
Regardless of the industry, one of the first steps in analyzing data from a 
collaborative or a proficiency study is to detect any outliers in the data.  
Guidelines published by the International Organization for 
Standardization, ISO, enumerate several tests to consider.  To identify 
outlying means in the laboratories participating in proficiency study, the 
guidelines suggest the single Grubb’s test and the Mandel’s h test.  
Similarly, the guidelines propose using the Cochran’s test and the 
Mandel’s k test to identify outlying standard deviations.  While the 
guidelines present a partial table of significant values for these four outlier 
tests, a programmatic solution to find the scores and critical values leads 
to savings in time and effort.  In his 2013 paper in AStA Advances in 
Statistical Analysis, Wilrich derived the formulas for the critical values for 
each of the aforementioned tests.  

A SAS® macro was written to perform these tests on outliers for data from 
the Center for Tobacco Reference Products (CTRP) at the University of 
Kentucky.  The CTRP utilizes this macro for proficiency testing and for 
characterization/certification of constituents in tobacco reference 
products as part of an FDA funded Cooperative Agreement.  Since the 
macro is written for flexibility, a user can choose the tests to be performed 
as well as various options for printing which include significant results for 
the Grubbs or Cochran test, graphs for the Mandel’s h and k, with 
reference lines at the 95% and 99% critical values, and a summary table 
of results.  Details on and sample runs of the macro will be presented.  The 
macro has been updated to handle missing data.
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&TEST_=CGHK

****************************************************
"Grubb's Test:  No Warnings or Alerts"
****************************************************

Definition

Conclusion
The %OUTLIER_DET macro can save time and effort by streamlining the process of 
detecting outliers in data.  The macro can stand alone or be included inside of another 
macro as part of a larger analyses.  By wrapping the macro call inside of SAS ODS 
statements, automatic refined reports can be created.  With the multitude of options that 
the macro accommodates, the reports can be customized to the particular outlier 
detection tests and summaries that are desired and those reports created for any 
number of analytes with one single macro call.
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Statistic Spread Graphical
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Cochran’s 
Test Spread Comparison 𝐶𝐶𝑖𝑖 =
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Results

𝑝𝑝 = Number of labs; 𝑛𝑛 = Number of observations per lab; 𝑣𝑣1 = (𝑝𝑝 − 1)(𝑛𝑛 − 1); 𝑣𝑣2 = (𝑛𝑛 − 1)

%OUTLIER_DET(data_, varlist_, class_, test_=CGHK, table_=Y)

• DATA_ is the raw data set of values. 
• VARLIST_ is the list of variables to be tested. 
• CLASS_ is the variable that contains the laboratory or other group identifier.  
• TEST_ is a code referring to the list of statistical tests the macro should calculate. The 

codes are G for Grubb’s Single test, C for Cochran’s test, H for Mandel’s h test and K for 
Mandel’s k test. The default is all four tests.

• TABLE_ is Y/N for a summary table to be printed.  The table defaults to Y to create and 
print the table. 

Data
Data from a 2016 KTRC proficiency study is used to demonstrate the macro 
and its outputs.
Example data from first 3 labs (EX_DATA):

Id   Type  Make TPM CO   Nicotine
3100  iso linear  11.270  11.2700  0.8700
3100  iso linear  10.730  10.8600  0.7800
3100  iso linear  10.560  10.5600  0.8500 
3100  iso linear  11.680  11.5300  0.8800 
3100  iso linear  11.370  11.6500  0.8200 
3128  iso linear  10.900  11.3300  0.7740 
3128  iso linear  11.100  11.0900  0.7980 
3128  iso linear  10.900  10.0100  0.7570 

%OUTLIER_DET(EX_DATA, CO nicotine, ID, test_=CGHK, table_=Y)

Lab Cochran's
5% Critical

Value
1% Critical

Value Significant
3128 0.16506 0.16013 0.19044 *

&TEST_=CGHK

CO (mg/cig)
Cochran's Outlier Test

&TEST_=CGHK &TEST_=CGHK

Cochran's
5% Critical

Value
1% Critical

Value Significant
3100 0.18660 0.16013 0.19044 *
3167 0.17853 0.16013 0.19044 *

Nicotine (mg/cig)
Cochran's Outlier Test

Lab Grubb's
5% Critical

Value
1% Critical

Value Significant
3100 2.77436 2.66287 3.00864 *

Nicotine (mg/cig)
Grubb's Outlier Test

Id   Type  Make TPM CO   Nicotine
3128  iso linear  10.700   9.8100  0.7590 
3128  iso linear  10.700  10.2900  0.7370 
3167  iso linear   9.720   8.2100  0.8110 
3167  iso linear   9.750   8.9400  0.7980 
3167  iso linear   9.240   8.1100  0.7700 
3167  iso linear   9.240   9.5200  0.7310 
3167  iso linear   9.100   9.1700  0.7210 

Stragglers Outliers
Mandel's h Mandel's k Cochrans Grubbs Mandel's h Mandel's k Cochrans Grubbs

CO (mg/cig) 3167,3995 3128 3128,3167
Nicotine (mg/cig) 3100,3167 3100 3100,3995 3100,3167

Most collaborative and proficiency studies research multiple analytes
which results in numerous iterations of similar calculations.   The table 
below provides the formulas for the tests as well as the formulas to 
calculate the critical value as given by Wilrich (2013).  Having these 
formulas allowed an iterative SAS macro to be developed which performs 
the requested outlier tests and presents the results on a provided list of 
analytes.   In addition, the macro can be produce a summary table of the 
requested tests with a row for each given analyte. 
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