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December 30, 1986

Professor David Kazhdan
Bepartment of Mathematics
Televiv University
Ramat-Aviv, ISRAEL

Dear David:

Hexe are some comments on the paper by Witztum, Rips and Rosenberg on equidi-
sant letter sequences in the book of genesis. After their interesting data analysis,
they propose 2 clearly stated hypathesis which falis squarely within the framework
of standard statistical analysis. I think it is important that it be subjected to
as "standard" & test as circumstances permit. 2

T will outline such a’test and then try to explain my confusion about the test
proposed in the paper. 5

It may not be xemiss to start with a more basic point. Can we test their hy-
pothesis on the data avzilable from already existing computations. I will argue no.
The problenm is their data analytic procedure was presumably developed on the data
they present. To make the point simply, if someono lacks 2t a list of n numbers,
picks the largest, and then tries to test if it is largest, or gemerates a few more
nunhers and tests to sea if their largest is large in this new Sct, everyone would
laugh. So too it is wxang to apply statistical tests to the list of personalities
on pg. 35-39 if the basic procedure has been turned or ‘developed since they were
collected. I found it haxd to figure out what had been done by the authors here.
The authors axe making an extraordinary claim. They must therefare take extra-
ordinary care in reporting it. Such care (for me) would include 2 frosh experiment
on fresh famous people, with = fixed version of the program. ' Please note, the
authoTs miy have taken such Pprecautions; but I didn't find this point openly and
clearly addressed in the paper.

Suppose now we have a well defined di d b pairs of strings s,t.
We compute the distances between (sl'tl)' ey (sk,tk) {so.k might be 39). He
want to know if tho cbserved % distances are unusually large, Ono straight-

forward test involves a single permutation 7 of {1,2,...,k}. ‘This could he just
a {randomly chosen) cyclic shift mod k.

Compute the &is:@nces dy = 51564 oo, dy. Then compute El = d(sl’tn(l))’
32, ey ak and- compare these two sets of numbers by a standard stetistical test
such as Wilcoxon's. '




page 2

To cazry this out, k _should be reasonsbly large, say 20 or more.

‘The authors have a different way of testing, or generating a surrogate set of
distances, by perturbing the arithmotic sequences. I tried hard to understand this,
but in tho end, there werc so many new ideas that I found myself confused, Itts
probably quite a fine idea but it is 'non-standard" and would have to be cxplained
much moze clearly, and illustrated in some convincing way, if it is to form a hasis
of a convincing test of their theory. Perhaps a good way to start is to mzke the
section separate, and to try to sbstract the idea outside their specific problem.
The problem is, There are already many standard ways of perturbing a sequence to
get 2 basis Jor testing. The authors are proposing a mew way, which leaves open
the possibility that the old ways were tried and didn't give significance, so this
new Way was invented. = o

The p:mj ect i5 fascinating, but sxi.ffic;.ently novel that every care must be
taken To get simple demomstrations, 4

I hope this is helpful.

Best wishes,

Persi Diaconis

PDzkd

G Lo sondsny il oo Honpn 4,
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Professor Persi Diaconis May 19%+, 1487
bzpartment of Statistics

Stanford University

Sequoia Hall

Stanford, California

Dear Professor Diaconis.

Professor Kashdan forwirded to us o copy of your letter
regarding our paper “Equidistant Letter Sequences in the Book
of Genesis”, we thank you for your interest and comments.

The point you raised - that of the need to take every
caution to eliminate possible dependence of the methodolgy on
the data, is straightforward. iIn actual fact however, our
methedolgy was developed well hefore the experiment with the
famous people was conceived. Nevertheless, we have conducted
an additional experiment along the lines you suggested, with
the fixed version of our programs, and the results are
enclosed.

Your letter made us auare'of the need to explain in a
better way the underlying intuitive grasp of the class of
phenomena we are dealing with, and how this intuitive Erasp
1e£ds us to the method of quantative description of thesa

phenorena which we have developed.

In what follows we have tried to do this .
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August 3, 1983

To whonm it mzy concern:

This is a eritique of the statistical nethadology in the woxk of Witztum, Rips,
2nd Rosenberg in their paper “Equi-distant letter sequences in the baok of Genesis',

The authors suggest thact there are patzerns in the Book of Genesis of the £flavor:
"names of famous people are in positions correlated with their birthdztes®. The
2uthors have created a measure of association and atctempted to calibrate and assess
statistical significance. My main cxiticisas follow:
1. Bue o the well known vpmblens with statistical testing following a vigorous

datz a2nalysis, no reasonzble statistical comclusions can be drawn from the oTiginal

sammle.

The autharxs' inclusion of this part of the analysis scems imappropriate in
a scientific publication. It might be of interest to a group trying to follow-um,
and vnderstand how the present .x:ethud of coxxelation was discovered.

1. The authozs also xeport a test on fresh data. The way that they attempt to assess
statistical significance is wiconvincing., There are any mumbex of straightforward
tests of their hypothesis that would meet ordinary scientific standards (soma azc
detailed below). The authors' claim is sufficiently extTaordinary, that ore
careful tests ave clearly czlled for before publicarien (or public discussion).

The authors have instead chosen to implement a non-standard procedurs with
weortain Joundations, Their a mtions of uniformity under perturbations of
the datz are vnjustified, nor particularly believable, and would require a goed
deal of theoretical and empirical work before mexiting consideravion as =
possible tool in routine research (wirness the body of work on superficially
similaz taols like the bootstrap, jackknife and czoss validation which also
2Tterpt to assess significance under perturbations of the dara.) I may point out
that applying such considerztions to time sexies iike the Boak of Genesis is
vexy well known 'difi-.'icult terxizory, No one has a reasonable hold on when
pexturbation techniques wark, even under simyle dependence.




As I undexstand the analysis of the secand sarple, several supposedly uniform
variables resulzing from differsnt versions of the date are supposed further to
be independent. This also seems completely unjustified (e.g., from 30 names,
150 distances are caleudated, the distances within z name do not sesm indipendent;) .
In conclusion, I £ind the present statistical analysis dnsa:is-:ac:ory by
stzndard practice and certainly umable to support the claims PTesenced.

3. If this were a routine claim, there are standard procedures available for testing.
Consider the 2nd sample. For each of 32 people, a small table of numbers TepTe-
senting distance scoxes is computsd. One could take the smallest of these and
<thus have 32 mmbers, A cyclic shift would give 32 more mmbexs. One could then
perform a standard 2 sarple test such as the Mann-Whitney rank test to see if
one set of mmbers was smzller than the othexs. This test was suggested ta the
authors in a previous cagmunicue. For some reason they chose not to carxy it
out, It is straightioxward to casry out, given what they have om hand. I
carried out a t-test cowparing the smallesc distamce in the 6 ar so tables
asseciated to 2 given name-date pair with the corresponding nusbers in the shift-
ed data, This fs a standaxé comparison. The means and suns of squares were

% = 144, 5, ='.1_39._yr1 = 25, X, = .165, S, = .153, n, = 19. The two sample
t-test tumed owr'as .40, This should be compared with a standard normal dis-
Tribucion, so it would have o be outside =I1.96 to achieve significance. 'Tn
short, the two distributions are nor evidently different,

The test suggested above would not b;r ‘itself constitute sufficient proof
unless the differences were huge. One would need to compare the 52 scorss with
the result of a ln;ge number of pexmuted values, ideally a few hundxed, ~and
observe Tepeated latge diffexences, .

This too was suggested to the authors in a previous cam}mimtion. They

chose not to caxry this out b 5c 0f comp g exp It seams to me that-

tho results claimed are not aceeptible without this type of repeated comparison.

In ¥, the auth need to d Tate unifornity, znd carry out standard
sexrnutration tests.
Sincerely yours,

Y ' - '

Jun S
Persi Diaconis
Professor of Statistics




MNVUH NY LoMmpNYT bYW P anba /88 i JIND UINPNYT DY 1anan — 4 Thon
DWNPNIT DY 1an0NY THNN THUNN 1 IMINY DIN DY 1T anDa N9 10 MNINNT
.3 Tnon) /88 vEMNI 3 OPN

-
q

3
SIM?IFORD UNIVERSITY
TANTORD, CALIFOINL $4105

8w Sotn;

e 2 Afyf,ﬁ—rﬂééﬁu Gerd 4
o, s o Bt A o ffe e
gt G g T sdptt, A B Vnserarls o
Sutriin 47 ﬂ&mm?t’lt&;,! fath 4 M,{/ﬁ% :h:wfk ::o?:f:uaj
Sty Lo ool o il 5y o e
MJ\M%) V/W' ,Z'//{!,( ){,]4” ﬂ\ ) -46‘7"7% od to calibrate and assess
/".A"{/%M/m{{' A/'_[ /{/tlt %Mjg} I 7(/,41;/,%" ng following = vigowous

zan be drewn from ths original

DALt
WWM&-] Z‘/L{U?g . sis seens inuppropriate in
/‘5174/ VW%{A ’ W greun Trying ta Zollow-wd,

wWas discovercd.

t
Wf/ﬁ y that Shuy attempt Lo assess

s sny mumber of straightfoTwaxd
. icntific standaxds (some ate
sxtraordinraTy, that wors
‘J\}I"Y';\l_\..nfﬂ {9 \‘Q"f ihQ'r J\g}ﬂ& ' on (or public diszcu=siom).
P\ ST on-standard proceduse with
ua"‘s 3_} \qgg .ty uwnder pertuzbntions of
1, and would wempuize & good
1g considerztion az a
possihle tool in Toutine rascirel (wicness the bedy of werk on swwasficially
similac tonis lika the wootsrrap, Jackkaife and cross valldation which alse
atzempt to assoss significance wndex parturhations of the data.) I may point out
that spplying such copsiderations vo cime series Jike the Book of Gomesis in
vexy wall known difficulc territory. Na ore has a reasonable hold on when
pexturbation technicuas wexk, oven under simple dependence.




(o]

/89 731313 15 Orn WNPNYTY MIN Y 1anan — 5 Thon

Robert 3. Aumann
Institute of Mathematics
THE HEBREW UNIVERBITY OF JERUSALEM
. 91704 Jderusalem, ISRAEL

November 15, 19B9

Professor Persi Diacanis
qu&rtment;df;Hathématics
Harvard University
Cambridge, Massachusetts 02138
usa

Dear Persi.,

You 'will remember our conversations in the summer of 1988 about ‘the
cubmission, to the Proceedings af the Fational dendeny of Sciences, of
the report of Witztum, Rips, and Rosenberg on equidistant letter
sequences (ELS‘s) in Genesis. They have now prepared a program  that,
they hope, will meet your obiections. I asked them not to carry out
the ecalculatiens until I have consulted you.

Let me remind you of the main points. The claim is that when encaded
as ELS's in Genesis, the names of rabbinic persanages who lived ‘during
the last millenium occur in claser proximity ta their birth and death
dates than could be expacted.: You will remamber thats the authors
daveloped a methodology for testing this hypathesis, which they then
applicd to a list of * personages  taken fram a  standard - biographic
encyclopadia. Because of concern about possible "pollution" af the
data, you suggested that the same methodology be applied ta a second,
fresh  1list. This was done, with results described in the report that
you have already seen (and that is again enclased). What &is being
proposed now refers only ta the second, fresh list.

This 1list contains 32 personages and 32 corresponding dates. On Page
11, Line 5, of the enclased report, the authors define ' a statistic
that thoy apply to such lists. Let me call this statistic p; it may
range between © and 1. Intuitively, the smaller £s the hetter the




Fit of names to dates’(see the postscript).

The authors now propose -to permute the personages, using random permu-—
tations 7 generated by the method af Knuth (The 4»t of Progrennings
they tell me you suggested this). Of course, #+he list of dates
remains unpermuted. Each = generates a statistic P Denoting the

identity permutation by 2, and the number of random permutations
by m, the null hypothesis is that the number k of p; below - P,

is uniformly distributed aver f0ylynansmd. Thus (unless I have
missed something) the level of significance is (m—K)/{m+1); for
example, if one wants a level of 99.5%, then out of 392 permutations,
there should be at most one pT' that is < P~

Ta me, this'gnunds’very‘straightfurward; what could be simpler than a
uniform distribution over €0,1, . 00y m3? 1 see no possibility for
hidden assumptions or pitfalls. If you agree, could I.ask you

i)  How many permutations 7 are needed? That is, what is the
minimum m that wauld be acceptable? .

‘ii)  With ‘m 7 this minimum, which level of (m—k}/(m+1) wauld, in
your opinian, justify publication in the Proceedings of the ¥432

Whon you have answered, I will ask the authors to pick an m that you
have indicated as satisfactory, before doing the calculations. I will
inform you of this m, and then ask them to perform the calculations.
It you don’t agree that the method is in principle justified, could I
ask you to indicate what is wrong? -

With best regards,

Y-

Robert Aumann




P.B. The statistic ¢ is simply the right side of the fnr@ula an
'Page 11, Line 5 of the enclaosure, where ,Pa is defined as the product
at the cfw,»’} over all word pairs (v, " in the given list.

(Recall that ©¢fw,»’) itself ranges between O and 1, and measures
the praximity of ¥ to «’, in the sense that the smaller cfw,w’

is, the closer w is to w'; it is derived from a “raw" measure of
proximity hy a perturbation methed.) Under certain unifarmity and
independence assumptions which seem quite reasgnable, but which: were
(and still are) unpraved, p is the probability that Fﬂ wquld be as

small as it is, if the word pairs were chosen at random. Thus a small
P indicates a good fit. All this, however, is intuitive background
only, and is not used as a justification of the method proposed in' the
bady of the lettaer.
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May 7, 1990

Robert Aumann
Institute of Mathematics
Hebrew University
Jerusalem, Israekm 91904

Dear Bob,

I am sending this letter via David Kazhdan and trust it will reach you.
I have four points to make on the test proposed by Witzum, Rips, and
Rosenberg, :

1. For publication of such a fantastic claim I think a signicance level
of 1/1000 or better should be required. I arrived at this number
after consultation with a variety of colleagues. The authors present
the claim that there is a strong effect. If this is the case, there will
be no trouble attaining far higher levels.

2. As I understand it, computational considerations are an issue.
The following suggestion should make the computations feasable.
Let X and ¥ be spaces and d(z,y) a function from X x ¥ —
[0,1). As I understand it, there is a fixed. set of matched pairs
(=1 1) (=2:92)s ooy (Tns ¥n) and 2 statistic T = d(zy, ) + .o
d(z,,y,). Permuting (say) the z's we get a number T'(x) for each
permutation. The computation of d(z,y) is expensive.

Keg n=30,and N = 100 permutations were selected (which
could only offer significance of 1/100 of course) then niV = 3000
pair computations of d(z,y) are required.

Here is my suggestion. Calculate the n X n matrix d(zi,yi) 1 <
i,j £ n. This requires n® expensive computations. With this
in hand, one can cheaply generate millions of permutations and
calculate T(r) = d(z=ygy) + -+ d|1(ny, ¥n) from the matrix.




Indeed, with the matrix at hand, a million samples can be run off
in a few seconds. Thus, if formation of the matix is feasable, I
recommend carxying this procedure out with NV = a million and
then seeing what proportion of the ') are smaller than T'(id) as
indicated in your letter, A clear provision should be agreed upon
in the call of tied values. I do not foresee a problem here.

3

The permutation test can be carried out o satisfactory approxima-
tion without performing any permutations. This uses Hoefdings
Combinatorial central imit "Theorem. This gives a normal approx-
imation to the distrubutions of the sumn. The variance depends on
the entries of the matrix described above in a simple way. It is
this kind of theorem which is lacking in the quantification pro-
posed originally. A recent reference is Bolthausen, E. (1984). An
estimate of the remainder in a combinatorial central Yimit theo-
rem. Z. Wahrscheinlichkeits-theorie , Verw. Gebiete. 66 379-386.
This gives references to earlier literature,

4. The authors have changed the basic statistic a few times since we
began our correspondence. 1 think the present version is much
clearer: a single number for a list of pairs versus a list of n num-
bers. Becuase of these changes, 1 feel a fresh set of 30 names and
birthdates should be used. This is standarxd practice. In matters
of this sort, no one will be convinced because of the pussibility of
some sample permutations having been drawn between our corre-
spondence. Indeed, as we know, a second permutation was drawn
and a standard statisical test performed which showed that noth- -
ing suprising appears in the sample of 30 names.

1 realize that the above is a stingent test but it is the minimum that
would satisfy me. I am sorry for the delay, but 1 really did just receive
your material recenily. :

I will be happy to clear up further details or discuss the suggestions
made above, 1 will be at Stanford, Department. of Statistics, from Juen




15-Sept. 30, and then back here.
Best wishes,
porn.
Persi Diaconis
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Rabert J. Aumann
Institute of Mathematics
THE HEBREW UNIVERSITY OF JERUSALEM
21904 Jerusalem, ISRAEL

June 19, 1990

Professor Persi DRiaconis
Department of Statistics
Stanford University
Stanford, Galifaornia 02138
usa

Dear Persi,

Thank you very much for your letter of May 7, which David Kaxhdan
deliverad. I am grateful for the work you have already put into this,
and * for “the . willingness expressed at the end aof your letter to
continue the discussion.

The authors® claim is indeed fantastic. A significance level of
99.9% is high, but perhaps called for under the circumstances. I
also agrees that one million permutations should he checkad, as you
suggested. The authors tell me that this will take more than a few

secands; bul it can be done in real time, and they will do it.

Your computational suggestions are excellent. Apparently the authars
had already reached similar conclusians by themselves, It is feasible
to carry out the conputations exactly, sa there is no need for the
approximation suggested in your point 3. There should be no
difficulty in agreeing on a tie-breaking rule.

The only issue is your point 4. Yau seem to be asiing for vet another
new list of persanages, in addition to the original list AND to the
second list that was taken after your 1986 discussions with the
authors (and your letter to Kazhdan of December 30, 198&). I dan‘t
understand this request. Allow me to explain. .

L. You write, "the authors have changed the basic statistic a  few
times since we began our correspondence.* This is simply not so. The
statistic in guestion {denoted p in my previous letter) was propased
from the very beginning, even before the FIRST list of personages was
analyzed; it has been consistently used ever since. The results are
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presented in all the reports of the authors; in the one for the 7§45,
in Tables & and 7. (For more details,' see Item 11 belaw.)

2. p is defined as the right side of the secanc displayed farmula an
F. 1% of the report submitted to the P¥45. Under certain regularity
conditions, it is uniformly distributed aver [0,1]1 f{and so is its
own significance level). Its observed value pp for the second 1list
of personages is 0.00000000720, which does seem unusually small.

You point out that the regularity conditions have not been proven
and may be unjustified. Thus p is perhaps not uniformly distribu-
ted, so py is perhaps not unusuzlly small.

Therefare, it is propbsed to permute the dates. If Pa comes
out among the smallest thousand of 4 millian random permutations, then
one can conclude that it is indeed unusually small.

3. Perhaps your Point 4 was based on a misunderstanding, and given
the above, you agree to use of the second tist. 1If so, there is no
need to read further.
4. If not, let’'s reviaw the possible abjections to the second list.
One point is that if one tests sufficiently many sufficiently
different statistics on a fixed sample, it is perhaps not vary
surprising if eventually one of them yields significance. Therefore
it one test fails {does not yield significance)}, one should not simply
ignQre it‘and try another.
A second paint is that if one constructs a statistic after the
data "has been analyzed, one may, consciously or subconsciausly, be
influenced in the construction by the analyis of the data.

5. Here neither point applies; the authors are not using a new
statistic (see ({1)). Nevertheless, objections might still come up
under the following headings:

a. Though the statistic »p has not changed, the method new
proposed to measure its significance is different (permutations
rather than "direct"). In effect, this constitutes a new test.

b. You, Persi, performed a t—-test on the authors’ data,
which fajled (turned out inconclusive). This disqualifies the
data from further use.

c. The aunthors may have “cheated" —- drawn sample permuta-
tions without telling anybady.

d. Without pinpointing anything specific, there is a
malaise with using data that bas already been looked at in any
vay; somehow, the data has been "polluted."

You mentioned some of these points in your letter; let’s dddress * them
one by one.

&. To address (a), suppose that somebody runs a significance test,
which confirms the research hypoth=sis at a high level; and then he
discovers a bug in his computer program. 5o he corrects the bug, and
runs the test again, with the same data. Would you disqualify that?
The situation here is similar. The null hypothesis implies a
distribution R for p. Let r¢ be the level 6f pg in R (the
probability of p < pp). The authors thought -that R is wuniform,
which vyields re = po. But they made what amounts te a mathematical
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mistake; thay con‘t prove what is needed. So thay want +o run  the
perautation test, which is, under the null hypathesis, simply a Monte
Carlo computation of the very same number rj. There was a bug in the
program, and they have corrected it. I ran‘t see haw that could
possibly call for new data.

7. As for {b): There is some question abouk whether your test was a
priori sensitive enough to uncover the effect. But that is 'not the
issue; and I don't want to get into it now. What I don‘t see is haw a
test performed without the authors’ knowledge could possibly disguali—
fy data from use by them (as it might if they themselves had tried
it}; especially as they are ignoring your test and using the same
statistic as before. Aftdr all, I‘'m sure that for any set of data one
can find arbitrarily many ‘inconclusive tests.
8. You write: “In matters of this sort, no one will be canvinced be—
cause of the possibility of some sample permutations having been drawn
between bpur correspondence." This is (¢). In fact, the authors as—
sure me that no sample permutations were drawn. Of course, it is
remotely passible that they are 1lying; but if they are going to lie,
they can lie with a new list as well {i.e., draw sample permutations
from a new sample). No procedure is. immune to lies of this kind.

But quite apart from that, what if they did draw sample permuta—
tions 7 ? If p(r) came out high, that is evidence in favor of
their hypothesis; and if it came put low, why would they suggest the
full tes@? I really don’t understand this point.

?. We come now to {d}. Perhaps this is a non-issue; I raise it anly
because in August 1988, you mentioned “the well-known problems with
statistical testing follawing a vigorous data analysis.” It's my
feeling, which 1°ve tried to support above, that here thers was
practically »o previous data analysis, certainly no “vigorous" one.

10. You may ask why the authors don’t want to run a new list. They
have good reasons; the samples are in several senses very “expensive®
{not just in effort)}. They have already taken one fresh sample cut of
general *hygiene" cangiderations, and don’t want to da so again, for
no clear reason.

i1, For <the record, here is the ENTIRE history of tests run by the

authors. From the very beginning, two statistics were proposed. One-
is 2. The other, say ¢, is the number of word pairs in the sample
whose normalized distance is in the interval £0,.27. These two

statistice were tested for the first list; the results were tiighly
V'significant” (the guotation marks indicate that this is subject to
the regularity conditions mentioned above (2)). Precisely the same
test was then applied to the second list. 1In this case, the authors
also tested the same sististics » and ¢ on the word pairs abtained
by omitting =all appellations of a given personage beginning with the
title "Rabbi" (this was for thearetical reasens, which are explained
in the paper). N OTHER TESTS WERE RUN.

Thus four tests bave been used in all. You might ask why the
authors now select a particular one of them; whether this is not
precisely the kind of thing you were warning against. In fact, the




q

cest selected is not the one that came aut best; the selection is ‘for
theoretical reasons. If, howaver, this point worries you, one can
test whether the minimum level of the .four statistics is £ 000255
under the null hypothesis, this has probability < 4%x.00025 = .001.
(This would be so evea if the tasts were mutually exclusive.)

Let me sum up. Though the authors® bypothesis seems fantistic, it
should be tested fairly. Far the world, I cannot see how significance
at the 99.9Z2 1level could be attributed to a previous (successful!?)
test of the SAME statistic having involved a mathematical lacunay, or
ta you perfarming an incdnclusive t-test. While stringency is called
for, one must also maintain objectivity and common sense.

Again with many thanks for your continued willingness ta discuss this,

Yours,

O A-Qncan

P.8. Lot me take this™ opportunity to express my' dismay at the
unauthorized use of your name in connection with this matter.  The
authors assure me that this was done without their consent, and will
do what they can to prevent its recurrence-
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S tanfo rd Univers ity STANTORD, CALIFORNIA 94305

DEPARTMENT OF STATISTICS
SEQUOIA HALL

September 5, 1990

Professor Robert Auman
Department of Economics
Mail Code 6072

Stanford University
Stexnford, CA 94305

Dear Bob:

1 am glad to report we are in agr about the appropriate testing procedure for
the paper by Rips ¢t al. A permutation test is to be performed, Therc are four basic sets
of data/test statistics, I will call them additive, multiplicative, with and without Rabbi.
For each therc is a 32 x 32 table of distances. It is my understanding that for each such
table, one million permutations will be performed. For each permutation Z,’;, sy will
be computed. This gives one million numbers/table. Again for each the number Zt; will
be located. 1 it is within 1/4000 of the smallest table sums, that test is judged n success,
If onc of the four tests is ful, the whole experiment is.

P

In cuse of lics, the interval of ties will be broken at random. Tf half the proportion of
ouch breaks ammount to better than 1/4000, that table is successful. Otherwise not.

T hope that the authors agree to make their findings public no matter what the out-
comes, Please let me know when you need more input from me.

Sincc:cly,

/‘9 el ‘9"‘/‘.‘9’?}'/.4

Persi Diaconis
PD:kd
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Robaert J. Aumann
institute of Mathematics
THE HEBREW UNIVERSITY OF JERUSALEM
91901 Jerusalem, ISRAEL

September 7, 1990

Professor Persi Diaconis
Department of Statistics
Stanford University
Stanford, CA 24305

Dear Persi,

Thanks for your good letter of September 5, about the paper
submitted by Rips et al. to the PNAS.

Since it’s important to glarify the precise rules of a
statistical test before performing it, pllow me to set down here
a few points of clarification.

L% The same 1,000,000 permutations may be used for each of the
faour basic tests. The million will consisk of +the identity
perautation plus 999,999 others. All million will be different
from each other. : :

2 The sample to be examined is that of their "second experi-
ment" (Table 3 of their submission). For each of the four hasic
tests, the exact same procedures as reparted on in their paper
(Tables § and 7) will be done for each of the 1,000,000 permuta—
tions. (Incidentally, "bunching" or “"twenty percent” might be a
more suggestive name for the tost you call "additive.")

3. The precise tie-braaking rule (agreed on by phone today} is
this: Out of the million permutationsy let there be s that are
ranked smaller than the identity, and + with which it is tied

{excluding itself). Then the test is succossful if and only if
s + (£/72) < 250.

Again, with many many thanks for all your help on this,

Sincerely,

Bob Aumann
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EQUIDISTANT LETTER SEQUENCES IN THE BOOX OF GENESIS
Doron WiTzTuM, ELivAuu Rips, AND YOAV ROSENDERG

Abstract, Statistical analysis indicates that Lidden information is woven into the text of Genesis in the
form of equidistant letter scquences. The effect §s significant at the level of 72%.




1. Introduction.

More than fifly years ago, H. M. D. Weissimandel [1] noticed that reading the Hebrew Pentateuch
with “equal skips" (every d’th letter only, where d may be any positive or negative integer) yields-
some interesting results. His work was suggestive but not systematic. The present work both
cxlends and systematizes Weissmandel’s ideas.

Define an BLS (equidistant Jetter sequence) as o sequence of letters in Genesis whose positions,

not counting spaces, form an arithmetic progression; that is, the letters are found at the positions
n,n+dynt2d,...,n+ (k-1)d

We call d the skip, n the start, and k the length of the ELS. These three parameters uniquely
identify the BLS, which is denoted (z,d, k).

Let us write Genesis as a two-dimensional array—i.e., on a single large page—with rows of equal
length, except perhaps for the last row. Then every ELS appears as a set of points on a straight
"line. 3t has beaw noted that in such arrays, ELS’s spelling out words with refated meanings often
appear in close proximity. Examples arewvs (hammer) and y1v (anvil) (Figure 1), wnp7y
(Zedekia) and 7m0 (Matanya)! (Figure 2), and n9unn (the Chanuka) and Sknnwn (Husmonean)?
(Figure 3). On the face of it, it is not clear whether this can be explained as pure chance. Ilere we
develop a method for testing the significance of this phenomenon according to accepted statistical

principles. We conclude that it js unlikely to be due to chance; i.e., is statistically significant.
2. Summary Description of the Test.

In this section we describe the test in outline. In the sequel, suificient details are provided to

cnable the reader to repeat the computations precisely, and so to verily their correctness.
We test the significance of the phenomenon on samples of pairs of related words (such as hunner-

anvil and Zedekia-Matanya). To do this we must

(i) define the notion of “dislance” between any two words, 50 a5 to lend meaning to the idea of

words in “close proximity;”

(i) define statistics that express how close, “on the whole,” the words making up the sample

pairs are to each other (some kind of average over the whole sample);

LT)ie origiual name of King Zedekia was Matanya (Kings 1, 24:17).
2The Hasmoneans were the priestly family that led the revoll against the Syrians whose successful conclusion the
Chanuka feast celebrates,




(iii) clioose a sample of paiss of refated words on which to run the test; and
(iv) determine whether the statistics defined in (ii) are “unusually small”for the chosen sample.

Task (i) has several compouents, First, we must define the notion of “distauce™ between two given

ELS’ in a given array; for this we use n convenient variant of the ordinary Buclidean distance.

Sceond, there are many ways of writing Genesis as a two-di ional array (depending on the
row length); we must select one or more of these arrays, and somehow amalgamate the results.®
Third, 2 given word may oceur many times as an ELS in Genesis; here again, o selection aad
amalganiation process is called for. Foyrth, we must correct the results for factors such as word
length and composition. All this is done in detail in Sections 4 and 5.

We stress that our definition of distance is not unique. Many of the details can be carried out
in other ways. We feel thot changing these details is unlikely to affect the results substantially,
Be that as it may, we chose one particular definition, and have, throughout, used only it, (Similar
remarks 2pply Lo choices made in carrying out Tasks (i) and (iii).)

Next, we have Task (i), measuring the ovezall proximity of pairs of words, in the sample as a
whole. For this, we used two different statistics, P and Py, which are defined and motivated in
Section 7. Intuitively, each measures overall proximity in a different way, In cach case, a small
value of P; indicates that the words in the sample pairs are, on the whole, close to each other. No

other statistics were cver cal

lated for the first, second, or indeed any sample.

In Task (jit), identifying an appropriate sample of word pairs, we sirove for uniformity aud objec-
tivity with regard to the chojce of the pairs, and the relation between their elements. Accordingly,
our sample was built from 2 list of personalities (p) and the dates? (p*) of their death or birth. The
personalities were taken from the Encyclopaedia of Great Men in fsracl (Margalioth [2]).

As fixst, the eriterion for inclusiod of a personality in the sample was simply that his entry
contain at least 3 columns of text, and that a date of birth or death be specified. This yielded 34
personalities (the first #is?). In order to avoid any conceivable appearance of having fitted the tests
!.o the data, it was later decided Lo use a fresh sample, without changing anything clse. This was

done by considering 2ll personalities whose entrics contain between 1.5 and 3 colwans of text in
the Bneyclopaedin; it yielded 32 personalities (the second fist—Table 2). The significance test was
carried out on the second sample only.

30f cousse, Lhe selection (andfor I ion) wust be carsied out accarding to clrarly stated, systewmatic rules,
3 ]
Alcbrew day and month,







