Lab Proficiency from Analyte Report Cards in the Magruder Program
There have been significant changes in the Magruder program that began with the 2015 March
sample. There is a new data reporting web site with user login and password entry where labs
enter data collected on monthly samples. New method codes have been developed that better
reflect methods being used and will help the Magruder committee evaluate method performance.
Another important change exists in the types of statistical reports summarizing the data collected.
There are general reports summarizing data from all labs and lab-specific report cards with data
focusing on a lab’s performance. There are two categories of general and lab-specific report
cards. One category groups and analyzes data for an analyte regardless of method to test the
analyte. The other category groups and analyzes data from specific methods. This article
provides information on lab-specific reports that group data by analyte (referred to as Analyte
Report Cards). The next newsletter will have an article on general reports with data grouped by
analyte from all labs. Proceeding newsletters will have articles on reports with data grouped by
method.
Laboratories provide a method code for every result entered into the Magruder web site. Each
method code consists of three numbers before a decimal and two numbers following the decimal.
The three numbers identify the analyte and the two numbers identify the method used. The
reports that group data by the three numbers are Analyte Reports. These are the reports a lab
should use to evaluate their proficiency in testing the analyte. The names of these reports in the
data reporting website through the user login are shown below.
Analyte All Tests Report
Analyte Statistical Summary
Analyte Report Cards
The first two are general reports summarizing data from all labs and the last type includes labspecific reports for each lab submitting data. The general reports are also provided at the
Magruder home page (www.magruderchecksample.org) where the All Tests Report and
Statistical Summary are combined and accessed via the “analyte report” link for each sample.
Instructions on how to access the reports in the data reporting website are provided on the
Magruder home page at the “data entry instructions” and “training videos” links.
An Analyte Report Card for lab 0481 and sample 150311 is shown below. The first column
shows the three digit analyte number in the method code and the second column displays the
textual description of the analyte with the reporting unit in parentheses. If the analyte was
guaranteed in the sample, the analyte group number is green and the guaranteed value is shown
with the reporting unit. The method used to test the analyte is shown in the next to last column
as the method code.

The third and fourth columns provide the average and range for the lab’s two results for the
analyte. The fifth to eight columns provide data from all the other labs for the analyte. A
statistical analysis is utilized to ensure outlying data does not have excessive influence and
provides a robust mean (Rob Mean) and standard deviation (Rob SD) from all other lab results.
The R-bar is the average difference between two results from all other labs and # Tests are the
number of labs reporting test results for the analyte.
Accuracy is an indicator of a lab’s proficiency in determining a concentration for an analyte that
is the true concentration. The robust mean is taken as the true concentration in determining
accuracy. The Magruder Z score is a value that scores the lab’s proficiency for accuracy. The Z
score provides an indication of where the individual lab value lies with respect to the bell curve
describing the robust data distribution from all other lab values. A value between – x and +x
indicates the lab value is within x standard deviations on the bell curve. A Z score value of 0
indicates the lab value is the same as the robust mean. Z scores between -2 and +2 are shown in
green and are considered acceptable lab values with respect to results obtained from all other
labs. Z scores less than -3 and greater than +3 are shown in red and indicate action should be
taken to evaluate why the lab’s value deviated so much from the values of all other labs. Values
between 2 and 3 standard deviations (>-3 and <-2 or >2 and <3) are shown in orange and is a
warning the lab value deviates significantly from other lab values. These values do not require
immediate action, but the lab’s score on the analyte should be focused on in future reports to
monitor lab proficiency in testing this analyte and to make modifications if consistent warning Z
scores occur.
Accuracy is one indicator of lab proficiency in testing the analyte. Precision is another indicator
of proficiency. Precision is a measure of the reproducibility of the lab’s procedure. Precision is
evaluated by the lab range which is the difference between the two results reported for an

analyte. The R-bar value is the average range of two results amongst all labs. A lab range value
below the R-bar value indicates the lab’s two reported results were closer together than the
average from all labs, while a range value above the R-bar value indicates the two reported
results were further apart than the average from all labs. As the range gets lower, reproducibility
and precision for testing the analyte becomes greater.
The second page of the Analyte Report Card is shown below. This page displays a box and
whisker plot comparing the lab’s Z score (black dot) for an analyte compared to the Z scores of
all other labs (box and whiskers). The box encompasses the central 50% of Z scores and the
whisker spans the central 90% of Z scores for this test. The number of labs providing a result for
the analyte considered in the determination of Z scores is shown on the bottom of the graph. The
purple dash is median Z score from all other labs. The green and red lines depict Z scores
defining ranges where Z score is acceptable (-2 to +2), Z score is at a warning level (between -3
to -2 or 2 to 3), or Z score is at an action level (less than -3 or greater than 3). The method code
used by the lab is shown on the top of the graph with method codes in brackets depicting
guaranteed analytes. The guaranteed analytes are shown in the table on the right with the 3 digit
analyte number and the robust mean (robust analyte value) for all lab results.

A measure of the lab’s accuracy in determining an analyte concentration has been described to
be determined from a Z score. The lab value for guaranteed analytes can also be evaluated to
determine if it falls within the investigational allowance (IA) defined by the American
Association of Plant Food Control Officials (AAPFCO). The IA captures natural errors
historically associated with sampling and laboratory variability. When the lab result is less than
the guarantee by more than the IA value, AAPFCO would consider that analyte to be deficient.
Only guaranteed values that fall below the IA are evaluated. For the purpose of determining if a
lab value lies within the IA, the robust mean in the table next to the box and whisker plots is
considered to be the guaranteed concentration of analyte in the fertilizer. The table also shows
the IA at the robust mean concentration as defined by AAPFCO rules.
If a lab value for an analyte is less than the robust mean by more than the IA, the value is
presented in square brackets as shown for Soluble Potassium as K2O (050) and Acid Soluble Iron
(241) on the Analyte Report Card on the first page. Notice for K2O the Z score indicates a value
that is considered acceptable but the lab value (19.60%) is slightly below the concentration at the
lower range of the IA (19.88% = 20.995% – 1.115%). The IA indicators are provided as
additional information for labs to monitor. If there are only one or a very few labs below the IA,
the labs should consider their lab value as a Z score warning and seek improvement in analysis
of the analyte if consistently outside the IA. On the other hand, if there are several labs
exceeding the IA there may be an issue with method performance resulting in greater variation
than allowed for by the AAPFCO defined IA. The number of labs exceeding IAs can be
determined in the Analyte All Tests report which will be discussed in a subsequent article on
statistical reports.
Next article:
Analyte Statistical Summary and Analyte All Tests Reports in the Magruder Program

