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Too many digits: the presentation
of numerical data
T J Cole

Emperor Joseph II: My dear young
man, don’t take it too hard. Your work
is ingenious. It’s quality work. And there
are simply too many notes, that’s all.
Just cut a few and it will be perfect.

Mozart: Which few did you have in
mind, Majesty?

Emperor Joseph II: Well, there it is.

Quotation from the film Amadeus (1984)

As a statistical reviewer for Archives and
BMJ I am interested in the presentation of
numerical data.1 It concerns me that
numbers are often reported to excessive
precision, because too many digits can
swamp the reader, overcomplicate the
story and obscure the message.

A number’s precision relates to its
decimal places or significant figures (or as
preferred here, significant digits). The
number of decimal places is the number
of digits to the right of the decimal point,
while the number of significant digits is
the number of all digits ignoring the
decimal point, and ignoring all leading
zeros and some trailing zeros (for a fuller
definition see ‘significant figures’ on
Wikipedia).

Ideally data should be rounded appro-
priately, not too much and not too little
(one might call it Goldilocks rounding).2

The European Association of Science
Editors guidelines include the useful rule
of thumb: “numbers should be given in
(sic) 2–3 effective digits”.3

Take as an example the odds ratio (OR)
of 22.68 (95% CI 7.51 to 73.67) compar-
ing beta mimetics with placebo for side
effects requiring a change of medication.4

Its two decimal places and four significant
digits are excessive when the effect size and
confidence interval (CI) are so large.
Reporting it rounded to two significant
digits, as 23 (7.5 to 74), or even as 23 (8 to
70), with one significant digit for the CI,
would be simpler and clearer.

There are several published recommen-
dations (or reporting rules) about round-
ing numbers, some of which relate to
decimal places (eg, the Cochrane Style
Guide5 or APA Style6 to round to two

decimal places), some to significant digits
(eg, the European Association of Science
Editors guideline above3) and some to a
combination of the two (eg, setting the
number of decimal places to ensure two
significant digits for the standard devi-
ation (SD)7). However, the message here
is that rules of the first type, specifying
the number of decimal places and ignor-
ing the number of significant digits, are
inherently unsatisfactory, as the following
examples show.
Birth weight is usually reported in units

of grams, for example, “birth weight …

resulting from blastocyst transfer was sig-
nificantly greater than … resulting from
Day 3 transfer (3465.31±51.36 g vs
3319.82±10.04 g respectively, p=0.009)”.8

However it is also reported in kilograms:
“The mean birth weight of babies
was 3.05±0.57 (95% CI 2.95 to 3.15) kg”.9

In both articles birth weight is reported to
two decimal places, but due to the different
units they correspond to six and three sig-
nificant digits, respectively. The first is clearly
excessive while the second is about right,
giving the SD to two significant digits.7 By
analogy, birth weight in grams ought to be
rounded to the nearest 10 g.
A second example is the Cochrane Style

Guide, which requires risk ratios to be
reported to two decimal places.5 This is
clearly unsatisfactory for ratios that are
very large (see the example above) or very
small, for example a hazard ratio (HR) of
0.03 (95% CI 0.01 to 0.05) for the updat-
ing of systematic review citations in
Clinical Evidence versus Dynamed.10 If
the direction of the HR were reversed its
true value could be anywhere between 29
and 40 due to the extreme rounding.
As a third example, p values, it has

been suggested, should be rounded to one
or two decimal places.2 For p values
above the conventional 0.05 cut-off there
is little justification for quoting more than
one decimal place, while for significant
results three or even four decimals may be
necessary. The better rule is to report
rounded up to one significant digit, which
works across the spectrum of values.1

Thus a decimal places rule that ignores
significant digits does not work. But
equally, and perhaps surprisingly, a signifi-
cant digits rule that ignores decimal places
does not always work either. Reporting

risk ratios to three significant digits for
example leads to the largest ratio below 1
being reported as 0.999 and the smallest
above 1 as 1.01, with three and two
decimal places, respectively. This is clearly
unsatisfactory as they differ in precision
by a factor of ten. In this instance a com-
bination of significant digits and decimal
places, the rule of four,11 works best:
round the risk ratio to two significant
digits if the leading non-zero digit is four
or more, otherwise round to three.

The rule of four gives three decimal
places for risk ratios from 0.040 to 0.399,
two from 0.40 to 3.99 and one from 4.0
to 39.9.11 Applying it to the example of
22.68 above gives 22.7 (95% CI 7.5 to
74). Alternatively one can apply the rule
with one less significant digit, giving 23
with CI 8 to 70.11

Another example is the reporting of test
statistics such as t or F. Specifying one
decimal place would permit say t=30.1,
where 30 is clearly sufficient as it is so
highly significant. Conversely specifying
two significant digits would permit
t=−0.13, where again the extra preci-
sion is irrelevant as it is far from signifi-
cant. A suitable rule specifies up to one
decimal place and up to two significant
digits.

When comparing group means or per-
centages in tables, rounding should not
blur the differences between them. This is
the basis for the Hopkins two digits rule,7

whereby the mean has enough decimal
places to ensure two significant digits for
the SD. An analogous rule for percentages
might be to use enough decimal places to
ensure two significant digits for the range
of values across groups, eg, if the range is
10% or more use whole numbers, if less
than 1% use two decimal places, and
otherwise one. In practice percentages are
usually given along with their correspond-
ing frequencies, so precision is less critical
as the exact values can be calculated.

Recognising the fallibility of decimal
places rules means that tables ought not
to be restricted to columns of numbers
with fixed decimal places, and this adds
flexibility when deciding how many deci-
mals to use. For example measures of vari-
ability, eg, standard errors (SE)s or CIs,
need not be as precise as the effect size,
particularly if the CI is wide. A useful
trick when formatting table columns is to
align the numbers by decimal point,
which highlights differences in the
number of decimal places. This is particu-
larly useful in columns of risk ratios or
p values—see the examples in the table.

It is important that any intermediate
calculations are carried out to full
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Multiple	comparison	procedures	are	commonly 
used to test for “signifi cant” diff erences between treatment 
means in experiments, even in cases where the set of treatments 
has clear structure and has been derived with obvious questions 
in mind. In these cases, the use of an MCP is inappropriate, as 
has been pointed out a multitude of times (e.g., Swallow, 1984; 
Little, 1978). To quote Swallow (1984), MCPs “were devel-
oped for cases where the treatment set lacked structure, that 
is, where the treatments were just a collection of varieties or 
perhaps chemicals with no particular inter-relationships. Most 
treatment designs are not of this type. Usually, the treatment 
set has a structure, and the statistical analysis should recognize 
that structure.” Th is can be achieved by specifying appropri-
ate contrasts between the treatments, with each contrast 
addressing a particular question of interest to the researcher; in 
many cases, these contrasts can be chosen to be “orthogonal” 
(mutually independent) but this is not essential. Journals oft en 
encourage researchers to thus tailor their statistical analysis to 
the objectives of the research, but the specifi cation of appropri-
ate contrasts is not a skill easily acquired by researchers and 
help from a biometrician is not always available, so this encour-
agement is oft en to no avail. As an example of such advice, in 
the instructions to authors of Agronomy Journal (September, 
2012), the statistical methods section is largely devoted to 
warning of the limitations of MCPs, with the closing state-
ment, “[w]hen treatments have a logical structure, orthogonal 
contrasts among treatments should be used.”

Th us, the long-running debate on the relative merits of the 
many diff erent MCPs is relevant only to the minority of studies 
in which such a procedure is appropriate.

I fi rst introduce some necessary statistical terminology, then 
discuss the general topic of MCPs in relation to various types of 
error rate and in relation to the levels of conservatism of some 
of the better known MCPs. Th e idea of inconsistency is then 
introduced and discussed, with particular attention being paid 
to Fisher’s restricted least signifi cant diff erence (LSD) procedure, 
the MCP most commonly used in Agronomy Journal. Next, 
the implication of the choice of MCP for required sample 
size (estimated using a power analysis) is discussed. Finally, 
a practical solution to the problem of best choice of MCP is 
described. Th is consists of using the simplest of procedures, the 
unrestricted LSD procedure, with the proviso that it be regarded 
as an hypothesis formulation tool, with any interesting pairwise 
hypotheses thus formulated requiring testing in a second, 
independent experiment.

RESULTS AND DISCUSSION
Types of Statistical Error

In drawing statistical conclusions from an experiment, the 
hope is that all of your decisions will be correct. For example, 
if there is truly no diff erence (between two treatment means, 
for example), then the correct decision is to decide that there is 
no diff erence (Table 1). Similarly, if there is truly a diff erence, 
then the correct decision is to decide that there is a diff erence 
(Table 1).

In real life, not all decisions will be correct, and statisticians 
refer to two types of error that you can make. Loosely speaking, 
one error is to fi nd things that are not there, and the second is 
to not fi nd things that are there. Th ese errors are sometimes 
referred to as false positives and false negatives, respectively.

Formally, the fi rst type of error (Type I) is to erroneously declare 
a null eff ect to be real or non-zero (Table 1). If your statistical 

ABSTRACT
Multiple comparison procedures (MCPs), or mean separation tests, have been the subject of great controversy since the 1950s. 
Essentially, these procedures are an attempt at simultaneously formulating and testing pairwise comparison hypotheses using 
data from a single experiment. An unacceptable operating characteristic of most MCPs is their “inconsistency,” an idea that is 
illustrated in this article. Th is characteristic led to the development of a “practical solution” to the MCP problem, which is to 
“cut the Gordian knot” by abandoning any attempt at simultaneous formulation and testing. Instead, I recommend using the 
simplest multiple comparison procedure, the unrestricted least signifi cant diff erence procedure, to (i) formulate new hypotheses 
at a known “false discovery rate” (in the null case) such as 5%, and (ii) independently test interesting new hypotheses in a second 
experiment. I also discuss the implications for sample size calculations of the choice of MCP.

Saville Statistical Consulting Limited, PO Box 69192, Lincoln 7640, New 
Zealand. Received 11 Oct. 2012. Accepted 18 Dec. 2012. *Corresponding 
author (savillestat@gmail.com).

Abbreviations: HSD, honest signifi cant diff erence; LSD, least signifi cant 
diff erence; MCP, multiple comparison procedure.

Published February 25, 2015

MCPs
 = i

nco
nsis

ten
cy 



Grasp the 
nettle

Some advice Expand 
horizons

Never 
stop learning

Recommendations

idiom city



Grasp the nettle - publishing isn’t 
easy but it brings benefits
Expand your horizons - write to 
communicate with the world
Never stop learning - see it as 
must-have skill and a key area for 
professional development



Narrative  
Language  

 Participation

ian@riley.asia



References:

Cole TJ, 2015. Too many 
digits: the presentation of 
numerical data. Archives of 
Disease in Childhood 100, 
608–609.

Saville DJ, 2015. Multiple 
Comparison Procedures—
Cutting the Gordian Knot. 
Agronomy Journal 107, 730–
735.



Image credits:
Beaker and quill - www.esocsci.org.nz/wp-content/uploads/2017/09/icon.png

Knife - images.knifecenter.com/knifecenter/wenger/images/WR16999a.jpg

Storyteller - Tourism Australia - www.swaindestinations.com/blog/wp-content/uploads/
2013/03/109376-575.jpg

Angophora forest: www.flickr.com/photos/ian_riley/23994945406

Catwoman/Cat lady -  img.freecliparty.com/chapters-15-8d2hdtj.jpg

New York Public Library - www.nypl.org

Tomato - www.rotarybotanicalgardens.org/why-plant-names-change/

Duncan DB - cache.legacy.net/legacy/images/Cobrands/MontereyHerald/Photos/
12170878_06212006_Photo_1.jpg 

Tukey JW - upload.wikimedia.org/wikipedia/en/thumb/e/e9/John_Tukey.jpg/220px-John_Tukey.jpg

Stacked pebbles - www.flickr.com/photos/ian_riley/4168243521

Grasped nettle - 3.bp.blogspot.com/-jQI6OXIxrME/UWF7v-FPB6I/AAAAAAAADhw/jjPMlMD-8qo/
s400/P1000627.jpg


