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Unit summary
There will always be problems in work processes. What is important is that we spot them at once, report them to whoever will act on them, take emergency action to stop them doing any damage, find out what is causing them, and prevent them from happening again. There are systems we can use that will help us to recognise and deal with problems. (Unit 11 provides detailed guidelines on using statistical methods to solve problems by analysing and interpreting data.)
9.1 Recognising abnormalities. 
If managers and employees are to spot problems as soon as they occur, they need to be alert – and alert not just for problems, but for anything unusual, anything that is different from the normal – for abnormalities. An abnormality is not always a defect or a problem, but it often indicates that there is a hidden problem or a potential problem. Always treat an abnormality as a danger signal, find out what is causing it, and take measures to prevent it recurring. 
9.2. Reporting abnormalities. 
If abnormalities are to be dealt with properly they have to be reported. Good abnormality reports will accurately describe what happened, when it happened and to whom it happened. This information must then be passed on quickly to whoever is in a position to act on it. To ensure that employees report abnormalities, you need to: 

a.
Create a company culture where they are willing to report abnormalities.

b.
Draw up rules for making abnormality reports.

9.3 Emergency actions with non-conforming products

Abnormalities may be products that are not of the right quality – known as non‑conforming products. First, take emergency actions to stop any more non-conforming products being made and to deal with those that have been made. Only then should you to begin to investigate the causes. 
9.4 Preventing the recurrence of abnormalities
Pay special attention to any causes of abnormalities that are related to work processes and job procedures, and try to get to the root causes. Once the root causes are known, take recurrence prevention measures to prevent these causes bringing any more problems. The combination of emergency action, when it is necessary, and systematic recurrence prevention measures, will provide stable production. 

9.5 Rules for processing abnormalities. 
It is important to have rules for dealing with abnormalities. These rules set out the methods and responsibilities for all the actions that have to be taken to process abnormalities:
a.
Take emergency actions.

b.
Investigate the causes of the abnormality.

c.
Implement countermeasures.

d.
Confirm the effects of the countermeasure.

e.
Standardise the successful countermeasures.

9.6 Base problem solving on facts

Problem solution should be based on facts, rather than on subjective judgements. Problem solution does of course require experience and intuition. Without experience it is impossible to know what kind of facts to look for, and how to interpret these facts once they have been identified. However it is dangerous to rely only on this. Subjective impressions must be objectified. This means gathering and quantifying the facts.

9.7 Managing dispersion. 
Once data has been collected, it has to be interpreted. Averages are the most common way of interpreting data, but they often fail to give a true picture of what the data means. Measuring how the data is dispersed gives a more complete picture. Dispersion refers to how the different items of data are spread out or scattered in relation to how they are supposed to be, i.e. in relation to the standard or target values. 

9.8 Control charts.
Control charts are a key tool in interpreting data. They can distinguish between dispersions caused by accidental factors and dispersions caused by abnormal factors, and can show whether the process is in a stable condition or not. 

9.9 The QC Story I
Sometimes we over-react to problems. We try to solve them at once in whatever way we can. But over-hasty reactions often get us nowhere. We will handle problems much more effectively if we approach them systematically. For this we need to have a basic procedure, and to follow it step by step. A QC story is a good basic procedure for solving problems scientifically and rationally. Text 9.9 presents the first two steps of the QC Story:

a.
Select a theme to work on. 

b.
Clarify the problem and set targets.

9.10 The QC Story II. 
This text presents the next two stages of the QC story:

a.

Get a clear understanding of the effects of the problem.

b.

Investigate the causes: analysis. 
9.11 The QC Story III. 
This text presents the final four stages of the QC story:

a.
Take action.

b.

Confirm the effects of the action.

c.

Standardise the new methods.
d.

Reflect on the problems left unsolved.
9.12 Preventing problems arising
The best way to avoid problems is to anticipate them, and stop them before they happen. This is known as preventive action. It is especially important at the planning stage. 
Learning tools

The RADAR questions

As you read each text you will discuss how it could be applied in your company. The RADAR questions will help you to focus this discussion: 

R- Are these ideas relevant to my company?

A- How would I apply each of them in my company?

D- What difficulties might I meet and how would I overcome them?

A- Are there any additional actions that I might take that are not mentioned in the text?

R- What resources would be needed, what would these cost, and how could they be acquired?

There will of course be some discussion point where not all of these questions will be applicable.

The 6-Point Structure

After you have discussed the ideas in the text, you write an action plan in which you present practical proposals for implementing the conclusions you have reached in your discussion. The 6-Point structure will help you to write your action plan:

1. Problems: Problems you have in your company in the area you have just discussed.

2. Proposals: Your proposals for improvement.

a. Be specific and concretes.

b. Include an implementation plan, with a time schedule and minimum and optimal implementation Targets.

c. Refer to any forms, charts, tables etc. that you would use, and include samples in an appendix.
3. Obstacles: Obstacles to implementation in employee attitudes, company organization and culture etc., and how these could be overcome.

4. Resources:
a. The resources required: funds, equipment, materials, man-hours, expertise etc.

b. The resources available within the company.

c. Any resources that would have to be found outside the company.

d. Alternative that could be used to cover any shortfall in resources

5. Assessment: Ways of assessing the results of implementing these proposals.

6. Benefits: The benefits your proposals would bring.
9.1 Recognising abnormalities
Introduction
1. If managers and employees are to spot problems as soon as they occur, they need to be alert. And they need to be alert not just for problems, but for anything unusual, anything that is different from the normal – for abnormalities. An abnormality is not always a defect or a problem, but it often indicates a hidden problem or a potential problem. Always treat an abnormality as a danger signal, find out what is causing it, and take measures to prevent it recurring. There are two types of abnormalities: those that can be identified through inspections, and those that cannot be identified through inspections

Abnormalities that can be identified through inspections
2. Typical abnormalities that are found in inspections are:
a. A greater number of defects than usual. 

b. A new type of defect. 

These may be found by inspectors during periodic inspections, by employees conducting their own inspection, or they may be seen in control charts. (see Text 9.8).
3. In periodic inspections the current values of the product or process are compared with the standard or target values (the values you want to have). The term ‘dispersion’ (see Text 9.7) is used to describe how the current values differ from the standard or target values. Some dispersion is expected and accepted, but if dispersion goes beyond that, then you have an abnormality. Wherever possible, convert the values observed in inspection into numerical figures, and present them visually in graphs or charts so that abnormalities can be easily spotted. A control chart is a typical graph for identifying abnormalities. It shows how the values are dispersed and will immediately show the presence or absence of abnormalities. 
4. However, dispersion during the production processes is not always caused by abnormalities. It may also be caused by chance, even when standard processes are strictly observed. We need to know which type of dispersion is occurring. This is where the control chart will help. With its control lines and control limits, it will show the dispersion type. When it shows that dispersion results from abnormalities, investigate the causes and take appropriate action.

Abnormalities that cannot be identified through inspections
5. There are some abnormalities that are not spotted in inspections. When machines, for example, produce a greater amount of noise than usual, or material surfaces have a different feel, the situation can be described as abnormal. Such slightly unusual events should be reported as abnormalities by anyone who happens to notice them. This is a responsibility that everyone shares. 
6. Example: This example involves plastic auto parts that were injection moulded. Injection moulding is followed by the process of gate (runner)-cutting. One day, a woman in charge of gate‑cutting thought that the moulded parts felt somewhat "fragile." She did not know what exactly was wrong, but she felt there was something unusual about the moulded parts, and immediately called her team leader. 
7. The team leader, wondering if "the material had changed or if the temperature of the metal melds was lower than usual," the leader suspended production and investigated the reported abnormality. After establishing that all the other factors in the process except the material were normal, production was resumed using a substitute material. The original material was put on hold. No abnormality appeared after production was resumed.
8. Meanwhile, the suspended material was examined carefully by the manufacturer. The examination confirmed that the material was different from usual. It was found to possess different particle diameters because of a minor abnormality in its manufacturing process. Early detection of the abnormality prevented major losses. Damages were minimized by the woman who “felt something was wrong" and reported it immediately. This employee had never been instructed to take any actions when moulded parts seemed "fragile." All she had been asked to do was perform gate‑cutting. However, she sensed the difference and reported the abnormality on her own initiative. Her good sense and appropriate response prevented an increase in the number of defective products.

Figure 9.8d Control chart for the consumption of steam in drying synthetic rubber

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on what is relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any figures referred to in the text, if you feel these are relevant to your company.

a. Parags. 1: Do you think that abnormalities may often not be noticed in your company? Why do you think this? Do you think they are often ignored? Why do you think so? Give examples of some kinds of abnormalities that may not be noticed or may be ignored. What could be done about this?

b. Parag. 1: Which of these two types of abnormality do you think are most common in your company? Give one or two examples.

c. Parag. 2: What typical abnormalities are recognized during inspections in your company?

d. Parag. 3: To what extent can abnormalities found in your work processes be converted into numerical figures? How could they be presented visually?

e. Parag. 4: Have you often found that dispersion has been caused by chance? How would you use control charts to determine the dispersion type in your company?

f. Parags. 5, 6, 7 and 8: Give some examples from your company of abnormalities of the kind described in parag. 5 and the example that follows. Are they always reported? Are the reports always taken seriously? How would you like to improve the way people respond to them?

ACTION PLAN

Draw up an action plan for improving the way your company attempts to recognize abnormalities, based on the discussions that you have just had. Either write a plan based on these first discussions, or wait until you have discussed one or two more texts, and then write a more comprehensive action plan. You might like to follow this 6-Point Structure: 

9.2. Reporting abnormalities
Introduction
1. If abnormalities are to be dealt with properly they have to be reported. Good abnormality reports will accurately describe what happened, when it happened and to whom it happened. This information must then be passed on quickly to whoever is in a position to act on it. To ensure that employees report abnormalities, you need to: 

a. Create a company culture where they are willing to report abnormalities.

b. Draw up rules for making abnormality reports.

Create a company culture where employees will report abnormalities. 
2. It is important that employees develop the habit of reporting to their superiors when they feel that something is wrong. However they will often find it a burden to have to write even a short, simple report. You should therefore:

a. Take every opportunity to explain to employees that there will be no improvement unless managers know the unpleasant facts; that if the managers are not told these facts, the results will be bad for everyone, including the workers themselves.

b. Encourage workers to report abnormalities that others may consider not worth reporting, as, for example, deficiencies in the work place that lead to very brief but frequent suspension of processes.
c. Establish a relationship of trust with employees. Two good ways of doing this are:

i Show workers that action will always be taken on a report. In particular deal with chronic problems by investing in plant and equipment.

ii Develop the practice of managers and employees solving problems together.

A relationship of trust is essential if reliable reports are to be produced.

3. Ensure that all abnormalities are reported, including: 

a. Abnormalities that may seem too minor to be reported.

b. Abnormalities that have been recurring for a long time, and are no longer considered merely abnormalities (including operational deficiencies).

Draw up rules for making abnormality reports. 

4. The primary rules for abnormality reports are:

a. All abnormalities must be reported to superiors: those identified in every production process, from the acceptance of raw materials to product shipment, and the conditions in which they have emerged. Reports of abnormalities are important in themselves, whether they are delivered orally, or in writing.
b. Written abnormality reports should have a fixed format. This is to ensure that abnormalities are properly processed and recurrence prevention measures are taken. This format should be easy to use and should relate to the actual realities of the work place. 

Figure 9.2a Prompt Report of Abnormality Situations (Form 1)
[image: image1.emf]
c. Before reporting abnormalities observe the following three-step procedure: confirm the actual problem, on the spot, and in a realistic way. This corresponds to the Japanese problem-solving principle of sangen shugi: confirm the actual problem (genbutsu) on the spot (genba), with a realistic approach (genjitsu).

d. Report abnormalities at once. Emergency reports must quickly reach those in charge of emergency action. Some reports may require production suspension, freezing of shipments, and the sorting and isolation of abnormal products - otherwise abnormalities may get worse or damage subsequent processes or even reach customers. These reports must therefore be passed quickly to those with the authority to decide what to do.

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on what is relevant. Keep notes of your conclusions -  you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any figures referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: Does your company already write up reports on abnormalities? If so, how useful are they, and how could they be improved? If not, what benefits do you think they would bring?

b. Parag. 2 gives three suggestions for encouraging workers to submit a report every time they have a feeling that something might be wrong. Apply the RADAR questions to these suggestions.

c. Parag. 3: Give one or two examples from your own workplace of the abnormalities in parts a. and b. Do you agree that even the most minor abnormalities should be reported?

d. Parag. 4a: Name all the processes in your company where abnormality reports should be written.

e. Parag. 4b: Look at Figure 9.2a Prompt Report of Abnormality Situations. How suitable would this form be for your company? Are there any changes that you would make to it?

f. Parag. 4c: Describe how this procedure could be applied to a recent abnormality in your company. How useful do you think this procedure is?

g. Parag. 4d: How quick is your system of delivering emergency reports? How important is it that it should be quick? How could you speed it up?

ACTION PLAN

Draw up an action plan for introducing in your company the conclusions that you have reached in your discussion, using the 6-Point Structure on. Alternatively you may choose to prepare one action plan when you have discussed several texts. 

9.3 Emergency Actions

1. Abnormalities may be products that are not of the right quality – known as non-conforming products. First, take emergency actions to stop any more non-conforming products being made and to deal with those that have been made. Only then should you begin to investigate the causes. (But even if emergency actions remove or weaken the abnormalities, always investigate and remove the causes.)

2. Take emergency actions to:

a. Prevent abnormalities getting worse.

b. Prevent abnormalities causing damage in subsequent processes.

c. Identify non-conforming products and confirm how exactly they are non-conforming.

Emergency actions should be accompanied by preliminary inspection reports. These will also help to prevent the number of abnormalities increasing, or adversely affecting subsequent processes.

3. To ensure that emergency actions will be as effective as possible, decide in advance:

a. Who will be in charge?
b. Who will be responsible for taking emergency actions?
c. What procedures should be followed?
This will make it much easier, if an emergency action is required, to change the process conditions, suspend processes and segregate products quickly and correctly. (Process conditions are the location, equipment, employees, temperatures etc. where the process is carried out.)
4. A number of organisational procedures need to be clearly defined:

a. The methods to be used to confirm that abnormalities are starting to emerge and to begin countermeasures?

b. The management level at which a final decision will be taken about nonconforming products. 

c. The method to be used to confirm that decisions have been implemented. 

These procedures can be presented in a process flow chart known as a QC Process Chart. A QC process chart is the basic standard for managing the work site. 

(See Text 14.1 for more information about QC process charts. You will find examples in Figures 14.1a, 14.1b and 18.2a)

ISO 9001 
5. ISO 9001 calls for construction of the following system for managing non‑conforming products:

a. Control of Non‑Conforming Products.
To prevent non-conforming products being used or shipped carelessly, make clear: 

i. The methods for identifying and separating non-conforming products. 

ii. The procedures for implementing these methods.

iii. Who is responsible.

In this context, non-conforming products include, as well as finished products,:

iv. Purchased materials and procured parts whose abnormalities were identified in acceptance inspections.

v. Products left unfinished by abnormalities that emerged during production processes.

b. Review and dispose of non‑conforming products. 

Clearly define:

i. Responsibility for confirming the contents of non‑conforming products.

ii. Authority for taking action for dealing with non-conformities. 

Do not allow employees to process nonconforming products in a random, arbitrary manner. Watch out for those who may do so, or who may take actions that do not conform to the regulations. 

The ISO 9000 series introduces the following four methods for processing non‑conforming products: 

i. Reworking.

ii. Accepting with or without repair by mutual agreement.

iii. Using them for alternative applications.

iv. Rejecting or scrapping them. 

It is important to fix these procedures clearly in advance and decide who is to be in charge of them.

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on what is relevant. Keep notes of your conclusions -  you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any figures referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: Do you agree that these are the first actions that should be taken? Give an example from your own experience to justify your opinion.

b. Parag. 2: Give examples from your own experience where emergency action was taken for each of these reasons. What might have happened in these examples if emergency action had not been taken quickly?

c. Parag. 3 presents guidelines for preventing abnormalities escalating. Apply the RADAR questions to these. What improvements would you expect from the application of such guidelines?

d. Parag. 4 specifies three procedures that need to be clearly defined. Apply the RADAR questions to these.

e. Parag. 5 presents the ISO 9001 guidelines for constructing a management system for non-conforming products. Apply the RADAR questions to these guidelines. Be as concrete as you can in your discussion.

ACTION PLAN

Draw up an action plan for introducing in your company the conclusions that you have reached in your discussion, using the 6-Point Structure on. Alternatively you may choose to prepare one action plan when you have discussed several texts.

9.4 Preventing the recurrence of abnormalities.

Introduction
1. Pay special attention to any causes of abnormalities that are related to work processes and job procedures, and try to get to the root causes. Once the root causes are known, take recurrence prevention measures to prevent these causes bringing any more problems. The combination of emergency action, when it is necessary, and systematic recurrence prevention measures, will provide stable production.
Get to the root causes

2. Causes can vary from one abnormality to the next. However, in many cases, it is only the first, immediate causes that differ. An examination of secondary and third level causes of different abnormalities often lead investigators to the same source cause. If you do not investigate right to the source cause, the problems can recur. It is often useless to deal only with the various first causes each time an abnormality emerges. This is not dealing with the real problem but only with the results of the problem - the phenomena.

3. Look at the example in Figure 9.4a bellow:
	Phenomena and their causes

	Countermeasures

	Machines came to a halt. Why?
	

	Because: Fuses blew due to an overload. Why?
	Replace fuses.

	Because: Bearing lubrication was insufficient. Why?
	Increase the rotation frequency of the lubricating pumps.

	Because: Lubricating pumps were in poor condition Why?
	Replace pumps.

	Because: Pump axis were worn out. Why?
	Replace axis.

	Because: Sludge had entered.
	Attach filters to lubricating pumps


Take recurrence prevention measures
4. When the fundamental causes have been identified, proper recurrence prevention measures can be taken. One definition of recurrence is the re-emergence of abnormalities due to the same causes within three years (or of the same abnormalities if the causes have not yet been found). Managers should always consider whether an abnormality is a new one or a recurring one. If it is a recurring one, then any causes previously identified were probably not the fundamental causes.

5. Recurrence prevention measures can be taken in three stages: 

a. Stage 1. Measures aimed at the operations in which the problems are identified.
b. Stage 2. Measures aimed at similar operations.
c. Stage 3. Measures aimed at the overall system.

6. Example:
a. Stage 1: After materials have been put wrongly in storage, improve the storage facility and the written input directions.
b. Stage 2: Review the storage locations and write input directions for other materials.
c. Stage 3: Improve the criteria for setting up storage locations and the procedure for preparing written input directions. 

Similar abnormalities can be prevented by taking as many stage 3 measures as possible in addition to Stages 1 and 2 measures.

7. It is essential that managers or supervisors provide leadership in taking action to prevent abnormalities recurring.

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on what is relevant. Keep notes of your conclusions -  you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any figures referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: Give some examples from your own experience of recurrence prevention measures.

b. Parag. 2: Have you also found that often the source causes of abnormalities are the same? Give an example of a time when you thought you had identified the cause of an abnormality, but later found there was a more fundamental cause.

c. Parag. 3: Look at this example. Can you give a similar example from your own experience of working back to the fundamental cause of an abnormality?

d. Parag. 4: Do you agree with this definition of a recurring abnormality? Give one or two examples of abnormalities that you would regard as recurring. 

e. Parags. 5 and 6: Give one or two examples of recurrence prevention measures that follow these three stages.

f. Parag. 7: In what ways do you think managers and supervisors can provide leadership in taking action to prevent abnormalities recurring?

ACTION PLAN

Draw up an action plan for introducing in your company the conclusions that you have reached in your discussion, using the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

9.5 Rules for processing abnormalities

1. It is important to have rules for dealing with abnormalities. These rules set out the methods and responsibilities for all the actions that have to be taken to process abnormalities. The rules are:

a. Take emergency actions.

b. Investigate the causes of the abnormality.

c. Implement countermeasures. 

d. Confirm the effects of countermeasure.

e. Standardise the successful countermeasures.

2. The Abnormality Processing Flow Chart in Figure 9.5a, after this text, gives a detailed example of such rules. The main rules are:

a. When abnormalities appear, classify them into three ranks (A, B or C: serious, medium and minor) based on the impact they would have on quality, cost and the volume of production.

b. Report abnormalities as soon as they appear in the “Prompt report of abnormality situations” form in Figure 9.2a. Enter the nature of the abnormalities, their immediate causes and any actions taken with products.

c. Take emergency actions immediately, and then prepare an abnormality report like the one in Figure 9.5b for class A and B abnormalities. Abnormality Reports are designed to record the true causes and the recurrence prevention plans and to confirm the effectiveness of these plans.

d. Use a table for managing the progress of abnormality processing like the one in Figure 9.5c to check the progress of recurrence prevention with reference to the plans.

Figure 9.5a Abnormality Processing flow chart
[image: image2.emf]
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Figure 9.2a Prompt report of abnormality situations

Figure 9.5b Abnormality report (Form 2)

[image: image4.emf]
Figure 9.5c Table for managing the progress of abnormality processing (Form 3)

[image: image5.emf]
3. Deal with the three classifications of abnormalities as follows:

a. Class A: Report serious abnormalities to CEOs, and confirm the progress of recurrence-prevention plans at monthly meetings of the Council on Quality Assurance chaired by the manufacturing plant director. 

b. Class B: Report medium‑level abnormalities to the manufacturing plant director. Section managers manage the recurrence-prevention plans, and report the progress of recurrence-prevention measures to the Council on Quality Assurance three months after the emergence of abnormalities. 

c. Class C: Process minor abnormalities in the sections where they emerged. Try to resolve them within a time limit, stratifying them according to recurrence frequency and converting them into themes for discussion in QC circles.

4. There is however one risk in classifying abnormalities based on their impact. If a large impact is produced by chance, it can be treated as a Class A, and recurrence prevention measures taken accordingly. However, an abnormality may have the potential to have a big impact but be identified quickly before anyone recognises this, and be processed as a Class C. It is therefore always important to carry out recurrence‑preven​tion measures as thoroughly as possible. If this is done, it will be quite safe to classify abnormalities according to their results, prioritise them, and carry out recurrence‑prevention measures according to this priority.

5. When reports to the management on quality assurance are made obligatory, progressive recurrence-prevention measures can be implemented successfully.

6. When the targets for recurrence prevention measures are not met (i.e. the measures are not confirmed as successful) they are registered as chronic deficiencies. They should be prioritised as themes for improvement, and action taken to resolve them.

Figure 9.5a Abnormality processing flowchart
DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on what is relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any figures referred to in the text, if you feel these are relevant to your company.

a. Parag. 2: Have a look at the detailed flowchart in Figure 9.5a Then apply the RADAR questions to the four primary rules. Include Figure 9.5a, 9.5b and 9.5c in your discussion.

b. Parag. 3: Apply the RADAR questions to these guidelines for dealing with the three classes of abnormality.

c. Parag. 4: Can you think of any examples of abnormalities whose potential impact was not recognised because they were identified quickly?

d. Parag. 6: Which abnormalities in your company could you imagine coming into the category of chronic deficiencies?

ACTION PLAN

Draw up an action plan for introducing in your company the conclusions that you have reached in your discussion, using the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts. 

9.6 Base problem solving on facts
1. Problem solution should be based on facts, rather than on subjective judgements. Problem solution does of course require experience and intuition. Without experience it is impossible to know what kind of facts to look for, and how to interpret these facts once they have been identified. However it is dangerous to rely only on experience. Subjective impressions must be objectified. This means gathering and quantifying the facts. Data, when it has been collected and arranged, reveals facts that subjective observation could fail to reveal. Such data provides clear support for hypotheses, and allows us to take positive, effective action.

2. To establish the facts take the following steps:

a. Examine the actual spot where the problem occurred.

b. Decide on the quality characteristics that the evaluation of quality will be based on. (When these are converted into quantitative data they are called characteristic values.)

c. Formulate clearly the objectives for which the data is being collected.

d. Gather accurate data. 

e. Analyse this data using statistical techniques.

f. Obtain accurate information from this analysis.

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on what is relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any figures referred to in the text, if you feel these are relevant to your company.

Parag. 1: To what extent would you say that the approach to problem solving in your company is based on experience, and to what extent on quantified facts? Would you like to see the balance changed?

Parag. 2 suggest six steps for establishing the facts. Apply the RADAR questions to these.

ACTION PLAN

Draw up an action plan for introducing in your company the conclusions that you have reached in your discussion, using the 6-Point Structure on. Alternatively you may choose to prepare one action plan when you have discussed several texts.
9.7 Managing dispersion
1. Once data has been collected, it has to be interpreted. Averages are the most common way of interpreting data, but they often fail to give a true picture of what the data means. Measuring how the data is dispersed gives a more complete picture. Dispersion refers to how the different items of data are spread out or scattered in relation to how they are supposed to be, i.e. in relation to the standard or target values. For example, a residential street with 10 houses with an average price of $240,000 and where each price differs only a little from the average, would be very different from a street with the same average house price, but with 2 houses valued at $1 million and the other 8 each costing around $50,000.
2. The first thing to do when the data appears to indicate a problem is to clarify whether it is the average or the dispersion that indicates that there is a problem. Otherwise it is impossible to solve the problem. Problems that are indicated by averages of the data can be solved relatively easily. Just review the processing conditions and any other factors that affect the results. When problems are indicated by dispersion, base your countermeasures on whether: 

a. The range of dispersion (the distance of the maximum and minimum data points) from the standard or target values (also referred to as the technical standard) is acceptable, but the average is skewed (distorted or biased).
b. The range of dispersion is too wide.
c. There are outliers (An outlier is an item of data, or a value, that falls well outside the dispersion range of the rest of the data).
3. Dispersion may be due to chance or to abnormalities. There will always be some dispersion even when the materials and work methods are those prescribed by the standards. It cannot be avoided. This type of chance dispersion stays within a certain range. The values tend to form a bell curve, with the average in the centre (this pattern is known as normal distribution).

4. Dispersion caused by abnormalities may result from the following factors: 

a. Employees do not follow the operational standards. 

b. There are changes in materials.

c. Inexperienced employees replace experienced employees. 

These factors skew the average and cause outliers.

5. Dispersion in the quality of a product results from the dispersion of something in the manufacturing process that is strongly related to quality. This dispersion provides a good opportunity to find out the causes of such problems. It indicates that the cause of the problem is strongly related to the results. Such a cause can be identified by searching for any divergent factors (factors that are different from what they should be) and examining their correlation to the dispersed results.

6. The three charts in Figure 9.7a Quality Dispersion, give examples of problems indicated by the average of the data, by the dispersion of the data, and by outliers.
Figure 9.7a Quality dispersion
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DISCUSSION

This text briefly introduces some of the key concepts related to the dispersion of data. You will find much more detail in Unit 11 – Statistical Methods. In the meantime, discuss how these concepts could be used to recognize abnormalities in your work processes. 
This text does not have an action plan.
9.8 Control charts 
Introduction

1. Control charts are a key tool in interpreting data. They can distinguish between dispersions caused by accidental factors and dispersions caused by abnormal factors, and can show whether the process is in a stable condition or not. A control chart consists of a central line (CL) and upper and lower control limits (UCL and LCL). UCLs and LCLs are based on calculated values.

2. When characteristic values that indicate process conditions are plotted as data points on the control chart, and all the points fall within the upper and lower control limits, or there is no bias in the way the points are distributed (i.e. they are not distributed in any particular way), the process is said to be “under control.” When the plotted points fall outside the control limits or there is a bias in the way the points are distributed, the process is “out of control.” In other words, an abnormality has emerged in the process. You should then investigate the causes of the abnormality and take countermeasures. (Text 11.4.1 to 11.4.5 in unit 11, Statistical Methods, provide more detailed guidelines on using control charts.)
3. The following criteria indicate when the process is out of control:

a. When one or more plotted points fall outside the control lines 

b. When the points indicate a bias. This can be:

i. When seven or more points form a chain above or below the central line. 

ii. When a large number of points are on one side of the central line, e.g. 10 out of 11 consecutive points.

iii. When five or more consecutive points form an upward or downward line.

iv. Other cases which show periodicity.

4. Data may include variables or discrete values or both. Variables include measured values such as length (meter) and weight (kilogram). These are continuous values (i.e. they are uncountable – you cannot count them). Discrete values are non‑continuous values such as the number of defective units and flaws within a sheet (i.e. they are countable).
Types of control chart. 

5. There are several kinds of control chart:

a. X-bar - R control charts (average and range). 
These are used in the management of variable data. X-bar and R represent a sub-group average and sub‑group range respectively. The X-bar control charts are used for monitoring changes in the sub‑group average (variation among sub-groups), while the R control charts are used for managing dispersions within a sub-group (variation within a sub-group). These two charts are paired for use.

b. “p” control charts and “pn” control charts: 
These manage processes in which the characteristic values of discrete values are considered. “pn” control charts are used when the number of samples (n) is constant and the number of defective units (pn) is considered. When the number of samples (n) is not constant, in other words, when the ratio of defects (p) is considered, “p” control charts are used.

c. “c” control charts (defects per unit) or “u” control charts (standard defects per unit) may be used depending on the characteristics of measured values.

Figure 9.8a Flow chart for selection of control chart types
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How to Draw Control Charts
6. These directions are for X-bar - R control charts, the type that is most frequently used.

Step 1. Gather data
In principle, more than 100 pieces of data should be collected. This data must be relatively new, nearly identical to what future processes are expected to produce in terms of technology, and accompanied by a clear history. 

Step 2. Classify the data
Classify the data into sub-groups and arrange it by measuring times or lots. The number of data items that one sub-group contains is known as the sub-group size. It is represented by the letter "n." Usually, "n" is set at 2 to 6. The sub-group size should be made uniform. The letter "k" represents the number of sub‑groups made by data classification. Normally, 20 to 25 sub‑groups are supplied.

In this example, numbers are set as follows:

Sub-group size
n = 3

Number of data items in a sub-group 
k = 30

Number of all data items
N = n.k   n.k = 90

Step 3. Calculate the average for sub-groups
Calculate the average (represented by X-bar) for respective sub-groups. The value X-bar is calculated using the following formula: 

X-bar =               Xi + X2 + ……+ Xn


           n


The value 'X-bar' should be calculated to three decimal places after the measured values, then rounded off. For example, the value for sub‑group 1 is calculated as follows.



X-bar =
0.42 + 0.40 + 0.41     = 0.410






3



The average "X" for all sub-groups should be calculated in the same manner. Calculated averages should be arranged as shown in Figure 9.8b.
Figure 9.8b.‑ Calculation table for X-bar ‑ R control charts: Amount of steam consumed in drying synthetic rubber B over a period of one month. An X-bar-R control chart is prepared based on this data.
	Sub-group

Number

(date)
	Morning Shift
	Mid-day shift
	Night Shift
	Average

X-bar
	Range

R

	1
	0.42
	0.40
	0.41
	0.410
	0.02

	2
	0.48
	0.53
	0.47
	0.493
	0.06

	3
	0.46
	0.88
	0.66
	0.667
	0.42

	4
	0.50
	0.44
	0.46
	0.467
	0.06

	5
	0.33
	0.23
	0 30
	0.287
	0.10

	6
	0.60
	0.40
	0.36
	0.453
	0.24

	7
	0.41
	0.35
	0.51
	0.423
	0.16

	8
	0.41
	0.40
	0.45
	0.420
	0.05

	9
	0.55
	0.59
	0.42
	0.520
	0.17

	10
	0.28
	0.50
	0.45
	0.410
	0.22

	11
	0.56
	0.43
	0.50
	0.497
	0.13

	12
	0.43
	0.40
	0.45
	0.427
	0.05

	13
	0.45
	0.36
	0.41
	0.407
	0.09

	14
	0.44
	0.53
	0.48
	0.483
	0.09

	15
	0.45
	0.51
	0.29
	0.417
	0.22

	16
	0.14
	0.30
	0.62
	0.353
	0.48

	17
	0.47
	0.62
	0.46
	0.517
	0.16

	18
	0.45
	0.32
	0.57
	0.447
	0.25

	19
	0.49
	0.43
	0.48
	0.467
	0.06

	20
	0.49
	0.65
	0.50
	0.547
	0.16

	21
	0.52
	0.49
	0.48
	0.497
	0.04

	22
	0.44
	0.68
	1.19
	0.770
	0.75

	23
	0.48
	0.36
	0.36
	0.400
	0.12

	Z4
	0.39
	0.35
	0.34
	0.360
	0.05

	25
	0.32
	0.30
	0.30
	0.307
	0.02

	26
	0.35
	0.36
	0.35
	0.353
	0.01

	27
	0.40
	0.40
	0.38
	0.393
	0.02

	28
	0.36
	0.35
	0.37
	0.360
	0 02

	29
	0.31
	0.30
	0.33
	0.313
	0 03

	30
	0.29
	0.30
	0.31
	0.300
	0,02

	
	
	
	Total
	13.165 
	4.27 


Step 4 Calculate
Calculate "R," range per sub‑group, where R = [maximal value within the sub‑group] ‑ [minimal value within the sub‑group]

For example, the value for sub-group 1 is calculated as follows:

R = 0.42 ‑ 0.40 = 0.02

Range "R" for all sub‑groups should be calculated in the same manner. Calculated values should be arranged as shown in Figure 9.8b.
Step 5 Calculate "X-bar-bar"
· Add up the value "X-bar" for all sub‑groups and divide this total by "k," the number 
of data items in a sub-group.

X-bar 1 + X-bar 2 + ...............+ X-bar k


k

· Value "X-bar-bar" should be calculated to four decimal places after the measured value.

For example, the value for data presented in Table 8.1 is calculated as follows:

X-bar-bar = 13.165  =  0.4388


            30

Step 6 Calculate “R-bar” the average range.

· Add up the value "R" for all sub-groups and divide this total by "k," the number of data items in a sub-group. The resulting figure is value “R-bar”

R =
R1+R2+‑‑‑+Rk


k

· Value "R-bar" should be calculated to four decimal places after the measured values
For example, the value for data presented in Table 8.1 is calculated as follows:

R-bar = 4.27   = 0.1423


                 30
Figure 9.8c Coefficient table for calculating the control lines of control charts

	Control chart types
	X-bar
	X-bar
	R
	

	Sub-group size (n)
	A2
	m2A2
	-
	

	2
	1.880
	1.880
	‑
	3267

	3
	1‑023
	1.187
	‑
	2.575

	4
	0.729
	0.796
	-
	2.282

	5
	0.577
	0.691
	‑
	1115

	6
	0.483
	0.549
	‑
	2‑00

	7
	0.419
	0.509
	0.076
	1.924

	8
	0.373
	0.432
	0.136
	1.864

	9
	0.337
	0.412
	0.184
	1.816

	10
	0.308
	0.363
	0.223
	1.777


Note: Columns denoted by ‘-‘ are disregarded.


0.308
0.363
0.223
1.777
Step 7. Calculate control lines of X-bar ‑ R control charts.

· X-bar Control Charts

CL: Central Line


CL = X-bar-bar
UCL: Upper Control Limit


UCL = X-bar-bar + A2R-bar 
LCL: Lower Control Limit


LCL = X-bar-bar - A2R-bar

· R Control Charts

CL; R-bar

UCL = D4R-bar

LCL = A3R-bar


(When n<6, there is no need to consider LCL)  

Values A2, D3 and D4 are numbers fixed by "n," the sub-group size (see Figure 9.8c). For example, control lines for the control charts presented in Figure 9.8c are
calculated as follows: 

  X-bar Control Chart

CL = X-bar-bar = 0.4388

UCL = X-bar-bar + A2R-bar (when n = 3, A2 = 1.023) 

= 0.4388 + 0.145573 = 0.584373 

Rounded off to 0.5844 (two more decimal places after the measured values)

LCL = X-bar-bar ‑ A2R-bar


0.4388 ‑ 0.145573 = 0.293227


Rounded off to 0.2932

R Control Chart

CL =R-bar = 0.1423

UCL = D4R-bar (when n = 3, D4 = 2.575) 

= 2.575 X-bar 0.1423 = 0.366423 

 Rounded off to 0.366 (one more decimal place after the mea​sured values)

There is no need to consider LCL because n = 3 (<6).

Step 8. Write in the control limits.

Get a sheet of paper specially designed for control. Draw the ver​tical and horizontal axes on it. In the case of X-bar ‑ R control charts, position X-bar control above R control charts. Scale the gradua​tions so that the distance between UCL and LCL is about six times as long as the distance between sub‑groups shown on the horizontal axis. There is no need to put an LCL on R control charts when n<6. Therefore, set the bottom graduation on the horizontal axis to zero. This value is con​sidered a substitute for LCL. Denote the central line with a solid line (-). In control charts used for analysis and management, indicate the upper control limit (UCL) and lower control limit (LCL) with broken lines (….)

Step 9 Write marks in the control charts.

Calculate the “X-bar” and "R" values for sub-groups and plot these on the control charts. Use different marks "." and "x" to plot X-bar and R values so that the differences will be clear. Indicate marks that went outside the control limits as (note to graphics: circle with dot in middle) to make it easier to identify them.

Step 10 Write in the necessary items.

Write "X-bar" and "R" on the left edge of the control charts, and "n" on the top-left corner of X-bar control charts. In addition, give the quality characteristics, characteristic units, the names of those who entered data, technical standards, process names, and sampling methods.

Step 11.Study management conditions:
Note the following in Figure 9.8d
(1)
Both X-bar control charts and R control charts exhibit deviations from control limits in a chain of eight successive values. This process is "out of control."

(2)
There is a need to investigate causes of deviations from control limits that took place on the 3rd, 5th, 16th and 22nd of the month.

(3)
Both X-bar control charts and R control charts exhibit a chain of eight successive values from the 23rd to the 30th of the month. This situation is abnormal. However, this is a welcome abnormality. Once the causes of the abnormality are established and they prove satisfactory from the standpoint of intrinsic technology, it will be possible to reduce the amount of steam used.

(4)
Once causes of the abnormality after the 23rd day are identified and process conditions (location, equipment, employees, temperature etc.) clearly differ from those prior to that date, the central line and control limits must be drawn again using data from the lst to the 22nd of the month.

Figure 9.8d Control chart for the amount of steam consumed in drying synthetic rubber B 
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DISCUSSION

Study this text carefully, and discuss how you could make use of control charts in your company.

ACTION PLAN

Draw up an action plan for introducing in your company the conclusions that you have reached in your discussion, using the 6-Point Structure on. Alternatively you may choose to prepare one action plan when you have discussed several texts.
9.9 The QC Story I 
Introduction
1. Sometimes we over-react to problems. We try to solve them immediately in whatever way we can. But over-hasty reactions often get us nowhere. We will handle problems much more effectively if we approach them systematically. For this we need to have a basic problem-solving procedure, and to follow it step by step. A QC story is a good procedure for solving problems scientifically and rationally. 

2. A QC story consists of the following eight steps:

a. Select a theme to work on. 

b. Clarify the problem and set targets. 

c. Get a clear understanding of the effects that the problem has caused.

d. Analysis: Investigate the causes.

e. Devise and implement recurrence prevention measures.

f. Confirm the effects of these measures.

g. Standardize the new methods.

h. Reflect on the problems left unsolved and consider future countermeasures.

3. QC stories were originally used in reports to explain past problem-solution cases in a way that was easy to understand. However, it was then recognized that the QC story activities could themselves provide a neat problem-solving procedure – one that was clear and easy to follow, and that kept people on target. QC stories are now solidly established as the basic procedure for solving problems at work.

(Text 11.3.5 in Unit 11, Statistics, shows how the QC tools can be applied to the QC Story.)
Select themes. 

4. To select a theme, first of all identify all the problems in your workplace, compile them on a chart, evaluate them and select the most suitable as themes. To identify problems look at:
a. Tasks that constantly cause troubles.
b. Tasks that are difficult to carry out.
c. Tasks that have not been complete.
d. Tasks that present safety problems.

e. Tasks that often produce accidents or defects.

f. Tasks that frequently require reworking.

g. Tasks that take longer to complete than they should.

h. Tasks that no one is assigned to perform.

i. Problems that really need to be dealt with.

j. Area of wastage of labour, money, materials or time.

k. Demand and complaints from the preceding or subsequent production processes, or from other departments, sections or customers.

l. How well sections and sub-sections have achieved their work targets.

m. How well production plans have been implemented.
5. Decide on your overall goals and describe these as concretely as possible, e.g. rather than say ‘Reduce measurement dispersion; shorten the period required to circulate documents’, say. ‘reduce measurement dispersion by 50%; shorten the average period required to circulate documents from 10 days to five days.’ (In the next step, “Clarify the problem and set targets”, you will set more specific targets to achieve these goals.)
6. You may choose to work on parts of a large problem as sub-themes. If you do, include your overall goals in your description of the sub-themes. You should always keep the larger picture in front of you as you go along. 

7. Think carefully when you are selecting a theme. Here is an example of wrong selection: ‘Establishing a preventive maintenance system to improve the operating ratio of facilities and equipment’. However the lack of preventive maintenance is not the only possible cause of a low operating ratio in facilities or equipment. The operations may have to be stopped frequently because product quality is unstable. Or the low operating ratio may be caused by the need for a long recovery period after operations have been suspended. So, the first theme that needs to be addressed are the concrete problems caused by the prolonged suspension of the facilities or equipment. Such a theme leads naturally to the question, "Why have the facilities or equipment been suspended?"

Clarify the problem and set targets
8. When you have identified the problem you are going to deal with, first try to see what exactly the problem is. Problems can be defined as unsatisfactory work results. For now, look only at these poor results. Later you can think about what may have caused them and how to solve this. First at all, free yourself from preconceptions and try to get a clear, objective view of the problem. If you begin by thinking about solutions you will be less likely to get to the basic cause and find the best solutions.

9. To clarify the problem, take the following steps:

a. First ask these questions:

a. Has the problem actually appeared or is it latent?
b. Is it to do with maintenance or with an interruption of the production process?

c. Is it a problem of: Q, C, D, S, or M. (Q: Quality C: Cost D: Volume and Productivity S: Safety M: Morale)?

d. Is it restricted to my own department or section or does it also affect others?

e. How does it relate to corporate, departmental, or section policies?

(As well as using the data you already have, you may find that you need to gather further data for certain period of time. A good way of collecting data is to use the 5W 1H question: Why is data being collect? What data has to be collect? Who should collect it? When, where and how should it be collected?)
b. Then select the criteria to be used to judge the problem: 

a. These should have been established in advance so that the assessment of the results of improvement will be objective.

b. If you are using inspection items to identify abnormalities, standardise as the criteria for judging problems, a) the inspection items, b) an allowable tolerance for each inspection item and c) The control limits (UCL and LCL) of control charts. (An allowable tolerance is the acceptable range given in technical standards and action limits for target values. The action limit is the limit represented by the highest or lowest value in a quality control chart. If the actual values fall outside these limits, a correction in the process is required and/or the cause of the change in the process must be determined. Target values are the desired outcomes from a process.).

c. For abnormalities where there are no inspection and checking items, establish the criteria creatively on a case‑by‑case basis, quantifying the data as much as possible.
d. Now set the target values and target dates for the solution of the problem, if these were not stated as part of the themes. Target dates are essential if you are to progress systematically through the problem solving activities.
e. Classify the anticipated results of solving the problem into tangible and intangible effects in advance so that those in charge will have a shared understanding of what they are doing. (A tangible effect could be a reduction in the defect ratio, and an intangible effect could be improved teamwork.)
10. Remember that when employees get together to work out what exactly the problem is, they will have a shared sense of the need to solve it, and will be more likely to keep trying to find a solution.
DISCUSSION

These discussion questions are different from those after other texts in this course. The QC story is a procedure for solving problems. This text and the next two (9.10 and 9.11) provide you with guidelines for using this procedure. The most effective way to get a good understanding of these guidelines is to choose a theme from your work processes and discuss how you would apply the guidelines to this problem. You may decide to change to a different theme after you begin, if the one you start off with does not give you enough scope to try out all the guidelines.

Note: Always include in your discussion any tables or charts referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: What approach is taken in your company to solving problems in work processes? What are the shortcomings, if any, of this approach? How do you think this approach could be improved? 

b. Parag. 2: Before looking at each of these steps in more detail, discuss briefly how they might be applied to a typical problem that you have experienced.

c. Parag. 4: Give examples of these from your own workplace.

d. Parag. 5, 6 and 7: Select a problem from your own workplace that you can use as a practice theme for this discussion.
e. Parag. 8 and 9: Apply these ideas to the problem that you have selected.
f. Parag. 10: Have you also found that when employees together to work out what the problem is, they are more likely to keep at it until they find a solution? If yes, why do you think this is so? 

ACTION PLAN
You will be invited to write an action plan after you have discussed all three QC story texts.

9.10 The QC Story II
Introduction

1. This text presents the next two stages of the QC story:

a. Get a clear understanding of the effects of the problem.

b. Analysis: Investigate the causes.

Get a clear understanding of the effects of the problem.
2. It is important to have a clear picture of the negative effects that the problem has caused, before you attempt to analyse it - analysis comes in the next step. And remember to distinguish between the effects of the problem, and the causes. To get a clear picture of the effects, make an objective evaluation of the dispersions in the data relate to the problem, and the differences that you can see among the various phenomena (the immediate visible problems).

3. Study the following four points:
a. Time: Check if the effects vary according to the time of day, the day of the week, or any other time factors. For example:

i. Disorders of XX equipment are concentrated during the two‑hour period from 4 p.m. to 6 p.m.

ii. There many complaints about products manufactured on Mondays and Fridays.

b. Place: Check the specific parts or places where abnormalities occur. For example:
i. Accidental colouring during storage is most intense in the upper sections of product X.

ii. Scratches on product Y are concentrated in the upper left corner.

c. Symptoms: Study the symptoms or characteristics of the abnormal conditions and the circumstances in which they appear. For example: The burst bag for product Y is caused by either scratches or wear. There are many more cases of scratches than of wear.

d. System: Check if the effects differ when different machines and different employees do the same work. For example: Product Z is manufactured using three systems known as A, B and C. The defect ratio for system B is about half the ratio for systems A and C.

4. Use sound research methods.

a. Study data that is based on facts – see Text 9.6.
b. Pay attention to positive dispersions: dispersions are not always negative. Exceptionally good conditions are also abnormal. Positive dispersions often help observers come up with ideas for improvement.

c. Inspect the actual items on the spot.
Analysis: investigate the causes 

5. The purpose of analysis is to investigate the real causes of the problem. Carry it out in two steps:

a. Identify different possible causes.

b. Decide which of these are the genuine causes.

6. Identify possible causes:

a. Investigate as thoroughly as possible whether the abnormalities that have been identified are caused by any changes that may have taken place:

i. Have the operators changed?

ii. Have the facilities, equipment or machines changed? 

iii. Have the base materials or other materials changed? 

iv. Have the operational methods changed? 

v. Has the working environment changed? 

In the example in parag. 3d above, the chances are that factors which differ between systems A and B, are the genuine causes.

b. Look at the concrete facts and ask the question ‘Why?’ five times (see the example in Figure 9.4a). This will lead the investigation beyond superficial causes to identify possible root causes.

c. Use cause and effect diagrams and other tools (See unit 11 Statistics) to examine the possible causes that emerge in steps a. and b. This may lead to the identification of more possible causes. Then organise all of these possible causes systematically.

7. From all these possible causes identify the genuine causes:
a. Establish which of these possible causes have a substantial effect on problems. Use cause and effect diagrams to narrow these down and construct a hypothesis on how the abnormality may have developed.

b. Check this short-list of possible causes against the facts to identify which of them are the genuine causes. If possible carry out experiments to show the relationship between these possible causes and the effects. If experiments are not possible, look carefully at the effect these possible causes have on effects in later operations.

Figure 9.10a Procedure for problem resolution and easy QC methods. This chart show the QC tools can be used with the QC Story, but note that it uses a slightly different description of the steps in the story
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8. The QC Story may be presented at a QC assembly. (See Unit 10.8)
DISCUSSION

Continue with discussing your theme (or problem) from Text 9.9.

a. Parag. 2: Can you give any examples from your own experience where you found yourself focusing on the causes of a problem before you had a good grasp of its effects?

b. Parag. 3: Discuss how you would examine the problem that you have chosen in Text 9.9 for this discussion with reference to these four factors. Alternatively, give examples of problems that have already been solved in your workplace, and discuss how they exemplify these factors.

c. Parag. 4: How important do you think these three research methods are? Are there any others that you would include?

d. Parags. 6 and 7: Apply these guidelines to the problem you have chosen. Alternatively discuss how they would help with problems that you have already dealt with.

ACTION PLAN
You will be invited to write an action plan after you have discussed all three QC story texts.

9.11 The QC Story III
Introduction

1. This text presents the final four stages of the QC story:

a. Devise and implement recurrence prevention measures.
b. Confirm the effects of the measures.

c. Standardise the new methods.

d. Reflect on the problems left unsolved.

Devise and implement recurrence prevention measures
2. It is important to distinguish between emergency actions and recurrence prevention measures. Emergency actions are taken to eliminate the phenomena (the immediate, visible problems, e.g. stop more non-conforming products being made) while recurrence prevention measures are taken both to eliminate the phenomena and investigate the causes identified in the Analysis stage. Both emergency and recurrence prevention measures should be taken even if symptoms weaken or disappear temporarily. (See also Text 9.3)
3. In devising recurrence prevention measures:

a. Devise measures against each confirmed cause.

b. Brainstorm as many measures as possible, without thinking at first of how useful they will be.

c. Assess all these measures and narrow them down to those you will implement. Examine the following points carefully:
i. If the anticipated effect can be achieved.
ii. If the costs are acceptable (cost-effectiveness)

iii. If the plan is technically feasible (technically)
iv. If the tasks can be performed adequately (operability)

v. If there are any safety problems (safety). Test and confirm items that affect quality and safety.
4. Prepare implementation plans: Determine who should do what and by when. Remember that the implementation of recurrence prevention measures can sometimes have a negative effect on other departments and sections. If this is the case, the improvements they bring about will be meaningless. Predict fully the negative effects on other departments and sections and get their approval before going ahead with implementation.

Confirm the effects of the action. 

5. There are two types of effects that can result from the actions taken, both of which should be confirmed: 

a. Tangible effects: those that can be qualified, e.g. a reduction in the defect ratio and costs and in the time required for delivery - which numerical values can clearly confirm. 
b. Intangible effects: those that cannot easily be quantified such as improved teamwork and quality consciousness.

6. To confirm the tangible effects compare the actual figures with the target figures.

a. Confirm whether the target values were achieved.

b. Use the same criteria that were used to get a grasp of the present situation. 

c. Confirm the effects of each countermeasure.

d. If the problem is part of a larger problem, take the broader influences into account.
Standardize the new methods
7. When the recurrence prevention measures have proven effective standardize them as new operational methods, otherwise their good effects will not last.

a. Establish standards, including regulations, revise them and scrap whatever may not be appropriate.

b. Investigate the effects on upstream and downstream operations, and revise the standards to take these into consideration.

c. Make sure that related departments and sections are fully informed of the new standards.
d. Clearly specify "who," "what," "when," "where" and "how".

e. Specify the implementation period. 

f. Clearly record the reasons for establishing and revising the standards. 

g. Educate and train employees in using the standards.

h. Follow up on the results: Use control charts and con​trol graphs to monitor the continuation of the good effects.
Reflect on the problems left unsolved. 
8. Problems are rarely solved completely. Always make clear which problems have been resolved and which have not. Then make plans to handle the unsolved problems in the future.

9. Analyse the methods that were used to solve the problems so that these can be improved in the future:

a. Compare the actual figures produced in the attempt to solve the problems with the action plans and identify the differences.

b. Reflect on the methods used for making plans, setting targets, and improving activities, in order to find out the reasons for these differences.

c. Put together themes for future activities.

DISCUSSION

Continue with your theme from Text 9.9 and 9.10.

a. Parag. 2: Give one or two examples from your own experience that clarify the distinction between emergency actions and recurrence prevention measures, and that show how important it is to make this distinction.

b. Parags 3 and 4: Either apply these guidelines to the problem you chose earlier, or give examples that illustrate their usefulness. 

c. Parag. 5: Which of these effects, tangible or intangible, are most likely to occur when you solve some of your typical problems? Give one or two examples.

d. Parag. 6. Discuss how you would apply these points to your problem, or describe an example that shows their usefulness.

e. Parag. 7: Do you normally establish standards for new methods of preventing problems recurring? Apply the RADAR questions to the steps given in this paragraph.

f. Parag. 8: What would you normally do about problems that have been left unsolved? Take one or two examples and discuss how they might be handled in the future.

g. Now that you have gone through all the steps of the QC story, discuss its overall usefulness, and how you would apply it in your company. You may like to use the RADAR questions as a framework for this discussion.

ACTION PLAN

Draw up an action plan for introducing the QC Story in your company, using the 6-Point Structure.
9.12 Preventing problems arising
Introduction
1. The best way to avoid problems is to anticipate them, and stop them before they happen. This is known as preventive action. It is especially important at the planning stage. All employees should be on the alert for any factors that can lead to problems, and should be ready to take appropriate action when they do spot them.
2. These factors should then be examined carefully in workplace meetings, assessed, and one or more of the following types of countermeasure taken. For example, with a problem that has emerged where two passage ways cross:

S. Get rid of the operation in question (e.g. replace it with a two-level crossing).

A. Remove the possibility of recurrence (e.g. attach a cut‑off).

B. Reduce the possibility of recurrence (e.g. install an automatic alarm device).

C. Increase the level of caution (e.g. post a ‘Caution’ sign).

3. If you consistently implement measures of the S and A type you will have a stable work environment. Creating a workplace where workers are aware of the possibility that problems can always arise is the best preventive measure of all. 

Methods for predicting problems. 
4. The ability to predict problems is normally directly proportional to the amount of experience that people have of such problems. However, there are also creative ideas and methods that allow us to predict problems even if we do not have a vast store of experience. 

5. One method is to focus on a narrow range of possibilities. For example, it may be hard to predict the problems that could emerge while driving a car, but it becomes easier if we restrict ourselves to predicting problems that can result from opening and closing the car door. This can be narrowed down even further to problems that can result from opening and closing the door when there are children in a car. This procedure enables employees to take a more concrete focus, and thus makes predictions easier. 

6. FMEA (failure mode and effects analysis) uses this approach to predict problems that could arise with product components. FMEA is widely employed as a design method for increasing reliability. It attempts to predict problems by focusing on specific units in the manufacturing process. Simply list the types of problems that could occur within a restricted range, predict the occasions in which they could emerge, and assess the chances of them occurring and their possible impact. In this way we narrow down the points that may need to be acted on. 

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of the ideas may not be relevant to you. Concentrate on what is relevant. Keep notes of your conclusions -  you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any figures referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: Give one or two examples of occasions when employees in your company have anticipated problems. 

b. Parag. 1: Give examples of some factors that could lead to problems in your workplace and that alert employees could spot. What kind of action would normally be taken to prevent these leading to problems?

c. Parag. 2. Which of these four types of countermeasures would be appropriate for your examples in question a. above?

d. Parag. 3: Would you say that your employees are always aware of the possibility of problems arising? If not, how could you encourage them to be so?

e. Parags 4, 5 and 6: Apply FMEA to predicting typical problems that could arise in your production process.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well structured action plan for introducing improvements in your company. You might like to follow the 6-Point Structure.
Test
Answer these questions using only information given in the text. For each question one, two or all three answers may be correct. Tick the answer or answers you think are correct for each question. Each question carries 3 points – you get one point for each correct answer that you tick, and one point for each wrong answer that you do not tick.

9.1 Recognising abnormalities 

1 Abnormalities can be defined as:

a. Deviations from abnormal conditions.
b. Defects.

c. Deviations from normal conditions.

2 Problems occur when abnormalities:

a. Occur.

b. Are not noticed.

c. Are ignored.

3 Abnormalities may be:

a. Discovered by inspectors during the inspection process.

b. Discovered by employees conducting their own inspection.

c. Indicated by control charts.

4 In inspections the present values are examined against: 

a. Target values.

b. Standard values.

c. Normal values.

5 Dispersion may be caused by:

a. Abnormalities.

b. Control charts.

c. Chance.

6 When an employee thinks that a machine sounds different s/he should:

a. Keep quiet about it.

b. Report it.

c. Wait for a day or two.

8.2 Reporting abnormalities
7 To encourage employees to develop a habit of reporting abnormalities managers should:

a. Explain that if managers do not know all the unpleasant facts the workers themselves will suffer.

b. Establish a relationship of trust with employees.

c. Give concrete instructions that even minor abnormalities should be reported.

8 Very minor abnormalities should be reported:

a. Always.

b. Sometimes. 

c. Never.

9 Abnormality reports should be delivered in writing: 

a. Always. 

b. Often.

c. Never.

10 The three-point procedure to carry out before reporting the abnormality is:

a. Confirm the problem, select the report format, fill it in precisely. 

b. Get a fellow employee to confirm the problem on the spot as quickly as possible. 

c. Confirm the problem on the spot in a realistic way.

11 Reports that are aimed at preventing abnormalities causing further problems may require:

a. Suspending production.

b. Freezing shipments.

c. Isolating abnormal products.

9.3 Emergency Actions
12 When abnormalities produce non-conforming products, the first priority is to:

a. Find out what is causing the problem.

b. Stop more non-conforming products being made.

c. Remove the abnormalities.

13 To prevent abnormalities escalating, decide in advance:

a. Who is in charge.

b. Who is responsible for taking countermeasures.

c. What countermeasures should be taken.

14 To prevent non-conforming products being used or shipped, make clear:

a. The methods for identifying these products.

b. The methods for segregating them.

c. The procedures for preventing them recurring.

15 The methods that the ISO 9000 series introduces for processing non-conforming products include:

a. Reworking the products.

b. Using them for an alternative application.

c. Scrapping them.

9.4 Preventing the recurrence of abnormalities

16 An examination of secondary and third level causes of different abnormalities lead:

a. Often to a variety of source causes.

b. Often to the same source cause.

c. Always to a variety of source causes.

17 In the definition suggested in this text, an abnormality is not regarded as a recurrence if it appears again:

a. After six months.

b. After one year.

c. After three years.

18 The stages in which recurrence prevention measures can be taken include:

a. Measures aimed at operations in which problems have been identified.

b. Measures aimed similar operations.

c. Measures aimed at the overall system.

9.5 Rules for processing abnormalities
19 When abnormalities appear they should be classified into ……….. ranks depending on the impact they have.

a. Three

b. Four 

c. Five 

20 Enter abnormalities as soon as they appear in a Prompt Report of Abnormality Situations, giving:

a. The nature of the abnormalities.

b. The source causes.

c. Any action taken with products.

21 Medium-level abnormalities should be reported to the:

a. CEO.

b. The manufacturing plant director.

c. The section manager.

22 Abnormalities are registered as chronic deficiencies when:

a. They cause non-conforming products.

b. Targets for measures to prevent their recurrence are not met.

c. The non-conforming products they cause have to be scrapped.

9.6 Management based on facts
23 Subjective impressions:

a. Should be ignored.

b. Should be objectified.

c. Can be helpful.

d. A and b

e. a and c
f. b and c
g. all

24 The steps to be taken to establish the facts about abnormalities include:

a. Examine the actual spot where the problem occurred.

b. Clarify the objectives for which data is being collected.

c. Use statistical techniques to analyse the data.

8.7 Managing dispersion
25 Averages are a way of:

a. Conveying a true picture of what the data means.

b. Interpreting the data.

c. Measuring dispersion.

26 Countermeasures need to be taken if:

a. The range of dispersion is too wide.

b. There are outliers.

c. There is a range of dispersion from the technical standards.

27 If the materials and work methods are those prescribed in the standards.

a. There will be no dispersion.

b. There will be some dispersion.

c. There will always be dispersion.

28 Dispersion may result from:

a. Employees not following the operational standards.

b. Changes in materials.

c. Inexperienced employees replacing experienced workers.

9.8. Control charts
29 Control charts have:

a. One line.

b. Two lines.

c. Three lines.

30 When all the characteristic values plotted on the chart lie between the lower control limit and the central line:

a. The process is out of control.
b. The process is under control.

c. The process can be both out of control or under control.

31 Which of the following are discrete values?

a. Length.

b. Weight.

c. Number of defects.

32 X-bar – R control charts respectively represent:

a. Sub-group average and sub-group range.

b. Sub-group range and sub-group average.

c. Defect variation and defect ratio.

33 p control charts are used when:

a. When the ratio of defects is considered.

b. When the number of samples is constant.

c. When the number of samples is not constant.

34 A process is out of control when:

a. Five or more points form a chain above or below the central line.

b. Seven or more points form a chain above or below the central line.

c. 10 out of 11 consecutive points are on one side of the central line.

9.9 The QC Story I

35 The QC story follows eight consecutive steps. Which of the following are correct?

a. The second step is to clarify the problem.

b. The fourth step is to investigate the causes.

c. The eighth step is to standardize the new methods.

36 If you adopt parts of a large problem as a sub-theme you should:

a. Specify the overall aims of the larger theme in the sub-themes.

b. Specify new aims for the sub-themes and focus only on these.

c. Do not specify anything new.

37 To clarify the problem you should first ask these questions:

a. Has the problem actually appeared or is it latent?

b. Is it to do with maintenance or with an interruption of the process?

c. Does it concern other departments?

38 When inspection items are used to identify abnormalities, the criteria for judging problems are indicated by:
a. The inspection items.
b. An allowable tolerance for each inspection item.
c. The central line of control charts.
8.10 The QC Story II
39 Before you attempt to analyse the data you should have a clear picture of: 
a. The negative results that the problem has caused.
b. The likely causes of the problem.
c. Possible recurrence prevention measures.
40 To get a clear understanding of the effects of the problems study the following points:
a. Time, place, symptoms, and system.
b. Time, place, machinery, and system.
c. Time, place, symptoms and storage.
41 Abnormalities may be caused by differences in:
a. Workers.
b. Facilities.
c. The working environment.
42 If it is not possible to use experiments to confirm the relationship between possible causes and the results:

a. Use cause and effect diagrams.

b. Use control charts.

c. Look carefully at the effects these causes have on results in subsequent diagrams. 

9.11 The QC Story III
43 To devise recurrence prevention measures:

a. Devise measures against each confirmed cause.

b. Be careful not to devise too many possible measures.

c. Assess these measures and narrow them down for implementation.

44 To confirm tangible effects of the actions taken:

a. Confirm whether the target values were achieved.

b. Use the same criteria that were used to get a grasp of the present situation.

c. Confirm the effects of each countermeasure.

45 To standardize the new methods:

a. Make sure that related departments are fully informed of them.

b. Clearly record the reasons for establishing the standards.

c. Use control charts to monitor the continuation of the good effects.

46 To analyse the methods used to try to solve problems that were, in the end, left unsolved:

a. Compare the results of the attempt to solve the problem with the earlier results caused by the problem.

b. Reflect on the methods used for making plans, setting targets, and improving activities.

c. Put together themes for future activities.

9.12 Preventing problems arising
47 When factors that can lead to abnormalities have been assessed the actions that may be taken include:

a. Get rid of the dispersion.

b. Reduce the possibility of recurrence.

c. Remove the possibility of recurrence.

48 FMEA attempts to predict problems by: 

a. Focusing on a broad range of units in the manufacturing process.

b. Focusing on specific units in the manufacturing process.

c. Increasing the reliability of specific components.

Relation with ISO 
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