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 1 Summary:

Inter-laboratory comparative tests are regularly performed throughout the world in seed testing. A simple free piece of software, following the recommendations of ISO 5725-2 is available on the ISTA web site  in it’s statistical tool box. The aim is to show that simple tools can be provided where harmonisation and availability of free software is a key point.

 2 Introduction:

As well as in other fields of activity, seed testing can take advantage of the use of Statistics. It allows computations in a harmonised way between different laboratories all over the world. 

In seed testing we usually work on small samples of biological material taken from large populations. This lead to variation in the results obtained for a given lot.  Statistics allows an analysis of the different sources of variation and experimental errors. Statistics together with the knowledge of seed analysts and seed experts, help establish the precision of measurement and draw a conclusion with some knowledge on the probabilities to take good or wrong decisions.

There are various types of inter-laboratory comparative tests, from the development of new methods to the check of the routine use of well established techniques, but in all cases one of the objective is to see if the laboratories obtain comparable results.

For the development of new methods, statistics are used to check the effects of the different factors used as parameters of the method (type of preparation, type of media, dilution, growing conditions, etc). This helps to define a set of conditions which will give consistent and « fit to purpose » methods and results.

Statistics can also be used to draw conclusions when there is a need to compare standard methods to new validated methods, or to check if laboratories give consistent results on a given method. 

 3 Repeatability –reproducibility using ISO 5725-2:

Definitions all details and formulas are in extenso in the ISO official document. The author obtained the permission to use the same data as in the X 06-041-2 AFNOR norm which is the equivalent of the ISO standard in the tool provided. 

ISBN 2-12-210680-8 (full collection) and ISBN 2-12-210685-9 (ISO57-25) have been used as reference.

Repeatability stands for the evaluation of the variability of the results obtained on different repeats of the same submitted sample in a given laboratory where all analytical elements (equipment, analyst,…) are the same for all repeats.

Reproducibility is the sum of the repeatability plus the variability observed between different laboratories analysing the same submitted sample.

Repeatability can be seen as the minimum variability that occur due to sampling, conditions of observation…

Reproducibility can be seen as the variability of a result from different laboratories using the same technique on the same material.

Both are obtained for all laboratories who took part. A laboratory can influence the overall result. This can lead the test organiser to suppress the contribution of a laboratory for one or all samples if he feels this laboratory is not in line with the expectations, prior to announce the values obtained.

Both values depend on the scale and unit of measurement. So if these elements are not the same in another study, it is not possible to simply compare the values obtained in the two different studies.

The ISO 5725 set of Standards deal with the treatment of results obtained from measurements (results are quantitative values), and ISO 5725-2 with the determination of repeatability and reproducibility of standard methods. 

On one hand the scope is very wide as it can be used for any type of activity: seed testing, any industrial process, any analytical activity such as chemistry,… On the other hand in seed testing we have relatively few cases in which our results are quantitative. Unfortunately ISO standards dealing with repeatability/reproducibility for presence/absence, counts, percentages are not available to the knowledge of the author. This a real problem for those who wish to use widely accepted Norms or Standards.

When the results obtained are quantitative and the distribution of data is assumed to be Normal then the ISO standard can be use straight forward. The user must be aware that in all other cases the computations will work and results will be obtained. In some circumstances the data as they are, or after an appropriate transformation can still be used as the method has some robustness. In other cases the data will be so far from the expected assumptions that the results will have no validity. Usually a person with some knowledge in statistics will be able to give some advice when data are not “quantitative with a normal distribution”.

Some specific commercial software provide the ability to compute values according to the ISO standards. Nevertheless they usually are quite expensive for laboratories for which statistical tests are not a source of revenues. This is the reason why on request from the ISTA Plant Disease Committee a simple and free software has been made available. 

The software does not include the facilities which are usually already available in any general commercial software with statistical tests. Emphasise was put on the computation of the values and on a graphical and statistical analysis for repeatability and reproducibility according to ISO 5725-2 which are not provided by general software.

 4 The software is included in and Access( database.

 4.1 The table data must contain the data of your experiment.

Each line will contain a value (4th column) preceded by the name or code of the laboratory which obtained it (column 1), the name or code of the sample (column 2), and a name or code for the repeat on the sample (column 3).

You can type in the data directly in the table, but most of the time the data will already exist in a file. If you are able to select in your file the lines and four columns in the appropriate order (from an Excel( file for instance) you have to copy and select “past append” to paste the data in the table. Those who are familiar with Access( will found many easy ways to input the data. Should you be a very new user of Access(, you can also prepare an Excel( file exactly as shown on screen which appear when you open the tool, where the first line is the name of columns (type with same orthography), and the following lines are the data. If you copy this file with the exact name data-in.xls directly on c:\ a click on the import button will load the data in the database. If data were already present, Access( will ask for confirmation for deletion (removal of previous data before adding the one you want to analyse).

 4.2 When data are loaded 3 options are available:
· With the button report you obtain a full report that you may print and keep.

· With the button export you obtain files in HTML format directly on C:\

· With the button see/print you will open a number of screens, with one element of the report in each of them.

If you wish only the results, a simple click on report and print is enough.

The table name of test can be used to add a reference on each page of the report with the name of the test, the name of the responsible and a date. If this table is cleared (delete the line in the table) this information will not appear.
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 4.3 Two tables from ISO5725-2 are provided:

The tables charbon and copcharbon contains data which are used in the ISO5725-2 as examples. This enables you to check the computations toward the reference from ISO. To use these data simply delete the lines form the table data (if any), copy the data from this tables and paste them in the table data.

If you do not need more than a report this is the end of the story.

 4.4 A little bit more about the limits, the aims, the difficulties of the program:

· This program does not contain all the recommendations from ISO5725-2. For instance the Cochran test to check for homogeneity of variances, or the Grubbs test to detect outliers are not included. These tests are usually available if you own a software doing statistics, and they are useful but not essential. The aim has been to provide a tool with the minimum of essential information where it was not provided by common software.

· As the program is open, another intention is to show to persons who are not well experienced with Access, but wish to become more experienced, different possibilities offered. One can look what is behind the buttons and requests and change or improve according to it’s own needs.

· As there was no intention that this software was updated to become a commercial software, the full description of the different parts (requests….) and their use is not offered in the Zip File.

· If you try to make some changes, you  may disrupt the computations. It is also a reason why the two files from the ISO document are provided. You can check whether your actions changed or not the computations. If you did something wrong, your previously correct saved version , or the web site can be the way to come again.

· If you wish to keep several data files in the database, you simply name the different tables with a name easy for you to remember, and copy the content in the table data to obtain a report when needed.

· You can have up to 30 laboratories and 10 repeats per sample. These limitations are due to the fact that the ISO document give statistical values for the test only within this range.

· You can have many samples, the repeatability and reproducibility values are given sample by sample.

· A classical problem of the user is a “out of capacity” message if you entered a sample with no variability at all; all laboratories found the same result in all their repeats in this sample. This is common for instance in plant disease tests when a non contaminated sample is introduced in the test, if the absence of pathogene give a result 0 and all no false positive occur, all values are zero for this sample. In such a case you should not include this sample in the data. Repeatability is zero, as well as reproducibility, and there is no meaning to see difference between laboratories as they all perfectly agreed in their results.

· Another very rare problem is a reproducibility value which is negative, which is impossible if we refer to the fact that it shows an heterogeneity, so zero should be a minimum. This may happen where between themselves laboratories have very similar results. The ISO document  recommend in that case to report a zero value. As it is a presentation recommendation, the program keep the original value as computed. 

· The name/code of the laboratories, samples are free text. You are expected to name the laboratory exactly the same in all lines of this laboratory. The program understand there is as many laboratories as there are many different names. If you have data already in files, you should not have any problem, but if you type in, you may for instance add a blank somewhere without noticing, you will then have more laboratories than expected and have to correct you typing mistake.

· You do not need to bother with ordering the data; any way the data are ordered  the result will be the same.

 4. 5What kind of data can be used?

ISO 5725-2 is appropriate when measurements are obtained. This means it can be used when quantitative data are obtained, (hopefully with an underlying distribution). If results are 0 or 1 , presence or absence, the standard is not appropriate. If you obtain results in percentages and you have repeats, it is a matter of discussion, but it is likely you  will be able to use the standard; on your raw data or on transformed data.

The standard has been designed to compare laboratories on different samples when you have at least two results per each sample in a laboratory, and only one standardised method .

If you use only one given sample, you can compute an equivalent to compare different methods used by the laboratories. Then put the name/codes of the methods in the column sample.

You can not introduce varying parameters in the method and check their effects. This is useful when you develop a method, but is not recommended when you check repeatability/reproducibility of standardised methods.

 4.6 What comes out?

The complete list of the data used is provided at the beginning of the report. This is important to keep track, as well as to check no mistake was made in the data input.
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sple1 8 3.94 0.09 0.17

sple2 8 8.28 0.18 0.50

sple3 8 14.18 0.13 0.40

sple4 8 15.59 0.34 0.58

sple5 8 20.06 0.62 1.22

The mean for all replicates by laboratory and by sample is provided graphically as well as in a table with the values
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The h values show the tendency for a laboratory to give over estimations or under estimations, compared to the mean of all the results available. In the following example table 1 has a tendency to  over estimate compared to other laboratories. A statistic test is provided. As 4 of the 5 samples are significant it is very likely the over estimation is present. The computations can not tell who is right.  Laboratory 1 can tell he is the only one to work properly. The test organiser will then discuss this possibility with participants.

The k values show the variability of the repeats. In this example the laboratory 6 has 3 values which are significantly different. This is an indication laboratory 6 has less repeatable results than the others. On the other hand a laboratory can show abnormally low variability. This case is not treated in the ISO standard.
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The repeatability and reproducibility results are also given in a table (that is the original need)
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The Access 2000 performs a Cochran test to check the variances

Cochran’s test checks  the greater of all variances. If the observed c is greater than the 1% or 5% critical value, this variance is unexpectedly high, check data . 
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In the first example the Cochran test is not significant.

In the second one the test is significant, in that second example; this was due to a mistake in typing one data point.
NB: Only the cases mentioned in the original ISO norm have been introduced, from 2 to 6 replicates, while for h and k values the tables are also given for 7 to 10 replicates.

 You can also obtain the table of  standard deviations by clicking on the std dev button on the Access 2000 software
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You can transfer these values to create a graph with Excel
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