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Chapterr  2 

AA FRAMEWORK FOR IMPLEMENTATION OF 
SPC C 

2.1.. INTRODUCTION 

Statisticall Process Control (SPC) has become an important part of quality 
controll activities. Approaches for implementing SPC can hardly be found in 
literature,, however. Many descriptions focus on the tools of SPC (e.g. Duncan, 
1974;; Montgomery, 1996; Wheeler and Chambers, 1992), and there are also 
somee papers focusing on organisational aspects of implementation (e.g. Parks, 
1983,, 1984; Gaafar and Keats, 1992). This chapter describes a framework for 
implementationn of SPC, including both methodological and organisational 
aspects. . 

Confusionn about the exact meaning of SPC may be a reason why a 
comprehensivee view on its implementation is lacking. Often SPC was equated 
withh control charts, but nowadays it is dearly recognised that the control chart is 
justt a methodological tool. This chapter presents SPC as a hands-on approach, 
aa coherent set of activities to analyse, improve and monitor processes. The 
approachh is based on statistical thinking (Snee 1990; Hoerl, 1996). SPC 
generallyy starts in production departments, but the concept can be used for all 
processess (e.g. designing processes and products, administration, purchasing). 
Thee framework for implementing SPC will therefore primarily be directed 
towardss production processes. In addition we will describe how company-wide 
implementationn of SPC sets the stage for Total Quality Management (TQM) 

Ann inherent danger of a framework is that its flexibility is too limited to be of 
practicall use. Especially methodological guidelines are often directed to a 
specificc situation. The QS 9000 standard, for example, a standard much 
broaderr than ISO 9000, used by Chrysler, Ford, and General Motors for 
prescribingg and auditing Total Quality Management systems (see Chrysler, 
Fordd and General Motors, 1994), concentrates on mass production and 
automotivee industry. Other types of industry may therefore have difficulties in 
usingg the standard. The framework in this chapter avoids too much rigidity by 
describingg not just the activities, but also the underlying goals or functions. 

Thee organisational part of the framework consists of the use of four phases in 
thee implementation (as described in Section 2.2) and a structure for SPC 
implementationn described in Section 2.3. The methodological part consists of 
ann activity plan for teams to implement SPC for a process (Section 2.4). In 
Sectionn 2.5 the assurance of SPC is discussed, and in Section 2.6 the results 
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fromm the implementation at Philips Semiconductors in Stadskanaal are given. 
Thiss chapter concludes with a discussion about the role of a statistician in 
industryy (Section 2.7). 

2.2.. PHASES IN THE SPC IMPLEMENTATION 

Deming'ss observations on the slow acceptance of SPC were mentioned in the 
previouss chapter. Other literature confirms his observations; most of the 
reasonss why implementation of SPC fails are in the field of organisational and 
sociall factors (cf. Dale and Shaw, 1991; Gaafar and Keats, 1992; Mann, 1995): 

 lack of management and operator commitment; 
 lack of understanding and training of SPC techniques; 
 poor project control and fading attention after the first introduction of SPC. 

Basedd on our own experience with implementing SPC, we can add some extra 
problems. . 

 It takes several years to implement SPC company-wide. 
 Constant attention and support of executive management are required. 
 SPC calls for delegation of tasks, responsibilities and qualifications to the 

lowestt possible level. 
 Implementation of SPC has to be guided by an expert with thorough 

knowledgee of the possibilities and problems with statistics. 
 The organisation has to be familiar with tackling problems through the use of 

data. . 
 Teamwork and a project management approach are essential. 

Thesee problems arise especially when the implementation is concentrated on 
thee methodological aspects of SPC. More attention to organisational aspects 
mightt well avoid such problems. This requires careful planning of the 
implementationn phases, as well as a suitable organisational structure (see the 
nextt section). How exactly a company is organised is not really important for 
introducingg SPC - in principle any organisation is suitable, although an 
organisationn based on e.g. sociotechnical principles (cf. Haak, 1994) is better 
suitedd than many others. There's a good chance, however, that an organisation 
thatt has successfully implemented SPC along the lines described in this 
chapter,, will have changed considerably. In Section 2.5 we will return to this 
matter. . 

Thee beginning of SPC implementation in a company generally starts with an 
orientationn period, when executive management learns about the basics of SPC 
andd becomes aware that SPC may contribute to the company's bottom line. 
Externall influences, such as the insistence of a customer that SPC should be 
implemented,, may play a role in this process. Philips Semiconductors, for 
example,, started introducing SPC because the American automotive industry 
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urgedd the company to do so. Among the benefits of SPC a number of 
advantagess should be mentioned: 

 reduction of waste; 
 predictable processes; 
 better customer/supplier relations; 
 insight into process performance; 
 data-oriented decisions; 
 more responsible and involved personnel. 

Afterr executive management has been convinced to use SPC, the 
implementationn is divided into the following four phases (see Figure 2.1): 

 phase 1: Awareness; 
 phase 2: Pilot projects; 
 phase 3: Integral implementation in production; 
 phase 4: Setting the stage for Total Quality. 

1.. Awareness 

2.. Pilot projects 

3.. Integral implementation 

4.. Setting the stage for Total Quality 

FIGUREFIGURE 2.1. Phases of SPC implementation 

Phasee 1: Awarenes s 
Thee formal start of the implementation of SPC is an awareness meeting for the 
stafff of the company. The aim of this meeting is to let the staff become 
acquaintedd with the background of the SPC approach and its impact on the 
totall operations management. The meeting addresses the following subjects. 

 SPC entails a shift from inspection to prevention. 
 SPC is a new type of management whereby tasks, responsibilities and 

qualificationss are assigned to the lowest possible level within the 
organisation. . 

 SPC is a way of establishing the capabilities of processes. 
 All processes show variation, and dealing with variation is a central point of 

SPC. . 
 Variation should be recognised, quantified, controlled and reduced. 
 Project management and teamwork are the norm. 

Thee awareness meeting has to be successful, because for management it is 
thee first impression of SPC. A good preparation for the meeting is of the utmost 
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importance;; a failure can be fatal! The assistance of an external consultant may 
bee very useful. 

Afterr the awareness meeting a Steering Committee is formed (see Section 2.3) 
withh the first assignment to make an implementation plan. The plan is based on 
interviewss with staff members from all departments involved and should include 
processess to be dealt with in pilot projects. The processes of the pilot phase 
shouldd be known as problematic (but not too extensive and complex) so that 
reall results can be achieved. 

Phasee 2: Pilo t project s 
Fromm the start of this phase a project management approach should be used, 
guidedd by the Steering Committee. The Steering Committee installs a few 
teamss to work on the processes selected in the previous phase. The 
assignmentt for these teams, called Process Action Teams or PATs (see 
Sectionn 2.3), is to bring their processes under control, using an activity plan 
(seee Section 2.4). When a PAT has gone through the whole programme and 
thee measures have been implemented, one may speak of an operational SPC 
point.. Depending on the complexity and size of the process, the throughput-
timee ranges from three months to more than a year. This is based on weekly 
meetingss of two hours, plus an additional hour per week in the period that the 
processs is thoroughly analysed. 

Too increase the acceptance and to improve the knowledge of SPC, it can be 
usefull to give SPC training for members of the steering committee, process 
engineers,, quality engineers and development engineers. Does et al. 
(1996,1999a)) is perfectly suited for this training. The PAT members get training 
onn the job during the team meetings. 

Afterr approximately half a year, feedback about the results of the pilot projects 
willl be given to the SPC Steering Committee. Based on the results a go/no go 
decisionn will be made. At this point it is not yet reasonable to expect financial 
benefits,, because the organisation needs to learn and for long-term effects it is 
stilll too early. However, there should be confidence that the direction is right 
andd that SPC can control processes and improve profits. 

Phasee 3: Integra l implementatio n in productio n 
Iff the first phase can be characterised as preparatory, and the second phase as 
carefull try-outs, now the time has come for integral implementation of SPC. The 
SPCC Steering Committee will install more Process Action Teams to bring other 
processess under control, until finally every important step is in control. The 
throughput-timee of this phase is 1.5 to 2.5 years. During this phase it becomes 
clearr that the activities in production have effects on development, purchasing, 
customers,, maintenance and other supporting activities. 
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Fromm the beginning of this phase it is necessary to give one person within the 
companyy the task of co-ordinating the SPC activities. External assistance may 
bee necessary both for specialised support and for supervision of the teams. But 
thee in-house co-ordinator has to become more and more the expert and the 
drivingg force. This employee should now give SPC training to all people 
involved,, if necessary assisted by an external SPC consultant. 

Phasee 4: Settin g the stag e for Total Qualit y 
Whenn a process is under control the PAT is dismissed and transformed into a 
Processs Improvement Team (PIT), which should be part of the regular 
organisation.. The tasks of a PIT are to assure process control, to tackle new 
problems,, and to search for improvement opportunities. The tasks of the 
Steeringg Committee should also be transferred to the regular organisation. 

Inn this phase the SPC approach is also broadened to other parts of the 
organisation.. Since SPC is based on prevention instead of detection, there are 
twoo natural new areas for SPC. The first is the Development department: 
productss and processes should be designed with less variation. The other area 
iss the Purchasing department: failures in incoming material, new equipment and 
toolss can only be avoided when suppliers use SPC. The in-house acquired 
experiencee with implementing SPC can be used to convince the supplier of the 
necessityy to use SPC, and to assist with the implementation. In this phase other 
steeringg committees should be installed to guide the implementation in the 
variouss departments. 

Thee main purposes of SPC are: 
 to describe and to know the process; 
 to trace potential weak points and to improve these; 
 to define effective measurements and control loops; 
 to assess the performance as a basis for continuous improvement. 

Thiss is not only valid for production departments. When SPC is implemented in 
alll parts of the organisation, and customers and suppliers are involved as well, 
itt leads to Total Quality Management. This will take at least five more years: the 
implementationn in a department will take approximately one and a half year and 
becausee of a limited capacity to introduce changes, not all departments should 
startt at the same time. 

2.3.. ORGANISATIONA L STRUCTURE FOR SPC IMPLEMENTATION 

Thee organisational structure that is used to implement SPC consists of Process 
Actionn Teams and a Steering Committee. Executive management is of course 
responsiblee for the whole implementation process. The structure depicted in 
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Figuree 2.2 stresses the fact that both executive management and the Steering 
Committeee should mainly play a supporting role for the PATs. 

PAT T 

FIGUREFIGURE 2.2 

PAT T 

Organis Organis 

PAT T 

Steering g 
Committee e 

Executive e 
Management t 

atior atior 

PAT T PAT T 

taltal structure for SPC implementation 

Executiv ee Managemen t 
Executivee management has given commitment and has delegated the 
managementt of the implementation to the Steering Committee. Progress is 
monitoredd based on reports from the Steering Committee. 

Steerin gg Committe e 
Thee PATs are the main vehicles for implementing SPC, but the Steering 
Committeee plays an important role in initiating and controlling the 
implementationn process. Although in the first three phases the projects will be 
concentratedd on the Production department, involvement and commitment of 
otherr disciplines is necessary because the SPC projects will have 
consequencess for related departments. To ensure commitment of all relevant 
managers,, the manager Operations should be chairman of the Steering 
Committeee and managers of Purchasing, Development, Quality and 
Maintenancee should be members. The SPC co-ordinator should be a member 
ass well. The main tasks of the Steering Committee can be summed up in four 
mainn elements: 

(1)(1) Initiation and promotion: 
 set objectives and form teams; 
 stimulate SPC awareness through personal involvement; 
 initiate promotion activities such as SPC news and bulletin board; 
 stimulate teambuilding and recognition; 
 reward good results. 

(2)(2) Providing method and means: 
 provide activity plan (see Section 2.4); 
 assure availability of time for SPC activities; 
 initiate training and external support; 
 provide extra budget to realise improvements. 
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(3)(3) Controlling: 
 monitor progress of PATs; 
 assess problems and assure progress ; 
 set priority for quality activities; 
 assess results and certify teams when ready ; 
 make sure that the control plan is developed. 

(4)(4) Reporting to executive management: 
 report progress and results; 
 advise on quality strategy; 
 perform cost-benefit analyses. 

Proces ss Action s Teams 
Itt should be emphasised that SPC cannot be implemented by just a few 
engineerss or staff members. Teams are needed which include people from all 
departmentss involved, and especially production personnel. Their knowledge 
andd commitment are crucial to make SPC successful. 

Thereforee the approach is based on Process Action Teams (PATs), comprising 
representativess of all directly involved disciplines. A typical PAT consists of 2-5 
operatorss (depending on the number of shifts) and their supervisor, a process 
engineer,, maintenance engineer, internal customer, and an SPC expert. If 
necessaryy a development engineer, quality engineer and someone from the 
purchasingg department should be part of the team, but ad hoc support may be 
sufficient.. The person that has the technical responsibility for the process, 
generallyy a process engineer leads the team. The secretary has to be a person 
withh experience in writing reports, for example a development engineer. His 
taskk is to make notes of agreements and the results of the meetings (i.e. the 
resultss of the activity plan). 

Beforee the start the team gets a short introduction to SPC from the SPC expert. 
Thee training is comparable with the introduction for the executive management 
duringg the awareness day, but it is adapted to the right level. Other training may 
bee necessary when the team works on the activity plan. Obviously not all 
operatorss can be part of a PAT (for practical reasons), so it is important that the 
teamm members communicate the activities, problems and results of the project 
withh their colleagues. 

Thee assignment of a PAT is to bring the process under control (using the 
activityy plan), to implement SPC on the shop floor, and to prepare the 
organisationn for assuring SPC. The time spent on the activity plan and related 
activitiess may vary from 2 hours per week for a normal member to 4 hours for 
thee secretary. Meetings should last at most 2 hours and should be held at 
regularr times and intervals. 
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2.4.. METHODOLOGICAL PART OF THE FRAMEWORK: 
THEE ACTIVITY PLAN 

Thee team receives a well-defined assignment of the SPC Steering Committee. 
Thee commitment of the Committee can be stressed when one of its members 
attendss the first meeting of the PAT. The assignment is written down on a 
standardd form that is signed by each team member. The form describes: 

 the results to be achieved; 
 the time frame; 
 the schedule for reporting to the Steering Committee; 
 the expected amount of time required from the participants. 

Thee primary goal is to bring the process under control using the activity plan 
describedd in this section. This activity plan consists of ten steps and is laid 
downn in a workbook that includes a brief instruction for each step and standard 
formss for the results. The advantage of using such a workbook is the possibility 
forr training on the job, standardisation of terminology, and the possibility to 
structuree and monitor the implementation. The activities and a typical time 
framee are depicted in Figure 2.3. 

Step p 

Processs Description 

Causee and Effect Analysis 

Riskk Analysis 

Improvementt Actions 

Measurements s 

Measurementt Analysis 

Controll Charts 

Outt of Control Action Plan 

Processs Capability Study 

Certification n 

Timee tabl e 

 (D 

 (2) 

(3) (3) 

(10) ) 

(10) ) 

 (1) 

(3) (3) 

 (6) 

(10) ) 

(3)) M 

Weekk 0 6 16 26 39 

FIGUREFIGURE 2.3. The activity plan and a typical time frame (the number of weeks is 
indicatedindicated between brackets) 

Thee ten steps of the activity plan can be grouped around the main purposes of 
SPC: : 

 steps 1-3: describe the process and trace potential weak points; 
 steps 4, 5: search for improvements for weak points; 
 steps 6-8: define effective measurements and control loops; 
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 steps 9, 10: assess the performance and arrange for continuous 
improvement. . 

Thee main purpose of this section is to give an overview of the activity plan. For 
eachh step first a brief description of the activities is given. Then the 
methodologicall and business process goals are stated, and the results are 
listed.. Although the goals of each step are quite universal, the activities may 
havee to be tailored to a specific situation. Therefore each step is concluded with 
aa few guidelines for use. 

Stepp 1: Proces s Descriptio n 
DescriptionDescription of activities. In the first step the process is described. Beginning 
andd end are clearly defined, and everything in between is described in small 
parts.. The steps with an important contribution to the final result of the process 
aree indicated. The process steps should be numbered. It is important to 
describee the actual situation, not the theory. The results are written down on a 
standardd form. 

 Methodological goals: zoom in on the process; make a detailed description 
off the actual situation as perceived by ail team members; define process 
steps. . 

 Business process goals: discuss different ways of working; agree on the 
heartt of the process. 

aa Result: process description form with process step numbers and names. 

GuidelinesGuidelines for use. In order to achieve a comprehensive overview, it may be 
necessaryy (for large processes) to zoom in and describe the process in two or 
threee levels. Visual techniques like flowcharts can be helpful, but the danger is 
thatt they become an aim in themselves. In this step some improvements may 
alreadyy be found by comparing the actual way of working of different operators 
withh operating instructions. 

Stepp 2: Cause and Effec t Analysi s 
DescriptionDescription of activities. Each important part of the process (as established in 
stepp 1) is analysed in more detail. Every reasonable failure cause is 
summarised,, and possible effects are mentioned. Cause and effect diagrams, 
alsoo known as Ishikawa diagrams or fish bone diagrams (cf. Wads worth et al, 
1986)) may be useful. The failure modes should be described as perceived by 
operators,, while effects should be problems with the product or waste of the 
processs (downtime, scrap,...). 

 Methodological goals: describe main causes for problems and their effects 
inn each process step. 

QQ Business process goals: collect and exchange process knowledge within a 
team team 

 Result: a list of possible cause and effect relations. 
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GuidelinesGuidelines for use. The importance of cause and effect combinations is 
determinedd in the next step; this step calls for real brainstorming to find all 
possiblee failure modes, with the emphasis on completeness. There is no need 
too describe a failure mode very profoundly in this phase; if it turns out to be 
reallyy important then later in a next step it will be necessary to dig deeper to find 
thee root cause and take corrective actions. 

Stepp 3: Risk Analysi s 
DescriptionDescription of activities. For each cause and effect combination the relative 
importancee is determined with a technique similar to Failure Mode and Effect 
Analysess (FMEA) (cf. Stamatis, 1995). The risk priority number of each 
combinationn is calculated by multiplying scores for the frequency of the cause, 
thee severity of the effect, and the chance to prevent it happen (the detection). 
Scoress rate from 1 to 10 for the best to the worst situation. Cause and effect 
combinationss with high risks will be analysed and improved with high priority in 
thee following steps of the activity plan. 

 Methodological goal: find cause and effect combinations with highest risks, 
aa Business process goal: agree on importance of cause and effect relations 

betweenn multidisciplinary team members, 
oo Result: a list of causes and effects ordered on the basis of their risk levels. 

GuidelinesGuidelines for use. The determination of frequency, severity, and detection can 
bee rather involved, because it is often difficult to score the criteria 
independently.. Furthermore, assigning numbers is often subjective. However, 
thee process of scoring gives the team members more insight in the motivation 
andd helps to reach consensus. If the frequency of the cause and the severity of 
thee effect are subject to discussion, it may be useful to study historical data or 
too monitor the process using a logbook for some time in order to augment the 
judgements. . 

Stepp 4: Improvemen t Action s 
DescriptionDescription of activities. In this step the PAT defines and plans improvement 
actions,, to reduce the risk numbers of the most important cause and effect 
combinations.. The Pareto principle will be used: about 20% of the cause and 
effectt combinations with the highest risks are responsible for about 80% of the 
problemss in the process. Reducing the risk can be done by improving at least 
onee of the three scores frequency, severity, and detection. The severity of an 
effectt is often difficult to influence, however. The team needs to dig as deep as 
possiblee into the failure modes. A superficial solution is not good enough; 
insteadd the root cause should be found and eliminated. This requires problem-
solvingg techniques (Wadsworth et al., 1986), using existing knowledge and 
availablee data. Additional measurements (see step 5) might be needed to 
expandd existing knowledge of the process. The improvement actions are listed 
onn a form, together with the planning and the responsible team members. The 
listt is used to monitor progress throughout the rest of the project. When 

18 8 



improvementss are made the risk analyses should be updated in order to check 
theirr effectiveness. 

 Methodological goals: generate and implement improvements; check 
successs of improvements. 

 Business process goals: use multidisciplinary teams; control activities to 
implementt improvements. 

 Result: a list with improvements, planning and responsible people for 
implementation. . 

GuidelinesGuidelines for use. The activities in this step can vary significantly from one 
projectt to the other. Improvements range from organisational (e.g. procedures) 
too technical (e.g. machine adjustments); for this reason multidisciplinary teams 
cann be very effective. Although the normal task for process engineers is to 
improvee the process, it would be unwise not to utilise the capabilities of 
operatorss and others. Operators are very capable of finding solutions of 
practicall problems. Involvement of operators also improves commitment to the 
solutions,, it improves their understanding of the process, and makes it easier 
forr them to assist in testing and implementing (and thus relieving the engineers 
off work). 

Stepp 5: Measurement s 
DescriptionDescription of activities. To find root causes for problems and possible 
improvementss that are not immediately clear, both process parameters and 
productt characteristics should be monitored for a while. But there is another 
reasonn for this step, because the team should also select one or more 
parameterss to control the process. Such parameters should fulfil two conditions: 
bee useful for setting up control loops, and represent value for the customer. A 
plann is made to collect, monitor, and analyse the measurements. 

 Methodological goals: collect data for more insight in the process; select 
controll parameters. 

 Business process goals: improve data collection. 
 Results: data for analysing root causes; parameters for process control. 

GuidelinesGuidelines for use. The measurements should explicitly be directed towards 
improvingg or monitoring the process. Feelings have to be converted into facts 
throughh measurements. Operators are again very important; they can make or 
marr the value of the data, because in the end they are often the ones who have 
too do the job. 

Stepp 6: Measuremen t Analysi s 
DescriptionDescription of activities. The PAT has to check whether the measurements for 
monitoringg the process can be trusted. Measurements can be biased (have a 
systematicc error) which is reason to calibrate the measurement system 
regularly.. But measuring itself also adds a certain amount of random variation. 

19 9 



Inn this step a small experiment is carried out, to investigate the magnitude of 
thee measurement variation. Distinction is made between variation in the 
measurementt device itself (repeatability variation) and variation due to using 
thee device (reproducibility variation). The analysis is therefore also known as an 
R&RR study. Repeatability is short-term variation, caused by differences 
betweenn measurements of a product from a single operator in a short time 
period.. Reproducibility is caused by differences between operators and 
conditions,, leading to long-term variation. The suitability of the measurement 
systemm is often judged by relating the total measurement variation to the 
tolerancee width: it should be less than 30% (cf. Automotive Industry Action 
Group,, 1990). If repeatability variation cannot be reduced to an acceptable 
level,, then compensation is necessary by repeating the measurements and 
takingg averages. Eliminating the differences between operators and/or 
measurementt conditions can reduce large reproducibility variation. A better 
measurementt system is needed when the reduction of measurement variation 
iss not good enough. 

 Methodological goal: verify the suitability of the measurement system; trace 
thee most important sources of variation. 

 Business process goal: stress importance of small measurement variation. 
 Result: the measurement variation is sufficiently small. 

GuidelinesGuidelines for use. The standard R&R study (Automotive Industry Action 
Group,, 1990) is based upon the assumption that operators are the most 
importantt source of reproducibility variation. If another source of variation (e.g. 
ambientt temperature) is clearly more important the experiment should be 
changedd to include this factor. The help of the SPC expert is necessary to 
designn and analyse the experiment. Standard R&R studies are designed for 
non-destructivee quantitative measurements. For other kinds of data the 
experimentt should be tailored to the situation (see e.g. Futrell (1995) for 
subjectivee classifications, or Automotive Industry Action Group (1990) for 
attributes).. Even interpretation of the standard R&R study could benefit from the 
helpp of the SPC expert, however, because this is less straightforward than it 
wouldd appear. In Chapter 3 of this thesis we discuss a fairly common situation, 
inn which the measurements are normally done by a small group of operators 
(observers).. In the standard R&R study the experiment is analysed as if there is 
inn fact a large number of observers. This might lead to a dramatic difference 
betweenn the real measurement variation and the result from the study. There 
aree more situations for which the standard R&R study should be clarified (Van 
denn Heuvel, 2000). 

Stepp 7: Contro l Chart s 
DescriptionDescription of activities. The control chart is the most useful tool for gaining 
insightt in the state of the process. Product or process characteristics are 
chartedd in order to detect when a process is out of control. The control chart 
discriminatess between common causes of variation (inherent to the process) 
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andd special causes. This is achieved by using control limits based on recent 
dataa from the process itself. To calculate the limits a two-step procedure is 
applied.. First, preliminary limits are calculated based on all data (at least 20-25 
sampless are required). Points outside the limits indicate special causes of 
variation,, and are investigated thoroughly by the PAT. Simple tools as trend 
graphs,, histograms and scatter diagrams (cf. Wadsworth et al., 1986) can be 
usedd for analysis, but occasionally a more involved analysis requires the help of 
thee SPC expert. The investigation is aimed at elimination of special causes, to 
improvee the process. The second step of the procedure is to recalculate the 
controll limits based on in-control data only, thereby establishing a norm for the 
processs inherent variation. 

 Methodological goals: process analysis; process control. 
QQ Business process goal: introduce tool to judge any process in the 

organisation;; distinguish between common causes and special causes of 
variation. . 

 Results: well-described measurements; knowledge of the status of the 
process;; limits for process inherent variation. 

GuidelinesGuidelines for use. The type of control chart to be used depends on the 
characteristicss to be controlled. The standard textbooks describe the X-R or X-s 
chartss as appropriate when dealing with sampled variable data. These charts 
cann be misleading, however, because the underlying assumptions are often not 
fulfilledd (cf. Roes and Does, 1995). Fortunately, there is a good and simple 
alternative:: separate individuals charts for all relevant characteristics, using the 
movingg range method to estimate the process variation. In Chapter 4 the 
methodd is outlined, and some multivariate alternatives are discussed. An 
importantt disadvantage of multivariate control charts, however, is that their 
interpretationinterpretation can be rather involved, and for this reason we favour our 
univariatee method. More detailed information about control charts can be found 
inn e.g. Duncan (1974), Montgomery (1996), or Wheeler and Chambers (1992). 

Stepp 8: Out of Contro l Actio n Plan (OCAP) 
DescriptionDescription of activities. The control chart can only become effective as a 
controll tool when operators know which action has to be taken in an out of 
controll situation. The OCAP provides the necessary diagnostic knowledge to 
determinee the cause of the out of control situation; it lists the actions to be 
takenn to resolve the problem; and it indicates how to deal with the products 
producedd when the process was out of control. The aim of an OCAP is to give 
operatorss the maximum possibility to solve the problems themselves. The use 
off flowcharts to represent the OCAP has shown to be very helpful (Sandorf & 
Bassett,, 1993). 
aa Methodological goal: collect all available diagnostic knowledge in a simple 

format, , 
aa Business process goals: assure universal approach among operators; 

documentt responsibilities for actions; delegate control to operators. 
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 Result: a description of how to operate in out of control situations. 

GuidelinesGuidelines for use. Out of Control Action Plans are indispensable tools to 
accompanyy control charts. But even without control charts (with visual checks, 
forr example) OCAPs can be effective tools for guiding operators towards 
solutions.. For the first OCAP the results of the Cause and Effect Analysis (step 
2)) will be useful. An OCAP is not a static document: when process knowledge 
increasess the OCAP should be adapted to accommodate the new knowledge. 

Stepp 9: Proces s Capabilit y Stud y (PCS) 
DescriptionDescription of activities. In this step the status of the process is described: is 
thee process under control? And does it meet the specifications? A controlled 
processs is stable, with a predictable percentage non-conforming products. To 
judgee the stability of the process a histogram and recent control charts should 
bee included in the Process Capability Study (PCS). To see whether 
specificationss are met process capability indices (like Cp or Cpk) can be 
calculated,, to quantify the ratio of tolerance width and process inherent 
variation.. More detailed information about Process Capability Studies and 
processs capability indices can be found in Kotz and Johnson (1993). 
aa Methodological goal: describe the status of the process with respect to 

controll and yield, 
aa Business process goal: way of communicating process performance. 

 Result: concise overview of the status of the process. 

GuidelinesGuidelines for use. A minimum of 100 measurements is needed to calculate a 
processs capability index. Interpretation of these indices may be tricky, however, 
forr several reasons (Kane, 1986; Gunter, 1989; Bissel, 1990). Capability indices 
forr process characteristics only make sense when specifications are present 
andd the relation with product characteristics and customer requirements is 
exactlyy known. 

Stepp 10: Certificatio n 
DescriptionDescription of activities. In this final step the activities of the PAT and the 
performancee of the implemented SPC system will be evaluated by the Steering 
Committee.. A standard checklist is used to make sure that the PAT knows what 
iss expected. The team prepares for the audit and if necessary a dedicated SPC 
trainingg is organised for all operators. The audit concentrates on five topics: 
presencee of SPC elements; use of SPC elements; capability of the process; 
controll of documents; and maintenance of the SPC system. When the 
performancee is approved a meeting is organised in which the PAT members 
aree congratulated with the results, and the process is certified. In this phase 
arrangementss are made for maintaining and improving the SPC system, and a 
Processs Action Team is replaced by a Process Improvement Team (PIT), which 
iss part of the regular organisation. The tasks of a PIT are to assure process 
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controll (check control limits and adapt the OCAP), to tackle new problems, and 
too search for improvement opportunities. 

 Methodological goals: check the results of the project; assure control and 
arrangee continuous improvement. 

 Business process goals: stimulate and reward teamwork; finalise the PAT; 
assuree results achieved; set the stage for continuous improvement. 

 Results: SPC is implemented; the process is under control; an improvement 
teamteam has started to work on the process. 

2.5.. ASSURANCE OF THE SPC SYSTEM 

Oncee an SPC system has been installed, there's a real danger that the people 
involvedd sit back and relax. But, without specific maintenance of the control 
chartss and the OCAP the results that have been achieved will be lost 
eventually.. For this reason it is useful to audit the SPC system regularly and 
limitt the validity of certificates to one year. PITs (Process Improvement Teams) 
aree the organisational vehicles for maintenance of SPC. 

Thee members of the PIT might be the same as the PAT members. But in order 
too broaden the SPC knowledge and involvement, it is advisable to replace at 
leastt some of the operators in the team. Furthermore, ad hoc participation of 
thee SPC co-ordinator and members of other supporting departments should be 
sufficient.. To stress that SPC is now mainly the responsibility of Production, one 
off the operators or their direct supervisor should chair the PIT. 

Thee first task of a PIT is of course the maintenance of the control charts and 
OCAPP of the SPC point. But for a highly capable process that is well under 
control,, this assignment is not really challenging. A second task for a PIT is 
thereforee to improve the process. The OCAP is the most appropriate starting 
pointt (cf. Sandorf and Bassett, 1993), because it can be used to register the 
frequencyy of the process disturbances, thereby pointing the direction for 
improvements.. But not just the SPC point is eligible for improvement. Various 
aspectss could be included in the assignment, such as: 

 safety and tidiness in the work place; 
 ergonomics; 
 reduction of all kinds of waste; 
 logistics. 

Thee relation with control of the process is obvious. 

Thee first five steps of the activity plan of Section 2.4 can be used for almost any 
problem.. These steps could be seen as a more concrete description of the 
"Plan"" and "Do" parts of Deming's Plan-Do-Check-Act (PDCA) cycle of 
continuouss improvement (Deming, 1986; Joiner, 1994). The "Check" and "Act" 
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partss need also be done, but the activity plan does not explicitly guide non-SPC 
assignments;; implicitly it does, however, and the steps merely need adaptation 
too specific situations. 

Inn Section 2.2 we stated that a successful implementation is in principle 
possiblee in any kind of organisation. However, the culture of the organisation 
mayy change during the process. Members of Process Action Teams: 

 had tasks, responsibilities and qualifications to improve their own workplace; 
 learned to defend measures and actions against criticism by their 

colleagues; ; 
 learned to work in multidisciplinary teams; 
 presented their achievements in public. 

Thee chances are that the distribution of tasks, responsibilities and qualifications, 
thee supporting systems and the management of the organisation no longer fit 
together.. The organisation may have become a straitjacket, impeding 
continuouss improvement. This chapter concludes with a brief description of a 
typee of organisation in which improvement teams can work well: the 
sociotechnicall organisation (Haak, 1994), with whole task groups (or self-
directedd teams, autonomous groups). There may be other types of suitable 
organisations,, but this one proved its usefulness at Philips in Stadskanaal. 

Everyy organisation will be able to split up the process into a limited number of 
elementaryy steps, surrounded with a large number of supplementary steps and 
auxiliaryy treatments. The elementary steps can be characterised by the fact that 
theyy bring added value to the product, are irreversible, and have a high risk of 
failure.. The sociotechnical organisation is built around these elementary steps. 
Withh SPC, on the other hand, also a form of control has been installed around 
eachh elementary step. Each whole task group is responsible for at least one 
elementaryy process step and therefore accommodates at least one Process 
Improvementt Team. If the whole task group is not too large (a maximum of 
aboutt 12 persons) it may coincide with a PIT. In larger whole task groups the 
PITT is a representative team with a special improvement task. We advise to 
changee the composition of the team regularly, so that everyone participates 
everyy now and then. Another possibility for maximal involvement is to set up 
severall PITs, each with a separate improvement task, and everybody 
participatingg in one team. Operators need to be competent in improvement 
activitiess while working in teams. They almost certainly need to be trained, while 
theirr superiors should be competent coaches. 

Thee picture given is more or less the ideal situation, a stage not (yet) reached 
byy many companies. Philips in Stadskanaal is one of those companies still 
seekingg for the perfect organisation. The above description shows the crucial 
rolee of people in a sociotechnical organisation, not just the operators in the 
wholee task groups, but also their superiors who are supposed to be coaches. 
Ultimately,, however, it is executive management that determines how the 
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differentt people interact, more or less independent of the organisational 
structure.. And with this remark we are back at Deming and his observations 
aboutt leadership (Section 1.1). 

2.6.. THE RESULTS AT PHILIPS SEMICONDUCTORS IN STADSKANAA L 

Beforee concluding this chapter with a discussion about the role of a statistician 
inn industry, we give an overview of the results of SPC implementation at Philips 
Semiconductorss in Stadskanaal. The reader may recall from Section 1.1 that 
thee introduction of SPC started in 1992 with an awareness session for 
management,, and two successfully operating pilot teams. In the next three 
yearss SPC was introduced plant-wide at more than 25 critical processes, all 
alongg the line of the methods described in this chapter. About 90% of the 
Processs Action Teams were successful, and concluded their activities with a 
certifiedd process. The teams that failed suffered from their not being able to find 
suitablee measurements to set up a control loop. The successful teams were 
doingg a great job; we calculated that the financial benefits of each team 
amountedd to an average of at least 100,000 Dutch guilders, thanks to less 
scrap,, rework, use of material, etc. Many PATs competed in the Quality 
Improvementt Competition (QIC) of Philips Semiconductors; twice a PAT won 
thee local finals, and one of these made it even to the world finals. 

Eachh SPC system started with manually updated control charts, but soon the 
needd was felt to use computer software - not in the least because the data 
neededd regular evaluation. Software was written to accommodate the needs of 
onee of the teams, but it was flexible enough to be of use for other teams as 
well.. The SPC Steering Group adopted this software as the standard. Particular 
featuress of the program are that it is in Dutch (it has to be used by operators!), 
thatt it is very user-friendly, that the Out-of-Control Action Plan is shown 
automaticallyy when a signal is issued, and that corrective actions need to be 
enteredd in the system. Regular evaluation is easy now, both for calculating 
controll limits and process capability indices, and for evaluation of out-of-control 
signalss and corrective actions. In fact, process engineers are now required to 
reportt these performance criteria regularly as a means for management to 
monitorr the processes. 

Mostt of the PATs continued as Process Improvement Teams, and after a while 
thee system of a yearly audit for continuation of the certificate was installed. But 
graduallyy the focus shifted from SPC related activities to other issues. Also 
manyy ordinary improvement teams were started, not at ail related to SPC. The 
structuree of these teams was inherited from the PATs: operators from the 
differentt shifts were included in teams where participation of operators was 
deemedd necessary. In the year 1999 e.g. there have been more than 50 
improvementt teams working in several areas of the business. The direct impact 
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off SPC on other parts of the organisation has been smaller than we anticipated. 
Onee important result is the co-operation with suppliers, in the form of SPIRIT-
teamss (Supplier Partnerships In Realising Improvement Targets) with 
participationn from both customer and supplier; another is that the release 
proceduress for new products, processes and equipment now explicitly require 
prooff of controlled and capable processes. We have still a long way to go, 
however,, before statistical thinking has pervaded the whole organisation. To 
concludee this section it is worthwhile to mention that in 1997 the organisation 
qualifiedd for the QS 9000 certificate (the successor of the Total Quality 
Excellencee program of the American automotive industry). The audit for the 
Philipss Quality Award was also passed successfully in 1998; the audit team 
explicitlyy mentioned the improvement teams as a strong asset of Stadskanaal. 

2.7.. A STATISTICIAN IN INDUSTRY 

Thee role of statisticians in industry is for many years a source of anxiety. On the 
occasionn of the fiftieth anniversary of the Netherlands Society for Statistics 
(WS)) a special newsletter was issued about the future of quantitative methods 
inn the Netherlands. My contribution to this newsletter was a paper in which I 
sketchedd a type of statistician that - according to my experience - industry 
neededd (Trip, 1995). In this section I review some papers about this topic, and 
givee comments based on my own experience as SPC expert and statistics 
consultant. . 

Sneee (1991) gave his view on the role of the statistician within the context of 
Totall Quality, a program in which statistics is only one aspect. He distinguished 
differentt roles according to whether or not the statistician, his client, and the 
organisationn are passive or active (see Table 2.1). 

organisation n 

client t 

statistician n passive passive 

active active 

passive passive 

passive passive 

None e 

Crusader r 

active active 

Helper r 

Colleague e 

active active 

passive passive 

Teacher r 

Leader r 

active active 

Dataa blesser 

Collaborator r 

TABLETABLE 2.1. Different roles of the statistician 
Snee'sSnee's opinion is that in order to survive the statistician should seek an active 
role,, whether his organisation is passive or active. Especially in organisations 
thatt actively pursue Total Quality, statisticians can only be of real help when 
theyy influence management as leaders or collaborators, although good 
technicall work is important as ever. So they need to learn the techniques of 
organisationall development. According to Snee: 

"understandingg the behavioural aspects of statistics and using 
organisationall development techniques are the greatest opportunities 
andd challenges facing statisticians today". 
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Unfortunately,, many statisticians appear not to be equipped with the skills 
requiredd to be effective in industry. Hoeri et al. (1993) give as most important 
reasons: : 

 a broadly set of values, attitudes and behaviours that do not support 
industriall needs; 

 a reward and recognition system that reinforces these values; 
 an inward focus on the profession; 
 a lack of emphasis on the fundamental role of statistics and its use in the 

scientificc method; 
 a consuming focus on tools and methods rather than the use of statistics in 

aa systematic approach to solve problems and make improvements. 
Thee authors recommend a set of nonstatistical skills: 

 solid grounding in the fundamentals of modern quality principles; 
 basic understanding of the economic and technical issues of the business; 
 knowledge of the field of organisational effectiveness; 
 consulting and training skills. 

Theyy also give advice on the necessary statistical skills to survive, as well as 
suggestionss on literature to acquire all skills. Related to the statistical skills their 
generall theme is the need to understand how to apply statistical methods to 
solvee real problems. 

Inn a challenging paper Banks (1993) reinforces the latter theme: 
"Companiess must have access to Ph.D. level statisticians internally, 
whoo may not be developing new theory, but can comfortably command 
thee old." 

Bankss refers to the Japanese practice of dealing with statistical methods: 
"II would guess that intelligent use of simple tools will achieve about 95% 
off the knowledge that could be obtained through more sophisticated 
techniques,, at much smaller cost. Also the simple tools can be applied 
moree quickly to all problems, whereas the complex tools are unlikely to 
bee ubiquitously used." 

Hiss recommendations for industrial statisticians are more or less equal to those 
off Hoeri et al. The author also compares industrial statistics with academic 
statistics,, and notes that the greatest gulf of all between the two is one of 
respect.. He noticed that some academic statisticians regard most industrial 
statisticianss as the ones who were not good enough to succeed at a university, 
whilee applied statisticians are often openly sceptical of academics' practicality. 
Hee fears that these divisions cannot be repaired easily, but hopes that 
universitiess design curriculums that take better account of the needs of applied 
statisticians.. After all, that's what the majority of their Ph.D. and Master's 
studentss will be. 

Inn his comment Hahn gives a description of the industrial statistician: 
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"Graduatess suited for industry are likely to become impatient with the 
academicc environment and slow pace of the university. High grades is 
oneone of the things that we, in industry, look for in candidates - but it is 
onlyy one of many. We need excellent communicators (who can talk in 
theirr customer's language, rather than in statistical jargon), good 
listeners,, hard workers, team players and fast learners. We look for 
peoplee who are enthusiastic, who are willing to work simultaneously on 
multiplee projects ̂  who are self-confident - without being arrogant, who 
cann rapidly diagnose a problem and see the big picture, who are willing 
too ask fundamental questions and challenge assumptions, who are good 
att selling projects and themselves, who can cope with frequent 
managementt reviews and changes of direction - and who are still 
cheerfull at the end of the day. It is not an environment that is conductive 
too proving theorems - but it is hectic and exiting!" 

Withh so much attention to nonstatistical skills, we might easily forget that 
statisticss is still the core competence of a statistician. Gunter (1998) warned 
stronglyy for watered-down quality, and quality professionals without a specific 
sett of core skills. But he blames statisticians for sticking to the 'now archaic and 
simplistic'' control charts, while there are so many new and powerful methods: 

"Wee have become a shockingly ingrown community of mathematical 
specialistss with little interest in the practical applications that give real 
sciencee and engineers their vitality." 

Gunterr notices that the computer science is eager to step into the breach. 

Hahnn and Hoeri (1998) notice also that the impact of computer science on 
statisticss is large. In the first place is the accessibility of statistical software 
responsiblee for the "democratisation of statistics". Then there is the fact that 
variouss new approaches for data analysis were introduced (e.g. neural 
networks,, fuzzy logic and data mining), often independently of the statistical 
community.. And finally, we now have the opportunity to work with management 
informationn systems. In this world of "statistics without statisticians" the unique 
valuee of the statistician may - according to Hahn and Hoerl - bring: 

"ann 'improvement' mindset - based on proactive avoidance of problems 
-- to the team and the ability to take a holistic approach to problem 
definitionn and resolution, as well as our critical quantitative skills." 

Meyer,, Trost and Vukovinsky, commenting on Hahn and Hoerl, pose the 
questionn whether we are facing a shortage of effective consulting statisticians: 

"Ourr field has not been wildly successful in attracting individuals who 
innatelyy have the characteristics it takes to be effective. Statisticians, as 
aa group, tend to be introverted. It is not likely that an introvert can be 
trainedd to be an extrovert. Therefore, the statistical profession should 
stepp up efforts to recruit more dynamic individuals to the field. 
Unfortunately,, there is much competition, and these individuals are likely 
too be attracted to fields that appear to be more exciting or have better 
pay." " 
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Thesee authors see conflicts with the theoretical rigours of the typical statistics 
Ph.D.. program at universities. Many students stop at a master's degree, and 
otherss get their statistics doctorate in a user-friendlier department (such as 
industriall engineering). 

I'mm aware that all observations are from American authors. I have a strong 
feeling,, however, that the situation is largely the same in the Netherlands. The 
perceivedd inward focus of the statistical community e.g. is in my opinion 
perfectlyy illustrated with a discussion in the Netherlands Society for Statistics to 
introducee a certification system for statisticians. Traditional statisticians felt 
threatenedd by the "democratisation of statistics", and wished to limit the harmful 
influencee of dabblers. I'm sure that clients are well able to distinguish the good 
fromm the bad statisticians. Moreover, good and bad might well be defined 
differentlyy by different types of statisticians. Another aspect of the inward focus 
off the statistical community is the reaction towards new methods from outside. 
Thee denouncing in the past of the methods of Taguchi is telling. And these days 
manyy statisticians appear to dissociate themselves from the success of the "Six 
Sigma"" program of Mikel J. Harry, even though several world-class companies 
usee it. 

AA closer co-operation between industry and academia would be useful in the 
Netherlandss as well. The gap between academic and industrial statistics exists 
heree as well. For this reason I think that it might be a good idea to recruit 
industriall statisticians among industrial engineering students, although this is 
nott without problems (see the following paragraph). The founding of an institute 
likee IBIS (Institute for Business and Industrial Statistics), being part of a 
university,, is another improvement. This is certainly useful for the education of 
students,, for research in applied statistics, for the possibilities of its co-workers 
too improve their skills, and for the industry to get expert statistical support and 
reapp the fruits of the latest developments in the field. I deem myself fortunate to 
havee the opportunity to work part-time for IBIS, and I'm sure that my employer 
inn Stadskanaal benefits from my experience. For a statistician in industry it is 
usefull to coach students in research or application projects, and I believe that 
givingg lectures for students is also very important. That the statistician needs 
goodd training and communication skills is beyond doubt; he won't succeed in 
hiss own company if he has not. 

II totally agree with all authors who stress the need for nonstatistical skills. But 
Gunterr has a valid point when he argues that the core skills still are the basis. 
Otherwisee it would be difficult to put the occasional hypes in the right 
perspective.. For example, within Philips there was a period that "World Class 
Quality"" (Bhote, 1991) used to be hot. The indiscriminate user would have 
followedd the trend, disregarding the many opportunities from traditional 
experimentall design theory. Especially in the rather complex world of 
semiconductorss industry this would have led to many disappointments. 
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Regardingg statistical software I have the experience that many problems can be 
solvedd with simple tools. The statistical possibilities within the Excel program -
howeverr imperfect they are - might already do. In this respect I again fully 
agreee with Banks' comments on simple tools. A statistician needs more 
specifiedd statistical software, but the ordinary person does not. Most output will 
bee inconceivable anyhow. The trend that enormous amounts of data are 
availablee for analysis is clearly recognisable. This requires new methods and 
skillss for statisticians, as Gunter, Hahn and Hoerl, rightly observe. My 
experiencee is that it is still a difficult matter to combine the relevant data from 
thee separate databases all over the organisation. Knowledge of database 
managementt might well be a useful skill for a statistician, but I'm in want of it, 
unfortunately. . 

II want to conclude this chapter with some remarks about the career of a 
statistician.. I think that for many it may well be a lifetime job; however, the 
averagee industrial statistician wants occasionally new challenges. For some the 
ever-changingg world will offer enough of these, but many (and especially those 
Meyerr et al. are hinting at) will need more. I can certainly recommend a part-
timee job at an outside consultancy agency or university. On the other hand, 
beingg a part of a large company offers also opportunities for more or less 
closelyy related activities within the company. A truly active statistician will notice 
thatt several things can be done in all sorts of disciplines, quality, organisation, 
logistics,, etc. 
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