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The GUM Workbench provides an extremely useful tool for
computing uncertainties that result from combining individual
uncertainty components into a single total uncertainty, in accor-
dance with requirements specified by the European Co-operation
for Accreditation. The program is fairly easy to use and yields
good results, including full uncertainty budgets. Certain tasks,
such as identifying and dealing with outliers, and computing
variance components due to random effects, need to be done
outside of the GUM Workbench prior to entering data. A free
demonstration version is available.
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1. OVERVIEW

The Guide to the Expression of Uncertainty in Measurement,
or GUM, is published by the International Organization for Stan-
dardization. Its first year of use was 1995, and arose from a
recognized need for consensus on an internationally accepted
procedure for expressing uncertainty in measurement, as well
as for combining individual uncertainty components into a sin-
gle total uncertainty. The development of the GUM Workbench
was influenced by the requirements specified by the European
Co-operation for Accreditation (ECA, 1999). The accepted pro-
cedure, as detailed by the ECA, involves eight steps:

1. Express mathematically the relationship between the mea-
surand Y and the input quantities Xi upon which Y depends.

2. Determine xi, then the estimated value of Xi, either from
the statistical analysis of a series of observations, or by other
means.

3. Evaluate the standard uncertainty u(xi) of each xi, either
from the statistical analysis of the series of observations (called
Type A evaluation of standard uncertainty), or by other means
(called Type B evaluation of standard uncertainty).

4. Evaluate the covariances associated with any input quan-
tities that are correlated.

5. Calculate the result of the measurement (i.e., the estimate
y of the measurand Y ) from the mathematical expression of the
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relationship between Y and the input quantities Xi, using the
estimates xi.

6. Determine the combined standard uncertainty uc(y) of the
measurement result y from the standard uncertainties and covari-
ances associated with the input estimates.

7. Determine an expanded uncertainty U , such that the inter-
val y−U to y+U encompasses a large fraction of the distribution
of values that could reasonably be attributed to Y . U is obtained
by multiplying the standard uncertainty by a coverage factor
reflective of the level of confidence required for the interval.

8. Report the result of the measurement y together with its
combined standard uncertainty uc(y) or expanded uncertainty
U , and describe how y and uc(y) or U were obtained.

The first five steps are generally rather simple for a statis-
tician. On the other hand, Step 6, determining the combined
uncertainty, can be rather complex. The Guide to the Expression
of Uncertainty in Measurement, henceforth simply referred to
as GUM, entails the application of first-order Taylor series ap-
proximations for combining uncertainties, as well as Satterth-
waite’s approximation for determining the associated degrees
of freedom. Although a slight modification to the experimen-
tal methods may have a trivial impact on the calculation of the
estimate of the measurand (Step 5), the implications for Step 6
can be horrendous if the statistician is left to his own devices
when computing the necessary partial derivatives. Furthermore,
the statistician may have to make simplifying assumptions (such
as the absence of covariance) in order to make the calculations
feasible. As the number of computations increase, confidence in
the final result tends to decrease. The GUM Workbench offers a
useful tool by which the requisite calculations can be performed.

A free demonstration or evaluation version may be down-
loaded from http://www.quametec.com/downloads.htm.

The software and accompanying documentation allows the
user to work with smaller projects, and with limited options. But
you can easily get the feel of the capabilities and productivity
of the package. Pricing and additional information can also be
found at www.quametec.com.

2. WORKING WITH THE SOFTWARE

When you open the GUM Workbench program, you will see
five buttons across the top: Model, Observation, Correlation,
Budget, and Result. You begin your work in the Model area.
The Model area is divided into three tabs: Title, Model Equation,
and Quantity Data. In the Title area, you can give your work a
title, and you have a large area where you can write a general
description of the work that you are going to perform.

In the Model Equation area, which is divided into two parts
(the top part for typing your equations, and the bottom part,
where you may list the units and give definitions for the variables
in the equations—see Figure 1), you begin your work by typing
in your model equations. The first time that I tried to use the
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Figure 1. Screenshot of the Model Equation area.

GUM Workbench, I became frustrated when I attempted to enter
data and found that I simply could not do it; one must first enter
the equations to be analyzed prior to entering data.

Once you have typed the requisite equations, they are ana-
lyzed by the software parser upon exiting the equation field (by
clicking somewhere else), and the quantities used are gener-
ated. The variable names will then appear (under the heading of
“Quantity”) in the bottom part of the Model Equation area. You
then have space to specify the units (e.g., mg, miles, whatever)
associated with the variable, and give a definition to the vari-
able. Variable names may contain a subscript (invoked via the
underscore) and Greek characters are supported. You also have
the capability of assigning rather long names to your variables
if desired. However, it would be a good idea to try to keep them
rather short if you later want to see the entire variable names
listed on the reports.

The “Definition” fields allow you to enter descriptions that are
included in the final calculation report. The GUM Workbench
can be used for most any type of calculations where algebraic
equations can be constructed. Thus, the GUM Workbench has
a wide variety of applications in diverse fields such as physics,
chemistry, engineering, and the biological and social sciences.

The “Quantity Data” area is where you finally begin to enter
your data. Tabs on the left indicate which variable you currently
are on. Based on the equations you submitted to the software, the
GUM Workbench will know whether your variable represents
an input quantity, an interim result, or a result. For the results
(including interim results), the professional version of the GUM
Workbench offers check boxes where you may indicate specific

items that you wish to see in the Budget and Results area. For
the input quantities, you then specify the type of data (“Type A”
if you are entering raw data, “Type A Summarized” if you are
merely entering summarized Type A data, “Type B,” or “Con-
stant”).

For Type A data, the degrees of freedom are either computed
as n−1 or given by the pooled standard deviation. If you choose
Type B data, then you are prompted to enter information on the
distribution, value, expanded uncertainty, and coverage factor.
For a normal distribution, the program sets the degrees of free-
dom for Type B data to 50. For a tdistribution, the user must input
the degrees of freedom. For rectangular, triangular, U-shaped,
and trapezoidal distributions, the degrees of freedom are set at
infinity.

For Type A data, you enter the method of observation, the
number of observations, and the uncertainty evaluation (whether
experimental or a pooled estimate). After you have entered the
number of observations, you may click on the adjacent “Data”
button, which will bring you to the appropriate spot in the “Ob-
servations” area where you will find exactly the number of places
to enter data that you have specified for the number of observa-
tions. This is a spot where it would be nice if you could simply
copy and paste data from elsewhere (which, admittedly, does
have the potential to be a dangerous action when it comes to
data handling). The software does not allow it. I simply typed
the data myself. It could be problematic if you are dealing with
large datasets. However, under “Tools,” you have the option of
importing observations from a text file.
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The “Correlation” area is where correlation coefficients may
be listed or entered. Although its usage is limited and many users
will never use it, if you go to Tools>Correlation Analysis for
Type A (at the top), then the professional version of the program
will compute correlation coefficients for all of the Type A data
that have the same number of observations. This may be ap-
propriate, for example, when the observations were taken at the
same time; but it is not always appropriate. Unfortunately, once
you have specified the correlation analysis, you cannot unspec-
ify it and reverse the process. Fortunately, the GUM Workbench
will ask you to confirm before proceeding. When done, you can
set inappropriate correlation coefficients to zero.

The “Budget” area will give you the full uncertainty budgets
for the results you specified in the “Quantity Data” area. (Mul-
tiple budgets are only available in the professional version). In
the professional version, specific items presented are controlled
by clicking Option>Config at the top, going to the Budget tab,
and checking those items that you want. The Uncertainty Bud-
get lists the input quantities that contributed the measurand’s
uncertainty, plus (optionally) their value, standard uncertainty,
degrees of freedom, distribution, sensitivity coefficient (i.e., the
partial derivative), the uncertainty contribution (with important
contributions highlighted in yellow), plus an index. The index
sums to one, and gives the input quantity’s percent contribution
to the square of the combined standard uncertainty. The index
is thus useful for judging the influence of the quantity on the
uncertainty of the result.

The GUM Workbench automatically rounds values to a rea-
sonable number of digits, depending on the specific types of
values displayed. The degrees of freedom are integer values
rounded to two significant digits. The value of a quantity is
rounded to the same digits as its uncertainty. It is possible to
configure the E-format (scientific notation) under the options
tab.

Finally, the “Results” area lists the value and expanded un-
certainty for each result for which you desired the information.

3. CONCLUSION

The GUM Workbench is extremely useful for computing com-
bined standard uncertainties and coverage factors, and for cal-
culating the highly useful uncertainty budgets. Unfortunately,
certain tasks, such as identifying and dealing with outliers, must
be performed using another software package, prior to entering
data. Likewise, if your error model includes variance compo-
nents due to random effects, you will need to test for random
effects elsewhere, and add the variance component to your equa-
tion (with a mean of zero and appropriate standard uncertainty
and degrees of freedom). Together with the limited manner in
which data can be entered into the GUM Workbench, these are
the only major drawbacks that I perceived with the package.

Favorable points of the GUM Workbench include its Report
Generator, which records everything on paper, and which can
be exported to Winword or HTML. Moreover, it has a well-
designed user interface, which is easy to learn and rather quick to
use. The Model Equations utility support user-defined functions,
a vital attribute for sophisticated use. Finally, the GUM Work-
bench supports various languages, primarily European based.
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