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A method

for the evaluation of vocabulary overlaps

Dietmar NAJOCK

Résumé: It is shawn tbat the simple percentage of vocabutary which a common reference
text cavers in varions other texts is an insufficient measure of vocabulary overlaps, sinee il
depends heavily on text lengths. A good measure is the expected vocabuhiry overlap size and
its standard deviation-computed on the hypothesis that the texts compared are random
extracts from a larger corpus sucb as the effective vocabulary of an aulber. Fonnulae for the
overlap size of two and morc lexIs are derived according both to the replacement and the non
replacement model (based on the sequence Vh V2, ... , i.e. on the number of lemmata which
occur exactly once, twice etc. in the underlying corpus). The fonnulae are compared with the
results of simulated text extraction from the common corpus of Letters and Speeches of the
Greek rhetorieian Libanios. The correspondence of fonnulae and simulatiQn is almost perfee!.
Of the two models, the non-replacement model is adequate for simple vocabulary sizes, but
for overlap sizes the replacement model is better, although a large basic corpus is required.
An application to Libanios shows that Letters and Speeches differ in vocabulary at a very high
significance level. .

Keywords: Vocabulary statisties, vocabulary overlap, insufficieney of percentages, fonnula
for expected value, fonnula for standard deviation, random text extraction, replacement
model, non-replacement model, simulation, Libanios.

1. An introductory example

Vocabulary statistics are often given in percentages, but do percen
tages always lead to meaningful results? In a recent study of Cicero's
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works on the problem of destination and free will,1 Le. on De Falo, De
Divillaliolle and De Nalura Deorul/l, professor Castrillo-Benito com
pares related works of several later authors: Augustinus' De Libero
Arbitrio, Lorenzo Valla's De Libero Arbilrio, Desiderius Erasmus' De
Libero Arbitrio, and Martin Luther's De Servo Arbitrio. The vocabu
lary covered by Cicero's 'trilogy' amounts to 51.4 % in the work of
Lorenzo Valla, to 40.6 % in Augustinus', to 38.3 % in Erasmus', and
to 30.3 % in Luther's work. On account of these values, Castrillo
Benito classifies Valla as the most Ciceronian and Luther as the least
Ciceronian author. Comparing the same authors with the Vu/gala, he
finds again Valla's work as most similar (65.5 %) and Luther's as
most distinct (52.0 %). Thus he concludes that Luther is the most
innovative and Valla the most conservative of the authors compared.2

These conclusions, however, are subject to Iwo objections. (i) The
vocabulary count by Castrillo-Benito does not refer to lemmata, but to
word-forms; this may be misleading in highly inflected languages such
as Latin. (ii) The works compared differ considerably in text length:
Cicero's 'trilogy' comprises 68,254 word-tokens, Augustinus' work
35,746, Valla's 6,364, Erasmus' 19,540, Luther's 70,224, and the Vu/
gala 661,311? One would suspect that text length has ils influence on
vocabulary overlaps and that the simple percentage--i.e. the ratio of
overlap and complete vocabulary in any text compared--is an insuffi
dent measure: it may be due to the very shortness of Valla' s work that
the overlap amounts to a high percentage of its vocabulary in both
comparisons, and it may be due to the very length of Luther's work
that the overlap covers only a low percentage, again in both compari
sons. In particular, one cannot hope that the vocabulary of Cicero's
'trilogy' covers much of the Vu/gala, which is almost ten times as long.

1 CASTRILLO BENITO (Nicolâs): 1997, Racionalislllo filosofico y IOgica prope
délllica en Ciceron: e/lralado sobre el destino (Delalo) (Burgos: Servieio de Publi
caciones, Universidad de Burgos), pp. 171-175.

2 The VII/gala, wilh differenllheines, of course, has ouly 13.8 % in common wilh
Cicero.

3 The corresponding type counts are: Cicero 15,200, Augustinus 7,084, Valla
2,408, Erasmus 5,637, Luther 11,822, Vulgata 48,931.
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But how can these suspicions be proved or disproved? Little is
known on the relation between text lengths and the sizes of vocabulary
overlaps. In 1982, L. DIe published a fonnula for what he calls
vocabulmy overlap, t but he defines this overlap by the word-tokens
that two texts have in common, not by the word-types.2 Therefore his
fonnula stands for a different concept and cannot be applied to our
problem. In the present paper I derive fonnulae for both expected
values and variances for the size of the vocabulary overlap of two,
three or more texts. These fonnulae are based on two alternative mod
els of random text extraction--with or without replacement of the
word-tokens. The second of these models, the non-replacement model,
is also the base ofMuller's fonnula for expected vocabulary sizes3 and
of my own fonnula for the corresponding variance.4 The c01lllnon
logic of ail these formulae will become clear in the following section.

2. The formulae

Let T denote the set ofword-tokens of a basic text (or corpus), i.e. the
text words in arbitrary order, and W the set of word-types occurring in

1 ULE (Louis): i982, "Recent Progress in Computer Methods of Authorship
Detennination", Association for Litermy and Linguistic Compufing Bulletin, X,3,
pp. 73-89.

2 One might prefer, therefore, ta caU VIe's measure lexpected text overlap',
3 MULLER (Charles): 1968, Initiation à la statistique linguistique (Paris: La

rousse); MULLER (Charles): 1977, Principes et méthodes de statistique lexicale
(Paris: Hachette). There is continuing interest in the reiation of text length n and
vocabulary size x: a certain set ofequations has recently been compared by PRUSCHA
(Helmut): 1998, "Statistical Models for Vocabulary and Text Length with an
Application to the NT Corpus", Li/eraty & Linguistic Computing, XIII,4 (Oxford:
University Press), pp. 195-198. Among the equations tested, the simple relation x =
a ·'o/n perfonns rather weil, but the measure proposed for vocabulary richness yields
values that are not directly comparable for texts ofdifferent lengths.

4 NAJOCK (Dietmar): 1986, "Bootstrap Experiments for the Evaluation ofExpect
ed Values and Variances of Vocabulary Sizes", in BRUNET (Étienne) ed., Méthodes
quantitatives et informatiques dans ['étude des textes (Genève-Paris: Slatkine-Cham
pion, "Travaux de linguistique quantitative", 35), pp. 657-670. L. Ule used a similar
model of random text extraction (without replacement) and recommended that the
complete work ofan author or some comparable corpus should be used as the base.
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this tex!. Furthermore, let N = 111 denote the number of the word
tokens, Le. the length of the text, and V =1Wi the number of the word
types, i.e. the vocabulary size.

If T" is a random extract ofn word-tokens out of text T and W" the
set ofword-types in T", then the vocabulary size of the extract is

x= IW"I,
a random variable with ils own expected value and variance.

Now let w E W be a certain word-type that occurs exactly i limes
in T, and let Wo be a certain occurrence of w, i.e. a certain token of this
word-type. The probability that wo~a single occurrence--is not part
of the extract T" may then be estimated by

(1) p(n)=P(wo l1' T,,)=(N-n)/N= I-n/Ninthenon-replacement
model,

and by

(2) p(n) = P(wo l1' T,,) = «N - 1) / N)n = (1 - IlN)n in the
replacement mode!.

The following arguments will invariably use the notation p(n),
independent of the model chosen, but in the resuIting formulae one of
the equations (1) or (2) must be substituted.

The probability that none of the i occurrences of w is part of
extract T,,~in as much as the single occurrences may be regarded as
independent~is

P(w l1' Wn) =p(ni,

and the probability that the extract contains (at least once) word-type w
is

P(w E W,,) = 1 - p(ni,

Similarly,

P(w E Wm) = I-p(mi

is the probability that another extract, of m word-tokens, contains the
same word-type w. If the extracts are independent, the probability that
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W occurs in both of them is

P(w E W" && W E Wm) =(I-p(ni) (I-p(rn/).

Now the vocabulary size is

177

V=IWJ=LwEWI,
where the sum is over aU word-types of the basic text, and it may also
be written as

v =LWEW 1 =Li l'vi'

where Vi is the number of word-types that occur exactly i times. 1

Similarly, the expected vocabulary size of the random extract T" is

E(X) = E(IW"I)
= LWEW 1· P(WEWn)

= Li 1 . Vi . P(WE Wn 1Woccurs i times)
= L:; 1· Vi' (I-p(ni)

= Li (1-penil Vi·

In the last expression, which is equivalent to Muller's formula in
the non-replacement case, each summand may be regarded as the
expected value of a binomially distributed variable with success prob
ability p = 1 - p(n)i and Vi repetitions of the underlying Bernoulli
experiment2 and, in consequence, with a variance of

Vi' p' (l-p) = (I-p(ni) (I-(I-p(ni» Vi = (I-p(ni)p(ni Vi·

The variance of the vocabulary size of the extract will therefore-
further independence presupposed--be

Var(X) = Var(IW,,1) = L:;(l-p(ni)p(ni Vi·

In the non-replacement case, this corresponds ta my formula pub
lished in 1986.3

1 Ule's fonnula. 100, is based on these VI and o.n the extraction lengths involved.

2 I.e. catching a ward of frequency i.

3 Cf. note 7 above.
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Similar considerations may be applied to the vocabulary overlap
of two random extracts Till and T". Let Y denote the size of the voca
bulary overlap of these extracts. Then the expected value of Y is

E(Y) = E(Iw,,, n w,,1)
= LWEWI' P(w E W,,,&& WEW,,)
= Li 1 . Vi . P(w E Will && WE w" 1W occurs i times)
= Li 1· Vi' (I-p(mi) (I-p(ni)
= Li(l-p(m)i) (I-p(n)i) Vi,

with p(m) and p(n) defined as in (1) or (2) above. Again each sum
mand may be interpreted as the expected value of a binomially distri
buted variable, so that the size of the vocabulary overlap will have the
following variance (independence presupposed):

Var(Y) = Var(IWIII n w,,1)
= Li (1-p(mi) (1-p(ni) [1- (1-p(mi) (1 - p(ni) ] Vi·

These formulae allow comparing the size of an observed vocabu
lary overlap with its expected value and detennining the statistical
significance of its deviation, since Y - E(Y) / Y(Var(Y) approximately

. follows the standard nonnal distribution. 1

In the same way we may detennine expected values and variances
for the vocabulary overlap of three or more extracts. The example of
three extracts TI, T,,, and T" will suffice. Let Z denote the size of the
vocabulary overlap of these extracts. Then the expected value of Z is

E(Z) = E(IW,nWlll nW,,1) = Li(l-p(l)i) (l-p(mi) (I-p(ni) Vi,

and the corresponding variance is

Var(Z) = Var(1 W, n Will n w,,1)
= Li (1 - p(l)i) (1 - p(mi) (1 - p(ni) [1 - (1 - p(l)i) (1 

p(mi) (1-p(ni) ] Vi.

, The dislribulion of Y is illuslraled by Figure 1.
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3. Simulation of vocabulary overlaps by bootstrap experi-
ments

3.1 . Design of the experiment

The basic corpus, from which the random texts are drawn, should be
large, of course. For the present study 1 have chosen the combined
corpus of the Letters and Speeches of the Greek rhetorician Libanios,
comprising a total of N = 465,744 word-tokens.' The vocabulary
shucture of the corpus is sufficiently described by the sequence VI, V2,

V3 etc., i.e. the number of the once occurring words, that of the twice
occurring words etc? In our case, this sequence is

2361,970,630,446,308, ... ,

as published in my TClbulCie 1.3

Now, since text extraction will be perforrned by means of random
numbers4 unifonnly distributed over the interval [l,N], i.e. over ail
word-tokens of the basic corpus, these word-tokens may be arbitrarily
re-arranged, e.g. the once occurring words may form the beginning,
followed by the lwice occurring ones etc. Furtherrnore, each word
type may be replaced by a specific number, since our interest is in
word-counts only, not in the words themselves. The basic corpus
would then look like this:

l, 2, 3, ..., 2361; 2362, 2362, 2363, 2363, ... , 3331, 3331; 3332,
3332, 3332, ...

In this sequence, the type-number associated with a random token
number can be deterrnined by a suitable algorithm. 5 The word-type-

1 And V = 8,0 Il ward-types.

2 Note that VI + V2 + V3 + ... = Vand l'vl + 2'V2 + 3'V3 + ... = N.

3 NAJOCK (Dietmar): 1996, COllcordall/iae /11 Liball/uIII, Pars Quarta, Tabulae, 1
(Hildesheim: Ohns-Weidmann), pp. 869-871.

4 The random numbers are generated by dl'alld48, a C-ftmetion. The Forlran
function rand proved to be insufficient.

5 Eaeh type-frequeney / delines a 'passage'. Once the passage is found by binary
search, the type-number is easily computed.
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number serves as an index for a frequency Iist of the word-types
drawn. Each random number increases the corresponding entry in this
frequency Iist by 1, so the program keeps trace of the vocabulary
growth l of an individual sample text, say extract-l. At certain text
lengths of extract-I, e.g. at multiples of 5,000, the same procedure is
perforrned for a second, independent sample, say extract-2, with its
own frequency list and with stops at the same text lengths. At these
stops, i.e. at particular combinations oftwo text lengths, the size of the
vocabulary overlap of the extracts as weil as the simple vocabulary
size of extract-I are stored in appropriate arrays. The whole procedure
described is repeated 1,000 times, so that, if 10 stages of text length
growth are regarded, a 1,000 by 10 by 10 array is needed to store the
vocabulary overlap sizes. This array allows computing, for each of the
text length combinations, a pseudo-empirical mean and a pseudo
empirical variance (or standard deviation). Both of these values are
calculated from 1,000 instances, and the results are included in 10 by
10 tables as given below.

Since each of the random numbers used can occur more than once,
the sampling perforrned is 'with replacement' of the word-tokens. This
also means that the sequence VI, V2, V3, ... defines a probability distri
bution of the word-types: a word-type occurring i times is drawn with
probability i/N. Furtherrnore, an extract may grow to arbitrary length
in this mode!, but its vocabulary cannot exceed that of the basic cor
pus. Therefore the vocabulary sizes, especially of long extracts, will be
lower than the real ones--unless the basic corpus comprises the com
plete effective vocabulary that could have been used in the texts
regarded. Similar considerations must be made for the vocabulary
overlap?

The forrnulae based on extraction without replacement will, of
course, show a different behaviour. When the extracts become as long
as the basic corpus, the complete basic vocabulary will be exhausted;
the overlap will also be exhaustive, and both variances decline to zero.

1 And, ofcourse, ofthe texilenglh growth.

2 Cf. Section 3.3 below.
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Longer extracts are not provided by the non-replacement mode!. 1

Extraction with replacement appears ta be the more realistic
mode!, not oilly because it allows text extracts of arbitrary length: real
text production seems ta be performed by repeated recurrence ta the
same unabridged set of ward-types as given by a specifie lexique or
effective vocabulary, with various probabilities for the single word
types. For practical purposes, such a lexique can oilly be approached
by a very large corpus. Libanios' Let/ers, e.g., comprise 215,354
word-tokens and 5,149 ward-types, but 1 have shawn that at least
6,250 types should be added within this genre.2 Sa even the combined
corpus of Let/ers and Speeches, with 8,0 Il ward-types, is still tao
small in comparison with the presumable effective vocabulary of
Libanios.

3.2. ResuUs

Resu1ts are given in groups of tables, each group comprising separate
tables for tiny, small, medium and large extracts. Tiny extracts range
from 50 ta 500 word-tokens, small ones from 500 ta 5,000, medium
ones from 5,000 ta 50,000, and large ones from 50,000 ta 500,000.
The lengths given in the table headlines refer ta extract-2, the lengths
on the left margin ta extract-1. Most tables are symmetric with respect
ta extract-l and extract-2, but the first type of tables to be described
here is not.

3.2.1. Tables 1.1 to 1.4

The first set of tables displays the percentage of vocabulary that a
common reference text--here extract-2--{;overs in any compared

1 In spile of these limitations, Muller's formula for the expected vocabulary size
gives reasonable resulls for sample texts with lengths up to ZN, and my formula for
the corresponding variance may reasonably be used up to text length Na.

2 This result will be published in my Sprachslalis/ische Ulllersuchllllgell zu dell
BrieJell ulld Redell des Liballios. It follows from the fact that the best mathematieal
mode! for the sequence v" V2, V), ... provides aiso an estimation for va, the number of
unused words of the effective vocabulary. The best model is the hypergeometric one
as described by DOLPHIN (Bernard): 1979, Vocabulaire el lexique (Genève: Slatkine,
"Travaux de linguistique quantitative", 7), pp. 84--85.
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text-here extract-1. A second row (marked by V) contains the abso
lute vocabulary size to which the percentage must be referred--that of
extract-1. Ali table entries result from the simulation described. These
tables show that the mean vocabulary overlap, expressed as percentage
of any compared vocabulary, depends heavily on the text lengths (or
extract lengths) involved: short reference texts will not coyer as much
as long ones, and in the compared texts, the percentage covered
decreases with increasing text length. Therefore, a mere comparison of
such percentages may be highly misleading. In fact, the percentages
vary between 8.5 % and 96.8 % in our examples, depending only on
the text lengths involved.

3.2.2. Tables 2.1 to 2.4

The second set of tables displays the mean vocabulary overlap as
given by simulation (S) and the expected vocabulmy overlap accord
ing to the formulae (F), both in the replacement model (Fr) and in the
non-replacement model (Fn). Thus there are three rows for each length
ofextract-I, marked by S, Fr and Fn.
(a) The values resulting from the formula of the replacement model
(Fr) stay very close to the simulation values over ail extraction lengths.
Indeed they should do so, since the simulation procedure, tod, works
with replacement of the word-tokens. The good fit shows that the
formula does not suffer from any computational bias.
(b) The formula of the non-replacement model, however, yields values
that-albeit close to the simulation values for shorter extracts--exceed
them more and more, as extraction length increases. Indeed the non
replacement model cornes close to the replacement mode! for short
extracts, and both models are equal for extraction length 1. On the
other hand, extraction without replacement becomes exhaustive, when
the length of the basic text 01' corpus is reached, in our case with
465,744 word-tokens. The vocabulary overlap of two extracts of this
length must be complete, i.e. it should equal 8,0 II word_types. In fact
the non-replacement formula yields almost exactly this value: linear
interpolation between 7,851.8 and 8,361.1, the expected values for the
overlaps of two extracts of 450,000 and two extracts of 500,000 words
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respectively, yields 7,851.8 + 160.4 =8,012.2. Again we can state that
the formula agrees well with the underlying model and that the com
putation may be regarded as free from errors.

3.2.3. Tables 3.1 103.8

The third set of tables shows the difference of the expected values (Fr,
Fs) and the mean vocabulary overlap (S}--as given in the previous set
of tables-c-Cxpressed in percentages of the latter. 1 These tables con
firm, in a more simple form, the results mentioned above. In particulaI'
they show that the formula for the non-replacement model and our
simulation with replacement fit well together-with deviations less
than 1 %--if al leasl one of the extracts does not exceed extraction
length 5,000. In this case, the second extract may well reach text
length 50,000. The difference may still be regarded as tolerable--with
deviations less than ca. 6 %---as long as al leasl one of the extracts
doesnot exceed extraction length 50,000, i.e. ca. NilO. The other
extract may well reach length N (= 465,744) or 500,000 in this case. If
both extracts reach length N, however, the difference to simulation
with replacement is ca. 30 %.

3.2.4. Tables 4.1104.4

This set of tables shows the pseudo-empirical standard deviation of the
vocabulary overlap according to our simulation (S) and the theoretical
standard deviation according to the fonuulae, both that of the replace- .
ment model (Fr) and that of the non-replacement model (Fu). Again
there are three rows for each length of extract-l, marked by S, Fr and
Fn respectively. Ali three values (S, Fr and Fn) remain close together,
if al leasl one of the extracts is not much longer than 250,000 word
tokens, i.e. ca. NIl. 2 For short extracts, both formulae yield ahnost
identical values, velY close to simulation, but always a !ittle higher.
For medium extract lengths, and even for extract lengths up to ca.

1 This may be denoted by 1OO'(Fr - S)fS or 1OO'(Fn - S)fS.

2 Note that this is also the upper bound for a good fit of the standard deviation of
the simple vocabulary size.
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250,000, i.e. ca. Nil, the values of the non-replacement formula are
slightly above those of the replacement formula and those of simula
tion, but for longer extracts they decrease more and more, below both
the replacement formula values and the simulation values. At length
450,000 (ofboth extracts) it is less than halfthe other values (12.2 <
28.9 =28.9), and if at least one of the extracts has length 500,000, it is
so close to zero that, on account of underf1ow, the output gives nan,
i.e. not a number. Indeed at length 465,744 both extracts must be
exhaustive in the. non-replacement model, and the vocabulary overlap
cannot vary: variance and standard deviation must be zero. AlI this
means that the non-replacement formula for the standard deviation
corresponds weIl to the underlying mode!, without computational bias.
The same holds for the replacement formula, since it keeps close to
simulation throughout. 1 Il should be noted, however, that the replace
ment formula yields its maximum (29.6) at extraction length 300,000
(of both extracts), with a graduaI decline thereafter? Thus the limita
tions of both models become apparent at about extract length Nil, but
they remain moderate in the replacement mode!.

3.2.5. Tables 5.1 to 5.8

These tables show the difference of the theoretical standard deviations
(Fr, Fn) and the pseudo-empirical standard deviation (S)--as given in
the previous set of table&---expressed in percentages of the latter, i.e.
ofthe simulation values.

(a) The replacement model: For long extracts, the differences vary
around 0 %, but the positive differences prevail (about Iwo thirds). In
the medium range, there are only three negative differences, and there
are none in the range of short extracts. The shorter the extracts the
higher the differences, especially when they are measured in percent
ages. Although the absolute differences are often less than 1.0 and
only very seldom greater than 2.0, such values yield rather high per
centages, when referred to the small standard deviations of short texts,

1 Only for very short exlmcts a certain difference musl be slaled, see 3.2.5 belolV.

2 Simulation behaves similarly.
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in particular if one of the extracts is shorter than 1,000 word-tokens.
The reason for this deviation from a perfect fit might be sorne myste
rious property of the random number generator or a computational bias
resulting from an accumulation of rounding errors.! In the latter case, a
correction could be obtained by subtracting a number between \.0 and
0.0 from the standard deviation, depending on the length of the
extract.2

(b) The non-replacement formula behaves similar, except for the ten
dency described above: for extracts longer than ca. N/2 the standard
deviation declines more and more and finally approaches zero.

3.3. Discussion ofthe results
Up to now we have shown that the formulae correspond weil with the
models, except perhaps the standard deviation for very short extracts.
But which of the models corresponds better to reality? The·previous
remarks on real text production would favour extraction with replace
ment, but there remains the problem that only seldom a given basic
text or text corpus will be sufficiently representative of an author's
effective vocabulary (especially if lemmatization is requested). There
fore in many cases, as in the Libanios example, at least the vocabulary
sizes of long extracts will be too low, if computed according to the
replacement mode\. The I1On-replacement model, however, yields just
the vocabulary size of the basic text, when an extract reaches length N
lInd becomes exhaustive. This means that the non-replacement model,
in as much as the basic corpus may be regarded aS typical, gives exact
Iy the vocabulary sizes that should be expected. Obviously tbis model
is the superior choice with respect to the simple vocabulary size and its
variance?

As to vocabulary overlaps, the case is slightly more complicated.
Consider two random extracts of fixed length, and for simplicity

1 Bul note that my Fortran-program works with double precision numbers in this
part.

2 \.0 for short (or tiny) extracls, 0.0 for extracls of medium length, with intenne
diate values.

3 Within the knownlimits, ofcourse.
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assume that both are equal in length. If they are drawn from a much
larger basic corpus, there is much room for variation in vocabulmy so
that the overlap will be relatively smal!. One might cali this effect a
tendency towards vocabulmy diversity in large basic corpora. 1 On the
other hand, a small basic corpus has a small vocabulmy and thereby
sets an inevitable Iimit to any vocabulary overlap. Thus there is a sec
ond effect that yields small overlaps: the tendency towards vocabulmy
constriction in small corpora. Since both large and small corpora give
rise to small overlaps, only a corpus of medium size will yield larger
ones. The largest overlaps seem to result from corpora of about double
extract length or from slightly longer ones, as will be seen in the Liba
nios example. The same example will show that much longer corpora
yield smaller overlaps, but that the decrease in overlap size is rather
moderate in this case.

Unfortunately, it has not been possible to derive from the given
sequence VI, V2, V3, ...-with N =465,744 and V =8,0 Il in the case of
Libanios--a corresponding sequence VI " V2', V3', ... for a hypothetical
longer corpus, say of length 2N. But the above mentioned effects can
also be demonstrated by comparing the results derived from artificially
shortened corpora. For that purpose 1 extracted random pm1ial
corpora2 of the lengths 50,000, 100,000 etc. up to 450,000, more
exactly five versions for each of these lengths (N'). Thus I got five
more or less similar sequences VI " V2', V3', .. , for each length and five
more or less similar vocabulary sizes V'. While the five versions of the
sequence VI " V2', V3', ... could not be transforrned into something like
a 'mean sequence', the tesulting vocabulary overlap sizes and the
vocabulary sizes V' could be used to compute means. The mean over
lap sizes are given in Table 6, but the rightmost column, which refers
to the complete given corpus, does not contain means. Each row of the
table refers to a pair of extracts of equal length (as given in the left
most column).

1 Similarly, small exlracts yield relatively small overlaps.
2 These extractions must he without replacement, since the results should be

comparable witb those of the complete given corpus (this corpus may be regarded as
an exhaustive non-replacement extract from ilsel!).
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The reader will notice that Table 6 confllms ail the above state
ments. The table also shows that even a relatively large corpus Iike that
of the Libanios Letlers and Speeches yields overlaps that are still too
large: if the effective vocabulary of Libanios were known (so that the
table could be extended to the right side), the values would be some
what lower than in the rightmost column. The non-replacement model,
however, gives higher values so that it must be regarded as inadequate
for vocabulary overlaps. The replacement model is more convenient,
but obviously a very large basic corpus is required, a corpus that should
coyer the effective vocabulary of the author or the authors regarded as
closely as possible. Minor deviations !Tom the effective vocabulary,
especially towards a larger one, seem to be tolerable.

4. An application to Libanios

Can the Letters and Speeches of Libanios be regarded as drawn at ran
dom from a common effective vocabulary? The relevant data are the
following:

word-tokens word-types

Letters 215,354 5,149

Speeches 250,390 6,974

The combined corpus 465,744 8,011

The actua1 vocabulary' overlap of Letters and Speeches comprises
5,149 + 6,974 - 8,011 =4,112 word-types. 1 The expected vocabulary
overlap must be computed by Iinear interpolation from the next entries
in Table 2.4. With the Letters as extract-1 (rows) and the Speeches as
extract-2 (columns), these entries are as follows:

1 Thus the ward types occurring only in the Speeches are 6,974 - 4,112 = 2,862,
white those occurring in the Let/ers only are as few as 5,149 - 4,112 = 1,037, Le. the
specifie vocabulary of the Speeches is much larger.



Extrait de la Revue Informatique et Statistique dans les Sciences humaines 
XXXV, 1 à 4, 1999. C.I.P.L. - Université de Liège - Tous droits réservés. 

188 Dietmar NAJOCK

250,000 250,390 300,000

200,000 4,884.5 5,028.4

215,354 x, =? y=?? X2 =?

250,000 5,101.5 5,264.4

In a first step we find x, = 4,951.1 and X2 = 5,100.9, in a second
the expected vocabulary overlap y =4,952.3. This value is not far from
5,101.5 (the value for two extracts of length 250,000), and Table 6 as
weil as Figure 2 show that it would almost certainly not fall below
4,800, if it could be based on a larger corpus.' Thus the expected
vocabulary overlap exceeds the actual one by about 700 ward-types or
23 standard deviations.2 Comparing the standard normal distribution,
we find

z S; (4,112 - 4,800) / 29.4 =- 23.4,
Le. the small size of the actual vocabulary overlap is extremely sig
nificant. We may conclude that the vocabulary of the Let/ers and
Speeches cannot be regarded as drawn at random from a common
pool. On the contrary, we must assume that the Let/ers and Speeches
are decidedly different with respect to word usage?

5. Conclusion

There is sorne hope that the statistical study ofCicero's warks on de.s
tination and free will and of related later works can be repeated with
lemmatized data. The combined corpus of the Vu/gala and a major
portion of Cicero seems to constitute a suitable base for this purpose.

1 I.e. a corpus that might he regarded as fully representative for Libanios' voca
bulary.

2 According to Tah1e 4.4, the standard deviation is abolit 29.4 for texts of thcse
lengths.

3 In fact 1 have shown sorne of the differences in my Sprachstatistische Ullter
sl/chl/llgell ZI/ dell Briefell I/lld Redell des Liballios (to be published in the lIear
future). They refer mainly to special topics of both literary genres and to a certain
avoidance of seldom words in the Letlers. The vocabulary is much richer in 'he
Speeches, cspecially ill the epideictic ones.
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Figure 1:
Distribution ofvocabulmy overlap sizes for text lengths 2000 and
2000 [next page]

Lower bound: 254 , upper bound: 321, mean: 286.6.

Variance: 102.336, standard deviation: 10.116, skewness: 0.078.

0.5 %-tails (or less) eut offin diagram.
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0123456
0123456789012345678901234567890123456789012345678901234567890

1 262 I*
6 263 I******
3 264 l***
2 265 lH
6 266 I******
6 267 I******

Il 268 I***********
4 269 I****

Il 270 I***********
7 271 I*******

13 272 I*************
Il 273 I***********
16 274 I****************
24 275 I************************
30 276 I******************************
25 277 I*************************
30 278 I******************************
32 279 I********************************
36 280 I************************************
26 281 I**************************
29 282 I*****************************
47 283 I***********************************************
46 284 1**********************************************
38 285 1**************************************
45 286 1*********************************************
42 287 1******************************************
38 288 1**************************************
37 289 1*************************************
31 290 1*******************************
35 291 1***********************************
37 292 1*************************************
30 293 1******************************
24 294 1************************
30 295 1******************************
17 296 1*****************
19 297 l*******************
19 298 1*******************
20 299 l********************
26 300 1**************************
13 301 l*************
16 302 l****************

5 303 l*****
Il 304 1***********

7 305 l*******
5 306 l*****
2 307 l**
6 308 1******
2 309 l**
8 310 l********
5 311 1*****

0123456
0123456789012345678901234567890123456789012345678901234567890
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Figure 2:
Meall vocabu/my overlap, based 011 cO/para oj/ellglhs 50,000 la 450,000

overlap sizes
(word types)

corpus length: 50 100 150 200 250 300 350 400 450 thousand words (tokens)
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Tables 1.1 -1.2:
Vocabulmy overlap in percentage ofvocabulmy size ofextract-l

50 100 150 200 250 300 350 400 450 500
50% 20.5 29.5 35.5 39.8 43.2 46.1 48.5 50.6 52.4 54.0
50V 38 38 38 38 38 38 38 38 38 38

100% 16.5 24.9 30.6 35.0 38.5 41.4 43.8 45.9 47.7 49.3
100 V 69 69 69 69 69 69 69 69 69 69
150% 14.2 22.0 27.5 31.7 35.3 38.1 40.6 42.8 44.7 46.4
150V 96 96 96 96 96 96 96 96 96 96
200% 12.7 . 20.1 25.4 29.5 32.9 35.7 38.1 40.2 42.1 43.8
200 V 120 120 120 120 120 120 120 120 120 120
250% 11.7 18.6 23.6 27.6 30.9 33.7 36.2 38.3 40.2 41.9
250V 143 143 143 143 143 143 143 143 143 143
300% 10.7 17.4 22.2 26.1 29.3 32.1 34.5 36.5 38.5 40.2
300 V 165 165 165 165 165 165 165 165 165 165
350% 10.0 16.3 21.0 24.8 28.0 30.7 33.0 35.2 37.0 38.7
350V 185 185 185 185 185 185 185 185 185 185
400% 9.5 15.4 19.9 23.6 26.7 29.4 31.7 33.8 35.6 37.3
400 V 205 205 205 205 205 205 205 205 205 205
450% 8.9 14.6 19.0 22.6 25.7 28.3 30.6 32.7 34.5 36.2
450V 224 224 224 224 224 224 224 224 224 224
500% 8.5 14.0 18.2 21.8 24.8 27.4 29.6 31.7 33.5 35.2
500 V 242 242 242 242 242 242 242 242 242 242

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
500% 35.2 46.8 53.7 58.5 62.2 65.1 67.5 69.6 71.2 72.8
500 V 243 243 243 243 243 243 243 243 243 243

1000% 28.4 39.7 46.8 52.0 55.9 59.2 61.9 64.1 66.1 67.9
1000 V 400 400 400 400 400 400 400 400 400 400
1500 % 24.6 35.3 42.4 47.6. 51.8 55.1 58.0 60.5 62.6 64.4
1500 V 529 529 529 529 529 529 529 529 529 529
2000% 22.2 32.4 39.4 44.6 48.8 52.2 55.1 57.6 59.8 61.8
2000 V 642 642 642 642 642 642 642 642 642 642
2500% 20.3 30.1 36.9 42.1 46.3 49.8 52.7 55.3 57.5 59.5
2500 V 743 743 . 743 743 743 743 743 743 743 743
3000% 19.0 28.4 35.0 40.2 44.4 47.8 50.8 53.4 55.7 57.7
3000 V 834 834 834 834 834 834 834 834 834 834
3500% 17.8 26.9 33.4 38.5 42.7 46.1 49.1 51.7 54.0 56.1
3500 V 919 919 919 919 919 919 919 919 919 919
4000% 16.9 25.7 32.1 37.1 41.2 44.6 47.6 50.3 52.6 54.7
4000 V 998 998 998 998 998 998 998 998 998 998
4500% 16.2 24.7 30.9 35.8 39.9 43.3 46.3 48.9 51.2 53.3
4500 V 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071
5000 % 15.5 23.8 29.9 34.7 38.7 42.1 45.1 47.7 50.0 52.1
5000 V 1141 1141 1141 1141 1141 1141 1141 1141 1141 1141
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Tables 1.3 - 1.4:
Vocabllimy overlap ill percelltage ofvocabllimy size ofextract-l

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
5000 % 52.2 65.6 72.6 77.1 80.1 82.5 84.3 85.7 86.9 87.9
5000 V 1139 1139 1139 1139 1139 1139 1139 1139 1139 1139

10000 % 44.4 58.2 66.0 71.0 74.7 77.5 79.7 81.5 83.0 84.3
10000 V 1686 1686 1686 1686 1686 1686 1686 1686 1686 1686
15000 % 39.9 53.5 61.5 66.9 70.9 74.0 76.4 78.4 80.1 81.5
15000 V 2080 2080 2080 2080 2080 2080 2080 2080 2080 2080
20000 % 36.8 50.1 58.2 63.7 67.9 71.1 73.7 75.8 77.6 79.2
20000 V 2393 2393 2393 2393 2393 2393 2393 2393 2393 2393
25000 % 34.5 47.5 55.5 61.2 65.4 68.8 71.5 73.8 75.7 77.3
25000 V 2654 2654 2654 2654 2654 2654 2654 2654 2654 2654
30000 % 32.7 45.4 53.4 59.1 63.4 66.8 69.6 71.9 73.9 75.7
30000 V 2880 2880 2880 2880 2880 2880 2880 2880 2880 2880
35000 % 31.2 43.6 51.5 57.2 61.6 65.1 67.9 70.3 72.4 74.2
35000 V 3080 3080 3080 3080 3080 3080 3080 3080 3080 3080
40000 % 30.0 42.2 50.0 55.7 60.1 63.6 66.5 68.9 71.1 72.9
40000 V 3259 3259 3259 3259 3259 3259 3259 3259 3259 3259
45000 % 29.0 40.9 48.7 54.3 58.7 62.3 65.2 67.7 69.8 71.7
45000 V 3422 3422 3422 3422 3422 3422 3422 3422 3422 3422
50000 % 28.1 39.8 47.5 53.1 57.5 61.0 64.0 66.5 68.7 70.6
50000 V 3571 3571 3571 3571 3571 3571 3571 3571 3571 3571

50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
50000 % 70.6 81.9 87.1 90.2 92.3 93.7 94.8 95.6 96.3 96.8
50000 V 3569 3569 3569 3569 3569 3569 3569 3569 3569 3569

100000 % 63.3 76.0 82.5 86.4 89.2 91.1 92.6 93.7 94.7 95.4
100000 V 4619 4619 4619 4619 4619 4619 4619 4619 4619 4619
150000 % 59.0 72.3 79.4 83.8 86.9 89.2 91.0 92.3 93.4 94.3
150000 V 5270 5270 5270 5270 5270 5270 5270 5270 5270 5270
200000 % 56.2 69.7 77.1 81.9 85.3 87.8 89.7 91.2 92.5 93.5
200000 V 5730 5730 5730 5730 5730 5730 5730 5730 5730 5730
250000 % 54.2 67.7 75.3 80.3 83.9 86.6 88.7 90.3 91.7 92.8
250000 V 6080 6080 6080 6080 6080 6080 6080 6080 6080 6080
300000 % 52.6 66.2 74.0 79.1 82.8 85.6 87.8 89.6 91.0 92.2
300000 V 6357 6357 6357 6357 6357 6357 6357 6357 6357 6357
350000 % 51.4 65.0 72.8 78.1 81.9 84.8 87.1 88.9 90.4 91.7
350000 V 6582 6582 6582 6582 6582 6582 6582 6582 6582 6582
400000 % 50.5 64.0 71.9 77.3 81.2 84.1 86.5 88.4 90.0 91.3
400000 V 6768 6768 6768 6768 6768 6768 6768 6768 6768 6768
450000 % 49.7 63.2 71.1 76.5 80.5 83.6 86.0 87.9 89.6 90.9
450000 V 6924 6924 6924 6924 6924 6924 6924 6924 6924 6924
500000 % 49.0 62.5 70.5 75.9 80.0 83.1 85.5 87.5 89.2 90.6
500000 V 7058 7058 7058 7058 7058 7058 7058 7058 7058 7058
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Tables 2.1 - 2.2: Mean vocabulmy overlap according to simulation (S)
and expected value according ta formulae (FI' and Fil)

50 100 150 200 250 300 350 400 450 500
50 S 7.9 11.3 13.6 15.3 16.6 17.7 18.6 19.4 20.1 20.7
50 Fr 7.7 11.3 13.6 15.3 16.6 17.7 18.6 19.3 20.0 20.6
50 Fn 7.7 11.3 13.6 15.3 16.6 17.7 18.6 19.4 20.0 20.6

100S Il.4 17.2 21.1 24.1 26.6 28.5 30.2 31.7 32.9 34.0
100 Fr 11.3 17.1 21.1 24.1 26.5 28.5 30.2 31.6 32.9 34.0
100 Fn 11.3 17.1 21.1 24.1 26.5 28.5 30.2 31.6 32.9 34.0
150 S 13.7 21.2 26.4 30.5 33.9 36.6 39.0 41.1 43.0 44.6
150 Fr 13.6 21.1 26.5 30.6 33.9 36.6 39.0 41.0 42.8 44.4
150 Fn 13.6 21.1 26.5 30.6 33.9 36.6 39.0 41.0 42.8 44.4
200 S 15.3 24.3 30.6 35.6 39.7 43.1 46.0 48.5 50.7 52.9
200 Fr 15.3 24.1 30.6 35.6 39.6 43.1 46.0 48.6 50.9 52.9
200 Fn 15.3 24.1 30.6 35.6 39.6 43.1 46.0 48.6 50.9 52.9
250 S 16.8 26.7 33.9 39.6 44.4 48.4 51.9 55.0 57.8 60.2
250 Fr 16.6 26.5 33.9 39.6 44.4 48.4 51.9 54.9 57.7 60.1
250 Fn 16.6 26.5 33.9 39.6 44.4 48.4 51.9 55.0 57.7 60.1
300 S 17.7 28.7 36.7 43.0 48.4 53.1 56.9 60.3 63.5 66.3
300 Fr 17.7 28.5 36.6 43.1 48.4 53.0 56.9 60.4 63.5 66.4
300 Fn 17.7 28.5 36.6 43.1 48.4 53.0 56.9 60.4 63.6 66.4
350 S 18.6 30.2 39.0 46.0 51.9 57.0 61.4 65.3 68.8 71.9
350 Fr 18.6 30.2 39.0 46.0 51.9 56.9 61.3 65.2 68.7 71.9
350 Fn 18.6 30.2 39.0 46.0 51.9 56.9 61.3 65.2 68.7 71.9
400 S 19.5 31.7 41.0 48.5 54.9 60.4 65.2 69.4 73.2 76.7
400 Fr 19.3 31.6 41.0 48.6 54.9 60.4 65.2 69.5 73.3 76.8
400 Fn 19.4 31.6 41.0 48.6 55.0 60.4 65.2 69.5 73.4 76.9
450 S 19.9 32.8 42.6 50.7 57.7 63.5 68.7 73.3 77.4 81.2
450 Fr 20.0 32.9 42.8 50.9 57.7 63.5 68.7 73.3 77.5 81.3
450 Fn 20.0 32.9 42.8 50.9 57.7 63.6 68.7 73.4 77.5 81.3
500 S 20.7 34.0 44.3 52.9 60.2 66.5 71.9 76.9 81.4 85.5
500 Fr 20.6 34.0 44.4 52.9 60.1 66.4 71.9 76.8 81.3 85.4
500 Fn 20.6 34.0 . 44.4 52.9 60.1 66.4 71.9 76.9 81.3 85.4
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500 1000 1500 2000 2500 3000 3500 4000 4500 5000
500 S 85.5 113.6 130.4 142.1 151.1 158.2 164.1 169.1 173.2 176.9
500 Fr 85.4 113.5 130.3 142.1 151.0 158.1 164.0 168.9 173.2 176.9
500 Fn 85.4 113.5 130.4 142.2 151.2 158.3 164.2 169.1 173.4 177.1

1000 S 113.7 158.8 187.5 208.1 223.9 236.9 247.7 256.8 264.7 271.8
1000 Fr 113.5 158.4 187.0 207.7 223.8 236.8 247.6 256.7 264.7 271.6
1000 Fn 113.5 158.5 187.2 208.0 224.1 237.1 248.0 257.2 265.1 272.1
1500 S 130.4 187.1 224.4 252.2 274.3 292.0 307.2 320.3 331.6 341.2
1500 Fr 130.3 187.0 224.6 252.4 274.3 292.2 307.3 320.1 331.3 341.1
1500 Fn 130.4 187.2 224.9 252.8 274.8 292.8 307.9 320.8 332.0 341.9
2000 S 142.4 207.9 252.8 286.6 313.5 335.4 354.1 370.1 384.3 396.7
2000 Fr 142.1 207.7 252.4 286.1 313.0 335.1 353.8 369.9 384.0 396.5
2000 Fn 142.2 208.0 252.8 286.6 313.6 335.8 354.6 370.8 385.0 397.5
2500 S 150.7 223.6 274.0 312.8 344.0 369.8 391.8 410.7 427.3 442.1
2500 Fr 151.0 223.8 274.3 313.0 344.0 369.9 391.8 410.9 427.5 442.3
2500 Fn 151.2 224.1 274.8 313.6 344.8 370.8 392.8 412.0 428.8 443.6
3000 S 158.4 237.0 292.4 335.4 370.2 399.1 424.0 445.7 464.7 481.5
3000 Fr 158.1 236.8 292.2 335.1 369.9 398.9 423.8 445.4 464.5 481.4
3000 Fn 158.3 237.1 292.8 335.8 370.8 400.0 425.0 446.7 465.9 482.9
3500 S 163.8 247.6 307.3 354.0 392.2 424.0 451.3 475.3 496.6 515.7
3500 Fr 164.0 247.6 307.3 353.8 391.8 423.8 451.3 475.2 496.4 515.3
3500 FIl 164.2 248.0 307.9 354.6 392.8 425.0 452.6 476.8 498.1 517.1
4000 S 168.5 256.4 320.0 370.0 410.8 445.5 475.4 501.6 524.9 545.7
4000 Fr 168.9 256.7 320.1 369.9 410.9 445.4 475.2 501.3 524.4 545.1
4000 FIl 169.1 257.2 320.8 370.8 412.0 446.7 476.8 503.0 526.3 547.1
4500 S 173.3 264.8 331.3 383.9 427.3 464.1 496.2 524.5 549.2 571.6
4500 Fr 173.2 264.7 331.3 384.0 427.5 464.5 496.4 524.4 549.3 571.6
4500 FIl 173.4 265.1 332.0 385.0 428.8 465.9 498.1 526.3 551.4 573.9
5000 S 176.7 271.4 340.9 396.2 441.9 481.0 515.0 544.8 571.4 595.0
5000 Fr 176.9 271.6 341.1 396.5 442.3 481.4 515.3 545.1 571.6 595.5
5000 FIl 177.1 272.1 341.9 397.5 443.6 482.9 517.1 547.1 573.9 597.9
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Tables 2.3 - 2.4: Meall vocabulmy overlap accordillg 10 sill/ulalioll (S)
alld expecled value accordillg 10 forll/ulae (Fr alld Fil)

5000 S
5000 Fr
5000 Fn

10000 S
10000 Fr
10000 Fn
15000 S
15000 Fr
15000 Fn
20000 S
20000 Fr
20000 Fn
25000 S
25000 Fr
25000 Fn
30000 S
30000 Fr
30000 Fn
35000 S
35000 Fr
35000 Fn
40000 S
40000 Fr
40000 Fn
45000 S
45000 Fr
45000 Fn
50000 S
50000 Fr
50000 Fn

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
595.3 747.8 827.6 878.1 913.3 939.6 960.3 976.8 990.7 1002.2
595.5 748.2 828.6 879.4 914.9 941.3 961.9 978.5 992.2 1003.7
597.9 752.3 833.7 885.3 921.5 948.6 969.6 986.6 1000.7 1012.5
748.5 981.4 1112.6 1198.4 1260.6 1307.4 1344.7 1375.1 1400.2 1421.4
748.2 981.3 1112.4 1198.8 1260.7 1307.8 1345.0 1375.3 1400.4 1421.8
752.3 988.5 1122.0 1210.2 1273.8 1322.1 1360.5 1391.7 1417.8 1439.9
829.4 1112.6 1279.4 1392.2 1475.2 1538.8 1590.0 1631.6 1666.5 1696.1
828.6 1112.4 1279.1 1391.8 1474.4 1538.1 1589.0 1630.7 1665.7 1695.6
833.71122.0 1292.2 1407.9 1493.0 1558.7 1611.4 1654.8 1691.3 1722.5
879.5 1199.2 1392.0 1524.9 1624.2 1701.0 1763.1 1814.6 1858.1 1895.3
879.4 1198.8 1391.8 1525.2 1624.4 1701.8 1764.1 1815.7 1859.3 1896.6
885.3 1210.2 1407.9 1545.2 1647.7 1727.9 1792.8 1846.7 1892.3 1931.5
915.3 1259.7 1473.8 1623.8 1736.6 1825.3 1897.8 1958.2 2008.8 2052.7
914.9 1260.7 1474.4 1624.4 1737.3 1826.1 1898.3 1958.4 2009.4 2053.3
921.5 1273.8 1493.0 1647.7 1764.7 1857.2 1932.7 1995.7 2049.4 2095.8
941.1 1308.2 1537.3 1701.6 1825.8 1924.2 2004.9 2072.5 2130.2 2180.0
941.3 1307.8 1538.1 1701.8 1826.1 1924.8 2005.5 2073.1 2130.7 2180.4
948.6 1322.1 1558.7 1727.9 1857.2 1960.2 2044.9 2116.1 2177.02229.8
960.7 1343.2 1586.9 1762.0 1896.5 2003.8 2092.2 2166.9 2230.3 2285.3
961.9 1345.0 1589.0 1764.1 1898.3 2005.5 2093.7 2167.8 2231.3 2286.4
969.61360.5 1611.4 1792.8 1932.72044.92137.72216.1 2283.52342.1
979.2 1376.0 1630.8 1815.3 1957.9 2072.3 2166.5 2246.8 2315.7 2375.7
978.5 1375.3 1630.7 1815.7 1958.4 2073.1 2167.8 2247.9 2316.6 2376.4
986.6 1391.7 1654.8 1846.7 1995.7 2116.1 2216.1 2301.0 2374.2 2438.2
992.1 1400.9 1666.2 1859.9 2009.9 2130.9 2231.4 2316.8 2390.5 2454.5
992.2 1400.4 1665.7 1859.32009.4 2130.7 2231.3 2316.6 2390.1 2454.3

1000.7 1417.8 1691.3 1892.3 2049.4 2177.0 2283.5 2374.2 2452.7 2521.6
1003.6 1421.6 1695.8 1896.5 2052.6 2179.6 2285.5 2375.5 2453.5 2522.0
1003.7 1421.8 1695.6 1896.6 2053.3 2180.4 2286.4 2376.4 2454.3 2522.3
1012.5 1439.9 1722.5 1931.52095.82229.82342.1 2438.22521.62594.9
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50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
50000 S 2521.5 2922.0 3110.5 3221.1 3293.6 3345.3 3383.5 3413.0 3436.5 3455.4
50000 Fr 2522.3 2922.9 3110.8 3221.4 3294.5 3346.4 3385.0 3414.8 3438.3 3457.4
50000 Fil 2594.9 3034.1 3246.6 3374.9 3461.8 3525.1 3573.5 3611.9 3643.4 3669.9

100000 S 2922.9 3511.8 3810.0 3993.7 4119.1 4209.0 4277.1 4330.3 4372.9 4407.6
100000 Fr 2922.9 3511.4 3809.8 3993.5 4118.5 4209.0 4277.4 4330.8 4373.4 4408.1
100000 Fil 3034.1 3700.5 4054.9 4281.4 4440.8 4560.0 4653.2 4728.5 4790.9 4843.9
150000 S 3110.7 3810.6 4182.6 4417.0 4581.0 4701.5 4793.6 4865.8 4924.2 4971.6
150000 Fr 3110.8 3809.8 4181.3 4416.9 4580.5 4700.8 4792.8 4865.2 4923.5 4971.2
150000 Fil 3246.6 4054.9 4511.8 4816.2 5037.1 5206.3 5341.0 5451.5 5544.3 5623.9
200000 S 3222.8 3994.8 4418.5 4692.9 4886.1 5029.3 5140.4 5228.5 5299.7 5358.2
200000 Fr 3221.4 3993.5 4416.9 4691.1 4884.5 5028.4 5139.4 5227.5 5298.7 5357.4
200000 Fil 3374.9 4281.4 4816.2 5184.1 5458.0 '5672.1 5845.6 5989.9 6112.6 6218.9
250000 S 3294.7 4118.7 4580.6 4885.2 5102.5 5264.5 5391.3 5492.9 5575.2 5642.7
250000 Fr 3294.5 4118.5 4580.5 4884.5 5101.5 5264.4 5391.1 5492.2 5574.4 5642.3
250000 Fil 3461.8 4440.8 5037.1 5458.0 5778.0 6032.8 6242.5 6419.3 6571.4 6704.5
300000 S 3346.1 4209.3 4701.3 5028.3 5264.6 5443.9 5583.6 5695.5 5787.5 5863.4
300000 Fr 3346.4 4209.0 4700.8 5028.4 5264.4 5443.0 5582.7 5694.7 5786.1 5862.0
300000 Fil 3525.1 4560.0 5206.3 . 5672.1 6032.8 6324.7 6568.3 6776.4 6957.5 7117.4
350000 S 3385.5 4277.9 4791.9 5139.3 5391.1 5582.6 5733.3 5854.5 5953.8 6036.3
350000 Fr 3385.0 4277.4 4792.8 5139.4 5391.1 5582.7 5733.3 5854.6 5954.0 6036.6
350000 Fil 3573.5 4653.2 5341.0 5845.6 6242.5 6568.3 6843.9 7082.1 7291.6 7478.4
400000 S 3416.0 4332.9 4866.7 5228.8 5493.5 5695.7 5855.7 5985.1 6091.4 6179.9
400000 Fr 3414.8 4330.8 4865.2 5227.5 5492.2 5694.7 5854.6 5983.8 6090.0 6178.6
400000 Fil 3611.9 4728.5 5451.5 5989.9 6419.3 6776.4 7082.1 7349.3 7586.8 7800.7
450000 S 3439.0 4373.1 4923.0 5297.7 5573.5 5785.6 5953.4 6089.9 6202.2 6295.8
450000 Fr 3438.3 4373.4 4923.5 5298.7 5574.4 5786.1 5954.0 6090.0 6202.1 6295.8
450000 Fil 3643.4 4790.9 5544.3 6112.6 6571.4 6957.5 7291.6 7586.8 7851.8 8092.8
500000 S 3457.4 4409.5 4972.9 5359.0 5643.0 5862.3 6036.8 6178.1 6296.2 6394.7
500000 Fr 3457.4 4408.1 4971.2 5357.4 5642.3 5862.0 6036.6 6178.6 6295.8 6394.0
500000 Fil 3669.9 4843.9 5623.9 6218.9 6704.5 7117.4 7478.4 7800.7 8092.8 8361.1



Extrait de la Revue Informatique et Statistique dans les Sciences humaines 
XXXV, 1 à 4, 1999. C.I.P.L. - Université de Liège - Tous droits réservés. 

198 Dietmar NA10CK

Tables 3.1 - 3.4: Difference ofexpected vaille (Fr, replacemellt mode/)
and simlliated meall (S) ill percelltage ofthe latter

50 100 150 200 250 300 350 400 450 500
50 -u -0.6 -0.2 0.\ 0.2 -0.1 -0.2 -0.3 -0.4 -0.4

100 -1.2 -0.4 0.0 -0.1 -0.2 -0.1 -0.1 ·0.1 -0.1 0.0
150 -0.8 -0.2 0.2 0.2 -0.2 -0.1 -0.2 -0.3 -0.4 -0.4
200 -0.3 -0.7 -0.2 0.0 -0.1 0.0 0.0 0.2 0.2 0.1
250 -1.2 -0.5 -0.2 0.1 0.0 -0.1 -0.1 -0.2 -0.2 -0.1
300 -0.3 -0.6 -0.2 0.1 -0.1 -0.2 0.0 0.1 0.0 0.1
350 -0.3 -0.1 -0.1 0.0 -0.1 -0.1 -0.1 -0.1 -0.1 0.0
400 -0.7 -0.2 0.1 0.2 0.0 0.0 0.0 0.1 0.2 0.2
450 0.4 0.4 0.5 0.2 0.0 0.1 0.\ 0.1 0.1 0.1
500 -0.4 0.0 0.2 0.\ -0.\ -0.2 -0.1 -0.1 -0.2 -0.1

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
500 -0.2 -0.1 -0.1 0.0 -0.\ 0.0 -0.1 .0.1 0.0 0.0

1000 -0.2 -0.3 -0.2 -0.2 0.0 0.0 -0.1 0.0 0.0 -0.1
1500 ·0.1 0.0 0.1 0.1 0.0 0.1 0.0 -0.1 -0.1 0.0
2000 -0.2 -0.1 -0.1 -0.2 -0.2 -0.1 -0.1 0.0 -0.1 -0.\
2500 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3000 -0.2 -0.1 -0.1 -0.1 -0.1 0.0 0.0 -0.1 -0.1 0.0
3500 0.1 0.0 0.0 -0.1 -0.1 0.0 0.0 0.0 0.0 -0.1
4000 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 -0.1
4500 -0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
5000 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.1

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
5000 0.0 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2

10000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15000 -0.1 0.0 0.0 0.0 0.0 0.0 -0.1 -0.1 0.0 0.0
20000 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1
25000 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30000 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
35000 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0
40000 -0.1 -0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
45000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
50000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
50000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1

100000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
250000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
300000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
350000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
400000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
450000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
500000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Tables 3.5 - 3.8: Differellce ofexpected value (Fil, 1I01l-replacemellt mode/)
alld simulated meall (S) ill percelltage ofthe latter

50 100 150 200 250 300 350 400 450 500
50 -1.6 -0.6 -0.2 0.1 0.2 -0.1 -0.1 -0.3 -004 -004

100 -1.2 -004 0.0 -0.1 -0.2 -0.1 -0.1 -0.1 -0.1 0.0
150 -0.8 -0.2 0.2 0.2 -0.1 -0.1 -0.1 -0.3 -004 -004
200 -0.3 -0.7 -0.2 0.0 0.0 0.0 0.1 0.2 0.3 0.1
250 -1.1 -0.5 -0.2 0.1 0.1 0.0 -0.1 -0.1 -0.2 -0.1
300 -0.3 -0.6 -0.2 0.1 .0.1 -0.2 0.1 0.1 0.1 0.1
350 -0.3 -0.1 -0.1 0.0 -0.1 -0.1 0.0 -0.1 0.0 0.1
400 -0.7 -0.2 0.1 0.2 0.1 0.0 0.1 0.1 0.2 0.2
450 004 004 0.5 0.3 0.1 0.2 0.1 0.1 0.2 0.2
500 -0.3 0.0 0.2 0.1 -0.1 -0.1 0.0 0.0 -0.1 -0.1

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
500 -0.1 -0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.1

1000 -0.2 -0.2 -0.1 -0.1 0.1 0.1 0.1 0.1 0.2 0.1
1500 0.0 0.1 0.2 0.2 0.2 0.3 0.2 0.1 0.1 0.2
2000 -0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.2
2500 0.3 0.2 0.3 0.2 0.2 0.3 0.3 0.3 0.3 0.3
3000 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.3
3500 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3
4000 004 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3
4500 0.1 0.1 0.2 0.3 0.3 004 004 004 004 004
5000 0.2 0.3 0.3 0.3 004 004 004 004 004 0.5

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
5000 004 0.6 0.7 0.8 0.9 1.0 1.0 1.0 1.0 1.0

10000 0.5 0.7 0.8 1.0 1.0 1.1 1.2 1.2 1.3 1.3
15000 0.5 0.8 1.0 l.l 1.2 1.3 1.3 lA 1.5 1.6
20000 0.7 0.9 1.1 1.3 lA 1.6 1.7 1.8 1.8 1.9
25000 0.7 l.l 1.3 1.5 1.6 1.7 1.8 1.9 2.0 2.1
30000 0.8 1.1 lA 1.5 1.7 1.9 2.0 2.1 2.2 2.3
35000 0.9 1.3 1.5 1.7 1.9 2.1 2.2 2.3 204 2.5
40000 0.8 l.l 1.5 1.7 1.9 2.1 2.3 204 2.5 2.6
45000 0.9 1.2 1.5 1.7 2.0 2.2 2.3 2.5 2.6 2.7
50000 0.9 1.3 1.6 1.8 2.1 2.3 2.5 2.6 2.8 2.9

50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
50000 2.9 3.8 404 4.8 5.1 504 5.6 5.8 6.0 6.2

100000 3.8 504 604 7.2 7.8 8.3 8.8 9.2 9.6 9.9
150000 404 604 7.9 9.0 10.0 10.7 liA 12.0 12.6 13.1
200000 4.7 7.2 9.0 10.5 11.7 12.8 13.7 14.6 15.3 16.1
250000 5.1 7.8 10.0 11.7 13.2 14.6 15.8 16.9 17.9 18.8
300000 504 8.3 10.7 12.8 14.6 16.2 17.6 19.0 20.2 21.4
350000 5.6 8.8 11.5 13.7 15.8 17.7 1904 21.0 22.5 23.9
400000 5.7 9.1 12.0 14.6 16.9 19.0 20.9 22.8 24.5 26.2
450000 5.9 9.6 12.6 1504 17.9 20.3 22.5 24.6 26.6 28.5
500000 6.1 9.9 13.1 16.0 18.8 2104 23.9 26.3 28.5 30.8
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Tables 4.1 - 4.2: Standard deviationfor vocabulary overlap
according to silllulatioll (S) alld accordillg to forlllulae (Fr alld Fil)

50 100 150 200 250 300 350 400 450 500

50 S 2.0 2.4 2.6 2.7 2.8 2.9 3.0 3.0 3.1 3.1
50 Fr 2.2 2.6 2.9 3.1 3.2 3.4 3.5 3.6 3.6 3.7
50 Fil 2.2 2.6 2.9 3.1 3.2 3.4 3.5 3.6 3.6 3.7

100 S 2.4 2.8 3.1 3.2 3.4 3.5 3.5 3.6 3.6 3.7
100 Fr 2.6 3.1 3.4 3.7 3.8 4.0 4.1 4.3 4.4 4.5
100 Fil 2.6 3.1 3.4 3.7 3.8 4.0 4.1 4.3 4.4 4.5
150 S 2.3 2.9 3.3 3.5 3.7 3.8 3.9 4.1 4.2 4.2
150 Fr 2.9 . 3.4 3.8 4.0 4.2 4.4 4.5 4.7 4.8 4.9
150 Fil 2.9 3.4 3.8 4.0 4.2 4.4 4.5 4.7 4.8 4.9
200 S 2.6 3.3 3.6 3.9 4.0 4.2 4.4 4.4 4.5 4.6
200 Fr 3.1 3.7 4.0 4.3 4.5 4.7 4.8 5.0 5.1 5.2
200 Fil 3.1 3.7 4.0 4.3 4.5 4.7 4.8 5.0 5.1 5.2
250 S 2.8 3.5 3.7 3.9 4.1 4.3 4.4 4.6 4.7 4.7
250 Fr 3.2 3.8 4.2 4.5 4.7 4.9 5.0 5.2 5.3 5.4
250 Fu 3.2 3.8 4.2 4.5 4.7 4.9 5.0 5.2 5.3 5.4
300 S 2.7 3.6 4.0 4.4 4.7 5.0 5.0 5.1 5.2 5.2
300 Fr 3.4 4.0 4.4 4.7 4.9 5.1 5.2 5.4 5.5 5.6
300 Fil 3.4 4.0 4.4 4.7 4.9 5.1 5.2 5.4 5.5 5.6
350 S 2.8 3.5 4.0 4.2 4.5 4.7 5.0 5.1 5.3 5.4
350 Fr 3.5 4.1 4.5 4.8 5.0 5.2 5.4 5.6 5.7 5.8
350 Fu 3.5 4.1 4.5 4.8 5.0 5.2 5.4 5.6 5.7 5.8
400 S 2.8 3.6 4.0 4.4 4.8 4.9 5.1 5.3 5.5 5.6
400 Fr 3.6 4.3 4.7 5.0 5.2 5.4 5.6 5.7 5.9 6.0
400 Fil 3.6 4.3 4.7 5.0 5.2 5.4 5.6 5.7 5.9 6.0
450 S 3.0 3.9 4.3 4.6 4.8 5.1 5.2 5.3 5.4 5.6
450 Fr 3.6 4.4 4.8 5.1 5.3 5.5 5.7 5.9 6.0 6.1
450 Fil 3.6 4.4 4.8 5.1 5.3 5.5 5.7 5.9 6.0 6.1

500 S 3.0 3.8 4.3 4.6 4.9 5.2 5.5 5.8 5.8 6.1
500 Fr 3.7 4.5 4.9 5.2 5.4 5.6 5.8 6.0 6.1 6.3
500 Fu 3.7 4.5 4.9 5.2 5.4 5.6 5.8 6.0 6.1 6.3
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500 1000 1500 2000 2500 3000 3500 4000 4500 5000
500 S 5.8 6.6 6.8 7.1 7.2 7,4 7.5 7.7 7.9 7.9
500 Fr 6.3 7.3 7.9 8,4 8.8 9.0 9.3 9.5 9.7 9.8
500 Fn 6.3 7.3 7.9 8,4 8.8 9.1 9.3 9.5 9.7 9.8

1000 S 6.5 7.6 8,4 8.7 8.9 9,4 9.6 9.7 9.8 9.8
1000 Fr 7.3 8.3 9.1 9.6 10.1 10,4 10.7 11.0 11.3 ILS
1000 Fn 7.3 8,4 9.1 9.6 10.1 10,4 10.8 11.0 11.3 ILS
1500 S 6.8 8.1 8.9 9.5 9.9 10.2 10,4 10.8 11.2 11.5
1500 Fr 7.9 9.1 9.8 10,4 10.8 11.2 11.6 11.9 12.2 12,4
1500 Fn 7.9 9.1 9.8 10,4 10.9 11.3 11.6 11.9 12.2 12,4
2000 S 7.1 8.5 9.3 10.1 10.5 11.0 11.2 11.6 11.9 12.1
2000 Fr 8,4 9.6 10,4 11.0 11,4 11.8 12.2 12.5 12.8 13.0
2000 Fn 8,4 9.6 10,4 11.0 11.4 11.8 12.2 12.5 12.8 13.0
2500 S 7.8 9.1 10.1 10.7 11.0 11.4 11.9 12.3 12,4 12.6
2500 Fr 8.8 10.1 10.8 11,4 11.9 12.3 12.7 13.0 13.2 13.5
2500 Fn 8.8 10.1 10.9 Il,4 11.9 12.3 12.7 13.0 13.3 13.5
3000 S 7.7 9.2 10.2 10.7 11.3 11.8 12.0 12.3 12.7 13.0
3000 Fr 9.0 10,4 11.2 11.8 12.3 12.7 13.1 13,4 13.6 13.9
3000 Fn 9.1 10,4 11.3 11.8 12.3 12.7 13.1 13,4 13.7 13.9
3500 S 8.2 9.7 10.8 11.7 12.1 12,4 12.8 13.2 13,4 13.8
3500 Fr 9.3 10.7 11.6 12.2 12.7 13.1 13,4 13.7 14.0 14.2
3500 Fn 9.3 10.8 11.6 12.2 12.7 13.1 13,4 13.7 14.0 14.2
4000 S 8.3 9.9 10.8 11.7 12,4 12.9 13.3 13.6 13.9 14.3
4000 Fr 9.5 11.0 11.9 12.5 13.0 13,4 13.7 14.0 14.3 14.5
4000 Fn 9.5 11.0 11.9 12.5 13.0 13,4 13.7 14.0 14.3 14.5
4500 S 8.3 10.2 11.4 12.2 12.6 13.0 13.2 13.7 14.1 14.3
4500 Fr 9.7 11.3 12.2 12.8 13.2 13.6 14.0 14.3 14.5 14.8
4500 Fn 9.7 11.3 12.2 12.8 13.3 13.7 14.0 14.3 14.6 14.8
5000 S 8.3 10.3 11.9 12.7 12.9 13.3 13.5 13.7 14.0 14.0
5000 Fr 9.8 ILS 12,4 13.0 13.5 13.9 14.2 14.5 14.8 15.0
5000 Fn 9.8 ILS 12,4 13.0 13.5 13.9 14.2 14.5 14.8 15.0
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Tables 4.3 - 4.4: Standard deviationfor vocabulOlY overlap
according to sill/ulation (S) and according to forll/ulae (FI' and Fn)

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
5000 S 14.3 15.4 15.8 16.5 17.1 17.3 17.7 18.0 18.0 18.2
5000 Fr 15.0 16.7 17.7 18.5 19.0 19.5 19.8 20.1 20.4 20.6
5000 Fil 15.0 16.7 17.8 18.5 19.1 19.6 19.9 20.3 20.5 20.7

10000 S 15.6 17.0 18.4 18.9 19.4 20.2 20.5 20.6 21.0 21.1
10000 Fr 16.7 18.1 19.0 19.7 20.3 20.9 21.3 21.7 22.0 22.3
10000 Fil 16.7 18.1 19.0 19.8 20.4 21.0 21.4 21.8 22.2 22.5
15000 S 16.9 18.1 19.2 19.4 19.6 20.4 20.6 20.7 21.2 21.7
15000 Fr 17.7 19.0 19.8 20.4 21.0 21.5 21.9 22.3 22.6 23.0
15000 Fil 17.8 19.0 19.8 20.5 21.1 21.6 22.0 22.5 22.8 23.2
20000 S 17.1 19.1 19.6 20.3 20.8 21.2 21.7 21.8 22.2 22.8
20000 Fr 18.5 19.7 20.4 21.0 21.5 21.9 22.3 22.7 23.0 23.4
20000 Fil 18.5 19.8 20.5 21.0 21.6 22.0 22.5 22.9 23.2 23.6
25000 S 17.4 19.7 20.5 20.4 21.3 22.2 22.3 22.4 23.1 23.3
25000 Fr 19.0 20.3 21.0 21.5 21.9 22.3 22.7 23.0 23.3 23.7
25000 Fil 19.1 20.4 21.1 21.6 22.0 22.4 22.8 23.2 23.5 23.9
30000 S 17.9 19.9 20.6 21.1 21.8 21.9 22.3 23.0 23.9 24.4
30000 Fr 19.5 20.9 2U 21.9 22.3 22.7 23.0 23.3 23.6 23.9
30000 Fil 19.6 21.0 21.6 22.0 22.4 22.8 23.1 23.5 23.8 24.1
35000 S 18.2 20.2 20.4 21.9 22.2 22.8 23.1 23.9 23.8 24.1
35000 Fr 19.8 21.3 21.9 22.3 22.7 23.0 23.3 23.6 23.9 24.1
35000 Fil 19.9 21.4 22.0 22.5 22.8 23.1 23.5 23.8 24.1 24.3
40000 S 17.9 21.2 21.8 22.3 22.8 22.9 23.2 23.4 23.6 23.9
40000 Fr 20.1 21.7 22.3 22.7 23.0 23.3 23.6 23.9 24.1 24.3
40000 Fil 20.3 21.8 22.5 22.9 23.2 23.5 23.8 24.0 24.3 24.6
45000 S 18.7 21.1 21.6 22.4 22.6 22.9 23.0 23.7 24.1 24.5
45000 Fr 20.4 22.0 22.6 23.0 23.3 23.6 23.9 24.1 24.3 24.6
45000 Fil 20.5 22.2 22.8 23.2 23.5 23.8 24.1 24.3 24.5 24.8
50000 S 19.0 21.1 22.5 23.2 23.3 23.2 23.4 23.3 23.9 24.7
50000 Fr 20.6 22.3 23.0 23.4 23.7 23.9 24.1 24.3 24.6 24.8
50000 Fil 20.7 22.5 23.2 23.6 23.9 24.1 24.3 24.6 24.8 25.0
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50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
50000 S 24.1 26.3 26.9 27.7 28.3 28.9 29.2 29.6 30.2 30.4
50000 Fr 24.8 26.5 27.8 28.7 29.3 29.8 30.2 30.6 30.8 31.0
50000 Fn 25.0 26.9 28.4 29.5 30.4 31.0 31.6 32.0 32.4 32.7

100000 S 25.3 26.9 27.9 28.9 29.9 30.1 30.7 30.6 30.8 31.0
100000 Fr 26.5 27.4 28.2 28.9 29.5 30.1 30.5 30.9 31.2 31.5
100000 Fn 26.9 27.7 28.7 29.6 30.5 31.3 32.0 32.6 33.1 33.6
150000 S 27.7 27.1 29.0 29.6 30.2 30.7 31.2 31.2 31.6 31.7
150000 Fr 27.8 28.2 28.6 29.0 29.5 29.9 30.2 30.6 30.9 31.1
150000 Fn 28.4 28.7 29.0 29.5 30.1 30.7 31.3 31.9 32.4 32.8
200000 S 28.1 28.2 28.4 28.4 28.3 29.1 29.9 30.0 30.3 30.7
200000 Fr 28.7 28.9 29.0 29.2 29.4 29.7 30.0 30.2 30.4 30.6
200000 Fn 29.5 29.6 29.5 29.5 29.7 30.0 30.3 30.7 31.0 31.2
250000 S 28.8 29.3 29.0 29.7 29.0 28.1 28.5 29.0 29.6 29.7
250000 Fr 29.3 29.5 29.5 29.4 29.5 29.6 29.7 29.9 30.0 30.1
250000 Fn 30.4 30.5 30.1 29.7 29.5 29.3 29.2 29.1 29.0 28.8
300000 S 30.6 29.4 29.3 29.6 29.3 29.5 29.4 29.3 30.0 30.0
300000 Fr 29.8 30.1 29.9 29.7 29.6 29.6 29.6 29.6 29.7 29.7
300000 Fn 31.0 31.3 30.7 30.0 29.3 28.6 27.9 27.2 26.5 25.5
350000 S 29.1 30.2 30.9 31.8 31.4 31.6 30.8 30.5 30.4 29.7
350000 Fr 30.2 30.5 30.2 30.0 29.7 29.6 29.5 29.4 29.4 29.3
350000 Fn 31.6 32.0 31.3 30.3 29.2 27.9 26.6 25.0 23.2 21.0
400000 S 29.8 30.8 30.3 30.6 30.1 29.6 29.6 29.2 29.2 29.3
400000 Fr 30.6 30.9 30.6 30.2 29.9 29.6 29.4 29.2 29.1 29.0
400000 Fn 32.0 32.6 31.9 30.7 29.1 27.2 25.0 22.3 18.9 14.0
450000 S 29.9 31.7 30.3 30.1 29.2 29.4 29.1 29.1 28.9 28.7
450000 Fr 30.8 31.2 30.9 30.4 30.0 29.7 29.4 29.1 28.9 28.7
450000 Fn 32.4 33.1 32.4 31.0 29.0 26.5 23.2 18.9 12.2 nan
500000 S 31.3 30.9 30.6 30.3 29.5 28.7 28.3 27.9 27.9 27.9
500000 Fr 31.0 31.5 31.1 30.6 30.1 29.7 29.3 29.0 28.7 28.4
500000 Fn 32.7 33.6 32.8 31.2 28.8 25.5 21.0 14.0 nan nan
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Tables 5.1 - 5.4: Differel/ce oftheoretical (Fr) al/d ps.-empirical (S)
stal/dard deviatiol/ il/ percel/tage ofthe lal/er

50 100 ISO 200 250 300 350 400 450 500
50 8.3 10.5 12.2 15.4 16.6 16.2 16.4 16.8 17.9 20.0

100 8.9 10.4 12.3 13.3 12.7 15.9 18.0 18.5 20.1 20.8
ISO 23.8 18.9 13.6 14.5 14.0 14.0 15.3 14.0 14.2 16.2
200 18.4 Il.7 10.3 10.4 10.5 10.1 9.5 12.2 12.7 14.0
250 14.6 9.4 14.7 13.8 13.9 13.6 13.5 13.8 13.7 14.8
300 23.0 12.4 8.3 5.5 4.7 1.2 3.9 5.8 6.0 8.0
350 21.6 16.9 13.9 13.4 12.2 11.0 8.2 8.1 6.7 7.2
400 25.4 18.2 17.8 12.4 9.0 9.7 9.3 7.5 6.7 6.2
450 19.1 13.1 10.8 10.3 10.0 8.7 10.5 11.4 11.8 9.7
500 23.0 17.8 12.7 13.8 10.8 9.0 5.4 3.7 4.9 3.0

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
500 7.8 10.1 15.8 18.7 22.1 22.9 23.9 23.2 23.3 24.1

1000 12.3 10.1 8.5 10.2 12.6 11.1 12.2 13.2 14.8 16.7
1500 16.9 12.2 10.0 9.1 9.3 9.9 11.2 10.2 8.9 7.6
2000 17.8 13.1 Il.4 8.3 8.6 7.8 8.5 7.6 7.6 7.8
2500 11.8 11.0 7.5 7.2 8.6 7.8 6.0 5.6 6.7 7.5
3000 18.2 13.0 10.2 10.3 9.0 7.9 8.5 8.8 7.5 6.9
3500 12.8 10.7 7.3 3.7 4.4 5.0 4.4 4.2 4.0 2.8
4000 14.9 11.5 10.5 7.0 4.3 4.0 2.9 3.0 2.8 1.4
4500 16.8 10.9 6.4 4.7 5.1 4.9 5.6 3.9 3.3 2.9
5000 17.9 11.2 4.2 2.3 4.6 4.4 5.5 5.8 5.7 7.3

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
5000 4.6 8.2 12.1 12.1 11.6 12.6 12.0 12.0 13.3 13.3

10000 6.6 6.2 3.4 4.1 4.6 3.3 3.8 5.3 4.9 5.6
15000 5.1 5.0 2.8 5.1 7.0 5.0 6.5 7.8 6.9 5.8
20000 8.3 3.5 4.0 3.1 3.2 3.3 3.0 3.9 4.0 2.3
25000 9.5 3.4 2.4 5.1 2.6 0.6 1.8 2.8 0.9 1.6
30000 8.9 4.6 4.3 3.9 2.4 3.3 2.9 1.2 -1.1 -2.1
35000 8.8 5.5 7.2 1.8 2.1 0.7 0.9 -1.4 0.3 0.2
40000 12.2 2.2 2.4 1.6 0.9 1.8 1.5 1.7 2.2 1.9
45000 8.8 4.2 4.9 2.7 3.1 3.1 3.9 1.6 0.9 0.2
50000 8.2 5.8 2.2 0.8 1.6 2.8 3.2 4.4 2.8 0.4

50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
50000 2.6 0.8 3.4 3.6 3.6 3.4 3.7 3.2 2.1 2.2

100000 4.7 1.6 1.0 0.1 -1.1 -0.1 -0.7 0.9 1.3 1.3
150000 0.2 3.9 -1.4 -2.0 -2.4 -2.8 -3.1 -1.9 -2.5 -2.0
200000 2.1 2.7 2.1 2.9 4.1 2.2 0.0 0.5 0.5 -0.3
250000 1.8 0.9 1.5 -0.9 1.7 5.4 4.4 3.0 1.4 1.5
300000 -2.5 2.2 1.9 0.5 1.I 0.2 0.7 1.0 -1.2 -1.0
350000 4.0 0.9 -2.0 -5.7 -5.4 -6.3 -4.2 -3.5 -3.3 -1.3
400000 2.6 0.1 0.9 -1.4 -0.7 0.0 -0.8 0.1 -0.3 -1.2
450000 3.0 -1.5 1.8 1.2 2.7 1.1 0.8 0.1 -0.2 0.1
500000 -0.8 1.8 1.5 1.I 2.3 3.4 3.8 4.0 2.7 1.8
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Tables 5.5 - 5.8: Difference oftheoretical (Fn) and ps.-empirical (S)
standard deviation in percelllage ofthe latter

50 100 150 200 250 300 350 400 450 500
50 8.3 10.5 12.2 15.4 16.6 16.2 16.4 16.8 17.9 20.0

100 8.9 10.4 12.3 13.3 12.7 15.9 18.0 18.5 20.1 20.8
150 23.8 18.9 13.6 14.6 14.1 14.0 15.3 14.0 14.2 16.2
200 18.4 11.7 10.3 10.4 10.6 10.1 9.6 12.2 12.7 14.0
250 14.6 9.4 14.7 13.8 13.9 13.6 13.5 13.9 13.7 14.8
300 23.1 12.4 8.3 5.5 4.7 1.2 3.9 5.8 6.1 8.1
350 21.6 16.9 13.9 13,4 12.2 11.0 8.2 8.1 6.7 7.2
400 25.4 18.2 17.8 12.4 9.0 9.7 9.4 7.5 6.8 6.2
450 19.1 13.1 10.8 10.3 10.0 8.7 10.5 Il.4 11.8 9.7
500 23.0 17.8 12.7 13.8 10.9 9.0 5.4 3.7 4.9 3.1

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
500 7.8 10.2 15.8 18.7 22.2 23.0 24.0 23.3 23.4 24.2

1000 12.3 10.2 8.5 10.2 12.7 11.2 12.3 13.4 14.9 16.8
1500 16.9 12.2 10.0 9.2 9.3 10.0 11.3 10.4 9.0 7.7
2000 17.8 13.2 lU 8.4 8.7 8.0 8.6 7.7 7.7 8.0
2500 11.8 11.1 7.6 7.3 8.7 7.9 6.1 5.8 6.8 7.7
3000 18.3 13.1 10.3 10.4 9.1 8.0 8.6 8.9 7.7 7.0
3500 12.9 10.8 7.4 3.9 4.5 5.1 4.5 4.3 4.1 2.9
4000 15.0 11.6 10.6 7.1 4.4 4.1 3.1 3.2 3.0 1.6
4500 16.9 11.0 6.6 4.8 5.3 5.1 5.8 4.0 3.5 3.1
5000 18.0 11.3 4.3 2.5 4.7 4.6 5.7 5.9 5.9 7.5

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
5000 4.8 8.5 12.4 12.5 12.0 13.2 12.5 12.6 13.9 14.0

10000 6.8 6.5 3.7 4.5 5.1 3.8 4.4 6.0 5.7 6.5
15000 5.4 5.3 3.1 5.5 7.5 5.6 7.1 8.5 7.8 6.7
20000 8.7 3.9 4.5 3.6 3.7 3.9 3.7 4.6 4.8 3.1
25000 10.0 3.9 2.9 5.6 3.1 1.2 2.4 3.5 1.7 2.5
30000 9.4 5.2 4.8 4.5 3.0 3.9 3.6 1.9 -0.3 -1.2
35000 9.4 6.2 7.8 2.5 2.7 1.4 1.6 -0.6 1.1 1.0
40000 12.9 2.9 3.1 2.3 1.6 2.5 2.2 2.5 3.1 2.7
45000 9.4 4.9 5.7 3.5 3.9 4.0 4.7 2.4 1.7 1.1
50000 8.8 6.7 3.1 1.6 2.5 3.7 4.0 5.3 3.7 1.4

50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
50000 3.5 2.3 5.7 6.7 7.2 7.6 8.3 8.2 7.4 7.8

100000 6.3 3.0 2.8 2.6 2.2 4.0 4.2 6.6 7.6 8.2
150000 2.4 5.8 0.1 -0.4 -0.3 0.0 0.4 2.4 2.4 3.4
200000 5.1 5.3 3.8 4.1 5.1 3.3 1.3 2.1 2.3 U
250000 5.4 4.2 3.8 0.0 U 4.2 2.4 0.3 -2.0 -3.1
300000 1.4 6.4 4.9 U ·0.1 -3.2 -4.9 -7.2 -Il. 9 -15.0
350000 8.6 5.9 1.5 -4.5 -7.2 -lU -13.7 -17.9 -23.6 -29.4
400000 7.6 5.7 5.3 0.1 -3.3 -8.0 -15.6 -23.6 -35.4 -52.4
450000 8.3 4.6 6.9 3.0 -0.8 -9.9 -20.4 -35.1 -57.8 nan
500000 4.7 8.7 7.1 3.0 -2.3 -11.2 -25.8 -49.9 nan nan
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Table 6:
Mean vocabulmy overlap, based on cO/pora oflenglhs 50,000 10450,000

- _-_ Length N' and vocabulary size V' of basic corpus _.__ w_. • N && V

N' 50000 100000 150000 200000 250000 300000 350000 400000 450000 465744
V' 657.8 4814.2 5556.0 6118.8 6599.0 6993.0 7358.0 7666.4 7932.8 8011.0

m&&n ______•• _____ • _______•••_____•••______•••_____• ___________ 0 ____ • _______ • _______ • __________________••• ________

50000 2558.5 2574.4 2554.7 2543.5 2538.5 2534.1 2529.3 2525.2 2522.9 2521.5
100000 3250.6 3498.6 3522.5 3527.0 3526.9 3522.0 3517.8 3512.4 3511.8 3511.8
150000 3507.3 4021.5 4128.7 4165.7 418l.l 4184.5 4185.2 4181.7 4182.6 4182.6
200000 3601.9 4331.5 4538.3 4619.6 4660.3 4675.3 4684.7 4684.7 4690.0 4692.9
250000 3637.3 4521.0 4828.2 4960.1 5031.4 5063.3 5085.6 5091.4 5100.2 5102.5

m && n, in the leftmost column, are extract lengths (here equal).




