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Abstract

Some of previously indicated errors in Microsoft Excel 97 and Excel XP have been eliminated
in Excel 2003. But some others have not been corrected in Excel 2003 and new ones have been
found as is shown by numerical examples.
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1. Introduction and summary

What accuracy is required of a program computing statistical distributions? Is it
enough to give the wanted probabilities with just four decimal places and to output
0.0000 if the correct probability is smaller than 0.00005, or is it necessary to demand an
accuracy standard of four to six correct signi=cant digits even for probabilities as small
as 10−100, e.g. 0:3654×10−87, where the four digits in the mantissa have to be correct?
We do not plead for the latter high standard although it is often easier to compute
small tail probabilities of a distribution than to compute correct values in the central
probability range of 0.001 to 0.999 due to the faster convergence of many algorithms
in the tails of a distribution. But we think that the user of a program can expect as a
minimum requirement that the answer given by the program is correct and reliable as
it is printed out. If the computed probability is given as 0.0000 and the correct value is
smaller than 0:5× 10−4, then the answer given by the computer is correct and reliable
in our sense. But if the answer given by the program is 4:820× 10−15 and the correct
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value is 4:073× 10−15 then the answer given by the computer makes the user believe
that the result is correct to four signi=cant digits where in fact it is wrong by 18%, as
|app − exa|=exa= 0:18 where exa= exact value and app= approximate value.
In Kn(usel (1998) it was shown that in Excel 97 the computation of some discrete

distributions (Binomial, Poisson, Hypergeometric) and of some continuous distribu-
tions (Normal, Chi-square, F , t) is unsatisfactory. In Excel 2003 most of the bugs
pointed out in that paper have been corrected, but some have been replaced by new
ones (Poisson, Binomial), and tail probabilities of the hypergeometric distribution are
still missing. We also show that the gamma and beta distribution are not always
computed correctly in Excel 2003. Furthermore I reported in Kn(usel (2002) that Ex-
cel XP can compute negative variances and that the random number generator in the
analysis toolpack (add-in package) is unsatisfactory as there exist only 215−1=32767
distinct real random numbers (uniform or normal); the =rst bug is no more to be
found in Excel 2003 but the random number generator in the analysis toolpack has not
changed. So my opinion about Excel 97 and Excel XP remains unchanged with the
new version; also Excel 2003 can be recommended only for applications in which the
accuracy of statistical distributions does not matter.

2. Numerical accuracy of some statistical distributions in Excel 2003

2.1. Poisson distribution (lower tail probability)

If X denotes a random variable with a Poisson distribution with parameter 	 (=mean),
then the Excel function POISSON computes for given k (=number of cases) and 	 the
tail probability Pr{X 6 k}. Table 1 shows, that Excel 2003 now computes the correct
results in the central part of the distribution, but extreme lower tail probabilities were
computed correctly with Excel 97 while Excel 2003 rounds these probabilities down

Table 1
Poisson distribution

k 	 Pr{X 6 k}
Exact Excel 97 Excel 2003

0 200 1.3839 E-87 Exact 0
10 200 4.1096 E-71 Exact 0
50 200 6.8158 E-37 Exact 0
100 200 3.7236 E-15 Exact 0
103 200 2.8916 E-14 Exact 0
104 200 5.6170 E-14 Exact 2.7254 E-14
110 200 2.4813 E-12 Exact 2.4524 E-12
133 200 2.9439 E-7 Exact Exact
134 200 4.4562 E-7 No result Exact
200 200 0.51879 No result Exact
250 200 0.99972 No result Exact
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Table 2
Binomial distribution

k n # Pr{X 6 k}
Exact Excel 97 Excel 2003

10 1030 0.5 3.111 E-287 Exact 0
50 1030 0.5 3.941 E-225 Exact 0
100 1030 0.5 1.394 E-169 Exact 0
200 1030 0.5 5.4578 E-92 Exact 0
390 1030 0.5 3.1820 E-15 Exact 0
391 1030 0.5 5.2410 E-15 Exact 2.0590 E-15
400 1030 0.5 3.8974 E-13 Exact 3.8655 E-13
499 1030 0.5 0.16704 Exact Exact
500 1030 0.5 0.18311 No result Exact
515 1030 0.5 0.51243 No result Exact
550 1030 0.5 0.98655 No result Exact
575 1030 0.5 0.99992 No result Exact

to zero. So a bad algorithm in Excel 97 has been replaced by another bad algorithm
in Excel 2003.

2.2. Binomial distribution (lower tail probability)

If X denotes a random variable with a binomial distribution with parameters n
(=number of trials) and # (=probability for a success), then the Excel function
BINOMDIST computes for given k (=number of successes), n and # the tail prob-
ability Pr{X 6 k}. Table 2 shows the same behaviour as observed with the Poisson
distribution; Excel 2003 now computes the correct results in the central part of the
distribution, but extreme lower tail probabilities were computed correctly with Excel
97 while Excel 2003 rounds these probabilities down to zero. Again a bad algorithm
in Excel 97 has been replaced by another bad algorithm in Excel 2003.

2.3. Hypergeometric distribution (only point probabilities)

If X denotes a random variable with a hypergeometric distribution with param-
eters N (=total number of balls in the urn), M (=number of white balls in the
urn), and n (=sample size), then the Excel function HYPGEOMDIST computes for
given k (=number of white balls in the sample), N , M , and n the point probability
Pr{X = k}. These probabilities are now computed correctly also for N¿ 1030. But
there is still no option in Excel 2003 to compute the tail probabilities Pr{X 6 k} for
the hypergeometric distribution! In my view this is a weak point as the hypergeomet-
ric distribution plays a very important role in many statistical =elds (random sampling
without replacement).

2.4. Gamma distribution

If X denotes a random variable with a Gamma distribution with shape parameters
�, then the Excel function GAMMADIST computes for given x and � the probability
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Table 3
Gamma distribution

x � Pr{X ¡x}
Exact Excel 2003

0.3 0.2 0.816 527 Exact
0.2 0.2 0.764 435 Exact
0.1 0.2 0.676 043 Exact

0.2 0.1 0.879 420 Exact
0.1 0.1 0.827 552 #NUM!
0.05 0.1 0.775 539 Exact

0.2 0.05 0.939 209 Exact
0.1 0.05 0.911 258 #NUM!
0.05 0.05 0.882 244 #NUM!
0.01 0.05 0.815 560 Exact
0.001 0.05 0.727 179 Exact

Table 4
Inverse beta distribution

p � � x such that Pr{X ¡x}= p
Exact Excel 2003

0.001 5 2 0.181 386 0.181 396
1E-6 5 2 0.044 427 0.042 969
0.001 10 100 0.027 946 Exact
1E-6 10 100 0.012 149 0.011 719

Pr{X ¡x}. (We only consider the standard case with scale parameter � = 1 in Excel
notation). As can be seen from Table 3 this function can have numerical problems just
in the most important central part of the distribution.

2.5. Inverse beta distribution

If X denotes a random variable with a Beta distribution with shape parameters �
and �, then the Excel function BETAINV computes for given probability p the value
of x such that Pr{X ¡x}= p. (We only consider the standard case, where the range
of the distribution is the interval [0; 1], i.e. A=0 and B=1 in Excel notation). As can
be seen from Table 4 the results are not correct for small values of p.
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