 

According to Dale (1994) “Statistical process control (SPC) is generally accepted to 

control and mange (management) a process (either manufacturing or service) 

through the use of statistical methods” (Mason et al,  2000, p.233). 

Recent literature has focused on integration use of quality control methods. For 

instance, operators at the shop floor are required to use first checklist, in order to 

confirm or improve the stability of the process. The next appropriate technique that 

can be used is a control chart (Kwork et al., 1998). Another example is suggested by 

Tennant, he highlights that the combination of control chart and action plan is of 

importance for responding to the changes before they turn into critical (Tennant, 
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2001). Statistical techniques for quality control allow operators to detect 

abnormalities in fast fashion (Hales et al., 2006). However, these quality tools have 

two drawbacks – the acceptance of all process abnormalities with equal importance 

and assumption that any quality problems could be resolved with adequate 

resources as soon as they occur (Hales et al., 2006). 

Regardless of the aforementioned shortcomings, the quality control techniques, such 

as “Posi Trol” plan and checklist, enable operators to understand the process and to 

prevent future abnormalities. This is due to the fact that these methods provide the 

operators with information concerning key process control parameters so that they 

could pay more attention to them (Kwork et al., 1998).  

Besides these techniques, other methods are used at the shop floor that afford an 

opportunity to operators to detect abnormalities during the process, such as control 

charts, histogram, data logs. The traditional use of control chart consists of surveying 

the process, in order to prevent future deteriorations (Xie et al., 1999). Process 

control charts could be presented as means that “plot the performance of process 

output characteristics over time” (Shonberge et al., 1994, p.110). These are statistical 

tools that provide information about the permissible limits, within every product is 

required to be (Tennant, 2001).  

Control charts are one of the most widely discussed statistical process techniques 

(Xie et al., 1999), although this type of quality control does not provide information 

about the cause of the problem (Mason et al., 2000). Most authors agree on their 

main function, namely as a means that afford an opportunity to operators at the 

shop floor to separate the common from special causes (Shonberger et al. ,1994,; 

Wadsworth et al. ,2001; Kwork et al. ,1998; Mason et al. ,2000). This opinion is also 

endorsed by Tenant (2001), who claims that operators do not have to take into 

consideration natural variations (common causes) because they are unavoidable and 

always are observed through the process. Therefore, operators have to pay attention 

to special changes. When a value of one parameter goes beyond the preliminary 

stipulated limits operators could deduce that something in the process conditions 

has changed (Kwork et al., 1998). SPC “is used to monitor, control, analyze and 

improve process performance by systematically eliminating special causes of 

variations in processes” (Mason et al., 2000, p.234). Hence, operators use control 

charts, because they enable them to fulfill their observing functions (Goldsby, 2005) 

and also assist them to bring the process into a state of statistical control (Antony et 

al., 2003). This opinion is also endorsed by Tenant (2001). According to the recent 

surveys, a new application of control charts could be suggested for improvement of 

the process quality. They are called Cumulative Count of Conforming (CCC). In this 

case operators’ attention is focused on the conforming samples rather than on the 

nonconforming ones. On the basis of received results, suggestions could be made 
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about how the process quality could be improved (Xie at al., 1999). Antony et al., 

(2003) proposes some guidelines that could support operators to interpret the 

control charts and make right decisions about the state of process (whether the 

process is in control or not). For example, if two out of three successive points are 

outside of the predefined limits on the same side of the center line, operators have 

to know that the process is out of control and the reason for the problem have to be 

detected immediately. 

From all these considerations, it is recommended for organizations to supply workers 

at the shop floor with control charts. In that manner, operators are able to observe 

constantly the state of the process and to respond to the disturbances in the fastest 

possible way. 

When an “operator-dependent process” is applied at the shop floor, operators have 

to handle the process by themselves. They are responsible for detection of 

abnormalities as well as to judge whether they have to stop the line and to proceed 

or not (Kwok et al., 1998). Toyota production system utilizes visual control that 

facilitates operators to make decisions. Owing to this visual control, operators are 

able to observe their actual performance (Liker, 2004). In this regard, one of the 

main techniques that is used by operators to detect abnormalities is the so called 

“red label project” that should be performed every day (Monden, 1998). This is a 

means that assist operators to dispose of everything that is unnecessary at their 

workstation. Red labels could be placed on everything (equipment, boxes, paper) 

that is not required for performing of a certain operation (Goldsby, 2005).  

Toyota production system has developed the method for detection of changed 

conditions, from “Automation with feedback mechanism” to autonomation. At the 

shop floor in Toyota production system the majority of machines are equipped with 

checking and stopping mechanisms. The checking devices are positioned on the 

instruments and implements – baka yoke1 and poka-yoke ( Monden, 1998). They are 

called mistake-proofing devices and support operators to be in control of the 

process. Before the process starts, poka-yoke signals operators if there are 

abnormalities. As soon as this device is activated, the process shuts down and for 

example, a buzzer alerts a worker about the problem. In cases like this, the right 

decisions that have to be made by operators are to adjust the changed conditions 

into their normal parameters (Shingo, 2005). Sensors (poka-yoke) are the tools which 

are used to measure the actual state of a process and to provide the operators 

comprehensible information. The obtained information becomes the basis of 

decision-making. Because of the fact that work force fulfills current control, it is of 

                                                 
1 baka-yoke – mistake-proofing device that assure hundred percent product quality. For example, the 

machine will not start in case of irregularity in the material (Ohno, 2006) . 
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utmost importance to obtain information at the right time and in a comprehensible 

form (De Feo et al., 2003). In most cases when such auto-control is attached to the 

machine, operators are able to focus their attention solely on execution of corrective 

actions (Kwork et al., 1998). 

 The extent to which the machine is autonomous, largely determine the required 

responsibilities of operators. When the machine is pre-automated, its capacity is 

limited only to discovering defects, whereas the decisions on corrective actions 

depend on workers. In case of fully automated machines, the decisions that have to 

be made are minimized to a great extent (Shingo, 2005). The desired process control 

method is detection and correction, regardless of the fact that techniques such as 

auto detection and alarm fully satisfy the need for process control at the shop floor. 

The objective is transferring the execution of the corrective action from operators to 

machines (Kwork et al., 1998). 

In Toyota production system, almost all machines are automated with a “human 

touch” intelligence i.e. they possess the capacity to detect abnormal conditions. 

Therefore, a machine could stop by itself (without human intervention) if 

unacceptable changes occur (Shingo, 2006). The machines are equipped with devices 

that distinguish between defective and non-defective conditions. While a machine is 

in operation, no worker is required to supervise it. In case of abnormalities, however, 

the machine stops and signals the occurrence of a problem. The task of the 

operators is to understand the problem and to investigate its roots. Their decisions 

are supported by the supervisors at the shop floor (Ohno, 2006). 

In case of manually operated product lines, the operator is required to shut down 

production until the problem is clearly understood. Every operator has to have a 

clear idea about normal and abnormal conditions. In this way, it would be easy for 

them to decide correctly whether the line should be stopped or not in the particular 

situation. If the decision made by the operator is for the line to be shut down, the 

next step is to take countermeasures to prevent recurrences (Ohno, 2006). 

Besides the fact that operators at the shop floor are empowered to detect the 

abnormalities, they also have to rectify the out-of control conditions. Different 

operators usually have different methods to handle the problem (Kwork et al., 1998). 

As soon as operators have received a signal for failure, they have to: 

- use the available information; 

- try to obtain additional information on the basis of which the decisions are 

made; 
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Operators are capable of assessing the situation and evaluating the information 

received from the sensors better then anyone else at the higher level in the 

hierarchy. This is due to the fact, that they are experience and familiar with the 

circumstances at the shop floor (Scherer, 1998). 

As the role of the operators at the shop floor comprises of data recording and 

monitoring of the process course, the concept of “six sigma” and its relation to the 

operational decision-making have to be clarified.  

Six sigma provides an organization with guiding principles about problem-solving and 

propagates the so called “critical thinking” idea. The six sigma methods enable 

operators to be in control of the process by using statistical process control tools. 

Define-Measure-Analyze-Improve-Control (DMAIC) sets directions for reducing 

variations in the process. The DMAIC model is conducted by specially trained 

employees – “black belts”. Their main goal is to understand the causes of process 

variations (Pham et al., 2006). Six sigma presents the concept that “everyone in an 

organization is responsible for the quality of goods and service produced by the 

organization” (Arnheiter et al., 2005, p.6). One of the prerequisite for achieving 

quality in the process is to be ensured that employees at all levels in the organization 

are committed to this idea (Dahlgaard, 2006). 

The process quality control theories that have been analyzed and compared so far, 

aim at identifying the decisions that depend on the operators at the shop floor. From 

the theories of Shewhart, Dale, Mason et al., it could be deduced that operators 

control quality of the process on the basis of the information provided by statistical 

tools. In addition to that, Kwork et al. and Tennant in their theories emphasize that 

successful process control could be achieved by using a combination of statistical 

tools. Kwork et al. contribute to defining some of the decisions made by operators. 

According to their theory, operators are required to make decisions for the process 

quality at the beginning of operations by using the appropriate statistical tools. In 

addition to that, Shonberger and Tennant develop this concept as they claim that 

operators have to observe the process during the manufacturing, thus enlarging the 

scope of operators’ decisions. The theories of all authors reviewed in this section 

agree that workers have to make decisions only when a special cause occurs in the 

process. The theory of Mason et al., is appropriate for the purpose of this thesis 

since it reveals the role of the operators for the improvement of the process. By 

comparing the theories of Kwork et al., and the theories of Liker, Monden, Ohno, 

Shingo, the different extents to which the decisions depend on the operators could 

be defined. In the first case “operator-dependent-process”, operators are authorized 

with broader range of responsibilities in comparison to the second case machine 

automated with “human touch”. Workers are required to make decisions concerning 

not only taking corrective actions, but also detecting abnormal process state and 
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stopping the line. The authors that develop the theory for Toyota production system 
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These are the elements that are needed by operators to perform their tasks 

successfully and to keep the process in a stable and predictable state. Only when the 

work force is provided with the elements mentioned above, it would be capable of 

taking actions and perform quality control. The activities included in the quality 

control process, such as measuring, comparing and taking actions on difference, 

constitute a considerable part of an operator’s work (De Feo et al., 2003). 

The essential means according to Juran, (1998) are: 

Means that enable operators to know what quality is required  

- permissible and impermissible performance; 

- process standard; 

- who makes decisions for what work; 

Means that provide the operator with information about the actual performance 

- correct and relevant feedback; 

Means necessary to adjust the process in case of inconformity with the preliminary 

definite standard 

- capable process; 

- suitable tools, knowledge, skills for process regulation; 

- authority for decision-making ; 

From these considerations, it could be concluded that the lack of information 

regarding the elements of self-control could cause quality problems and bad 

performance. The implication that could be derived concerning the responsibilities of 

operators to control the process quality and the quality of their own work, is that 

these elements define the set of possible decisions from which the operator has the 

discretion to select. Managers create the conditions that are essential for decision-

making at the shop floor. Hence, they are the people responsible for providing 

operators at the lower levels of the organization with the necessary means that 

enable them to be in control of the process. 

3.1.4 On-line product quality controls 

Since the focus in this chapter is on the responsibilities of operators in terms of 

quality control, it is important to elucidate how operators at the shop floor maintain 

the desired product quality. 
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In every organization a great amount of decisions have to be made concerning 

conformity of products with specifications. Due to this reason, decisions are 

allocated to the personnel at lower levels of the organization. In this way, operators 

are in charge of deciding whether a certain product meet the specified standards (De 

Feo at al., 2003). Two types of inspection could be conducted in an organization - 

judgment inspection and informative inspection (Shingo, 2005). The traditional 

approach for product quality assurance consists of detection of defects without 

taking any preventive measures. Such type of inspection could be considered as 

reactive, because of the fact that defect items are detected after they are produced 

(Mason et al., 2000) at the end of the process before they to be released for 

distribution (Fisher, 1999). Judgment inspection provides workers with insufficient 

information about the cause of the defect and the appropriate measures for 

removing the problem (Antony et al, 2003). On condition that judgment inspection is 

applied in an organization, the decisions that can be made by the operators are 

limited (Shingo, 2005). Workers at the shop floor have to follow the predefined 

procedures for product conformity that comprise of classification of products as 

scrap, products degraded for alternative application, and such that need to be 

reworked (Kwork et al., 1998). According to Shigeo Shingo (2005), preventive actions 

are the main purpose of inspection, not just defect detection. Hence, it is more 

useful for an organization to implement the second form of inspection, because of 

the fact that it could contribute to improvements in product quality (Antony et al., 

2003). The essence of the informative inspection comprise of gathering data from 

the inspection to adjust the process and to prevent possible defects (Fisher, 1999). 

The aforementioned comparison of the two forms of inspection contributes to 

defining the scope of decisions made by operators. As a result, it could be concluded 

that the tendency is toward broadening the scope of the decisions that have to be 

made by operators at the shop floor. Workers have to be in charge not only of 

classifying the products as defective or non-defective, but also of taking proactive 

measures to prevent quality events. Thus, the role of operators for product quality 

improvements could be pointed out. 

In this research different types of informative inspection are reviewed, in order to 

define the duties of operators at the shop floor. 

Types of informative inspections: 

Self-inspection – the scope of responsibilities of workers at the shop floor is as 

follows: 

As soon as the operators have manufactured a certain work piece, they have to 

make decision on its quality. They have to pay attention and not to accept 

substandard item or to reject good one (Antony et al., 2003). To conduct self-
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inspection operators have to be authorized to correct mistakes as soon as they occur 

and to stop the line, preventing further pass of defective parts (Schonberger et al., 

1994).  

In order self-inspection to be enhanced, it is necessary, again to be reviewed 

mistake-proofing devices such as poka-yoke (Shingo, 2005). This is due to the fact 

that the quality of the product and the process are dependent on each other. Poka-

yoke devices are “any mechanism that either prevents a mistake or defect occurring 

or make any mistake or defect obvious at glance (Fisher, 1999). By installing mistake-

proofing devices, workers can detect faults in the process. In this manner, such 

physical devices assist operators to be in control of the process and to improve the 

quality of the products (Shingo, 2005). Two types of poka-yoke exist that influence 

the decisions of operators: 

- Control type - the scope of responsibilities of operators is limited. Work 

force is not in charge of stopping the process in case of disturbance. A special device 

is attached to the machine so that it stops by itself. The only responsible of operators 

in this case is to take corrective actions (Shingo, 2005). Examples of control poka-

yoke are: jigs - preventing the setting of items incorrectly; pegs and guide pins - 

preventing the insertion of items in wrong way; sensors (Pale et al., 2001). 

- Warning type - after work force is provided with an appropriate signal it 

is their turn to make decisions on whether the defective conditions are permissible 

or not (Shingo, 2005). Examples of warning type poka-yoke are lights and buzzers 

(Patel et al., 2001). 

Successive inspection - this implies making decision on the quality of products 

produced by operators from the preceding workstation (Shingo, 2005). In this 

manner, the location of the problem would be precisely identified and hence, faster 

resetting of the process can take place (Fisher, 1999). 

Source inspection - operators control the factors which produce defective 

conditions. The attention of the operator is concentrated on the sources that affect 

problems in product quality (Shingo, 2005). Some of the poka-yoke devices prevent 

the beginning of the process until the necessary process parameters are ensured 

(Fisher, 1999). This kind of inspection is called pro-active measurement. Two types of 

decisions exist: 

- Vertical source inspection - if operators detect a problem, they are 

required to examine the process in order to specify which factors have changed. As 

soon as the cause of the special change is detected, operators have to take 

corrective actions. In most cases, they prefer to restore the previous state of these 

factors. 
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- Horizontal source inspection - this kind of inspection is carried out 

within the operation. Operators are required to make decisions on factors that affect 

the quality of the product. 

Sensory inspection - it focuses on the defective product, not on the cause. Sensors 

are implemented in the process which inform to what extent a particular product is 

in congruence with the standards. Then the operator has to judge whether to accept 

the product or not (Shingo, 2005). 

To be able to clarify in details how operators make decision on the quality, the 

inspection tools have to be presented, as follows: 

- Acceptance sampling - this is one of the on-line quality control tools. It 

consists of choosing a random sample for defining the quality level of the whole 

batch. (Kworket al., 1998). In contemporary organization, with the exception of some 

businesses in Hong Kong (Lee et al., 1999), random sampling is used, rather then a 

hundred percent inspection. If operators detect a sample that deviates from the 

limits specified in the control chart, they have to shut down the process during the 

corrective activities. This is the only way in which defect reduction is made possible 

(Shingo, 2005).  

- First-article inspection - operators are required to check the first and 

the last work piece and if they have acceptable quality level (AQL) the operators 

accept the whole lot; 

- Destructive testing - by destroying an item operators come to an 

conclusion about the quality (Schonberger et al., 1994)                                                                                                                  

What have been analyzed so far aim at revealing that in case of informative 

inspection to operators are delegated more responsibilities as compared to the case 

when judgment inspection is applied. According to the types of informative 

inspection, operators are delegated responsibilities to different extent. The theories 

of Antony, Shaonberger present the concept that operators have to make decisions 

concerning the quality of the products that they have produced. In this regard, 

Shingo and Pale et al. develop this idea and state that operators’ decisions are 

supported by mistake-proofing devices. In this manner, operators would make timely 

decisions and their mistakes would be reduced. According to the theory of Fisher and 

Shingo the desired product quality would be achieved by inspecting work pieces 

manufactured not at their workstation, but at the preceding one. They also suggest 

that, by observing the critical parameters of the process the required quality of 

products would be met. From these considerations could be deduced that operators 

have a important role for attaining product quality. 
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3.2 Storage Elimination    
  

To be able to outline the scope of responsibilities of operators, we have to have in 

mind their ability to cope with unforeseen situations during manufacturing. The 

analysis below aims at demonstrating the key role of operators at the shop floor in 

regard to the maintenance of the uninterrupted process. This section concerns 

possible decisions which operators use to cope with these abrupt circumstances. 

When in an organization the TQM principles are adopted regarding the involvement 

of workers at all hierarchical levels and the process improvement (Rampersad, 2001), 

the elimination of the waste at the shop floor gains a great importance (Smet et al., 

1997). ” Waste” is defined as everything that does not add value to the completion 

of the output at the right time and in the sufficient amount such as defective 

products, machine waiting and machine stoppages (Liker, 2004). That is in 

accordance with the definition given by Robinson an Schroeder (1992) – “waste” is 

considered as “anything that adds cost without adding value” (Smet et al., 1997, 

p.23). The waste at the shop floor could be caused by different kinds of disturbances 

(Monden, 1998). According to Cambridge Advanced Learner’s Dictionary “to disturb” 

means “to move or change something from its usual positions, arrangement, 

conditions or shape” (electronic source). This notion of disturbance is given in order 

to specify a start point and on its basis to formulate the following classification. 

Different disturbances could be registered depending on the specific situation (Smet 

et al., 1997). 

3.2.1 In case of C-storage 

A variety of disturbances could occur in the process, such as machine downtime, 

defected items, downtime for tools, die changes, changes in production. These 

disturbances cause C-storage (Shingo, 2005). In addition, manufacturing system 

could be affected by operators absence, material shortage etc. (Ozbayrak et al, 

2004). 

- in this regard, waste due to machine stoppages and respective 

operators’ decisions are presented. According to Shingo (2005) three types of 

machine stoppages exist – minor, medium, major.  

Minor stoppages are a machine downtime that lasts less than four minutes. These 

interruptions could result, for example, from blocking of the previous machine, so 

the successive one has to stop as well until the problem is resolved or the previous 

process runs at lower speed, so the successive has to wait (Smet et al., 1997). Shingo 

(2005) discriminates the causes of disturbances into three categories: machine 

stoppages resulting from a workers’ fault such as part shortage, a work piece could 
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fall of the conveyor or some part is not inserted into machine on time; the other 

cause could be derived from the specificity of the work and machine (for example 

two work pieces could stick to each other or a machine could pick up two pieces 

instead of one); the third kind causes are effect from the sensory fault (Shingo, 

2005). Sensors are tools that are used by an operator to measure the actual state of 

machine, process or items. This tool transforms data into comprehensible 

information. The obtained information becomes the basis of making decision. 

Because of the fact that operators fulfill current control, it is of utmost importance to 

obtain information at the right time and in a comprehensive form (De Feo et al., 

2003). Decisions that have to be made for eliminating the waste are allocated 

between the operators at the shop floor, supervisors and managers in a certain cell 

(Rampersad et al., 2001). In this case the responsibilities of operators are to conduct 

autonomous maintenance. Workers are responsible for maintenance of their 

equipment. In this way stoppages could be prevented by proactive activities. If a 

problem occurs, an on-site inspection has to be conducted (Sekine, 1998). It is in 

consistent with the opinion of Kim and Tang (1997) who propagate the idea that 

preventive maintenance could lead to less machine downtimes. According to the 

strategy that is adopted in the organization, operators are required either to stop all 

machines at the same time and to conduct maintenance or to do this separately 

(Özbayrak et al., 2004). In mass production operators are responsible solely for 

performing their tasks and they rely on correcting the problem at the end of the line. 

They are required not to stop the line by having buffers between the processes. 

When lean manufacturing principles are applied to temperature dependent process, 

workers can not stop the line because otherwise the change in work-in-process and 

process equipment state cold occurs. Therefore, they respond to the interruption by 

modification of the production route or parameters (Lee et al., 2003). 

In order to summarize the aforementioned information, an appendix A – 

Responsibilities of operators in case of minor stoppages - is applied. 

Medium and major stoppages are a kind of machine downtime that last longer in 

comparison to the minor stoppages. One possible cause could be machine or 

equipment breakdown (sporadic or chronic) (Shingo, 2005). In fact, these causes are 

often sources of disturbances at the shop floor according to Özbayrak et al. (2004). 

Besides, an operators’ failure to keep track of worn and deteriorated parts could 

serve as a catalyst for these types of stoppages (Sekine, 1998). In this regard, the 

possible actions and responsibilities of operators are discrepant depending on the 

organizational approach and policy to handle such kinds of problems. 

According to the traditional approach for recovery of disturbances adopted in mass 

production, operators are required to “keep the line moving at all cost” regardless of 

the occurrence of disturbances during manufacturing (Shin et al., 1995). That is 
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consistent with Shingo’s opinion about the traditional rules. In addition, the 

responsibilities of shop floor operators in traditional manufacturing comprise of 

operating and observing machines, data recording .Workers’ decisions are not 

assisted by machine controllers or sensors (Syan et al., 1995). The machines at the 

shop floor utilize buffers so that operators are not required to stop the line. These 

types of decisions are not appropriate if reduction of the storage is the objective 

(Shingo, 2005). 

On the other hand, when Just-in-time (JIT) principles are applied in an organization, 

the operators’ decisions have to be in compliance with them. JIT means “ to produce 

the necessary units in the necessary quantities at the necessary time” (Monden, 

1998,p.5). In that manner, in event of disturbances, operators have the authority and 

responsibilities to take on-line corrective actions (Shin et al., 1995). This is due to the 

fact that JIT philosophy, according to Singo (2005), does not tolerate buffers in the 

process (as it is the case at Toyota production system). In Toyota production system, 

operators’ decisions are supported by the supervisors in terms of solving the 

problem in the most appropriate way. A minor problem which is not encountered 

early in the process could lead to shutting down the line in the subsequent moment. 

Because of this fact, responsibilities of operators consist of stopping the line as soon 

as the slightest change in the process condition is noticed (Ohno, 2006). ”Stop 

machines and processing line now so they won’t have to be stopped in the future” 

(Shingo, 2005, p.120).  

Three JIT control modes exist. The first of them is “tight pull control” (without 

buffers), that involves handling machine breakdowns by stopping the line. The 

second one is “constant work-in-progress”, where decisions are related to rerouting 

the batches. In that manner, other batches are allowed to move instead of waiting.  

In the third mode, “multi-part entry”, the line is not required to be stopped, since 

operators could use base stock, situated between the workstations (Özbayrak, 2004). 

In case of autonomation (automation with human touch) at the shop floor, the 

decisions concerning shutting down the line are made by the machines themselves 

(Toyota production system). In all other cases stopping the line depends on human 

judgment. Operators at the shop floor have to decide when to stop the line and what 

kind of outside help is needed (Shin, 1995). As soon as the line is stopped, operators 

at the shop floor are required to identify and remove the cause of problem. The next 

step consists of implementing measures to prevent future disturbances (Shingo, 

2005). 

Since automatic error recovery is penetrating in the manufacturing in the recent 

years, it is appropriate to be described in what way a supervisory system could cope 

with a machine or equipment breakdown. For instance, the broken drill causes 

disturbance during manufacturing. The first thing that could be done by the system is 
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to withdraw the tool-handler at a safe distance from the workpiece. Once this action 

is accomplished, the next step is to get a new tool, then inspect the state of the item 

(whether it is a scrap or it could be reload), reschedule and finally restart the 

machine (Syan at al., 1995). 

According to Sekine (1998), there are certain actions that operators have to 

undertake in order to prevent future stoppages. Operators’ responsibilities comprise 

of observing and maintaining the conditions in which their machines operate; 

recording the time, the kind and the location of the failure; analyzing and detecting 

the critical points in their equipment in order to observe them carefully. 

It is of great importance for the operators at the shop floor to know how a certain 

machine breakdown could affect the output of the system. Consequently, they could 

come to the conclusion either to stop the line or to redistribute the work to the 

other machines (Özbayrak, 2004). Since workers operate in dynamic conditions, they 

often have to prioritize defect resolution in case of simultaneous occurrence (Xie et 

al., 1999). According to Hale (2000), in case of multiple machine handling, operators 

do not take into consideration how a certain defect influences the entire system, but 

solve the problem depending on the order in which it has occurred, or focus their 

attention to the problem which takes the shortest time to repair ( Hale et al., 2006). 

The summary the all information presented in this thesis, an appendix B – 

Responsibilities of operators in case of medium and major stoppages - is applied. 

The theories of Smet et al. (1997) describe some of the possible causes of minor 

stoppages, but do not discriminate them further in comparison to the theory of 

Shingo (2005). In this regard, Rampersad et al. (2001); Sekine (1998); Kim and Tag 

agree that operators have to take preventive measures (proactive maintenance) in 

order to reduce these minor stoppages. Furthermore, Özbayrak (2004) develops this 

idea and states that there are two ways for conducing preventive maintenance in an 

organization. In order to outline the different extents and alternatives for making 

decisions by operators, a comparison between the three ways for handling minor 

stoppages applied in Toyota production system (lean production), traditional mass 

production and lean principles adopted  in temperature-dependent process are 

presented. From these considerations, it could be concluded that when Lean 

principles are applied in one organization, operators are authorized to make more 

decisions and to have more responsibilities compared to the traditional approach. In 

addition, the theories of Shingo (2005), Özbayrak (2004), Sekine (1998) examine the 

causes for medium and major machine stoppages and the respective operators’ 

decisions. In this case, the same course of actions is used and comparison is made 

depending on the organizational approach and policy to cope with emergency 

situations. In the theories of Shingo (2005),  Shin et al. (1995), Syan et al. (1998), the 

traditional approach for recovering of the problem is reviewed, while Monden 
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(1998), Shingo (2005), Özbayrak (2004), Sekine (1998), Shin (2001), Liker (2004) 

describe what kind of decisions have to be made by operators in Lean production. In 

this manner, it could be deduced that the tendency is toward enhancement of the 

role of operators at the shop floor. 

- to be able to encompass all decisions that have to be made by the 

operators, it is necessary to review the ways in which waste due to defects and 

incomplete units is  handled at the shop floor. Work incompletion due to the human 

factors such as fatigue, distraction, low skill level as well as non-human factors – 

poor maintenance, defect in raw material (Shin, 2001). 

In Toyota production systems, operators at the shop floor have the authority to 

make decisions on their own. Despite their discretion, their decisions have to 

conform to the main rule applied in Toyota - jidoka. According to this pillar of the 

Toyota production system, when an unexpected event occurs, the decisions made by 

the operator are to stop the line and to resume the process in its normal state (Liker, 

2004). Operators are not allowed to pass defective or incomplete work pieces to the 

subsequent station (Shin et al., 1995). By contrast, the responsibilities of operators in 

traditional approach involve removing the substandard product from the line, 

dispatching it to the off-line repair shop or qualifying it as scrap. When a defect or 

incomplete work piece occurs, operators have two possibilities for handling the 

problem. Operators could decide to repair the defect or to finish the incomplete 

item on a separate off-line repair shop or to work overtime (Shin et al., 2001). 

After the machine is stopped, operators at Toyota shop floor have to switch on 

abnormality indicator (andon) (Shin at al., 2001). Andon is a sign that informs 

workers and supervisors at the shop floor about the process progress. When a 

worker encounters a problem or is delayed with their job, he/she could use this 

means to call for assistance, which case the andon will light yellow. When an 

operator has pressed the button to adjust a machine and the line is stopped, the 

andon will light red. An andon is a means through which the operators at the shop 

floor obtain information about the location and the kind of the problem (Monden, 

1998). Workers affected by the problem have to be involved in the problem-solving. 

If the problem is sporadic, it is the operators who have to come up with an urgent 

solution. If the problem occurs repeatedly, managers have to take measures for its 

elimination (Liker, 2004). According to Shin et al. (2001), operators have to stop the 

line when they cannot produce according to standards, with the exception of 

extreme circumstances (safety hazards). In case of abnormalities, operators have to 

decide whether they could cope with the problem by themselves or need to be 

assisted by the supervisor in the area (Shingo, 2005). Furthermore, operators at the 

shop floor could be supported by maintenance crews, engineers, available workers 

from the adjacent work stations. Operators are responsible for documenting of the 
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problem by filling a confirmation form. They become part of the team that performs 

a thorough examination of the cause of the problem (Shin et al., 2001). Along with 

these decisions, operators have to assess whether to take temporary measures to 

resume production or conduct a thorough investigation to remove the root of the 

problem. From one side, the temporary decisions would contribute to restoring the 

operations in a faster manner. From the other side, the recurrence of the problem 

would not be prevented. In contrast, thorough investigation could lead to full 

recovery from the problem. This is the only way to achieve a permanent solution of 

the problem (Shingo, 2001). 

Workers are required to detect changes in the conditions in advance and to 

anticipate possible failures in the machines (Shin et al., 2001). This opinion is 

advocated by Lantz et al. (2003) who also states that operators have to be 
experienced enough to detect potential problems. By using preventive inspection 

(source inspection), operators could decide whether the changes in the processing 

condition could lead to defective product (Shingo, 2005). 

According to the traditional approach, disturbances can be classified as equipment 

failures, idling and minor stoppages (Smet et al., 1997). Shingo (2005) enlarges this 

classification and adds several more causes of disturbances such as tool and die 

changes, waste due to long setup time, waste that resulting from the disorder at the 

workplace, waste due to the equipment problems. 

- the participation of operators concerning waste reduction due to the 

long setup time have to be reviewed. In Ford mass production, operators are 

required to manufacture a large lot size with long periods between die exchanges. By 

contrast, Toyota propagates smaller lot sizes and frequent die changes (Ohno, 2006). 

When “Single-minute-exchange-die” techniques are applied in organization, 

operators endeavor to reduce setup time by preparing in advance the necessary jigs, 

dies, fixtures, material for the next operation (Monden, 1998). Along with these 

activities, operators are required to use “one-touch” methods, namely using wedges, 

cams, clams, springs and other techniques for fixing of work parts. Operators have to 

focus their attention on tools adjustments before the start of operations. For 

example, they could use two jigs - while the work part attached to one jig is being 

processed, the next one is fixed at the other jig. As soon as the first part has been 

completed, the other is positioned on the machine (Shingo, 2005). In addition to 

that, operators are required to maintain appropriate working conditions and to keep 

tidiness in the storage for detached implements (Monden, 1998). After changeover, 

the process may deviate from the standard (Monden, 1998) or machine breakdown 

could occur due to the great number of adjustments (Sekine, 1998). In such cases, 

operators are required to maintain their tools in appropriate working conditions 

(Monden, 1998) and to abide by instructions of managers (setup charts). Operators 
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have to be able to recognize when the process differs from the standard. They could 

use jigs and fixtures in order to prevent possible deviations (Sekine, 1998). 

 

3.3 Kanban System 

To outline in a more detailed way responsibilities of operators, it is necessary to 

review the decision they make during the different stages of the kanban system that 

is adopted at the shop floor. 

Kanban is a tool that informs workers at what time, in what quantities and what kind 

of product they have to produce (Monden, 1998). Kanban, in essence, means “visible 

sign or card” (Gupta et al., 1999). According to Liker (2004) kanban is described as a 

”sign, signboard, doorplate, poster, billboard ,card”. Therefore, kanban could be 

described as a means that prompts workers to start manufacturing. Thus, operators 

make decisions concerning the production by their own without instructions from 

the production managers and supervisors. The decisions of operators are influenced 

only by the kanban (Ohno, 2006). Different types of kanban exist. The most 

employed of them are withdrawal and work-in-process kanbans (production-

ordering kanban) (Shingo, 2005). Besides these types, there are other types such as 

signal kanbans, express kanbans and emergency kanbans (Gupta et al., 1999; 

Monden, 1998). The actions of operators are of utmost importance for maintaining 

an interrupted process at the shop floor. 

Since withdrawal and work-in-process kanban are the most used at the shop floor, it 

would be appropriate to start first with them. The aim that is set in this section is to 

be elucidated what the operators decision are, depending on the information given 

by the kanban.  

To be able to clarify what are the responsibilities of operators in certain stages of 

kanban system figure 3.3 is applied. 
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Figure3.3 Circulation of withdrawal and production-ordering kanaban  

 

Work-in-process kanban indicates what kind of products have to be produced and 

also supplies particular instructions. Withdrawal kanban provides information about 

the destination and product identification (Shingo, 2005). 

Below operator responsibilities are referred to certain stages of the kanban system.  

1st step – as soon as workers from the downstream process start manufacturing 

they are required to move a withdrawal kanban to withdrawal kanban post 

(Monden, 1998); 

2nd step - this step comprises of activities that are involved in the responsibilities of 

carriers. They have to observe the accumulated kanbans in the withdrawal kanban 

post. When it is necessary they go to the previous process in order to take the 

necessary units. Then they have to detach the production–ordering kanbans from 

the units and place them in the kanban receiving post. They are required to 

exchange the production–ordering kanbans with withdrawal kanbans (Shingo, 2005). 

3rd step - having prepared the machines from the upstream process, operators are 

required to check the accumulated kanbans in the kanban receiving post (Gupta et 
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al., 1999). With regard to this, Liker (2004) states that this kanban card provides 

operators with detailed information about the parts that have to be produced. In this 

manner, this card could be considered as a signal that induces operators to start 

manufacturing. 

4th step – operators from the preceding process are required to produce in the same 

sequence in which the production-ordering kanbans are placed in the receiving post 

and, having produced the necessary product units, they have to put the new in-

process kanbans in the same order in the production–ordering kanban post 

(Monden, 1998). This is in accordance with Ohno (2006), who stresses the 

significance of keeping the sequence and quantities indicated by kanban. He also 

claims, that operators at the shop floor are not allowed to produce more than the 

amount specified in kanban and to pass defective products to the subsequent 

process. Operators are required always to attach kanban to the physical units (Liker, 

2004). 

When an operator from a downstream process detects a defective product he/she 

has to stop the line. Then he/she has to return the defective items to the upstream 

process. The objective of the operator from the preceding process is to ascertain the 

operation that is not fulfilled in accordance with the standard (Monden, 1998). 

In case of unplanned events at the shop floor, for instance, unplanned material 

handling breakdown (forklift breakdown), a flexible kanban system is adopted. In this 

case, the supervisors and managers are allowed to increase the number of 

production kanbans at the appropriate workstation in order to meet the demands of 

products that result from the breakdown. After that the number of the kanbans 

could be decreased (Gupta et al., 1999). 

In the following part a brief review of the other types of kanban is given. 

Carrying carts could play a role of a kanban. Workers running an assembly line have 

to be aware of the parts received from the upstream process. When the reorder 

point is achieved, the carrier has to bring the new parts to the amount equal to the 

carts compatibility (Ohno, 2006). 

In case of emergency, operators are afforded an opportunity to issue an emergency 

kanban. This emergency kanban is a signal for workers from the preceding process to 

start producing parts of a certain type in additional quantities. Thereby, the problem 

concerning the insufficient amount of parts could be overcome (Monden, 1998). 

To summarize what have been analyzed in this section, it is necessary to highlight 

the importance of making timely and correct decisions by operators on the basis of 

the information provided by the kanban card. It could be concluded that operators 

have an important role for maintaining the process uninterrupted.  In the theories of 
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Shingo an Ohno, the two main types of kanban are reviewed (withdrawal and in-

process). In addition to that, Gupta and Monden present other possible types that 

are appropriate for different cases. Shingo and Monden examine the responsibilities 

of operators during the different stages of the kanban flow. From their 

consideration, it becomes clear that operators have an important role at the shop 

floor. This is due to the fact that workers are authorized to make decisions 

concerning the time for process starting in order to keep the material flow 

uninterrupted. To summarize, operators have to observe the kanban posts and 

according to the received information, to make decision whether to start 

manufacturing immediately or to wait until more kanbans cards are accumulated. 

Besides, these activities operators are required according to Ohno and Monden, to 

comply with the sequence in which kanbans are placed in the production-ordering 

kanban post. Liker in his theory highlights that it is important operators to attach 

kanbans to the units. From all these considerations, the role of the operators for 

attaining smooth production flow at the shop floor could be understood. 

3.4 Total productive maintenance 

The recent literature put accent on effective maintenance strategy such as Total 

Productive Maintenance (TPM) (Bamber et al., 1999). The role of equipment 

maintenance becomes very important due to increasing mechanization and 

automation. Owing to the fact that production processes shift from workers to 

machines, the equipment parameters must be kept in the best possible values (Ben-

Daya et al., 1995). Since then, productive maintenance has been regarded as a little 

adding value activity. In fact, it was view as a supportive function (Bamber et al., 

1999). TPM is a proactive approach that plays an essential role for fulfilling lean 

production at the shop floor (Liker, 2004) and achieving JIT (Ohno, 2006). Along with 

these considerations, TPM is viewed as element of TQM in terms of pursuing high 

production quality (Jostes et al., 1994; Eti et al., 2006). According to Nakajima (1992) 

TPM’ objectives  comprise of maximizing of equipment effectiveness; settling a 

productive maintenance (PM) system; involving of all employees, especially these 

from the engineering, maintenance and production departments; organizing of a 

small groups for establishing of  the PM system. Similarly, Jostes et al. (1994, p.18) 

also provide a definition that attempts to summarize the aforementioned 

components in one idea. The definition is as follows: ”TPM describes a synergistic 

relationship among all organizational functions, but particularly between production 

and maintenance, for continuous improvement of product quality, operational 

efficiency, capacity assurance and safety”. 

In the literature reviewed for the purpose of this thesis, three styles for defining TPM 

are recognized - Japanese, Western, American. The first one, Japanese style 

emphasizes on forming small groups that develop a PM system (Liker, 2004). The 
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western style is focused on the machine operators for achieving overall equipment 

effectiveness (Bamber et al., 1999). The latter style relies on maintenance 

department to conduct PM (Nakajima, 1992). 

Process quality improvement means elimination of waste such as scrap or rework, 

which in turn leads to increase of productivity. Therefore, it establishes the relation 

between the equipment quality and productivity. From one point of view, equipment 

effectiveness could be assessed through the quality criterion (Ben-Daya et al., 1995). 

From other point of view, Overall equipment effectiveness (OEE) could be seen as a 

factor for assessment of TPM (Daya et al., 1995). 

OEE could be assessed through measurement of the availability of the machine tools 

and flexible manufacturing system. This measure includes losses owing to system 

breakdown, setup and adjustment (Prickett, 1999). The other way of OEE measuring 

is through the performance rate. For instance, OEE could be calculated for the 

different manufacturing lines at the shop floor and then the received values could be 

compared, in order to ascertain the one with the poor performance. In addition, OEE 

could be defined through the rate of faulty products (Bamber et al., 2003). In order 

to be achieved OEE, TPM aim at removing the following equipment losses such as 

“equipment failure, setup and adjustment, minor stoppages, reduced speed, process 

defects, reduced yield” (Ben-Daya et al., 1995). The six losses present activities that 

assimilate resources but do not add any value to the products (Bamber et al., 2003). 

According to Ollila et al. (1999) maintenance activities could be classified into four 

categories, which are illustrated in the fig.3.2. 

 

  

 

 

 

 

 

Figure 3.4 The main categories of maintenance (Ollia et al., 1999, p.19)  

 

3.4.1 Reactive maintenance – responsibilities of operators encompass activities 

for removing of a problem after it has occurred. For example, if minor stoppages 

take place workers have to check in the manual whether they are assigned to cope 

with the problem. If so, they also have to implement the best possible solution 

suggested in the manual. For minor stoppages, operators are required to find 
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solution within three minutes and to record the problem (Sekine, 1998). The 

operators’ objective is to minimize the reactive maintenance through applying other 

suitable methods from the maintenance system (Ollila et al., 1999; Eti et al., 2006). 

Equipment has to be diligently maintained; otherwise it could produce at a very low 

rate or with unsatisfactory precision, which may lead to product defects (Ben-Daya 

et al., 1995) 

3.1.2 Preventive maintenance (PM) aims at maintaining the equipment in 

appropriate conditions. There exist two kinds of PM: time-based and condition-

based maintenance. The first kind is maintenance that is performed in exactly 

determined periods of time. The latter is conducted regularly for machine or 

equipment component that are prone to aggravate over time (Eti et al., 2006). In 

order to achieve fully equipment effectiveness, operators at the shop floor are 

required to accomplish the preventive maintenance by themselves (Bamber, 1999). 

Operators are responsible for keeping their workstations clean and performing daily 

equipment inspection procedures. They have to execute the methods and 

techniques that they have learned by managers (Nakajima, 1992). Workers are 

responsible for machine effectiveness (Sekine, 1998) and are delegated 

responsibilities for continuous maintenance. In order to fulfill autonomous 

maintenance, operators have to be supplied with relevant information concerning 

the state and actual performance of the machine (Pricket, 1999). The duties of 

operators comprise of initially maintenance of their equipment. Their tasks imply 

routine inspection, minor repair, as well as activities such as adjustment, cleaning 

(dust and chips), lubricating etc.  In this manner the equipment breakdown could be 

prevented and reduce to a very low level (Sekine, 1998).  Operators at the shop floor 

are required to achieve OEE by removing of the six losses. This is so called bottom-up 

approach for improving the production quality (Bamber, 2003). Workers have to 

realize that even small at first glance defects such as dust, abrasion, loosening, 

scratches could be root of the problem (Sekine, 1998). These preventive 

maintenance tasks are planned and scheduled (Eti at al., 2006). 

In this paragraph, “5S” program applied at the Toyota shop floor is appropriate to be 

mentioned. This program consist of activities concerning the  removal of waste 

(unnecessary defective inventories, jigs or tools) from the process, that could cause 

the production of defective parts or injuries of operators (Liker, 2004). According to 

Monden (1998, p.199) “5S” is a “process of eliminating waste in order to be used 

necessary things at the necessary time”.  

- the first “S” stand for “sort”- operators are required to arrange the 

tools and instruments that are needed for the current operation. Red-label 

techniques could be used to support operators in these activities (Monden, 1998); 
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- the second “S” stands for “straighten”- all instrument and tools have to 

be position in the right place ( Liker, 2004); 

- the third “S” stands for “shine”- operators are required to maintain 

tidiness and to conduct basic cleanup activities (Monden, 1998). Operators have to 

take into consideration the standards for cleaning and lubricating. The standards are 

necessary because of the fact that the time for performing these activities is limited. 

Supervisors at the shop floor provide operators with these standards. In case when 

workers could not perform the maintaining activities within the standard time, they 

have to endeavor to improve their performance. Also they could seek other methods 

and innovative way of maintaining their equipment ( Nakajima, 1992); 

- the fourth “S” stands for “standardize”- it has to be organized a system 

for observing the first three “S” (Liker, 2004); 

- the fifth “S” stands for “sustain”- it has to build up habit in operators to 

conduct the correct activities (Liker, 2004); 

3.1.3 Predictive maintenance - operators are required to observe the machine 

condition, so that they could detect potential problems earlier (Ollila et al., 1999). 

According to Sekine (1998), the purpose of this type of maintenance is to discover 

abnormalities in advance, in order to prevent minor stoppages. With regard to these 

activities, operators are trained to use their senses (hearing, smell, sight, taste) 

during equipment inspection. According to Sekine (1998), the responsibilities of 

operators are as follows: 

- Operators are required to observe oil leaks, dirt, rust. Workers detect 

these kinds of abnormalities and symptoms by their sight. If operators uncover such 

symptoms in process conditions, they have to take immediately actions to restore 

the process to its normal state; 

- Operators have to be aware of tones and sounds that are unusual for 

the process, in order to remove them. For example, when two parts of a machine 

rub against each other for a long period of time they get worn-out and that 

inevitably entails a specific noise. Operators have to distinguish this abnormal sound 

and have to take actions immediately. Possible decision in this case is to lubricate 

these parts so the problem would be removed; 

- Operators have to be trained to distinguish different kind of vibrations 

and also they have to know the factors that cause the vibrations. These vibrations 

could be ascertain by touching a machine while it operates; 

- Operators could detect that something has happened by smelling 

scorched odor (when something is burnt, or fuse blown). 
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3.1.4 Proactive maintenance – on the basis of the recorded data by the 

operators at the shop floor, skilled maintenance engineers strive to improve the 

actual conditions of the machine in order to prevent possible machine stoppages 

(Pricket, 1999).  

All analyses that have been made in this section, aim at revealing the dimensions to 

which the decisions concerning the quality of the products dependent on the 

operators. The contrasting of the three ways for conducting total productive 

maintenance – Japanese  presented in the literature of Liker, Western style reviewed 

in the theories of Bamber et al.; and American – introduced by Nakajima serve to 

define the different extents to which operators make decisions. From these 

considerations, it becomes clear that when Japanese style is applied in an 

organization, operators are authorized not only to operate and maintain their 

machines, but also to suggest ways for improving their performance. The theories of 

Sekine, Ollia et al., Eti et al., Ben-Daya et al., are appropriate for the purpose of this 

thesis since they define possible decisions that could be made by operators in 

different situations. Furthermore, in the theories Eti et al., Bamber, the concept of 

preventive maintenance is developed. Thus, the scope of decisions made by 

operators is broadened. This is due to the fact that, workers are required to make 

decisions in advance in order to prevent future machine downtimes. Along with the 

aforementioned activities that have to be performed by operators, in the theory of 

Sekine, the concept of the predictive maintenance is presented and reveals that 

operators have to make decisions at larger extent. All these explanation and analyses 

contribute to the determination of the role of operators at the shop floor for 

achieving high machine and equipment productivity and hence, higher product 

quality. 

3.5 Quality improvements 

In the previous section, the concept that operators are responsible for the 

maintenance of their machines is underlined. For the purpose of this thesis, this idea 

could be further developed by adding that operators are not only responsible for 

maintaining their equipment, but also they are allowed to give suggestions how to 

improve their productivity and increase the machine uptime. 

Operators are in position that enables them to observe directly the state of the 

process. On-site operators are capable of recognizing and identifying symptoms that 

are manifested in the process. They are required to remove the problems on a real 

time basis and prevent local problems to turn into massive once (Sekine, 1998). 

According to Jostes et al. (1994, operators at the shop floor are familiar with their 

machines so that they have to be involved into the process of quality improvements. 
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One of the ways of improving the performance of workers is by filming them during 

the execution of their tasks. This method is applied at the shop of Toyota production 

system. The film is given to the operator so that they should be able to observe 

themselves. Then they are required to make suggestions about how to improve their 

work. This plays the role of a feedback for the operators' work. Some of the 

suggestions made by the operators are implemented in the production (Shingo, 

2005).  

In Toyota production system, small groups are organized which are called Quality 

Control Circle (QCC). All operators at the shop floor have the opportunity to suggest 

improvements via these groups. Owing to the participation of workers in these 

Quality Control Circles, it is possible to alter standard operations depending on the 

changes in the cycle time. These innovations also help to prevent some of the 

defects (Monden, 1998). According to Nakajima (1992), QCC are informal 

organizations that are responsible for solving a specific problem.  
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4 Factors that influence decision-making at 
the shop floor 
In the previous chapter it was analyzed the responsibilities of operators in respect to 

their control functions and their participation in the reduction of storage at the shop 

floor. This chapter discusses the relevant literature concerning the factors that affect 

decisions of operators. 

4.1 Information  

Taking into consideration the fact that computers process information much faster 

than operators do, it is of utmost importance to determine precisely the moment in 

which workers are provided with the necessary data. The amount of information 

should be very well defined. If operators are given too much information, they would 

be confused and in certain situation it would be difficult for them to make the right 

decision (Ohno, 2006). 

Computer printers and displays are installed at the final assembly line at Toyota. 

They provide workers with a sequenced production schedule. This schedule presents 

information about the sequence in which the different car models are to be 

manufactured. They are sent to the shop floor on-line within real time and workers 

obtain information about their current tasks (Monden, 1998). In Toyota production 

system a daily sequence schedule is supplied only to the workers from the final 

assembly line. Operators from the assembly line have to attach a production order 

sheet to the car bodies (Ohno, 2006). Monden (1998) called this production ordering 

sheet “operation instruction label”. The information is presented in the form of 

images (pictures and symbols) that facilitate the operators’ work. Workers from the 

sub-process have to perform their operations in accordance with this instruction 

label. Computers provide operators only with information that is necessary for their 

process and for the concrete situation (Ohno, 2006). According to Scherer (1998) in 

case when specifications that an operator has received during the process are 

insufficient or ambiguous operators are required to: 

- try to find the information sources in order to be able to interpret the data 

correctly; 

- rely on their experience, knowledge; 

- use their own note composed during previous operations that could help 

them to complement the missing data; 

- ask their coworkers that are familiar with this operation for assistance; 



Factors that influence decision-making at the shop floor 

40 

- make an inquiry at the engineering department about the missing 

information; 

- study what kind of product the part is design for; 

- gather information from the technical books. 

4.2 Knowledge and Perception  

The levels up to which the operators have been educated influence their decisions to 

deal with equipment by themselves. This is the extent to which the managers have 

trained workers to conduct autonomous maintenance. The knowledge of workers 

enables them to be more competent and to be able to maintain the pieces of 

equipment they work with (Nakajima, 1992). In this regard, Sherer (1998) states, that 

knowledge develops through the work. Workers are provided with operational data 

(statistical analysis, analytic results). Before pulling the right corrective action they 

have to be able to interpret this data correctly. This ability depends on workers own 

knowledge (Miscikowski et al., 2006). The perceptions of operators are affected by 

available information and the condition of the concrete situation. Taking into 

consideration the manufacturing in distributed system it is clear that the decisions in 

different cells are interdependent. When an operator makes decisions he/she has to 

take into account the actual conditions and decisions made in the adjacent cell. 

Therefore a lot of factors exist that can affect operators’ decisions such as a short 

period  for decision-making, limits specified in the original plan, consequences of 

their decisions, or whether their decisions contradict to the decisions made in the 

other cell or not (Sherer, 1998) 

4.3 Measurement system error  

Measurement system error could lead to making an inappropriate decision. For 

example operators could accept a “bad” part (part that deviates from preliminary 

specified standards) or could reject a “good” one (MSA, 2002).  

When control is accomplished over a process’ parameter, the operator may be 

misleaded by the information provided by the measurement system, perceiving 

common cause as sporadic and vice versa. At the beginning of the day operators use 

a sample in order to ascertain whether the process is in required conditions or not. 

In case when a deviation from the normal state is unacceptable then operators have 

to make decision to adjust the process according to the standards. Then, they have 

to measure again in order to be sure that the process is restored to its normal state 

(MSA, 2002).  

To generalize, from Ohno (2006) and Monden (1998) points of view, the factor that 

influences decision-making at the shop floor is information. According to them the 

correctness and completeness of the information about the process is of crucial 
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importance for operators to perform their duties. If they are provided with 

inaccurate data about the process state their decisions may deteriorate the process 

performance instead of maintaining or improving it. Nakjima (1992), Sherer (1998) 

and Miscikowski et al. (2006) determine other two important factors that affect the 

decision of operators – knowledge and perception. These factors enable operators to 

comprehend the process in details and subsequently to respond more quickly and 

accurately to a deviation of the process from its nominal value. The next factor that 

influences decision-making by operators at the shop floor is the measurement 

system error. This factor is presented in the Measurement system analysis. 

Measurement system error may cause confusion in operators and may lead to 

making inappropriate decisions. To avoid this problem, the measurement system 

through which operators observe the process must be carefully maintained and 

calibrated. 
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5 Control systems 
This chapter considers the succession of steps required that leads to establishment of 

control over the process. In connection with this, the essential role of the feedback 

loop for process regulation is presented. Then, comparison between the control 

system with participation of operators at the shop floor and automated control 

systems are reviewed. 

5.1 The concept of the control system 

Open-loop control systems are systems that have lack of sensors, so the information 

about the state of the process can not be supplied through the automatic feedback. 

In this case, operators observe the process directly and on the basis of certain 

parameters they make decisions how to correct deviations in the process from the 

established norms (Stenerson, 2004). The increased complexity of the automated 

systems put accent on the indispensability of sensors and feedback regulation. The 

feedback loop allows observation and reaction to disturbances throughout the 

process instead of observing the effect of a predefined input, as is the case in open-

loop systems. Thus, the process performance could be constantly evaluated during 

the course of the process (De Feo et al., 2003). According to Hellerstein (2004, p.5), 

the feedback loop is necessary for “regulating the characteristics of the process” .The 

main elements of the feedback loop control are presented in the fig.5.1. 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 Block diagram of a feedback control system (Hellerstein et al., 2004, p.5)  

 

In this regard Juran (1998) explains the essence of the feedback loop in a different 

way. His method is presented by the following fig. 5.2 

 

 

Controller Target 

system 

Transducer 

Reference 

input 

Control 

error 

Control 

input 

Measured 

output 

Transduced 

output 



Control systems 

43 

 

 

 

 

 

Figure 5.2 The generic feedback loop (De Feo et al., 2003, p.88)  

Transducer represents a device that measures output of the system in order to 

compare the received value to the reference input (Hellerstein, 2004). Juran (1998) 

denote this measurement instrument “sensor”, which were described in details in 

the section 3.1.2. The main function of the transducer is to transform the measured 

variables (temperature, pressure) into electrical signal (Stenerson, 2004). 

Another important element of the feedback loop is the comparator (summing 

junction). It compares the received information (data) from the feedback loop to the 

reference value (Stenerson, 2004) and supplies signal in case of difference to the 

controller. Juran (1998) denotes this device as “umpire" and states that it sends 

information to the actuator in case of difference. After that the actuator prompts a 

technological process or an operator to change system parameter(s) in order to 

achieve the reference value. When the feedback loop is accomplished without an 

operator, it is automated.  Example for programmable logic controllers are 

thermostat (Stenerson, 2004) or cruise control system in the car (Hellerstein, 2004).  

The other form (with involvement of operators) is called self-control. In this case a 

human conducts the control functions. In case of self-control, the human acts as a 

controller and adjusts the systems parameters according to the data acquired by 

sensors or direct visual information about the process performance. Operators could 

either to measure the actual performance and take corrective actions, or simply 

adjust the process in case of quality event. Managers are responsible for 

determination of the control subjects and to define the standards which are taken as 

a reference value for each process. (De Feo, 2003). This kind of feedback control is 

not as precise as automated process control. Decisions made at the shop floor are 

based on experience (knowledge how to cope with unforeseen situations). The 

experience is acquired by feedback processes. Having obtained information for the 

actual state of the process, operators make decisions on the basis of a recalled 

situation or an expected one (Scherer, 1998). The following figure 5.3 will help to 

determine the tasks involved in operators’ responsibilities. 
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Figure 5.3 The quality control process (Juran, 1998, p.7)  

When operators at the shop floor are responsible for measuring the actual state of 

the process, they use the aforementioned devices (sensors) which are determined by 

shop floor supervisors. They have to carry out the measurement within the 

frequency defined by managers (De Feo, 2003). In case of programmable logic 

control systems, different types of sensors are used that can provide feedback to the 

operators (Stenerson, 2004). In contemporary systems, most of machines are 

embedded with sensors that do not permit passing of defective products (Ranky, 

2003). In case of automated error recovery process, any abnormality is detected and 

raw data is transmitted to the next phase (diagnosis phase). The detection system 

supply data for process performance and hence, the set of possible errors could be 

defined (Syan et al., 1995). 

The next stage encompasses the comparison of the received data by the sensors to 

the reference value. When an operator is involved in the feedback loop, control 

charts may be used for the execution of the comparison. Thus operators are able to 

make decision by themselves whether the process deviates from its normal state or 

not (Tennant, 2001). An umpire could be used to perform the aforementioned 

activities instead of the operator (De Feo, 2003). An example for comparator in 
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programmable logical systems could be a thermostat; it compares reference value to 

the data for the actual state of the process provided by the feedback (ambient 

temperature in the room) and generates a signal in case of difference (Stenerson, 

2004). In automated error recovery process, the diagnosis phase consists of 

comparison of the actual information for the process performance supplied by the 

detection system to the “knowledge” of the system about the normal state of the 

process as well as for preceding errors (Syan et al., 1995). 

The successive stage implies taking action on the difference. According to Juran 

(1998), the actuator could be either operator or a technological device. For example, 

an operator can use a calibrated knob in order to adjust a machine tool (De Feo, 

2003). Operators are able to make decision only if they have complete information 

regarding the normal state of the process and the potential problems. Operators 

obtain the information for the relevant reference from the specifications, 

engineering requirements or by conducing inspection1. To be able to understand the 

possible disturbances, operators should use Process Failure Mode Effect Analysis 

(PFMEA)22(MSA, 2002). 

 PID controllers are widely used in contemporary control systems. They feature three 

separate gains which can be adjusted to achieve optimal performance to conform to 

the controller specifications. The three components of the PID controller are: 

proportional gain – adjust the process to the set point (reference value) assuming no 

disturbances; integral gain control - alleviate small disturbances and steady-state 

errors; derivate  gain control – is used to be achieved fast system response at the 

expense of higher percent overshooting and possible destabilizing the system 

(Stenerson, 2004). In automated error recovery process, the artificial intelligence 

conducts planning of the possible reactive actions and selects the most appropriate 

one and finally implements the chosen solution (Syan, 1995). 

                                                 
1 Inspection - operators perform these activities by using special measurement instruments (devices) 

and standards (defined by managers at higher level of organization). These measurement and analysis 

activities are called “black box (MSA, 2002). 

 
2 PFMEA provides information that deals with the possibility of a certain failure to occur in the 

process and what are the possible actions that could be taken in order operators to prevent the 

problems. This is so called control plan. 
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 In the event of product unconformity, operators are required to take a number of 

actions aimed at solving the problem. Work force is delegated with the authority of 

decision-making and this constitutes the essence of the term “self-inspection”. The 

following fig.5.4 outlines the decisions that have to be made by the operators. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 5.4 The Diagram of decisions on conformity (Juran, 1998, p.21)  

 

In order to be able to make general decisions for restoring the required quality 
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In order to be able to discover the cause of the problem, operators have to 

identify the symptoms manifested by products and process. Then, they conduct 

reconstruction of chronology, in order to analyze the process history and to 

compare the products before and after the problem has occurred. Uncovering 

the cause of the problem contributes to making the right decision about the 

returning to the normal state of the process and of the product as well (De Feo 

et al., 2003). In Toyota production systems, the operators are required to use 
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the method “Asking Why five times and one How” according to Shingo (2005), in 

order to uncover the root of the problem. 

- Who - subject of production; 

- What - object of production; 

- When – time; 

- Where - space; 

- How - method; 

If workers do not follow the aforementioned steps thoroughly, their decision 

could lead to a situation in which the problem is recovered superficially. 

Therefore, the cause of the problem remains and could cause its recurrence. The 

decision that is necessary to be made by operators is not simply to treat the 

symptoms, but to investigate the cause which in most cases may not be obvious 

(Ohno, 2006). 

The second main activity accomplished by operators is to conduct corrective 

actions. In most cases, work force handles the problem by using standard 

decisions - restoring the parameters of the process before the sporadic change 

has occurred (De Feo et. al., 2003). The process should be capable, in order to 

enable operators to make adjustments. The process is capable if it possesses 

characteristics such as predictability, stability, visibility (Goldsby, 2005). 

According to Lou et al. (2003) decisions that are made by the operators such as 

fixing the equipment, rework, readjusting the  process parameters are proactive 

rather then reactive. 

By comparing the three cases for the establishment of control over the process -

when the activities in the feedback loop are performed by operators, 

programmable logic control systems, and automated error recovery process 

(fully automated machines) – it becomes possible to define the situation in 

which is better the decisions to be made by operators than by machines. To 

conclude, automated control systems are capable of producing very fast and 

accurate response, but they often lack flexibility and adaptability to abnormal 

circumstances. In contrast, control actions exerted by operator may respond 

more appropriately to process deviations and provide lower scrap rates and 

downtimes by applying consistent procedures for process evaluation and 

restoration to nominal value. 
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6 Discussion and conclusion 
This chapter consists of final discussion and evaluation of the extent to which the 

research questions have been answered and the purpose has been accomplished. The 

conclusions that have been made in this theoretical work are presented as well. 

6.1 Discussion 

The role of operators at the shop floor has been assessed throughout this theoretical 

work as critical for achievement of required product quality.  Accent has been put on 

the timely and correct decisions made by operators in event of disturbances so that 

the importance of their participation in the manufacturing of high quality products 

can be stated. The extent to which the decisions made at the shop floor depend on 

operators is necessary to be determined prior to defining their role for achievement 

of desired product quality. 

The analyses made in this thesis contribute to implementation of tools that assist 

operators at the shop floor in making the right decisions and successively executing 

them. The implications drawn in this thesis may support managers to understand to 

a great degree what decisions have to be made by operators in order to maintain the 

process uninterrupted. The reason is that in this theoretical work several cases are 

presented in which workers are forced to make decision on-real time bases. In 

addition to that, various activities for which operators are responsible are reviewed. 

Thus, the thesis provides information about situations in which the decisions are to 

be made by operators. The factors that influence the decisions of workers are 

examined as well. To conclude, these analyses may facilitate managers when 

selecting the most suitable tools supporting the decisions made at the shop floor. 

6.2 Conclusions 

The RQ.1 (What is the scope of the responsibilities of operators at the shop floor?) 

has been answered throughout the chapter 3 by using the literature in the fields of 

Lean production and Total quality management. The quality control concept is 

investigated in order to outline the scope of responsibilities of operators. The extent 

to which the decisions depend on operators was identified by analyzing the theory 

for special and common causes. It was concluded that in certain situations operators 

are responsible not only for taking corrective actions, but also for detecting 

abnormal process state and stopping the line when necessary. In this section it was 

investigated how operators control their own performance. It was concluded that 

the elements of self-control defined by managers determine a set of possible 

decisions from which operators have the discretion to implement the most 

appropriate one in a particular situation. The control over the product quality was 

elucidated and it was concluded that in case of informative inspection operators are 
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delegated more responsibilities compared to the case when judgment inspection is 

applied. 

The ability of operators to cope with unforeseen situations was investigated in order 

to highlight the significant role of operators for maintaining of uninterrupted 

manufacturing process. The conclusion that was drawn in this case is that operators 

have to take preventive measures so that the minor stoppages would be reduced. It 

was deduced as well, that the tendency in contemporary manufacturing systems is 

toward enhancement of the responsibilities of operators.  In the section regarding 

the elimination of medium and major stoppages, it was discussed, that it is of great 

importance for the operators at the shop floor to know how a machine breakdown 

could affect the entire system. In addition, the operators’ responsibilities to prioritize 

the recovery of the defects in case of simultaneous occurrence were concerned. In 

this section were investigated the ways used by operators to cope with waste due to 

the defective and incomplete units. In this relation, the conclusions that were drawn 

are the following. When Lean principles are adopted in an organization, operators 

are authorized to decide by themselves whether to stop the line or continue 

manufacturing. Workers at the shop floor could evaluate whether to take temporary 

measure in order to resume the process in its normal state or to conduct thorough 

investigation. It is recommended, operators at the shop floor to investigate the root 

of the problem, since this is the only way for achieving full recovery of the process. 

To outline the duties of workers at the shop floor, the decisions that operators are 

required to make in different stages of kanban system are investigated. The 

conclusions in this section were directed to the fact that operators have to decide on 

their own when to start manufacturing (without managerial instructions). 

The concept for TPM was examined and it implies that, when Japanese style is 

applied in an organization, operators are authorized not only to operate and 

maintain their machines, but also to contribute to the improvement of their 

performance. 

The deductions made in chapter 4 concern the RQ.2 (What factors influence 

decision-making at the shop floor?).The implications that have been drawn are that 

the moment in which operators are provided with information and the amount of 

data are crucial for taking correct and timely decisions. In addition, other two factors 

are presented-knowledge and perceptions. These factors are crucial in terms of 

interpreting the data correctly. To conclude, the measurement system error is 

examined since it may mislead operators and they could make inappropriate 

decisions. 

In chapter 5, the RQ.3 (How decisions are made by the operators at the shop floor?) 

was discussed. The succession of steps that are required for the establishment of 
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control over the process are reviewed. The implications that have been drawn are 

that when open-loop control system (the system without feedback) is applied, 

operators have to constantly survey the controlled variable and also perform the 

functions such as comparing and taking corrective actions. In contrast, when closed-

loop control systems are used, operators’ responsibilities may differ according to the 

extent to which the control system is automated. Depending on the case, operators 

may be responsible for measuring the actual state of the process y means of sensors. 

Then, they are required to compare the received data to the reference value. In this 

activity they are assisted by means such as control chart or umpire. In order to close 

the feedback loop, operators have to perform corrective actions. It was concluded, 

that when the object is a great degree of accuracy, the corrective actions is better to 

be performed by technological device. In contrast to this case, when an unexpected 

even occurs at the shop floor, operators are more capable of responding to the 

problem faster and more appropriate than technological mechanisms. 
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8 Appendices 

8.1 Appendix A – Responsibilities of operators in case 
of minor stoppages 
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8.2 Appendix B – Responsibilities of operators in case 
of medium and minor stoppages 

 

 

 

 


