 Measurements – some ideas and experiences

This document contains a collection of experiences related to goals, measure​ments, data and statistical analysis. There is no single way to create a working sys​tem of related activities aiming to support a process with infor​mation, insight, under​standing, etc towards improvements. Ambitions, resour​ces, methods, etc should always be related to the need of the wanted position.

1. Why? How? Who? Whom?

These questions will illuminate many of the primary uncertainties regarding any activities related to setting up a system of measurements:

Why do we need to design (another?) system? How are we going to do it? In a project? Buy a system on the market? Copy one from another organisation? Who are going to do the design job? Internal or external resources? For whom are we actually designing the system? Does the system designer know the end user and his needs? What is required from the end user? Does the end user know his own needs?

2. How will data be used? 

There are many reasons to collect data. Sometimes the main purpose is to just record informa​tion of some kind. “Names of the visitors at the plant just now.” “Registration number of the cars in the car park just now.” “The altitude and speed of the aircraft during the last 24 hours.” This type of data is mostly used as a backup memory. 

Many times the main aim is just to govern a flow through e.g. switching system, a factory or an organisation. Then it is possible to keep track of a special job, batch or any other type of assignment. It will also be used for many other aspects such as reorder points of raw material, assessment of costs, etc. 

However, there must also be ample possibilities to use the data for improve​ments of the process. 

3. How will data be collected? 

More and more data is collected in some automatic way using sophisticated methods. E.g. in the shop the article numbers often are entered using bar codes and at the hospital one small blood sample yields a lot of output from the testing device. (Unfortunately there are many devices with excessive outputs of information not useable by the analysists.) 

A change from a manual to an automatic process sometimes comes after certain time of manual recording of the data. 

4. What ‘result’-variables are to be collected? 

The choice of ‘result’-variables is not an easy task. The chosen variables must have number of good features. Understandable, measurable, available, reliable, etc. We need to consider scales and accuracy. In a questionnaire we need to pick a proper scale, and when recording a continuous variable we need to consider precision, etc. 

We have to observe all the relevant data. If e.g. we observe the number of faulty items in a batch, we also have to record those batches with zero faulty items. Otherwise we will not be able to evaluate any increase in quality. 

We also need to avoid the ‘0/1’-thinking. This means that we transform a good variable into a less sensible or sensitive variable by just recording ‘In time’ and ‘not in time’ or ‘less than 36 mg’ and ‘more than 36 mg’. We can always do this transformation during the analysis. (The statistical analysis will clearly show that this ‘0/1’-thinking is a waste of data.) 

When choosing the ‘result’-variable we must consider at least some of the statistical aspects of the chosen variables. Such aspects include type of variable (normal, binomial, Poisson, exponential, etc) but we also need to have a fair idea of how to do the analysis, what diagrams to be drawn, etc. Here we must use some statistical thinking and some fantasy to avoid the uninformative or overly simplified diagrams.

5. What other variables are to be collected? 

When studying e.g. lead times it soon becomes clear that the times themselves are not enough when trying to understand the process. We need a number of explanatory variables. Many of these present themselves as candidates. Examples are types of products, machines, batch sizes, what flow, etc. Sometimes there is a wish to include more sensitive information such as what person or persons have been involved. However, such analysis should be avoided of several reasons. 

When we have explanatory variables we can stratify the data material. This means that we divide the data into natural groups and compare e.g. mean values. We can sometimes use the variables in an attempt to design a mathe​matical model that links the outcome to the explanatory variables. Such a model is very valuable in understanding the process. 

When performing the analysis of the data we sometimes look at the deviances from some set value. If we e.g. study the length and width of some item we cannot mix these values. However, if we cal​culate the deviance from the require​ment, we can study the deviancies simultaneously, if we are interested in a signal, we have a better understanding if we analyse the differences. 

6. How much data will be collected? 

This is a common question to a statistician. However, the answer depends on a number of things. Do we need information on every item, order, trouble report, every telephone call, etc, or can we use only a sample? A lot of data needs a lot of storage. Also, the data seems to grow old rather quickly. 

It is a common mis​under​standing that a statistical investigation needs a lot of data. It is true that the analysis becomes better if we have more data (of good quality!) but the precision is not linearly related to the size of the data. 

7. What do we want to estimate? 

The data collection must not be planned without considering what we really want to estimate or monitor. The most common features are some measure of location and variation but it can also be some more complicated feature of the process. 

One measure of location, maybe the most common one, is the mean value of the process. Some​times we want the mean to increase, or decrease or stay at a certain level. The most common mea​sure of variation is the standard deviation. Because of the inherent randomness in our data we need to utilize some kind of statistical framework in order to perform an objective analysis of the data. 

8. How will result be presented? 

Usually we need to present the result or the analysis of the result in some ways. Today, in the era of computers, we have ample possibilities to do this in a satisfactorily way but we need our imagina​tion and intelligence. Unfortunately, the availability of computer software has made it possible to produce excesses of useless graphs and far too many people seize this opportunity. 

The graphs should lift forward the mean level as well as the variation. The use of perspective, colours, fonts, figures, etc, must have a purpose and must not be an artistic expression of the creator of the graph. Graphs should be, as far as possible, self-explanatory with labels, text strings, etc. 

The far too common use of bar charts should be avoided when a scatter dia​gram is a better choice. A connecting line between data points should have a meaning. The idea of starting a new diagram 1st of January, and thereby dis​re​gard the earlier information, should be abandoned. The fanciful use of oval shaped pie diagrams, with thicknesses and shades, does not make it easier to understand the data. If the user has to perform a non-linear data transform in his head in order to understand the diagram, it has missed its chance. 

If we present the data in some compiled form, e.g. the mean value and the standard deviation, we must also supply the number of data values. This makes it possible for the user of the data to perform some extra analyses. If we present the result as a model, we need to state the accuracy of the model in order to convince the user of the model that it has the desired features. 

9. What constitutes a good goal?
Sometimes the setting of a goal can be considered as an act of desperation in that the management firmly states “...fault rate less than 5 % in 1999” without the support to the process of how to get there. 

A good goal should carry at least three features:

· A thorough description

· A test procedure

· A decision rule

If we consider a produced item we can more easily imagine these features: a description of the physical feature (e.g. a length), a well-defined measuring device and a simple comparison of the result and the drawing. (However, often the measuring of physical entities is a very delicate matter, challenging many scientists.)

A description such as ‘...fault rate less than 5 % in 1999’ is a goal of a process. Here we most likely mean that the process must be in such a state that when we randomly draw an item the probability that it has a certain feature (‘not OK’, ‘not in time’, etc) is less than 5 %. 

On the other hand, if we mean that the goal is fulfilled whenever a batch has less than 5 % faulty items, we most likely will base our test procedure on random fluctuations; a line of action to be strongly avoided.

The test procedure might be some kind of statistical analysis that involves time. Regression analysis and time series analysis are just two such methods. A decision rule can be a test of a statistical model to see if it satisfies the goal. (Maybe such a procedure can also be utilised in an early stage to see if there is a chance in fulfilling the goal later in time.)

More questions.  There are more questions to be considered. What data is to be included? A long time interval? A short time interval? Only the December data? 

Of course, all three features of the goal should be revised regularly in order to improve their performances and to judge their messages. 

Occasionally we see the goal as a horizontal line on a graph with a shift only at the border of December/January. This is not a sign of process thinking or contin​ual improvements and it would be better to show the goal as a con​tinually changing curve. (An exponentially decreasing curve is easy to calcu​late using the level at the starting point and the desired level at the end point.)

10. Beware of data manipulation! 

Sometimes we find more or less refined manipulations of the data or the analysis of the data. These manipulations can be

· avoiding reporting certain data

· deletion of some data points

· change of requirements (tolerances, delivery dates, etc)

· use of median value instead of mean value (the median hides extreme values while the mean reveals such changes)

· not reporting the variation in the data

· creative use of axis in graphs in order to suppress certain aspects of data

Manipulations occur when the ability or ambition to change and improve the process is low and possibilities to put the blame elsewhere are exhausted.

11. Beware of KPI (Key Performance Indicator)! 

Most Key Performance Indicators are of ‘man-made’ design and usually a func​tion of a number of inputs. This often means that the performance (e.g. the vari​ation) of a KPI is hard to understand. Not seldom there is a great deal of guess​work how to interpret the inputs. By lifting out certain parts, or changing the weighting system, or by reading the instructions differently, the KPI can be forced in wanted direction. In politics this is referred to ingenious bookkeeping when handling the figures. 

One can also wonder why, if the KPIs are so handy, the quarterly reports are thick reports filled by figures and diagrams? And anyone keen on KPIs should learn about Simpson’s Paradox! 
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