
Using Magruder Data
More Than Just a Report Card!

 Z Scores, What You Can Do?
 Data Mining
 Z Control Charts (If there’s time!)



Z Scores for the Magruder PT Program
Z is a Normalized measure of where you stand 
relative to the other participants in the scheme.

 Measured as the difference between your 
analysis (xLAB) and the true analyte 
concentration (XAV) described as:

o Assigned Value
o Robust Mean
o True Value
o Etc., etc., …

 And here’s the twist; all divided by the robust SD 
(σrob) of the participants.  

 The robust SD is the fit-for-purpose SD in our PT 
scheme.

 So, Z is essentially “how many ffp SDs are you 
away from the truth, as we know it?”.
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Assigned Value

Z  (or # SDs)

Z Scoring for Analytical Chemistry

We all remember the Bell Curve!

 The distribution of Analytical 
Chemistry results can be modeled 
with a Normal Bell Curve.

 How many SDs (or Zs) away from 
the Robust Mean is acceptable?

 As long as you are within ± 3 SDs
you pass or at least you “get away 
with it” – 99.7% capture!

 Beyond that you should try to start an 
investigation – some action is 
required – something is not quite 
right with the process!

 Green is GOOD!



σ
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Now, think about how 
much power σ has 
over your Z Score!

If σ is equal to the robust SD (σRob) ~ 95% Pass.
If σ is lower, Z is higher and many more fail!
If σ is higher, Z is lower and many more pass!

But, is the σ fit-for-your-purpose?
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Fitness For Purpose (ffp) σ for Z Scores

 In the Magruder PT Program σRob is the σffp. 

 However, you may have a client or a 
regulation or some other precision with 
which you must comply.

 In this case the Magruder σffp may no longer 
be appropriate.  

 Use an appropriate σffp and adjust the 
equation to fit your need.
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Fitness For Purpose (ffp) σ for Z Scores

AVffp X
100

%RSDσ ×=The %RSD (relative standard deviation) is a 
popular measure of precision.

Example:  For 3% RSD and XAV = 15% 0.4515
100

3σffp =×=
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Fitness For Purpose (ffp) σ for Z Scores

The Horwitz %RSD is another popular 
measure of precision.  

Where Cmf is the mass fraction concentration.
AV

-0.1505
mf

ffp X
100
C2σ ××=

Horwitz %RSD 
0.1505

mfC2 −×=

Example:  For XAV = 15%:    Mass fraction = 15 parts / 100 parts = 0.15

1.3315
100

0.152σ
-0.1505
mf

ffp =××=
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Fitness For Purpose (ffp) σ for Z Scores

Or, just a hard limit like no more than ±100 ppm.  
A “designer” σffp if you will!

3
100σffp =

Example:  Sigmaffp = 33.3:  So within ± 3 Z captures 99.7% of values.



IA as a Fitness For Purpose Criteria
 Investigational Allowances (IA) can provide an 

industry standard ffp criteria.

 While this is not a Z Score, very simply:

 Pass if:  xLAB is within XAV ± IAAV range.

 Fail if:  xLAB is outside XAV ± IAAV range.

 This is now shown in reports and report cards 
as IA Status.
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Otherwise    
IAX xif 
IAX xif 

AVAVLAB

AVAVLAB

OK
High
Low

IA Status =
Low
High
OK



In Summary:
 Z Scores are an “Alert!” tool and are NOT diagnostic.

 Be aware of “fitness-for-purpose” criteria. 

 What Z-Score suits your needs?

 Z is NOT about the people, it’s about the process!



Magruder Data Mining:
Where is the Mine? 

We’ll look at these 
3 Method reports



Data Mining in the 2017 
“Cumulative Method Summary Report”

%RSDIA 
%RSD Robust  RatioIA =

Let’s look at the New IA Ratio metric:

 Both %RSD’s represent ~68% of data.

 This factor should be less than 1.

 Lower implies more precision relative to IA.

 Values <= 1 will appear in Green.

 Values > 1 may appear in Green, Orange ,then Red if Significant (f).

 Grey is applied where the number of labs is < 6.



Soluble Potassium as K2O, AA (Oxalate)

Soluble Potassium as K2O, STPB Oxalate

2.775.45%1.681.41030.796Grade 5-15-30171211

2.564.22%1.701.54240.227Grade 7-25-40170711

2.1115.02%0.3720.4102.477Grade 15-15-15 + Micros170411*
4.6411.29%1.980.99417.538Grade 2-15-15 w/PO3170611

0.671.32%0.4031.40130.449Grade 5-15-30171211

0.641.04%0.4231.54540.489Grade 7-25-40170711

1.063.83%0.1990.4385.2010Grade 21-0-5170811*
1.333.21%0.5711.00317.7910Grade 2-15-15 w/PO3170611
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Data Mining in the “Cumulative Method Summary Report”.

Two Potassium Methods.



2.11105.9%0.0030.0030.0035Grade 21-0-5

5.93145.9%0.0100.0040.0075Grade 16-1-0

181.74139.3%78.01.056.05MAP plus S, 12-40-0

4.1694.6%0.0070.0040.0086MAP plus S, 12-40-0

3.7526.1%0.0640.0400.2476Grade 15-15-15 + Micros

3.3055.2%0.0070.0050.0127Grade 18-46-0 DAP

1.5010.4%0.0260.0400.24811Grade 5-15-30
1.188.2%0.0190.0380.23411Grade 5-15-30

2.0113.9%0.0380.0440.27413Grade 15-15-15 + Micros

1.9213.2%0.0390.0470.29218Grade 15-15-15 + Micros

1.8012.5%0.0320.0410.25519Grade 5-15-30
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IA Ratio

Robust 
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Assigned 
Value (%)
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Data Mining in the “Cumulative Method Summary Report”.

IA Ratio a little dodgy at the participation low end (< 6).

Acid Soluble Boron (165) – All 2017 methods



4.1694.6%0.0070.0040.0086165.99MAP plus S, 12-40-0170911

3.7526.1%0.0640.0400.2476165.00Grade 15-15-15 + Micros170411

3.3055.2%0.0070.0050.0127165.99Grade 18-46-0 DAP170111

1.5010.4%0.0260.0400.24811165.30Grade 5-15-30171211

1.188.2%0.0190.0380.23411165.00Grade 5-15-30171211

2.0113.9%0.0380.0440.27413165.30Grade 15-15-15 + Micros170411

1.9213.2%0.0390.0470.29218165.99Grade 15-15-15 + Micros170411

1.8012.5%0.0320.0410.25519165.99Grade 5-15-30171211
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Acid Soluble Boron (165) – All 2017 methods

Does the IA for Boron adequately 
reflect the analytical dispersion?

Might need to reevaluate IA for Boron!



Data Mining the 
“Cumulative Method Precision” report.

Precision:

o Essentially estimating and separating out Intra Lab dispersion from 
Inter Lab dispersion.  This is “Within” and “Between” lab precision 
respectively.

o Precision within (Sr) and between (SR) labs is calculated according to 
ISO 5725-2 concepts.  These are not robust procedures!

o Reproducibility (SR) can form the basis for better estimates of IA 
values.

o Repeatability (Sr) is highly indicative of method robustness.

o Horwitz describes the SR/Sr ratio as usually between 2 and 4 
(skewed → 2).



2.410.5%4.4%9.5%0.2517Grade 5-15-30*
6.215.6%2.5%15.4%0.2816Grade 15-15-15 + Micros*
4.610.2%2.2%9.9%0.2510Grade 5-15-30
4.012.0%3.0%11.6%0.2811Grade 15-15-15 + Micros
1.87.8%4.4%6.4%0.249Grade 5-15-30

sR/srReproducibility 
%RSD

Repeatability 
%rsd

Between 
Labs 

%RSD
Mean# 

Labs
Sample Name

Analyte Code: 165

Acid Soluble Boron , 2 Methods & Other*

Weighted Mean       3.41%            12.35%         3.6

“Cumulative Method Precision Report”

This is what 
you don’t 

usually see.

This looks like 
what you see 
in your lab.

The Ratio:
from Horwitz

~ 2 to 4

In general there is more variance between labs than within labs.



2.12.5%1.2%2.2%5.249Grade 5-15-30
3.02.2%0.7%2.0%12.150Grade 12-0-0-26S
2.01.6%0.8%1.4%12.554MAP plus S, 12-40-0
2.31.5%0.7%1.4%21.154Grade 21-0-5
8.412.6%1.5%12.5%6.652Grade 7-25-40
5.59.2%1.7%9.0%2.153Grade 2-15-15 w/PO3

2.11.0%0.5%0.9%16.954Grade 16-1-0
2.81.5%0.6%1.4%20.156Grade 15-15-15 + Micros
2.31.1%0.5%1.0%28.456Grade 28-0-0 Liquid SR
5.73.6%0.6%3.5%26.650Grade 27-0-0
3.21.6%0.5%1.5%18.349Grade 18-46-0 DAP

sR/srReproducibility 
%RSD

Repeatability 
%rsd

Between 
Labs 

%RSD
Mean# 

Labs
Sample Name

Method Code: 010.06

Total Nitrogen, Combustion (18%)

This is what 
you don’t 

usually see.

This looks like 
what you see 
in your lab.

Weighted Mean      0.7%             2.85%          4.09

“Cumulative Method Precision Report” Some High 
Ratios!



Data Mining in the New IA 
Cumulative Method Data Report.

A look at Total Sulfur Method 148.01
“Total Sulfur, Gravimetric  - sulfate and elemental”

How the new IA metric “Method IA Status” (fixed dispersion) 
compares with Z Scores (variable dispersion).

“Cumulative Method Data Report”
aka “All Tests” reports.
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Otherwise    
IAX xif 
IAX xif 

AVAVLAB

AVAVLAB
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High
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We have just seen the lab results from 6 samples for one Method.
“Total Sulfur, Gravimetric  - sulfate and elemental”

Clearly, IA Status predicts a different outcome than Z Score,
for only some Samples.

It is important to recognize:

 IA Status is derived from a fixed dispersion (IA) set by the 
fertilizer regulators. 

 Z Scores are derived from variable dispersion (σRob) set by 
participants in that round.

“Cumulative Method Data Report”
aka “All Tests” reports.



Much can be learned from just sorting the data:
o Using the Excel Data Downloads available on the Magruder

Website (easily sortable!).
o Sort these 2017 reports by Method Code:

 Cumulative Method Summary Report
 Cumulative Method Precision Report
 Cumulative Method Data Report

o These files are the annual collection of information contained in 
sample reports you get every month on the DRW, which are:
 Method All Tests Report
 Individual Method Performance Summary

o After sorting scroll down and look for methods of interest! (Hint: 
colors can really help!).

o Cumulative Analyte Reports are also available (no precision!).

Data Mining in the Cumulative Reports



GET
CREATIVE!

“There is a wealth of information out there 
just dying to spill it’s guts!”



To Sum Up:
o We have talked about Z Scores – a simple calculation.

 Described fit-for-purpose sigmas.
 Discussed calculating your own ffp sigma.
 All the hard work is provided by Magruder as XAV (Assigned Value).

o We have talked about Magruder Data Mining. 
 There are 5 Cumulative Excel data files produced for each year.
 The story here is “just sort to see”!

o We briefly touched upon the new IA metrics.
 IA Ratio:  Robust %RSD / IA %RSD
 IA Status: Relative to XAV ± IAAV

ffp

AVLAB
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Magruder

Control Charts
An Excel file you can download from the website.



THIS IS AN EXCEL FILE!

 On left - the opening sheet.

 Check the list for latest 
sample.

 Enter your lab number.

 Click “Get Current Data” button

 On return to this sheet, stars 
will appear on sample 
numbers you submitted.



Analyte Panel Method Panel

Select 
Your 

Method

Look for 
IA Status 
in Future.



Total Nitrogen (%)

Analyte Chart (independent of method)





Total Nitrogen, Combustion (%)

Your Method Chart



IA
 Status here in Future

You could calculate
your own Z Scores!



A slightly more erratic process, but still in control!



This visual certainly indicates sporadic problems!



Time to start thinking about a possible Method Bias!



So, when this happens, don’t get too worried!



Summary:
o These “Control” charts provide a quick process visual over time.

o They are not strictly control charts but more like Z tracking charts.

 Each sample is different (somewhat handled by Z normalization!).

 But remember, each Z is derived from a different dispersion σRob.

o But useful nonetheless!

o The Control charts are easily accessible from the Website.

o Each Lab can and should visually track Z Scores over time.

o All the critical data is provided for both Analyte and Method Z Scores.




