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Science, numerology and critical sense

How can numerology become fact? Neither editorial boards, nor readers, should neglect their own expertise
and critical sense, even when reference is made to sophisticated statistical distributions with appurtenant
eponyms and the material apparently approved by statisticians.

Liv Ariane Augestad
l.a.augestad@medisin.uio.no
Mathias Barra

Samantha Salvesen Adams

The following is taken from the column
From other journals in issue no 19/2014
of the Journal of the Norwegian Medical
Association (1): «Benford’s Law, also
referred to as the First-Digit Law, says that
the first digit 1-9 for numbers in natural
growth processes occurs most frequently
for 1 and least frequently for 9. It has long
been assumed that births are distributed
evenly over the dates of the month, but in
an article recently published in the Tilfeldig
gang journal, issued by the Norwegian Sta-
tistical Association, [T. Dgnvold] shows
that Benford’s Law applies to births as well
[(2, 3) ...] «As a rule, more births occur,
the lower the digit sum of the date number,
i.e. more births occur when the digit sum
equals 1 and fewer when this sum equals 9.
In turn, this means that more births occur on
the 1st 10th, 19th and 28th of each month,
and fewer on the 9th, 18th and 27th. [...]
The study may help improve roster pla-
nning in maternity wards.»

Shortly after the publication of the
article, the authors of this piece were gat-
hered at a dinner party, and the conversation
quickly turned to this finding. Samantha
Salvesen Adams and Liv Ariane Augestad
were both confused. They were unfamiliar
with Benford’s Law, but thought it strange
that births should occur more frequently
on dates with a low digit sum. Nor did the
original article in Tilfeldig gang (2) provide
any convincing explanation. What kind
of mechanism could account for a cyclical
distribution of births per day over the
course of a month, apparently governed by
the decimal system? To the possible chagrin
of the other dinner guests, we spent a great
deal of time clarifying the nature of Ben-
ford’s Law, as well as pondering its possible
association with births.

What do we know from before?
Births rates exhibit seasonal variations that

are caused by seasonal variations in con-
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ception, related to holiday seasons and
other public holidays, and most likely also
to deadlines for admission to day-care cen-
tres (3, 4). There are also reports of syste-
matic variations by days of the week, with
fewer births on weekends and on Sundays
in particular (5,6). This may be related to
social organisation — fewer planned elective
Caesarean sections, less intensive perinatal
care, such as inducement of births, and pos-
sibly also related to the lives of pregnant
women during weekends. Could something
similar be associated with dates with a low
digit sum, i.e. a social phenomenon that
may affect the lifestyle of pregnant women
or the intensity of perinatal care, linked to
the digit sum of the date numbers?

Benford

Mathias Barra had not read the article, but
could contribute his mathematical skills and
a certain familiarity with Benford. Could
an explanation of Benford’s Law provide
theoretical support to the claim that births
follow the Benford distribution?

In brief, we say that Benford’s Law
applies to a sequence of numbers if the dis-
tribution of first digits follows the so-called
Benford distribution. Typically, Benford’s
Law applies to sequences of measurements,
meaning numbers that quantify some kind
of magnitude. An example of a sequence
of measurements that comply — most likely
in an approximate fashion — with Benford’s
Law is provided by the lengths of all the
world’s rivers. Measured in kilometres, there
will be a majority of short rivers and streams
with a length of 1.00—1.99 kilometres. All
of these have 1 as their first digit. Somewhat
fewer are 2.00—2.99 kilometres in length,
and even fewer are 9.00—9.99 kilometres
long, with 9 as the first digit in their mea-
surement number. In general, at each interval
from and including 10" to 10! km, there is
a tendency for rivers of a length within this
interval to be more numerous in the first
part, where 1 is the first digit.

When using the decimal system, we will
see a specific Benford distribution of the
first digits — approximately 30 per cent
of 1’s, falling to approximately 5 per cent
of 9’s. A single Benford distribution exists
for each base, b > 2, and to be able to say

that Benford’s Law applies, the first digits
must follow the Benford distribution irre-
spective of the base used to represent the
numeraire of the measurement and irrespec-
tive of the unit of measurement used. If we
instead measure the rivers in feet or inches,
choose binary numbers or decimal — this
phenomenon will recur because of the
underlying phenomenon: that these num-
bers are measurements of physical objects
of which there are more small ones than
large ones. Interested readers may turn to
Wikipedia for more information (7).

Is it a good hypothesis?
Even after an intense brainstorming session
we were unable to come up with any social
phenomenon organised in such a way as
to result in higher birth frequencies on
dates with higher digit sums. Moreover,
Benford’s Law refers to the first digits in
measurements. Date numbers are not mea-
surements, they are ordinal numbers and say
nothing about the size of the date in question.
Even if the empirical data set should be
found to corroborate the hypothesis that
births occur more frequently on dates with
a low digit sum, Benford’s Law would still
not apply, unless we also found the same
by dividing the week into weeks or hours,
or decided to use a base-5 numeral system
for the dates of the month. Thus we are
not in any case operating within a domain
where Benford’s Law might be valid.
Having established this basic fact, we were
inclined to investigate the matter in more
detail. The first step was to subject the ori-
ginal article to a closer scrutiny.

Source criticism

When we telephoned the student journal
Tilfeldig gang, acting editor Turid Follestad
could immediately confirm that theirs was
not a peer-reviewed journal, and that none
of the editors, nor the Norwegian Statistical
Association, could vouch for the content
of'the article in question (2). The web pages
of the student journal gave a link to a longer
version of the original article that included
the data (8). The link from the web page to
the full version disappeared a few days after
our contact with the editors of Tilfeldig

gang.
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Can the data support the conclusion?
The hypothesis in the articles (1, 2, 8) can
nevertheless be rejected even without
access to such innovative tools for source
criticism as the telephone, since no valid
mathematical argument is provided. The
data material in the full version (8) consists
of public data on the registered dates of
birth of American insurance buyers, and
the analyses in the original article in fact
provide no support to the conclusion that
births follow the Benford distribution.

On the contrary, the data presented in
the articles do not follow the Benford distri-
bution. Simple calculations show that each
first digit from 1 to 9 appears with a fre-
quency ranging from 11.3 per cent to 10.9 per
cent. This is not exactly a convincing repre-
sentation of a falling tendency — unless, as in
the articles in question, it is graphically repre-
sented with a shortened y-axis. Any data that
fail to fit the conclusion are explained ad hoc.
The final conclusion that births follow the
Benford distribution is therefore directly
contrary to the data actually presented.
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Something to learn?

The fact that this «article» is highlighted
in the From other journals column and
thus appears to have been subjected to
peer review bears witness to a failure

on the part of the editors to comply with
routines. Such things happen to the best
of us, but such a failure is particularly
grave in a matter like this. It is incon-
ceivable to us how any known theory could
lead to the hypothesis that births follow
the Benford distribution, since the dis-
covery of such an association would have
revolutionised our views of what a date
number represents.

Science cannot provide answers to every-
thing, and empirical material occasionally
lends support to associations that may be
hard to explain initially. History provides
several examples of this. To us, a hypo-
thesis stating that births will tend to cluster
on dates with a low digit sum nevertheless
appears to be based more on numerology
than on knowledge about births or Ben-
ford’s Law.
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Peer reviews
In other words, the reported distribution
of births was so surprising that the editors
ought to have smelled a rat. Simple source
criticism would have revealed that this
article was not worthy of attention from
the Journal of the Norwegian Medical
Association. A world of scientific publi-
cation that includes a growing number of
dubious «peer-reviewed» journals increas-
ingly requires readers to use their critical
sense and ability to assess the content of
articles for themselves. Even if an article
has been published in a prestigious journal,
this is no guarantee that it has been subject
to peer review: a number of well-estab-
lished publishing houses have recently
withdrawn more than 100 articles because
of peer-review fraud (9). Peer review is
largely unpaid work, and the quality varies
considerably. Even when no direct fraud is
involved, the assessment may be beneath
contempt and undertaken by incompetent
peer reviewers.

Nor are peer reviewers immune to the
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dazzling effect of numbers. Including a
mathematical formula increases the likeli-
hood that the research will be deemed to
be of high quality, even when the formula
is unrelated to the research presented (10).
There are also certain peer-reviewed jour-
nals in which we may have reason to ques-
tion the very academic paradigm. For
example, large publishing houses such as
Elsevier are also home to homoeopathy
journals, with peer review and an «impact
factor» indexed in Medline, and ranked as
level 1 journals in this country.

How important is the hypothesis?
Hypotheses that are tested empirically in
the natural sciences in general and particu-
larly in medicine have often been generated
as a component of a theory that seeks to
explain observations. For example, clinical
specialists may establish a hypothesis on
the basis of their experience and knowledge
of pathophysiology, and this may constitute
an appropriate candidate hypothesis given
the existing knowledge base. Historically,
there have been major practical limitations
to the types and numbers of hypotheses that
could be experimentally investigated, and
there is reason to assume that the selection
of hypotheses for testing has concentrated
on those that were held to have a high
likelihood of being true. With increasing
amounts of data, powerful computers and
pressure to publish, we may assume that an
increasing amount of more or less random
testing of correlations is undertaken in the
quest for significant p-values. This makes
greater demands on the readers’ ability to
assess how well the researchers justify their
testing of a given hypothesis.

A thought experiment

Imagine that someone tells you that in a
large data set it has been found that 30-day
survival after gastric surgery increases (the
odds ratio or another statistical indicator)
if the third letter in the surgeon’s first name
is «d», such as in Lydia or Andrew. More-
over, the p-value of this effect is reported to
be p =0.034. Under the null hypothesis that
the third letter of the surgeon’s first name
does not lead to a higher likelihood of sur-
vival, «there is (only) a 3.4 % probability
of observing a similarly biased or more
biased distribution of 30-day survival».
Does this mean that there is a 96.6 % prob-
ability that the alleged «d-effect» is true?
No! This finding says nothing directly
about the probability that a hypothesis is
true or untrue. It needs to be interpreted in
light of the confidence in the hypotheses
being tested, here exemplified by the null
hypothesis, stating that the third letter in the
surgeon’s first name does not have an effect
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on 30-day survival — which ought to be a
reasonable assumption. This confidence
should not be significantly undermined,
even by a so-called significant p-value.

When Italian researchers in 2011 «dis-
covered» particles that moved faster than
the speed of light, they asked others to help
them find the error. Under the null hypo-
thesis «the theory of relativity is truey, the
experiments had a p-value of 0.000002.
A major international collaboration was
initiated, and several months later a syste-
matic measurement error was discovered,
meaning that Einstein’s theory of relativity
remains valid (11).

What if analyses of an empirical data
set in fact showed a clustering of births on
days with a low digit sum, and that the null
hypothesis of an even distribution over date
numbers had a p-value lower than 0.05? If
we have a well-justified (null) hypothesis
saying that date numbers are unrelated to
birth rates, we should not reject the null
hypothesis. Regarding the empirical data
material as reflecting a random observation
of an underlying even distribution is more
likely than assuming an association between
date numbers and birth rates. The more
theory there is to indicate that the null hypo-
thesis is correct, the stronger the statistical
evidence needed to disprove it.

When the scepticism alarm goes off
For an inquisitive human being, few things
are more intriguing than new and revolutio-
nary knowledge. Research requires inquisi-
tive researchers and frequently a pinch of
creativity. However, good research also
requires familiarity with established know-
ledge and what can be termed common
sense. As a general rule, we may assert that
paradigm-shifting conclusions in scientific
work ought to be backed by very convin-
cing evidence. Even the editors and readers
of journals have the opportunity to consult
their own critical sense and expertise when
assessing new results.

If the scepticism alarm goes off, we
recommend journal editors in particular to
undertake further investigations. «Keep an
open mind, but not so open that your brain
falls out» (12).
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