
The London Bullion Market Association 
The Fifth LBMA Assaying & Refining 

Seminar 
10-12 March 2013 

Session Five: 

Reference Materials and Proficiency Testing 

Proficiency Testing – Principles and Purpose 

Kate Wilkinson 

FAPAS 

 

I. Introduction 

Thank you to the LBMA for asking me to come to talk to you today to give you a little bit on 

the background of what Proficiency Testing is and how it works.   

II. FAPAS 

FAPAS was established in 1990.  We were set up to make sure that food chemistry 

laboratories were giving the right answer, so the F in FAPAS stands for food – Food Analysis 

Performance Assessment Scheme – though it is really only the performance assessment 

scheme bit that we now market, because we now carry out proficiency testing for 

microbiology, GMOs, plant health and water and environmental samples.  That is our 500 

rounds of proficiency testing that we do each year.  We were set up for UK laboratories, but 

our first laboratory actually came from Denmark, and we have since gone on to establish 

ourselves in over 100 countries.   

III. FAPAS and LBMA 

We have worked with the LBMA now on two proficiency tests, one last year and one this 

year.  As well as the actual proficiency test itself we were also asked to collate some extra 

information, which I know you have been using to look at your methods, and some extra 

statistics.  I am not going to talk about those; I am going to leave those for Dirk, in his talk.   

IV. What is Proficiency Testing? 

As a customer, if I come to you, I would like to know that if you are doing some analysis for 

me that you are going to give me the right answer.  Now, how do I know you are going to 

give me the right answer?  Well, I hope that you are using validated methods that are well 



established in your laboratory.  I hope that you are using several types of internal quality 

control, and it would also be nice if you were an accredited laboratory, so for a chemistry 

laboratory accredition to ISO 17025.  However, these are all things, that monitor your 

performance internally, so Proficiency Testing was brought in as an important part of external 

quality control.   

V. What Proficiency Testing is not 

It is also important to understand what Proficiency testing is not.  It is not a collaborative trial 

or a method validation; we do not issue our samples with a comprehensive list of instructions 

telling you what methods to use and how to do your analysis.  We are also not going to give 

you a range of samples, so we are not going to be testing your method at the extremes.  The 

idea is that this is a routine sample that you would normally expect in the laboratory.  It is not 

a check against a reference material: a reference material is a known sample, whereas the 

Proficiency Testing material is a complete unknown.  Also, we are not checking each 

individual analyst.  We do have laboratories that take part in the Proficiency Test five times, 

and we think they are giving that to each of their five analysts on the bench to work out who 

is the best or which analyst is competent.  The idea of the Proficiency Test is we are looking 

at the whole process, so from receipt of the sample into the laboratory, the analysis, the 

equipment that is being used, and also the ability to report results on time, in the correct units, 

as you would to a customer.   

The procedures we follow are based on the International Harmonised Protocol, and that is for 

analytical chemistry laboratories of all types.  It is not just applicable to food; it will work in 

any analytical chemistry situation.   

VI. The Proficiency Testing process 

This is the process we follow for all of our proficiency tests, so working with the gold in this 

way was no different for us.  One of the most important things is to make sure the test 

material being distributed is fit for purpose and that everybody is receiving an equivalent 

sample, so there can be no bickering at the end, saying that, ‘Well I got a different result to 

you because my sample was different’: everybody must have had the same sample.  As 

Aelred said, the samples were sent out to laboratories, they carried out their analysis, they 

returned their results to us, and we carried out some statistical analysis.  I will tell you a little 

bit more about them in a minute.   

The confidential report was distributed – again, as Aelred said – but the identities were only 

known to us, and even though I was involved in this, I could not tell you which laboratory 

was which.  Importantly, we talk about recommendations for further rounds; we look at 

whether this proficiency test was what the laboratories wanted, whether the sample was too 

big or small, and whether there are enough samples going out in the year and we can build on 

that to make improvements for the proficiency test the next time.   

VII. The Z-score 

1. Overview 

This is the dreaded z-score.  Every time anybody gets the report from one of our proficiency 

tests, they go rummaging through the pages to find their assessment, their score, ‘How well 

did I do?’ I will talk you through the basics of the z-score.  The first X there is the 

participants result; we then take away from it the assigned value – the correct result – to give 

you a difference and we divided it by the standard deviation for proficiency.   



2. The Assigned Value 

The assigned value – the true result – is unknown, so we are looking at a best estimate of the 

true value.  We use a consensus to define this, working on the theory that more heads are 

better than one.  The more people who have submitted a result for this, the better a consensus 

will be: and the more likely that this will be the true value.  We can calculate this from a 

mean, a median or a mode; a robust mean is our preferred way of calculating this, but it is 

really important to understand that it is not the same as a simple arithmetic mean.  We have 

not added up all the results and divided by the number that there are.  It takes into account 

outliers, so we do not have to exclude outliers from the results to start with.  The algorithm 

we use will down-weight the outliers.   

To quickly show you the effect that this has: here is a data set; you can see the outlier there 

just above 19.  Instead of excluding that from our calculations, we have down-weighted it, 

and that has moved the simple mean, which was just above eight, to a robust mean which was 

just below eight, which is a much better explanation of this data set.   

3. The Standard Deviation 

The last part of the z-score is the standard deviation for proficiency.  It is really important to 

understand that this is not derived from the data set, so it does not describe how good the data 

set was.  It should be defined in advance as what you are trying to achieve, to give you results 

that are fit for purpose; with every proficiency test we do, the purpose is different.  If we are 

carrying out a proficiency test for tinned tomatoes, there is legislation on what level of tin is 

permitted: therefore your fit for purpose criteria should be defined so that laboratories can 

achieve the necessary analytical accuracy to meet legislative requirements.  You need to set 

what your fitness for purpose is going to be.  Because it is not describing the data set, it also 

means that every laboratory can be producing a fit for purpose result, you are not saying that 

95% of the laboratories will be good, and 5% will always be bad: it is not providing a 

ranking.  There are many ways you can derive this standard deviation and, with LBMA, we 

came up with an expertly derived fit for purpose value.   

4. Z-score interpretation 

If your results are normally distributed, your z-scores will also be normally distributed.  We 

used to say that to be fit for purpose you should have a z-score between zero and two, so, 

between two standard deviations from your mean result.  But this led people to say, ‘My z-

score is 1.9, therefore I am okay, I passed,’ or, ‘My z-score is 2.1; it is the end of the world, I 

have failed’.  This is really to show you the z-scores are on a curve, and there is no pass and 

fail line – as you are moving further away from the mean you are getting further away from 

the true result and you should interpret that appropriately.  This is because there is actually a 

one-in-20 chance statistically that your z-score of 2.1 is a fit for purpose result that is just at 

the extreme of the distribution; however, if you are getting to a result of three, there is only a 

one-in-300 chance that you have got a result that is fit for purpose, but it is statistically at the 

extreme of the distribution.  That is really when you need to start looking at your results, if 

you are getting a z-score of three.   

A z-score in only a single snapshot, so although it is looking at the whole laboratory process, 

it is only showing you how your laboratory performed on one particular day.  It is important 

to build up a data set with time.  We need to look at carrying on with this proficiency testing 

so that maybe that z-score of 2.1 you got last time was your one-in-20, so if you build up 

your data set, you can see if you are performing consistently.  You can also see if there is any 

bias – if you are continuously getting z-scores of 2.1-2.2 every time, then that shows a bias 



against all your peers that you are being compared with.  Finally, the more the merrier: a 

proficiency test is only as good as the laboratories that are taking part.  The more laboratory’s  

results we have, the more robust the robust mean is, and it is also helpful for you to build up 

some data sets to give you information on how your methods are working, and allows you to 

compare with the other laboratories doing the same work as you all over the world.  We are 

hoping that more of you will take part in the next proficiency test.  Thank you very much for 

listening. 


