
Process Analysis and Improvement 
 

 
The concept of Process Analysis is critical for identifying the issues to be considered when 
attempting to close the gaps defined by the KPIs. Whilst the concept stands alone as 
management tools, they are also integral parts of continual improvement and these two 
concepts should be considered together.  
 
Process Re-engineering is a sub element of Process Analysis and was re-popularised in the 
early 1990s. We say, Re-popularised because in fact it was one of the earliest techniques to be 
developed in the early days of Work Study back in the 1920s. Whilst it was a very popular 
concept in the 1950s and 1960s, somehow it went out of fashion until it was resurrected in the 
early 1990s. 
 

 
 
Figure 1. The complexity of processes. 
 
Organisations consist of multiple interacting processes, sub processes and sub-sub processes 
each comprising – people, methods, materials, equipment, environmental variation and 
measurements make for a complex system of interacting activities. It is not surprising that in a 
growing organisation, many if not most of these have never been mapped or analysed. Mainly 
because everybody was too busy doing other things. When we do analyse them, it is likely that 
there are many improvements that can be made. 
 
 
Basically there are three types of process 
 

1. The overall Management process for the organisation as a whole.  
2. Key business Processes whose outputs are the products and services which are the 

business of the organisation 
3. Support processes. These include Finance, Maintenance, Training etc. 

 
The SIPOC acronym is a useful way to think about processes at a high level and how they may 
be improved. However, in order to understand a process in detail it is usually necessary to go 
down one or more levels from this high level view and also in many cases to include the Supply 
Chain right back to its origins. It is not unusual to find that the true causes of some problems are 
built in from long before the process reaches the point where it is in our control. If we do not 
map it back far enough this might not become apparent. 
 
SIPOC stands for SUPPLIER > INPUT > PROCESS > OUTPUT > CUSTOMER. 
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We can improve a process by: 
 

 improving the quality of the inputs, 
 improving the performance of the equipment,
 improving the procedures, 
 improving the behaviour of the workers,
 improving the flow of information, 
 improving the behaviour of the managers. 
 Improving the overall organisation. 
 Improving the inputs from service processes. 

 
It is important to remember that optimising all of sub processes will not optimise the macro-
process, this can lead to sub optimisation and can result in a worse overall performance than 
before. An example might be a demand from the IT Department that all other Departments 
complete some particular documentation. This might be important from their point of view in 
order to speed up some work that they are doing. However, this might cause serious problems 
elsewhere which ultimately result in delays and other negative outcomes. 
 
The danger of sub-optimisation is reduced if people understand how their process fits into the 
larger process and what the overall objectives are. Of course, with a well publicised Hoshin 
Kanri programme this should be an unlikely problem. 
 
It is dangerous to give people only the minimum information you think they need to do their jobs, 
this will also invariably lead to sub optimisation. 
 
In general, straight forward Process Analysis as a tool for continual improvement will produce 
multiple incremental improvements ranging from small to large depending on the situation. This 
technique can be used on any process in any type of organisation and it has always led to some 
significant improvements when used properly. 
 
Process Re-engineering on the other hand will have far fewer opportunities but where they do 
occur, the benefits are likely to be dramatic step changes. 
 
An example of the latter was Kodak. Some few years ago, Fuji launched the single use camera. 
Kodak were already concerned about the market share that Fuji had taken in the roll film market 
and this development was alarming. When they studied how Fuji had developed the camera 
they became even more alarmed.  
 
At that time, Kodak’s product development process took two years from the initial acceptance of 
a new idea through to it being launched in the market. Imagine their horror when they 
discovered that not only did Fuji take just 10 weeks! The product was almost perfect when it 
reached the retail outlets. Kodak admitted to themselves that even after taking two years, the 
likelihood would have been that when the product reached the market in bulk, there would be 
teething problems; shutters sticking, light getting in, jammed film and so on.  
Kodak realised that they could not get down to 10 weeks by tweaking their existing product 
development process, they had to start with a clean sheet of paper and rethink the whole 
process. 
 
They had to challenge the old thinking. Instead of a sequential process of Conceptual Design 
leading to Functional Design through to Design for Manufacture with all the interim and iterative  
‘design reviews’ they could collapse the total time if they performed all of these activities 
simultaneously. Apart from its impact on total time they discovered other advantages. By 
commencing Design for Manufacture more or less at the same time as Conceptual Design and 
Functional Design, they discovered that these activities interacted with each other. As a 
consequence there were far fewer Engineering Change Requests resulting in many fewer 
Design Changes and delays to production. The savings were huge. This was a classic example 
of Process re-engineering. Of course, such opportunities are reasonably rare so the concept 
does not present a magic bullet as some would have us believe, but it does mean that we 
should always be on the lookout for them in the hopes that we might have our own ‘Kodak’ style 
case study. 
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Of course, the process just described is now known as ‘Concurrent Design’ and is practiced by 
many organisations especially the high volume manufacturers who compete severely in being 
able to be the first to bring a new product to market. As a consequence, product development 
times have been slashed in recent years. For example, just a decade or so ago it took more 
than 5 years to develop a new vehicle now it takes less than one year. Survival in the highly 
competitive Mobile Phone market is almost totally dependent on being able to convert an idea 
into reality in the shortest time possible. All of this comes as a result of re-engineering the 
design process. 
 
Process Mapping for process improvement 
 
Process Mapping and Process Analysis are best carried out by a team of people who are very 
familiar with that process, have or do work on it and preferably at different stages. It is normally 
used when the KPIs in question consistently show a significant difference between desired 
performance and actual results. As a consequence, a team will have been formed with the task 
of finding the reasons for the gap and what needs to be done to make a substantial 
improvement. On the parts of the process with which they are not personally familiar it is 
important to consult those who are. Never take chances and never attempt to guess or use 
assumptions no matter how convinced you may be that you know the answers. Invariably you 
will have some big surprises in Process mapping and analysis so expect them and you will not 
be disappointed. Ignore this advice and your work will be low grade and this is a fact. 
 
Requirements: 
 
Several sheets of Flip Chart Paper (it can be done on a computer with a data projector but most 
people find it more convenient to use paper and pen and then transfer it to the computer 
afterwards). 
Blue Tack or equivalent (Kinder to the wall than adhesive tape) 
Felt tip pens (that do not penetrate the paper and mark the wall) 
Flip Chart and Easel  
 
Process mapping as a precursor to either Process Re-engineering or Process Improvement is 
quite a different technique to that used for the production of Process Flow Charts.  
In the case of Process Flow Charts, the charting normally begins at the first activity in the 
process from which everything else flows. In the case of Process Mapping for Improvement, it is 
usual and recommended that the mapping begins with the last activity in the process. Then it is 
mapped backwards to the beginning. The first time someone attempts this, it will probably feel 
like trying to write with the other hand or drive on the wrong side of the road but it will quickly 
become familiar with practice.  
 
Step 1  
 
Voice of the customer (VOC) 
 
It is almost certain that many if not most of the KPIs will be the outputs of processes. A process 
in this sense is a series of connected activities that result in an output. Ideally that output will be 
a perfectly desirable result. Whoever is on the receiving end of that output we can refer to as the 
‘customer’. However, there are other terms that might be used such as ‘end user’ but before the 
end user, there may be a series of people beyond the last of the activities that physically change 
the product or service, for example, stockist, distributor, shop or store etc. Whilst they may not 
be directly concerned with the efficiency of its end use, they will be concerned with a variety of 
features that impact on them. For example, a shop will be concerned with the attractiveness of 
the packaging, ease of handling etc. A stockist will also be interested in ease of handling but 
also delivery promises, picking errors, ease of stacking, invoicing etc. These people can be 
referred to as ‘Interested Parties’ and they are directly on the process line through to the end 
user. Then there are others who might not be directly on that process line but who are 
nevertheless impacted by its performance. This can include the local community, share or stake 
holders, and the public at large. For example, a plan to build a new aircraft terminal might be 
attractive to the potential customers but will also impact on environmental groups such as those 
concerned with wildlife, noise, pollution, the local community etc. In fact the process will impact 
everyone upstream from any particular activity along a process that we choose to study. 
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Before commencing Process mapping it is advisable to study the KPI very carefully and identify 
all that are linked directly to the process. 
 
List these KPIs on a sheet of flip chart paper.  
 
Step 2. Roughing out the process. 
 
Eventually it is recommended that the charting be done on flip chart paper stuck to the wall as 
shown below but at this stage we do not know for sure how many operations there are along the 
process and it will usually be many more than you think. Therefore it is good idea to rough out 
the process on a sheet of paper before transferring it to sheets which have been stuck to the 
wall. 
 
Using the flip chart easel, at the top right hand side of the paper draw a box about 15 - 20cm 
square and in it write the name of the very last activity in the process. Ideally this should be the 
end user. 
 
 
Then to the left of it draw another box the same size and do the same again for the immediately 
preceding activity and connect the two boxes with a line with an arrow head at the right hand 
end indicating the direction of the flow. Repeat this for each successive operation backwards 
through the process until you cannot go any further. Continue this as far as it is possible even 
when the activities are outside the scope of the project. The reason is that until the next step is 
taken which is PROCESS ANALYSIS we do not know how important these operations or 
activities are with regard to the problems we hope to solve. It may be and it often is the case 
that some of the causes of the problems may already be built in before the process reaches the 
point where we can influence what happens. Until we have done the analysis we may suspect 
this sometimes but we will not know for sure. Often we will have some real surprises.  
 
The main advantage of starting the mapping process at the end rather than the beginning is that 
we will end up with the sequence of events that we are interested in. This is not a flow chart as 
such which if well produced will cover all eventualities. In our case we will only include those 
activities that are directly relevant to the problems that we wish to solve. 
A second advantage of doing it this way is that whilst the end of the process may be both clear 
and obvious, this will not usually be the case with the other end. Often this is obscure and is 
rather like the tributaries of a river. Deciding which are relevant is not easy but by working back 
to the end, the charters will intuitively include the relevant activities or operations. 
 
At this stage the initial work will look something like the following illustration. 
 

 
 
Figure 2  Process mapping 
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Step 3. The macro view 
 
Now that we have scoped the project and have defined the beginning and end points it will be 
necessary to transfer the chart onto the flip chart sheets on the wall. It is not recommended to 
attempt to do this work on the flip chart itself because if it is done properly, it will not be possible 
to get all of the subsequent detail on there and nobody will be able to read it. 
 
At this point we need to find a convenient long wall without windows, masterpiece paintings or 
other obstructions so that we can stick the flip chart sheets along the wall end to end allowing 
approximately two of the boxes that we identified on the Flip Chart per sheet as shown. 

K
P 
Is 

 
 
 
Figure 3 Posting to the wall 
 
Actually it is advisable to use sticky notelets rather than draw the boxes onto the flip chart paper 
at this stage. This is because it is very common to find that either something has been left out of 
the process or maybe the sequence is wrong. This happens more often than most people would 
think. At this stage it is advisable to ask those who work along each stage of the process 
whether they agree that it is correct. More often than not, it will be revealed that the sequence is 
wrong or that an activity has been left out. In many cases this will be the first time that the 
process has ever been mapped and it will evoke considerable interest especially if it is 
complicated or spans considerable physical distance from the first activity to the last. In many 
cases people will only know what they do and possibly the activities before and after their own 
but nothing beyond that. It has been found on many occasions that simply mapping the process 
can lead to some quite dramatic improvements. 
 
Step 4. Study the activities 
 
Before going into the detail of what in the process might be the cause of the gaps between 
desired final output of the process and actual output. It is necessary to consider first of all 
whether the overall process is ideal. For this purpose the technique of Critical Examination (CE) 
can be very effective. It uses what are known as the 5Ws and an H technique. What, Why, 
When, Where, Who, How. 
 
By asking what is being done, What should be done, what could be done etc. Then asking the 
When questions, many useful ideas may emerge that will enable the process to be radically 
redesigned which in many cased will revolutionise the response times and eliminate many 
unnecessary activities.  
 
The following form can be used for this purpose. 
 

(C) DHi  Article submitted by David Hutchins for the CQI Body of Quality Knowledge project 



 
 

Process step: ________________________________
Analysis date :________________________________ 
 

How is it done? 

What to do? 

Improvement Present Reason Choice Preferred
Method 

Who does it? 

When are we doing it? 

Where are we doing it? 

What should be done? 

Who should do it? 

When should it be done? 

Where should it be done? 

What should be done? 
 

Is there another 
method? 

Can we do it 
somewhere 
else? 

Can we do it 
at another time? 

Could someone 
else do it? 

Can we do 
something else? 
 

Why is it done that  
way? 

Why them? 

Why at that time? 

Why there? 

Why doing it? 

Process 

Person 

Step 

Place 

Aim 

 Process Re-Engineering 
Critical Examination 

Form 
X.X 

Figure 4  Critical Examination 
 
 
Step 5. Process Analysis. 
 
Step 4 above may result in nothing being changed, the process is fine like it is. At the other 
extreme, it may be that it is changed completely or even eliminated. If any of the original 
remains and usually it does, then the following process should be carried out separately for 
every KPI that has been identified prior to the process mapping stage. Each activity along the 
process should be considered separately from each other and each KPI selected should be 
considered separately. The reason for this being that each KPI will have its own distinct causes 
and their own distinct remedies. Therefore each KPI should be considered as separate sub 
projects.  
 
Now that the sequence and activities of the process have been identified and agreed, the 
process analysis phase can be commenced. To do this effectively it is absolutely critical that it is 
done exactly as the following advice suggests. Any variation in method at this stage will result in 
an inferior analysis and quite likely miss all of the important features that we are looking for. 
 
In the process mapping stage we began with the last activity/operation and worked backwards. 
In the process analysis, we work the other way so we start at the beginning and work to the end. 
 
At the first box on the left, the leader asks of the group ‘in what way could the problem be 
caused at this operation? Anybody can answer and the idea is written down above or below the 
box. Some people cluster the answers around the box and other prefer to list them. It is purely a 
matter of personal preference. The Leader repeats the question over and over until all the ideas 
have stopped flowing. Typical ‘causes’ will include: poor training, poor communications, no clear 
procedure, handling damage, contamination, sickness, holidays, low priority etc. However, these 
are not simply vague meaningless statements because they are specific to that particular 
activity. 
 
When and only when the ideas for that box have been exhausted do the teams move on to 
consider the next box. Remember, this is not a race and the more exhaustively each activity is 
interrogated the more likely real improvement will be. A word of warning here. Anyone who is 
facilitating this activity will need to make sure that the team do analyse each element 
exhaustively before moving on. It will seem tedious to the team at first but they will soon realise 
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why this is necessary. Not all the real causes emerge in the first few moments. Sometimes it is a 
while before something quite important emerges. The danger is that if the team move on too 
quickly, they may miss some important detail and it is unlikely that it will come up later.  
 
Eventually the team will reach the box representing the end of the process. At this stage it is 
important to consult as many people as possible who work on the process and solicit their 
opinions. Quite often they will identify some things that have been left out and will have opinions 
about the importance of some of the ideas mentioned. When ideas are obtained from others it is 
critically important that they get recognition for their help otherwise it is unlikely that either they 
or others will be so willing in the future. 
 
At that point the Process Analysis is likely to look something like the following illustration. 
 

Xnbdmfn 
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dvnkv
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dvnkv
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dvnkv
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dvnkv
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Figure 5  Identification of possible causes 
 
In reality, the number of ideas against each box is likely to vary and some boxes will only have 
one or two or even no ideas against them. At the other extreme some will have many. Until we 
carry out the analysis we will have no idea. 
 
Step 6. Locating the root causes. 
 
If the process analysis has been carried out thoroughly, the true causes will be on the diagram. 
Unfortunately so will a large number of possible causes which may have a minor effect. If we 
were to test every one of these it would probably take for ever so we will need to see if we can 
find any short cuts.  
 
Fortunately there are a number of possible clues. 
 
First of all do any of the ideas repeat themselves at other operations? If they do the possibility is 
that there is am endemic deficiency in the process which could be a major cause. For example 
perhaps ‘unclear instructions’ happens at four places. ‘lack of training’ occurs 5 times. Further 
investigation of each of these may prove positive and are therefore likely to be important.  
 
Another clue is where there is a cluster of possible causes at one or possibly two operations. It 
is worth looking at these more closely because they may be inter-related. For example, bad 
handwriting at one operation where forms are filled in might be linked to misread instructions at 
a later operation where the information on the forms is keyed into a computer. The solution to 
this might be to redesign the forms to eliminate handwriting and use tick boxes which will have 
the effect of making the forms easier and quicker to interpret and less vulnerable to mistakes. 
 
Outside of these two possibilities, it remains to search the remainder and look for favourites. 
Each member of the team will undoubtedly have their own. These can be highlighted and a 
ranking method such as ‘Paired Rankings’ used to help decide the order that they are to be 
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checked. Sometimes it is possible to check all of them simultaneously with a check sheet but 
the circumstances will dictate the method. 
 
Finally continue to look for ways to shorten the process. Do all of the activities add value? Is it 
possible to combine operations? Are there any iterative activities as occurs following ‘Design 
Review’ in the design process? If so, ask why they are iterative. Is there any way that the 
number of iterations can be reduced? Are there any bottlenecks? If so how can they be 
eliminated? It may be possible to speed them up or it might be a n idea to increase the 
resource. Bottlenecks always cause upstream holdups and increases in inventory. This is the 
Theory of Constraints which was well described in Ezra Goldratt’s book ‘The Goal’.  
 
Drilling deeper 
 
On many occasions it will be necessary to break some of the possible causes down into more 
detail if they are still too general in the way they are described. In this case the Ishikawa or 
Fishbone diagram can be used effectively.  
 
 

Continual Improvement  
 
 
 
The process of Continual or Project by Project improvement is at the core of all successful 
business improvement programmes. The tools included here are fundamental to all problem 
solving and improvement activities whether it be Six Sigma, Quality Circles or any other 
disciplined approach. When combined with Process Analysis and Process Re-engineering and 
the higher level tools such as Designed Experiments in Six Sigma Black Belt training there are 
very few problems that cannot be tackled and solved. 
 
Quality Improvement is a never ending process. Man has always been able to find better ways 
of doing things and the likelihood is that this will always be the case. The simple truth is that if 
we do not continue to improve our competitors certainly will and we will be left behind.  
 
Improvement of course happens to some extent whether it is planned or not. In many cases it 
happens because a supplier has improved his products and forced improvement on us. For 
example, a new computer will have the latest operating system. This is not the sort of 
improvement that is considered here. This is evolutionary improvement and happens to all 
organisations alike. This chapter is concerned with revolutionary improvement that has been 
deliberately introduced and encouraged throughout the organisation as a discipline or all to use 
as a means of continually improving the position of the organisation in its market place in 
comparison with its competitors. The fact that the organisation is improving at all is important, 
but it is the comparative rate of improvement which matters. Otherwise competitors may 
improve at a faster rate. If they are behind now it is fortunate but there is no guarantee that they 
will not catch up. On the other hand, the pressure may be to make up lost ground on others who 
are currently ahead. 
 
This chapter is designed to show how continual improvement can become a structured part of 
the organisation and the principle means by which the gaps between current performance and 
desired goals from the KPIs can be closed. 
 
Improvement can occur in two possible ways, evolutionary and revolutionary.  
 
The fastest rates of improvement will demand the best methods and disciplines. Even the 
methods themselves are subject to improvement so inevitably the methods will change as new 
and better tools, techniques and number crunching software are found and applied. There was a 
step jump in our ability to effect change when we began to use sophisticated computer software 
to do some of the more complex data analysis for techniques such as Design of Experiments, 
correlation analysis and other techniques which require massive data processing.  However, 
what does not seem to change is the sequence of events that are necessary in order to go from 
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‘Problem, Effect or Symptoms’ (these three words have more or less the same meaning in 
problem solving) to Solution or Remedy and then through to Fool Proofing or Control. 
 
The first disciplined roadmap for methods improvement came from the work study discipline in 
the early part of the 20th Century. This was referred to as ‘SREDIM’ – Select – Record – 
Examine – Develop – Install – Maintain. 
Dr Juran later simplified this to ‘Symptom – Cause – Remedy’ which is nice and easy to follow 
and which is still my preference. 
 
Today as is used in Six Sigma gargon, the fashionable acronym in popular use is ‘DMAIC’ – 
Define – Measure – Analyse – Install – Control. Essentially all of these have the same general 
meaning and all follow the same sequence. Their use is merely a matter of personal preference.  
 
There is another which is still in popular use especially in the motor industry which is known as 
8D TOPS.  
 
The 8Ds are described below: 

D1: Assemble a cross-functional team of experts 

D2: Define the Problem. 

D3: Implement and verify Interim Containment Actions (ICAs) as needed. These are also known 
as ‘Temporary Fixes’. 

D4: Identify and Verify Root Cause 

D5: Choose and verify Permanent Corrective Actions (PCAs) are also chosen. 

D6: Implement and validate PCAs 

D7: Prevent recurrence of the Problem/Root Cause 

D8: Recognize the efforts of the Team 

The US Government first standardised the 8D process during the World War 2, referring to it as 
Military Standard 1520: “Corrective action and disposition system for nonconforming material”. 

It was later popularised by the Ford Motor Company in the 1960’s and 1970’s. Today, 8D has 
become a standard in the Auto, Assembly and other industries that require a thorough 
structured problem solving process 

The one attractive difference between 8D TOPS and the other approaches is ‘D3’ which 
demands a temporary fix to be put in place. This can be especially important where a random or 
unpredicted problem suddenly occurred and has resulted in a serious hazard. Clearly such a 
situation needs to be attended to as quickly as possible. None of the other acronyms deal with 
this because they are designed to focus on the problems that are endemic in the process and 
not the sudden unexpected critical events. However, with the inclusion of 3D the choice of 
terminology is personal preference. Some organisations even invent their own acronyms but the 
sequence will be the same.  
 
For me I prefer SYMPTOM – CAUSE – REMEDY even though it is less detailed because in my 
opinion it shows the connections between problem and cause and cause and remedy far more 
clearly than any of the others and it is easier to explain when training people to be able to 
conduct problem solving. Usually I do this and then superimpose the other acronyms afterwards 
as a form of reinforcement. 
 
SYMPTOM – CAUSE – REMEDY 
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It was mentioned earlier that the words ‘PROBLEM’, ‘SYMPTOM’ AND ‘EFFECT’ have the 
same meaning in problem solving. However, we tend to use each of them in different contexts. If 
the car will not start or it uses excessive petrol we might say that we have a problem with the 
car. If we wake up covered in spots or swollen glands the Doctor will refer to these as symptoms 
– but they are still a ‘problem’ as far as we are concerned! If we put bread in an electric toaster 
and the thermostat or timer is temperamental, the ‘effect’ may be burnt toast but again we would 
say that we have a ‘problem’ with the toaster.  
Equally the words ‘Remedy’ and ‘Solution’ are also interchangeable. We tend to use the word 
Solution when we have used the word ‘Problem’ and the word Remedy when we have used the 
word ‘Symptom’. In all other respects they may be regarded as being the same. 
 
What is a Problem? 
 
 Basically there are two kinds of problem. There are those that occur suddenly and usually 
unexpectedly such as a pipe rupture, measles, explosion, power cut etc. These usually require 
‘firefighting’ of some sort, we will refer to these as ‘Random‘ failures even if some of them occur 
fairly frequently. Then there are those that are endemic or ‘Residual’ problems that are ‘built in’ 
to the process, they are more or less constant and are the main contributors to the underlying 
average deficiency in output from the target. They will have been present from the initial design 
of the process and result in a less than perfect output. Because they are residual the likelihood 
is that we accept them as a fate and rarely give them any thought. As a consequence we ignore 
them and build them into standard costing as ‘waste’, ‘set up times’ absenteeism’, sickness’ and 
absorb them as being a part of the operation. Because we allow for them in the Standard 
Costing process we do not notice them unless they suddenly get significantly worse.  
 
For example, in the printing industry, there is a chart which is used by the scheduling 
department to calculate ‘overs’. These are an excess quantity of materials which are allowed at 
the commencement of a print run to allow for in process losses. For example, if a batch of 
printed product requires 100000 units, then depending upon the number of colours and the 
number of operations, the chart might suggest that 120000 are printed. If the run achieves the 
100000 with exactly the 20000 losses allowed for, there will not be a negative cost variance and 
no inquest into the causes of the 20000 unit waste. However, all of that waste had to be 
produced, taking up machine time and contributing to labour costs. The factory will have 
purchased machinery to process the waste which takes up floor space, adds to depreciation 
costs and there will be the raw material. If these costs were to be challenged, it might be 
possible to bring the 20000 down to 10000 or 5000 in which case this would present a big 
saving especially if this saving were to be spread over the whole of production and accrued year 
on year. 
 
It is because we have no sensitivity for these endemic residual problems that the firefighting 
problems which are more sensational and dramatic get all of the attention. They raise the 
adrenaline and are memorable. Also, the people who solve them are regarded as heroes and 
the most successful ones are in line for promotion. For this reason most organisations employ 
people who are good at tackling these problems. Some DTI research a few years ago estimated 
that some 70% of a manger’s time is spent non firefighting but the average level will stay the 
same! 
 
The following chart shows a typical performance chart for any process.  
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Poor level 

Ideal level 

Average level of performance 

2
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Figure 6  Random and residual failures 
 
Notice that the performance varies with time which is to be expected. Most of the readings are 
fairly close to the average but note those marked ‘1’. They are way above the average and 
represent the intermittent random problems we have discussed. These have been tackled by 
firefighting and the level has returned to near the average. Note also the dip marked ‘2’. This 
indicates that for some inexplicable reason the process showed a dramatic improvement. The 
probability is that this went unnoticed but in reality it is just as important as those marked ‘1’. 
Had we studied the events that took place at around that time we may have found the cause of 
this unexpected improvement and if we had implemented a change then we may have made 
happen on purpose an event that happened initially by luck. This will help drive the average 
level down to become the new improved level. Rarely are these opportunities seized. 
 
Solving the Random Problems 
 
What is most important is the average level. We would prefer this to be at the level of perfection 
but this requires a radically different approach than that used to deal with the random problems 
that we have discussed.  
 
Solving the random problems requires a type of detective work to find out what changed. 
Everything was going well then there was a change. What caused it? Investigations might show 
a number of typical causes – a different person did the job and they were not so skillful (in the 
case of ‘2’ maybe they were more skillful!), there may have been a change of materials supplier, 
the machine was in poor condition etc. When the cause has been located it is often easy to find 
and apply a remedy. If the remedy solves the problem it will be necessary to ‘foolproof’ the 
situation. Some people do not like the term ‘foolproof’ and prefer ‘mistake proof’. However this is 
not a good alternative because there may not have been a mistake the change may have been 
deliberate. Sometimes the individuals concerned may not have accepted the change because 
they were not properly involved in the study. 
 
Residual (endemic) problems 
 
In the case of the endemic problems which keep the average at an undesirable level, we cannot 
use the same approach as for the random problems by looking for a change because by 
definition nothing has changed. This is the way it has always been and how the process was 
designed. The average figure represents a level of ignorance. If we knew why it was running at 
this level we would have done something about it before. Therefore solving these problems 
requires a voyage of discovery. We need to establish a better understanding of the relationship 
between process variables and product results.  We have no mechanism to do this without a 
structured and systematic approach. In Japan and throughout the Far East they do have such 
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an approach and also they have the resources to do it. They have all those Quality Circles who 
have been thoroughly trained in problem solving. In addition the managers have been trained as 
well so problems can be tackled at all levels. Sometimes an improvement project requires a 
multifunction team, in other cases it requires a team from a single department which is the case 
for most Quality Circles Projects and sometimes the project can be tackled by an individual. 
 

Benefit

Poor level 

Average level of performance 

Ideal level 

 
 
 
Figure 7  Continual Improvement of residual performance 
 
The improved overall level of performance shown in Figure 15.3 is achieved largely through the 
use of the Project by Project improvement process described below but the methods described 
can also be applied to the random problems as well.  
 
As these random problems are eliminated and if the foolproofing process is applied, they will 
also help in reducing the average as will holding the gains of the random surprise 
improvements. As this happens the variation around the mean is also reduced and the whole 
process becomes progressively more predictable. In turn this makes scheduling easier which 
will have a cumulative impact on work in progress, set up times, waste of all descriptions and 
finished goods stocks. In fact it is the structured project by project process that brought about 
the Lean Manufacturing revolution in the first place. 
 
The Problem Solving process for residual (endemic) problems 
 
The Problem to be tackled must be formally agreed as an improvement project. Improvements 
rarely happen simply by chance. When they appear to, the process is just as likely to drift back 
to its earlier state because nothing will have been put in place to hold the gains. 
 
Formal Project selection 
 
An improvement project may be selected in several ways. 
 
1. It may result from a gap between where we would like to be and our current performance as 
identified when prioritizing the Corporate level Key Performance Indicators (KPIs).  
 
2. It may be the result of a customer complaint. 
 
3. A competitor may have be taking market share. 
 
4. It might be forced by a customer who demands an improvement. 
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5. Selected by managers to close the gaps in some local level KPIs 
 
6. It might be chosen by a Quality Circle as a result of Brainstorming. (Reference Chapter 16) 
 
There are other possibilities but these are the main ones. 
 
Once identified the project must be defined. The following form is a useful way of doing this. 
 
 

 
 
 
Figure 8  Keeping a record 
 
Filling the Form 
 

The Project name can be a code name or descriptive but the purpose of the project 
which will be a sub title must be clear. 

 
The Boundaries (or Scope) defines the beginning and end points of the project. These 
should be as wide as possible using the ‘SIPOC’ acronym – Supplier – Input – Process 
– Output – Customer concept. Experience indicates that a large number of problem 
causes are built in very early on in the process and therefore it makes sense to go back 
as far as is practically possible. 

 
The ‘Current Situation’ describes the process as it is before any changes are made and 
is a ‘snap shot’ of what is happening right now. It is very important not to change 
anything until the current method has been mapped and the current output measured. If 
not, then when the finished project is presented, it might be difficult to convince the 
audience what has been and is being achieved. Some may argue that the old situation 
was not as bad as is being claimed or that the process was not very different from what 
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is being presented. Once the process has been changed it will be difficult to describe 
the original situation if it has not been mapped. Sometimes it is a good idea to video or 
photograph the old situation to contrast it with the improvement. 

 
‘Expectations’ is something of a guess at this stage because until the current situation 
has been thoroughly analysed it is difficult to guess what improvement is achievable but 
there must be a goal to strive for. Sometimes it might not be achievable and on other 
occasions the improvement team may surpass all expectations. 

 
Target/Cost Benefit links with ‘Expectations’ and will provide a reference for the success 
of the project. 

 
Not all projects have or need a Sponsor or Champion. It may be necessary to appoint 
them when a high level project requires a multifunction team. In this case it is necessary 
to have someone at a high level to authorise the meetings and other details and also to 
sanction expenditure when required. The Sponsor is usually someone from higher 
management who has a strong interest in the outcome of the Project. 

 
The choice of Team Leader can be critical to success. Their leadership skills are more 
important than their knowledge of the problem. However, if they have both leadership 
skill and a real interest in the outcome of the project together with knowledge of the 
process it is ideal. 
It is important that the Leader encourages the team and does not impose his/her ideas 
on the group. They should always seek consensus otherwise the team will disintegrate 
and the results will be poor. 

  
Team Members should be those who have a good knowledge of the process to be 
investigated. For management level projects they will usually be multifunctional. At the 
Quality Circle level they will usually be a team doing similar work. 

 
All teams should have a Facilitator. The Facilitator is not part of the team but on the 
outside making sure that they have everything that they need to succeed with their 
project. 

 
All projects even the smallest ones need to have the authority to hold meetings and to 
take time out from their normal line duties. The authority should come from a level high 
enough to ensure continuity with their work. Frequently this authority comes from the 
Sponsor.  

 
There may be considerable work involved in establishing all of the above criteria but it will be 
well worth the effort.  
 
Root Cause Analysis 
 
This discipline is theoretically quite simple but in practice it proves quite a difficult one to apply 
by those who are only accustomed to firefighting. For a firefighting project, usually we need to 
get results quickly. If there is an explosion, a pipe has ruptured, the scrap levels in a process 
have jumped alarmingly the cost hemorrhage will be such that there is no time to lose. In such 
cases, the firefighter will go straight from SYMPTOM to REMEDY by making a guess at the 
causes. In many cases, the cause may only be too obvious. 
 
A simple but relevant example might be someone walking into the Doctor’s surgery covered in 
spots at a time when chicken pox is an epidemic. It can reasonably be assumed to be another 
such case and will be treated accordingly.  
 
However, maybe it happens not to be chicken pox! Perhaps the symptoms continue to get 
worse and the patient again sees the doctor. It is possible that he/she may again make 
assumptions and offer another type of medication. In some cases this may continue for some 
time on a hit and miss basis until either the patient gets better or seriously worse! On the other 
hand the Doctor may be more of a diagnostician than this and instead attempts to find the cause 
before guessing at remedies. 
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To do this he/she will follow the Root Cause Analysis process which follows the following 
sequence of events: 
 

1. Question the patient about where they have been, what contacts they have had, what 
unusual activities have they been involved in etc. In an industrial situation this will 
involve mapping the process from the point where the symptoms are observed 
backwards as far as possible.  

 
2. Analyse the operations along the process one by one from the first through to the last 

attempting to identify possible causes.  
 

 
3. Identify the most likely major causes. This may involve the technique known as Paired 

Rankings.  
 
4. Collect and analyse data to verify or reject the potential causes identified in ‘3’ above. 

 
 
5. Those causes found to be relevant may sometimes be taken directly to seeking a 

remedy or solution. In many cases they will require further break down. Here the 
technique known as the Fishbone Diagram may be used. This technique enables the 
possible causes to broken down into the finest detail at which point, the relevant ones 
can lead to solutions. 
The technique is really a more sophisticated form of Brainstorming and enables related 
causes to be clustered as they are identified which later on assists analysis. 
 

6. Data may be collected on the main possible causes identified by the use of the 
Fishbone Diagram in order to find those which make the most impact. 

 
7. Possible solutions are identified and evaluated for both cost and effectiveness.  Some of 

these may be classified as ‘reversible’ and others ‘irreversible’. A ‘reversible’ solution is 
one where it is possible for those who control the relevant operation to revert back to 
their previous methods. An ‘irreversible’ solution is one where it is impossible to revert 
back because the method has been changed in such a way that it this cannot happen. 
This type of solution is automatically foolproofed. An example where both types of 
solution are possible is an office operation where it is found that mistakes are being 
made in filling in the forms. A ‘reversible’ solution might be to provide training for those 
who fill in the forms or perhaps to give more clear instructions as to how they should be 
completed. An ‘irreversible’ solution might be to redesign the forms using ‘tick boxes’ to 
force us of the right terminology and eliminate the possibility of bad handwriting.  

 
8. Implement the new method avoiding ‘resistance to change’.  Resistance to change is 

one of the most common reasons why improved methods fail. Care should be taken to 
involve those who will have to change their habits, to listen to their possible objections 
(which may be valid) and accommodate their suggestions. Also it is important not to 
assume that the new proposals have automatically been adopted just because they are 
being followed whilst you are present. If you leave too quickly, there may be some 
resentment which may lead to an unwillingness to persevere with the new methods. 

 
9. Maintain surveillance and continue to collect data for a realistic period to make sure that 

the changes made really do produce the hoped for results. It is possible that the 
improvement may be due to some other factor and it is not unusual for processes to 
improve as if by magic for no other reason than it is known that someone it taking an 
interest. In this case, the remedy might not be as good as was thought and once 
attention has moved elsewhere the problem might reappear. This is demoralizing for all 
concerned. Do not take it as a negative if this happens. It may be frustrating but what it 
proves is that the process is capable of performing at a better level even though we may 
have been mislead. We need to look at it again to find out what it is that might be known 
to others that when care is taken, can produce the better results. 
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10. Present the results to upper management and formally close the project. Regular 
presentations to management are a must if there is to be a continuation of the 
improvement process. It enables upper management to see what is being achieved and 
by whom. It gives people much needed recognition. It provides an opportunity to give 
recognition to anyone who might have contributed to the success and in some cases, 
the opportunity to use the occasion to ‘sell‘ the improvement process to suppliers and to 
staff from other departments and also to impress customers. 

 
In summary the process for multi-function teams and other management led teams such as 
Six Sigma Black Belt led teams looks like this: 
 

Typical Road Map for Continual Improvement – Multi-function 
teams 

Top Team – nominate projects 
and appoint Facilitator/Team 
Leader (could be Black Belts ) 

Team Leader 
participates in 
team selection 

Team identify theories of 
causes 

Team Collects 
and analyses 
data 

Presents their 
solutions to the 
top team 

Makes Story Board 
of Project to attract 
suggestions from 
others 

Tests 
theories to 
find true 

 
 
 
Figure 9  Road map for project by project continual improvement.  
 
In the case of Quality Circles the sequence is only slightly different and looks like this: 
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The Circle brainstorms 
possible projects and selects a 
short list of those which are 
Circle solvable

Team use matrix or 
Pareto Analysis to 
select a project 

Team identify theories of 
causes 

Team Collects 
and analyses 
data 

Presents their 
solutions to 
their manager 

Makes Story Board 
of Project to attract 
suggestions from 
others 

Tests 
theories to 
find true 

Typical Road Map for Continual Improvement – Quality Circles  

 
 
 
Figure 10  Quality Circles Problem solving road map. 
 
Tools for continual Improvement 
 
There are literally hundreds of tools that can be used in project by project improvement. Some 
are more universally useful than others. Some are  more popular and others may be very useful 
but only in specialist applications. 
 
Fortunately, it has been shown convincingly that over 80% of problems may be solved by only 
the simplest of the tools available. These have become known as the ‘Basic Tools’. Some 
people are wary of these because they have grown to believe that difficult or high cost or highly 
disruptive problems must require the use of sophisticated techniques. This is especially true for 
those who have been fortunate enough to have acquired a good degree involving the use of 
sophisticated statistical tools. Naturally they are always looking for opportunities to use their 
skills and will not give much credibility to the simple techniques. They should re-examine their 
premises because they will be very wrong. In normal every day business life there are very few 
opportunities for the use of these tools other than on a few complex problems. There, they can 
indulge themselves in Design of Experiments, Regression Analysis, non Parametric methods to 
their hearts content but if they do and they are the only problem solvers then sadly the overall 
business performance will remain squarely on dead centre. 
 
The basic tools include: 
 
Brainstorming. 
Pareto Analysis, 
Check or Data Sheets. 
Histograms. 
Fishbone Diagram. 
Paired Rankings. 
Process Analysis. 
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Scatter Diagrams. 
Spot Charts. 
Stratification. 
and Check lists. 
 
Each of these tools appear deceptively simple and it is this apparent simplicity that causes 
suspicion. More often than not, they are not used properly and people are not disciplined in their 
use. This is particularly true in the case of the language data tools –brainstorming, fishbone 
diagram and process analysis.  
 
The power of these tools does not lie in each tool independently but in their use collectively and 
in the right sequence. This involves training and if the training is given whilst the participants 
work on a live project they will invariably save very considerable amounts of money many times 
more than the cost of the course itself. 
 
Other tools which have more specialist application are mentioned in the Chapters on Six Sigma, 
Lean Manufacturing, Quality Function Deployment and Customer Needs. 
 
The problem solving process. 
 
The following series of figures show typical situations for improvement  
 

 
 
Figure 11  KPI perceived behaviour 
 

 
 

Output target 5 
tons per shift 
Output actual 
4.6 Tons per 

shift 

In Process KPIs = (Target – Actual)  
(Actual performance is usually stated by 

calculating the mean figure over a period) 

Actual 

4.5 4.2 4.8 

In Process KPIs – Target - Actual  

Output target 5 
tons per shift 

In reality they behave more like this 

We think of KPIs as if they behaved like this 

Figure 12 KPI Actual behaviour 
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Study variation 
Output target 5 
tons per shift 

The ‘In Process’ KPIs are often very numerous and frequently 
interact with each other.  
In many cases it is only by studying the nature of the variation and 
locating the interactions that we are able to identify the root causes 
and find the optimum performance.  
 
This requires the uses of more sophisticated statistical tools than are 
usually found practiced in general TQ programmes 

Figure 13 KPI Variation 
 

 
 
Figure 14 Variation about a mean value 
 
In this case it is the project is intended to reduce excessive variation around a target value. The 
task will be to attempt to isolate the special causes of that variation and to eliminate them from 
the process. Tools such as statistical process charts together with the fishbone diagram, check 
or data sheets will be the main tools that will be useful here. 
 

-6 65 4 321-5 -4 -3 -2 -1 0

variation

After improvement 
Before improvement 

Objective: reduce the variation about the mean. 
Typical projects – temperature, weight, mains voltage, diameter, line balance. 
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Figure 15  A situation where variation has been reduced and the mean lowered 
 
This is typically the case in bottling and packaging where minimum weights must be stated on 
the container. By reducing variation which will produce savings, an even bigger saving becomes 
possible by being able also to reduce the mean value. In some instances, this can result in 
some very large savings especially in high volume manufacture. 
 

 
 
Figure 16 Reduction of the mean and reduction in variation 
 
This is typical of projects where there are cost or time overruns. The object will be to get as 
close to zero as possible both in terms of variation and the mean. Projects of this type could 
potentially use all of the core tools of problem solving depending upon the complexity of the 
situation. 
 

-6 6 5 4 321-5 -4 -3 -2 -1 0

Mean before improvementActual weight 
After improvement 

Actual weight 
Before improvement 

variation

(overfill) 

Stated weight 

Objective: reduce both the mean and reduce variation about the mean. 
Typical projects – Package weights 

After improvement 

Before improvement 

0 1 2 3 4 5 6 7 8 9 10 11 12 

Objective: Significantly reduce the mean and variability about the mean 
Typical projects – late deliveries, set up times, lead times, cost overruns etc. 
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Figure 17  this is typical of attribute data situations 
 
In many ways this is not dissimilar to the previous example except that it involves Attribute data 
– right/wrong, good/bad, is/is not rather than variable data which is usually continuous. The 
object will be to achieve zero occurrences. Interestingly, whilst Attribute data related potential 
projects are considerably more numerous than those involving variable data, the majority of the 
more popular statistical textbooks give little or no treatment to this aspect of the subject. There 
are two examples in the Six Sigma chapter that illustrate the potential savings that can be 
achieved from projects involving Attribute data. 
 
 

Before improvement 

After improvement 

Objective: Significantly reduce the number of occurrences of an undesirable 
event. 
Typical projects – errors on invoices, number of breakdowns, number of accidents 

0 1 2 3 4 5 6 7 8 9 10 11 12 


