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ABSTRACT

The development of vocabulary tests Is analysed and criticised.

A new method of measurement is proposed based on an analysis of a sample

of recorded speech or writing from an individual.

The individual's vocabulary is defined as a fixed set of words having a
probability of occurrence associated with each member of the set, and
distributed according to a mathematical fuiction, not necessarily

spec Ifled.

A theorem Is derived which expresses the vocabulary contained In a text

as a function of the frequency distribution and the length of text.

Four forms of the text are quoted depending on whether the frequency
distribution is taken as continuous or discrete and the text length as a

natural or a real number,

A variety of functions was used in an attempt to estimate the number of
words known by the Individual wusing a running text length on the vocabulary
contained in that text. Composition books from six high school children

were used. No success was obtained.

A better theorem was obtained from Slchel * which related the number of
words appearing r times each in a text N words long with the frequency

distribution of occurrence <e,d the length of text.

Two large texts from two children, two and a half years old each, and one

very long text more then 13 00C words long, from a fourteen year old girl

were analysed at accumulative Intervals. The analysis gave length of text
analysed, number of w rds appearing once, twice, etc. and vocabulary

contained In text.

Both the texts by one of the younger children and one of the texts of the
other younger child were analysed in the forward direction, I.e.
chronological order, then in reverse. They were randomised then analysed

in the forward and backward directions.



iii

Estimates of the number of the individual's vocabulary were made
using the number of words appearing once and the average number of

times the words, in the sample, appeared (first cell and mean method).
Acceptable estimates resulted but a drawback was that the estimate
of vocabulary showed an upward drift as a sample size (i.e. text length)

increased. Tnis was corrected by making an asymptotic fit.

The method has definite possibilities as a psychometric tool
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LECTURER: system 01 * is based on the fact that

a child live am a i he comes to school for the
first time has a vocal lot more than five hundred
Yokl e s R e WY D B _ is to how the figure of five

hundred was arrived at?'.

LECTURER: 'When you've had as muci experience c
we have, you will know that a <hild c s ana a half
not have a vocabulary of more than J ndred words,
This is a verbatim quotation of what took pi during a lecture

at a College of Education in 1955.

The conversation is significant in thz= 1 ' illustrates a common
phenomenon in Education, that is the quot? ion of numbers without any
mention of the modus mensurandi; indeed in the case ofvocabulary, an
attempt  todiscover the modus mensurandi led to thepresent investiga-
tion.

Two methods have been used by Educationists and Psychologists.

They are:

1.2 Sampling the dictionary
Termana%sed a dictionary containing 18 000 words and selected the last
word in each successive sixth columni this resulted in a sample of 100
words.

Terman's test required the testor to interview the testee and ask
the test< ¢ what the word meant. He gives a selection of acceptable
and non-acceptable definitions for the yuidar e of testers, including
'full credit' and 'half credit'.

The estimate of the testee's vocabulary was then made using the

equation:
no. of corrc . r—~ wvocal, jla.'/ il (1;
no. of words in test ~ no. of words in dictionary

Substituting Terman's wvalues in (1) gives

ro. of currect ancwerc vocab .lary

100 = 18 000
M. Vocabulary = no, of correct answers x 180
Later the multiple choice synonym teit was developed and is the

most .'omon in current use,



In this type 01 test the word appears underlined in a short
sentence and alongside it appears a list of four or five possible
synonyms. The person under test then has to select the tjnorvym
is correct.

Generally therefore, if the individual scored v words correct in a
sample of N words taken frcm a lictionary containing M words then by

iple proportions

ixf (2)
where x = the individual's vocabulary.
Here it must be noted that this method cannot estimate the voca-
bulary as a list of words i.e. the individual's owndictionary but it
is purely and simpx, a number.

Solving equation (2) for x gives:

x =v £ (3)

and since v is a natural number, the possible values of x are natural

multiples of jr.

1.2.1 Defects of Samp] irud"
This method has the following inherent & fects:

(a) Satisfying the tester in a multiple choice testdoes notguarantee
that the person under test knows the word sufficiently well to be
able to use it correctly.

(b) The multiple choice method of assessment requires that the testee
knows the word, the synonym and that they are synonyms.

(c) The multiple choice method can be used lust as effectively to test
the synonym in the list as it is to test the word underlined in
the sentence.

(d) Using a large dictionary end a number of words in the test of a
few hundred will result in a population with vocabularies which
are multiples of say a thousand or more.

() The method is of no use with illiterates and pre-school children.

(f) If the words in the test are graded for difficulty, testees may
either stop when they have reached their limit or may continue
by guessing until they finish the test. In this case the
question of answers correct due to .guessing must be raised.

(g0 The compilers of the dictionary are taken as the arbiters of
which words are permitted the individual. No allowance can be

made for special 'family' words or words from another language.



(h) Depending on which dictionary is used, Hartman” 1941 found that
current methods of estimating vocabulary size 'fit only the
dictionaries upon which they are based'.

Four lists from different dictionaries administered to 100 col-

lege students showed large variations in vocabulary size.

Four lists from a single dictionary administered to normal school
graduates yielded similar results and serial order lists administered
as a check showed a high degree of agreement all indicating mean
vocabularies in excess of 200 000 words.

'There is only one conclusion possible - tne average undergraduate
has an actual vocabulary of a magnitude conventionally deemed unbe-

lievable. '

1.2.2 Advantages of Sampling

The multiple choice method has the following advantages:

(@) It is easy to administer and mark. It does not require any
special skill or training on the part of the tester.

(b) Large numbers of testees can bo tested at the same time.

(c) The test may be administered in a short time.

(d) The same test can be used over a wide range of vocabularies.

(e) Using a separate answer sheet, test papers or booklets may be

re-used.

1.3 Exhaustion
The second method is an attempt to 'record to exhaustion'. In this
method the individual's utterances aj;e recorded over a finite period
of time and it is assumed that during the recording period the indi-
vidual exhausts his store of words.
Due to the obvious difficulty of determining the point of ex—
austion the method has been -'.dapted so as to record the common voca-
bulary of a group of children. Burroughsv” recorded children's
onversations either by hidden microphones on school playgrounds or
by interviews with individual children.
After recording, the words were then ranked in popularity,
aa reflected by the number of times they appeared in the sample.
A criterion was then established for discarding words assumed not
to be common to the group , the usual criterion being that words
Bd by two members or less were deemed to be not common to the group
and were discarded.

The obvious defect of this method is that the probability of a



rare word appearing increases with the size of the sample of words
taken from the individual and it is therefore extremely unreliable to
set up such arbitrary criteria as flagging interest on the part of the
children. This method of recording, although of interest, is not

relevant to this study,

1.4 Others
Other recorders'l™' arK* ~ took down ev.ry word used by a child during

a week or a day but did not use the data to try and estimate the



CHAPTER II - A NEW APPROACH
2.1 A Hew Approa-vi
In view of the disadvantages and unreliability of current vooaoulaiy
tests it was decided that a new approach be explored.
3riieria

The following criteria were assume i:

(i) One individual at a time should be investigated.
(ii) Nothing extraneous to the testae's experience or lifestyle
should be used.
(iid)

The testae should not know that he/she was being tested or even
at idle

(1v) The words recorded, tested or used snould be the testae's own.

It was assumed, concerning any individual,chat at any one Instant

(1) he/she possessed

a finite wvocabulary
(i1) with each item of vocabulary was associated a finite proba-
bility of occurrence
(iii) in any finite rample of words recorded from the individual,

in order, repetitions included, la; the evidence :or an estimate

of the total content of vocabulary.

From the foregoing it is obvious that as an individual produces

words from his/her vocabulary, he/she naturally repeats more and more

of the words already used, i.e. that the probability of the next word

being a new appearance 1is monotonic decreasing with increasing sample

size.

2.3 Two Variables

Even simpler, instead of thinking about rates it was decided to define

two variables:

(1) total words used, t

(11) the vocabulary contained in t, v 111

Again it is obvious that as the individual uses more and more words so
the vocabulary contained in the words used can either increase or re-

main the same.

Thus v(t) 1is a positive monotonic increasing function of t, sounded

above, because even if the individual under test knew all the words in

several languages and several iictionaries in each language, his/her



vocabulary would yet be finite.
Expressed mathematically:v(t)= £(t) an- Limit v(t) BV
L <
See Figure 1 on page 9.
Figure 1 shows the graph of v(t) vs t as a series of discrete
points. Bearing in mind that t and v(t)are both natural numbers
this is a true representation of the co-ordinates. For convenience,

later, a smooth curve will be used.

2.4 Recording
As a pilot survey, essay books were borrowed from six hi; -ohool pupils.
The pupils were selected so as to give the greatest possible spread of
results. One normal, average, well adjusted, middle of the road,
steady worker, one highly intelligent but unpredic .able quasi-
neurotic and four adaptation class members, selected to contrast with
the other two.

English composit.on books were borrowed with the pupil’s consent
and the individual's dictionary was compiled. Each word was checked
with the dictionary to see whether it, th * t.. word, had appeared
before or was a first appearance. If the word had been used before
one was added to t and v (t)remained constant. If the word was a

first appearance, one was aided to t and one to v(t).

f.* Iema'.l.'u'.ijn
The recordings were made in 1958 and at that date no rules for lemmati-
sation were available and arbitrary decisions were made, the general
rule being 'new idea M new word'. Regular derivations by the ad-
dition of ed, ing, arion etc., were not taken as 'new words' unless
some special meaning was usually attached to the derived form of the
word.

At this stage it is not really important whether the words are
lemmatised or not because each person will ha/e his/her own lemma
ratio and al’' r lemmatising the sample, a more or less fixed ratio of
vocabulary to lemmas will be found. In fact this lemma ratio may well
provide an interesting field for research.

The results of the word counts at intervals of 100 upwards and a

description of the subjects follows: See Table 1 on pages 7 and 8.



.6 Data

fandrd
Background

Envirc tient

10
Personality
t 100 200
v(t) 71 124
t 1100 1200
v(t)41l1l 445
Jane .
Background
Environment
10
Personality

t 100 200
v(t) 66 107
t 1100 1200
v(t ) 440 466
t 2100 2200
v(t) 707 734
Noel
Background

10 i

Personality ;

t 100 200

v(t) 61 112

IABIB 1.

Age 14 years

Lower middle class

6 CHILDREN v (t)

VS

(t)

Suburban

Normal

Friendly, reliable (class monitor)
300D 400 500 600 700 900
156 198 232 262 295 325

1400 1500 1600 1700 1800

47 512 536 556 581 599

Age 14 years

Profeasional

Suburbun

Well above normal

Highly strung, unreliable
370 400 500 600 700 800
149 201 246 264 324 356

1300 1400 1500 1600 1700 1800
501 531 566 590 614 647

2300 2400 2500 2600 2700 2800
754 778 799 823 847  g74

Age 13 years

Suburban Institution

Below normal

Diifident, defensive
300 400 500 600 700
160 202 238 257 287

900

362

1900

612

900

380

1900

671

2900

898

1000

389

2000

630

1000
411
2000

689



ABTiE 1

Age i) years

suburban Irstitution

Below normal

ICO aHj uu

vv) 67 118

IIX 120

100 200 300

(t) 62 102 140

Gorcposl'j

'00 oou
400 HJ ovv '@ 1000
He} 430
400 500 700
179 245 268

Grat-\

tod on the same set of axes

tween the curves after only

curve was given by ICal :oim

Subsequent enquiries reveale.

i .'lass for sociological



10 20 30 AO t
FIG 1 Graph of vitlvs t discrete points)

Sandre
Jane
Richard
Malcolm
Anthony -*—
Noel

U 16 18

] t xiOO
FIG 2 Composite graph
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reasons.

As a preliminary investigation the results oi this pilot study

showed sufficient promise to permit further work.

2.8 "o I.akl
The absence of a mathematical model to ieucri.be the v.a.a c -on—
siderable delay because it was realised that as the graphs would have
to be extrapolatedj the criterion of mere 1goo ness of 1lit' would be,

in fact, no criterion at n

To quote Kerrich J,E.2~" "Oive me any set ol points, boy, and
riti fit you anj/ one ao* cn models, eacn one as *tood a —-it as Jhe
i
2.9 General Properties cf I..00l

The following general properties of any model must be adhered

1. v(t) as a function of t, must be bounded above.

2. The gradient of v(t) vs t must be monotonic decreasing with
limit zero.

3. v(1) =1, i.e. the first word used must be a first appearance,

for t =1, v(1) = 1.

2.10 Probabilities
In search for a suitable model it was realised d ve individual's
vocabulary was purely and simply a set of probar .ties and that when
a person spoke or wrote, he/she was simply sampling from his/her set of
probabilities.

The details of the derivation are given in the next chapter.



CHAPTER III
THE FUIIDAI.EHTAT VOCABULARY THECRE;..

3.1 Finite Humber of 'Varda

The \ bulary of an individual is a finite number of words V.

3.2 A Set of Probabilities
Each word appears with its own probability x,but any attempt to

measurethis probability for any given word, used Dbythe individual,

using the ratio

no. of aprearun,—J
no. of words in sample

will give a set of varying results distributed about a mean. In the
case of words appearing only once in a sample, the true probability of
occurr can only be guessed. For this reason a continuous dis-

tribution of probabilitj.es is assumed, as an adequate approximation.

3.3 Distribution of Frequencies
Such a frequency distribution is shown in Figure 3 on page 13.
The frequency function f (x) is defined as follows:
f(x) 6x = the number of words having frequency
between x and x+Sx
See Figure 4 on page 13,

Any such distribution must have the following properties:

3.3.1 é“ f(x)dx -V (4)

The area under the f(x) curvet i.e.
/"f(x)dx = V = total vocabulary

3.3.2 QOQ%xf(x)dx « 1
The sum of the products of the probabiliti s and the

number of words having those probabilities, i.e.
Mxfi'x)dx = 1 (5)

3.4 wv(t) A Function of t - Derivation
After a total of t words hax been used, this sample,t, willcontain a
number v(t) of words from the vocabulary. The vocabulary wv(t) con-
tained in t will consist of words of varying probability.

v(x,t)5x 1s defined tc be the number of words with probability
between x and x+Sx, brought out in a sample of t words.

In general, the vocabulary v(t), which is the total of alldifferent

words in t, i.e. v(t) * / v(x,t)dx, will be drawn initially from :



1.
2.

12

Words of higher probabilities i.e. large x, and

Those 6 intervals with a large ordinate i.e. populousintervals.

See Figure 5 on page 13.
v (x) and f(x) are plotted together in Figure 6 on page 21.

For the delta strip shown the shaded area represents the number of

words having probability between x and x+6x, remaining in the indivi-

dual's vocabulary (or word store

Takinga further 6t words from the individual will bring out more

words fromthe delta strip.

S W N

The increase in v (x,t)6x namely 6vix,t) dxjwill depend on:

The number of words in the delta strip not yet used,

i.e. [f(x) - v(x, tT§ 6x

The probability, x,with which each of the words in the delta strip
appears.

<5t, provided St is small.

This gives the difference equation

aly(x,t)yax] = xatl|7(x)sx - v(x,t)sx] ( o)
but by definition

S5[y(x,t)6x] = v(x,t+6t)Sx - v(x,t)Sx (?)
v(x,t+5t)5x - v(x,t)5x = x6t[f(x)6x - V(X,t)Sx|

For the delta strip shown the following are constants:

X

6x
f(x)6x
xf (x)5x

The wvariables are:

t

6t

v (X, t)

Transposing and collecting gives:

v(x,t+St)6x - v(xX,t)Sx + v(x,t)xbx6t =xf (x)6x6t  ......... (s)
Since t is a natural number, the lowest value of St is 1

F. (8) becomes

v(x,t+1)6x = v(x,t)Sx (1-x) + xf (x)6x (9)
putting t = 0 in (9) givesv(x,0)Sx (1-x) = 0
v(x,1) 6x = xf(x)Sx (10)

Which is not surprising because this is a statement of the proba-

bility that the first word will appear from the delta strip, f(x), x



FIG 3 Distribution of word occurrence
probabilities

Area.f(x)6x =Number of words
with probability
betv/ieen xandx+&Xx

® FIG4 Delta strip of probabilities

FIG 5 Graph of v(x) vs x
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Putting t = 1 in (9) gives

v(x,2)ox » v(x,1l)ox(1-x) f xf(x)fix

substituting for v(x,1)6x from (1( gives

v(x,2)ox = xf(x)5x(l-x) + xf(x)ox L.l (11)
putting t = 2 in (9) gives

v(x,3)Sx M v(x,2)6ox(l-x) + xf(x)ox

substituting v(x,2)6x from (1) gives

v(x,3)6x = jxf(x) (1-x)5x + xf (x)6x| (1-x) + xf(x)5x ..... (12)
v(x,3)6x = xf(x)fix [Jjl-x)" + (1-x) + 1]

continuing to increase t gives, for t = t

v(x,t)ex = x-(x)5x tl-x)t1l + ..... (1-x) + i . ...... (13)

Summing the terms of the G.P. in the square brackets gives;

v(x,t)Sx = xf(x)jx (1-x) "-1
(1-x) -1
and v(x,t)ox = £(x)<bx e (1l-x)t +{]
= f(x)ix - (1-x) '"f(x)ox

How letting 6x vy 0 and summing for all the delta strips,
gives:
/f(x)dx - / (1-x)tf(x)x
V - /(l-x)tf(x)dx (14)

~

<

X

< o
o a
- X
TR

3*4.1 t,A Continuous Variable
If instead of taking t as a natural number, t is taken as a continuous
variable then (6) 1i.e.

5 [y(x,t)6x| = =x6t (f(x)dx - v(x,t)6x] (15)

can be solved by integration as follows:

06,
and since for any given delta strip, x,f(x) and 5x are constant,
equation (16) becomes:

ALt 6x -x fit ........ (17)
In(f(x)dx - v(x,t)6x]= -xt+ C (18)
C is evaluated by putting t = 0 in 718)
In(f (x) 6%) =C

and substituting this value for 0 in (18) gives:

In f(x)<5x - v(x,t)6x] = -xt f [f (x)fi"
In
e f(x)iSx - v(x.t)gx -xt

f(x)«x



i (x) 6x - Vv(x,t)6x =f(x)oxe”A™

Letting gx » 0 and summing for all the delta strips

A(x)dx - v(t) ="e-Xtf (x)dx

i.e. v(t) -V - "“«rxtf(x)dx (19)

3.4.2 Two Fomj of th- Il.cor'-m. The theorem thus takes two forms.
a. For t a natural number

v(t) =V - /(1-x)"1'"(x)dx (20)

b. For t a continuous variable
v(t) =V - / e Atf(x)dx ;e e e e (21)
o

3.4.3 Two Further Forms of the Theorem
But should the correct probability of occurrence for each word in the
individual's vocabulary be known, the integral signs would be re-
placed by sigma summation signs and two further forms of the theorem
be obtained.

c. For t a natural number and a discrete distribution of probability
v(t) =V - ix1 (1-x1) ‘"h(xi) (22)

where n(r:") = number of words having probability x" e
d. For t a continuous variable and a discrete distribution of

probability
v(t) =V - e~Xitn (x1) (23)

If it is assumed that each word has its own unique probability of
occurrence, then n(x.) - 1 for all x.
and x (x") =1

Equation (22) becomes, for t a natural number,

vit) =V -3 1 (1-x)" (24)

and equation (23) becomes, for t a continuous variable,

V(E) -V - Je enir (25)

Equation (24) was suggested by Kerrich ’' in 1969 and independent-
ly by Ridley”” in 1970.

3.5 The Limitin' cases of the Theorem
3.5.1 f(x) Continuous and t a Natural Number

Applying form (a) of the theorem to any practical case requires
that:
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v(0) =0
v(l) =1
and v(«) =V
We get v(0) =V - /f(x)(1l-x)°dx
=V - "f(x)dx
=V -V =0 by definition of / f(x)d)
v(l) =V - ["f(x) - f£xf(x)dx
=V -V + xf (x)dx
= 1 by definition of /xf (x)dx
v(”) =V - /If (x) (1-x)xix

=V - /fx 0 d
o
- MW which ic as required
3*5.2 x Discrete, t a Natural Humber

The same is true for form (c) of the theorem, namely equation (22)

v(t) = V- V (1-x,)t n (x.)
1=1 1 1
v(i0) =V - 7 n(x.)
1=1 1

B 7 -V » 0 which is as required

v(l) =v - | (1-xi)n(xi)
1=1

v- Z nix )+ | xnx)
1=1 1 i=1 1 1
V-V + 1

1 which is as required

V- I (l-x,)%n(t]
1=1 1 i

V(»)
=V
which is as required.

3*5.3 The Two Exponential Fhmr-.
however, in the forms (b) and (d), namely equations (21) and (23)

vit) =V - /f(x)e"Xtdx

and v (t) =V - " e~x]l n(x )

1=1 i
giving v(0) a 0 which is as required
and v(”) =V which is as required
but v(l) =7 - 6f (x) eV xdx

and v(l) =v - | e xin(xl)
1=1
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which is not exactly 1 but as is usual in these cases the difference

is minimal and the integration isnot impossible.

5%6 General Applicability ofth,. Theorem
-ie "“eorem is not only true for words but applies to any set of

probabilities.

In general, let the number ofmembers of the setbe N, and the
number revealed or exposed, be n (i.e. the expectationvalue).

*hree we”1l-known examples Immediately come to mind.

3.6.1 Radio-active Decay
*n this case tno set oi elements 1is a number,!?, of atoms which can
all decay with identical probability \
;1) A discrete distribution,

(i1) t, a continuous variable.

i.e. v(t) =V - ~ L o N (- < (26)

n(t) « N -

= N - Ne“Xt

Transposing gives:

" (28)

The left hand side of (28) namely N - n(t),
the difference between the total number of nuclei involved and the
number decayed, gives the number of nuclei undecayed.

Let the number undecayed be:
=N - n(t)
thus
"t —_
which is a well-known result in Physics.
3.6.2 Discharge of a Capacitor
In this case we have a number of electrons I? (eachwith acharge q)
which can either leave the capacitor withprobability k in anyonesecond

or remain in the capacitor with probability (1 - k).

Applying form (d) of the theorem we get:



n(t) =K - 1 n(k) e"Kl

= N - Ne"kt

(because k is constant for all electrons of which there are N.)
n(t) = the number of electrons which have left the
capacitor.
N = total number of electrons involved.
Multiplying through by g giges:
n(t)g = Ig - Ng e

now,

X n(t)g = charge which has left capacitor

&
I
w
I

original charge on capacitor
thus, the charge remaining on the capacitor,
mO - n(t)g=0QQ¢ k  Liiiia...

which is a result well known in nlectrical engineering.

3.6.3 Number of Faces shown by a Die A

Suppose a die has N faces each of which appearswitv probability” per

throw.

Form (c) of the theorem thus applies, namely:

v(t) =V - £ (1 -x " n(x )
1=1

which becomes,

nKt) « N - (1 - |)t N ”

(again there bting only one probability, * and Nelements,
N

thus | nx ) =1I
1=1

Simplifying (33) gives:
n(t) BN(1 - (1-M)t)

n(t) being, in other words, the expected number of different faces

showing after t throws. In the case of a six sided die, after no

throw
n(o) M6 (1 - (4)°)
=6 (1 — 1)
= 6x0

= 0, as expected

(32)
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after one throw
n(l) WMo (1 - I
- 6 x (1)

= 1, as expected

after two throws

n(2)

6 (1 - (£)4)

6 ' 6 x 3"

5
= 14 , as expected

All these examples are special cases of the theorem, in particular

where all members of the set have equal probability.

3.7 Various Attempts to find an Algebraic expression for fix)
Taking the theorem in the form of equation (20) various functions

were tried for f(x) namely

1. th- log-normal
2. the Beta function

3. the distribution function y = ae 1x x

3.7.1 Criteria for Acceptability of Pit
The criterion for acceptability could not be taken as goodness of fit
because as has been pointed out in Chapter II, it is relatively ea y
to get a good fit to curves as smooth as those in Figure 2 with
a large number of functions. It was therefore decided to estimate V
by an iterative least squares method, not for the complete sample but
for a partial sample of the lirst few hundred words and then re-

estimate V for a larger and larger frai tion of the total sample.

3.7.2 No Drift
If the function f(x) is to be accepted,then for increasing t”there
should be no drift ir the estimate of V, but the successive estimates
should approach closer and closer to the true V. This should also
be true for any other parameters of the distribution function.
Jee Figure 7 on page 21,
By this criterion all three distributions proved to be completely

unacceptable.
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T e a MluQml 1I1Uluj;

(8)

Sicl,el 'Uggeiced that, because of the non-reversibility ot the

v(t) vs t observed function, 1f a sudden influx of new word took

Place due to a topic change for example, then the sudden increase

W' v(t) would raise v(t) and keep it raised, and only slowly would

the graph return to normal,
See Figure 8 on page 22.

A sudden influx of new words at A would quasi-permanently raise

mpi

3.7.4. H!'fftTont Lition

(8)
suggested that if tht function be differentiated and fittc

to the differences between the v(t) for successive hundreds of t.

then the sudden influx would be localised and its influence minimise

See figure 9 on page 22.



fix)

v(x)

X X+6X

FIG6

fix) and v(x) vs x
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6v(t)

FIG 8 Sudden influx

FIG9 Sudden influx

v(t) vs t

6v(t)vs t



CHAPTER IV
THE THEOREM

4.1 Conservation of Vocabulary

V is a fixed number.

Any individual has at his disposal a finite number of words V,
which he can use or not use during the course of any piece of writing
or speech, N words long. The number of words N, is known as the
text length (whether written or spoken).

Some of the wo”ds used will appear once, others twice, thrice,
etc. Other words will not appear at all.

If the words are grouped according to the number of times they
appear, r, in a text of length N, we define £fj(r|N),

(where 0 < r < N), as the number of words appearing r times in a
text N words long.
*“e subscript 1 is used because the observations start at r = 1,
This function f£*(r|ll) is a frequency distribution and must not be con-

fused with the probability distribution f(rj’f) (without the subscript)

as defined later on page 24,

fj(1|IN) is the number of words appearing once in text of length TI,
known as HAPAX LEGOMENA.

fj (@2 INn) is known as HAPAX DISLEGOMENA.
f, (3IN) is known as HAPAX TRILEGOKENA etc.

Independently of any sample of whatever size, the following state-

ment is always true.
V- f30|N) + £f,QIN) + f, @@t + —————- f, (nin) (3%)

Of all these terms, only two are not observable namely V and f"(o|x).

Thus if we transpose in (34) we get

V - fjCQfN) - £ (ifN) + .... £3(xfN) + .... f]([NID
N
W rI,f>(r|N) H "N (35)
n” 1is thus the vocabulary contained in N.

Dividing £, (xrfN) by n” and V-f70jN) gives

W . 1 4 1 L (36,
v-f, (0|N)
£, (rIN)
~ is measurable and is the proportion of words

appearing r times in a text N words long.
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$S(r|iN) is now defined as:

»(r|N, - '4 A (37)

If the vocabulary is considered to be a unit, no matter what its

actual size we can adapt equation (34) by dividing each term by V

which gives

£ (OJN) £, 1IN) £, (xltf) f‘hlf’
1- % ¢ — v + v+ - \Y

11(" N) ig thus that fraction of the vocabulary appearing r

times in text N words long.
f(r|N) is now defined as:
f(r|s) . hill*!

Thus- dividing the numerator and denominator of the right hand

side of (37) by V gives

£, (rIN) fravi-
¢ (r|N) - e 7-7(0 lir - £1(r]::)

A 1 T

which leads to
Mr |N) * ° 8

The left hand side of equation (37) i
£, (rIN)
4> (r|N) -

%

is completely observable and measurable.

The right hand side of equation (38) namely:

Ir%

requires a theoretical model which is derived as follows.

4.2 A set of Probabilities

Sichel (1' defines a vocabulary as follows:



Let each word in the vocabulary V have a long-term probability

of occurrence Hj, Hje* H3 .... n. .

T refers to the word with lowest probability,i.e.,a word employed
very rarely, and is the probability of the word most frequently
used.
In the English language I 3 0,07, is associated with the word
"the'.
The other probabilities 1L are a good deal smaller. As the voca
bulary V consists of several thousand distinct words (types)
with I < 0,07, we may for the sake of mathematical convenience
look at the !Ls as a continuous variab’e distributed as Y(n),
Theoretically we have

\

0 <II< land 1 IIL. » 1 .
1 i-1 1

The function V(H) is defined as is usual 1in statistics, i.e.

¥(11)611 is that fraction of the vocabulary appearing with

probability between H and II+ 6H and

f¥(n)dJI -1 (3-
o
For clarity and convenience the following function is defined.
g(n) where g(n)6d is the number of words in the vocabulary
appearing with probability between I and 1+ 611,
thus g(n)dit - v (40)
I
o

and therefore g(IT) « V ¥(n)

4.3 Binomial Distribution
Any single specific word in the vocabulary will thus occupy a unit area
of the delta strip I to I + 6@l under the g(IT) curve. See Figure 10
on page 26.

In any text N words long the specific word may appear once, twice,

r times .... ornot at all.



otreot occupied, ley
sin%le specif§ic word

26



JUe probability will be binoraially distributed with the general

term being

P (z|N) - (I) nr U-n)N'r

Since there are g(n)6n words 1in the delta strip each appearing wit',
the same probability II, the number of words from the delta strip appeal -

ing r times in text of length N, is thus

£f,(rls,n) - (J) nra V" r<(")«"

Summing for all delta strips gives

f|,;r|N) dil(i—n)N'r g(n)dj . Mi)

,hich is the number of words appearing r times in a text N words

long.

A special case of the mixed binomial is obtained by P' -tin

r * 0 i.e.

£: (o) N) - d-n)N g(n)dn

and substituting in equation (35) gives

n) v -7 (i-n)N  gfaydn (42)

@)

which is identical with form (a) of the theorem as derived by a much

longer argument in chapter III.

Dividing equation U P Dby V gives

3 f(x'N) -CJf nr (i-n)N"r &(n)dn (4?)
)
which is, that fraction of the vocabulary appearing r times in a

text N words Ilong.



4 .4 The Mixing Distribution

Sichel/10” chooses the generalised inverse Gaussian distribution

.t l (44>
m n'"l« 6 4 bAS5 _M]Y
where —® <y <® 0 <0< 1l%nda>" ¢t ~ o~

and justifies it by stating: 2S5 (3 1-S)

"The choice of the mixing distribution Y(I!) is crucial. As the

observed word frequency distributions are invariably skewed in
the extreme, it 1s necessary to have a mixing distribution

which can take on very skewed shapes".

4. 5 Poisson Distribution

Sichel”11” having stated the mixed binomial (43) does not pursue it.

"As the H's are small, we may replace the binomial by the Poisson

distribution". Sichel does not give a t oretical justification or de-

rivation of the Poisson distribution.
The usual derivation of the Poisson as the limiting case of the

Binomial does not apply to word frequencies.
The derivation starts with the Binomial distribution as stated

where r = C, 1, 2, .........

ard 0 < n < I
The equation requires modification by putting H

A

Thut

vN-r

» 'r1iO - rirrJ-rif (») G4)
*

Buv the derivation requires tliat X remain constant while N

or at least the Tr be monotonic decreasing with increasing N, with

limit zero.
Unfortunately being constar, v renders the derivation invalid.

The following derivation is suggested.

4*6 Poisson Derivation
If the variable N is assumed to be a continuous variable

then we may take the lower limit of any increment in
The fol-

(although it

clearly is not)

N, ©oN as ..ero (and not 1 as in the case of the Binomial).

lowing assumptions are made:



(i) With each word is associated a probability, or relative fre-
quency of occurrence, H.

(ii) If 6N is small then the probability of the word occurring during

6N is proportional to 5N. P(I|6N) - TI6N and the probability of
the word not occurring during 6N is thus P(0 [n) - 1 - n6N. .. (45)
(iii) It is also assumed that Af 6N is small enough only one event can

occur during 6N i.e. the probability of two events or more occur-
ring during 5N is zero. Certainly in the case of 6N being a

number of words, then when 6N< 1 the condition 1is met.

Consider a sample of text N words long followed by an increment in
N, 5N.

If the event does not occur in N ¢ 6N then it does not occur in N

or in SN,
thus ?; IN + &) - p(J: 1i: 1Is
= 2({:. (! -I1§- from (45)
= pl:1) - =( 11) nsii

20 [N )-P (| ;) -n  |N) nsn

. plol.><51:)-p: j-) = - nsi;
o pfop)
which is "tt- 4 = - KM

let tin# 6N 0 and integrating we get

/di

i.e. P (0|N) = - IN+c e, (46)
C is evaluated Lyjp '.Win,: N = Owhich gives
p( 0) =1
(the probability of t. 0: 1 not occurring in a text zero words long

is a certainty)
and In P( |7 =0
substituting in (46) giv
In P( | ) =-nr 0 +C
cC =0
and thus F( | = e
Nowconsidering the pro bility of the word occurring one in

text M + ON we get
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p(ll >6H)  =p(l] ) p( [5N) + H' \.[) P(1]|6N)
= p(l] ) (1-n6J) + e"';" nbN
= P(i| ) - (1IN)n5n + e”n" H63
P(i]:-+4N) - Pdk) _ ne“n - IN) n
54

letting 511 ® 0 and transposing givea

p(l.:) + np(il:0 = ne X1 -47;
\g B
multiplying <47) t - Integrating Factor
gives —frP(1|il)+n.— P(Ll]| *) = 1
which is 7T |e P(1] 1] *1

Integrating with reapec*. to N gives

J-L eny; p@Al*)di; = /ndN

en:i P(I|N) =nN + ¢
and again putting I =0
gives 0=0 [ecause P(l]o) = Q
thus P(1]11) = UNe

Further, considering the pro ability of the word occurring twice

.n text I + d! we get ’ ’
?(:/N+«N — P(2jN) P(o|«N)+P(1|N) P(1|5N)+P(c|N) P(2|oN)

The third term ?( )jL £(2]5I1) vanishes since 6N is small enough for
;he word to be wy.. . wvu occ *r twice in it.

This gives , . PQ2I11) m + HNe'n:: HON

and prip@fI) + H ( {9 7 1 Ne

Multiplying by thw Integrating Factor e ,u' and integrating gives

P(2111) 0% 4J21
2
and P(2j1i) = e'n"
Continuing this pro css i.e. substit iting e ~ for P(d|:0 In
P(;| +510) = P(31ID) P(o|«N) + P(2|11) P(1l]|5N) etc.

leads finally to Poissonls Equation
r

P(rjf) i1ET (48)

ITCIE: Using the notation of Chapter III i.e. putting v=x, J*t in (48; and

taking the case where r=0, we get:

P(0/t) = e_Xt
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wince by the notation of Chapter III there aref (x)sx wo/cis which
appear with probability x we get by multiplyinge‘x byf (jlox
summing for all delta strips,
number of words not appearing in sample

1

V = v(t) =" e"xt f(x)dx

thus 1
v(t) »V -y e-x"' :(x)dx

o

which is form b of the theorem as derived in Chapter III.

Calculation of the Binomial and of the Poisson probabilities for

r =1
n i o,oi

and N > 100

showed negligible differences and the Poisson distribution has been

accepted.

4.7 TI'.ixe: Poisa ::.

Since YCl)@dlof the vocabulary appears with probability H the proportion

of words appearing r times each in a text ”~ words long is then given bv
the mixed Poisson distribution

f(rlr;) - / e*~ (@H)1* Y(n)dR (49)

substituting for Y(n) from (44) gives

f(rjs) . f, <m)r if-' dn (50)

0 (12)
Integration of (50) is ! by Cigliel as iollows:
/* on
firstly since c"' (. rH) dH 7 0

we may replace the upper limit of the integral by ® giving

f(rju) .2 ,r p ., - % e .. -(51)
and secondly e-
putting t * 2 T eu when " =0, u=- "
y— + (:,-1)2 and when H =®, u =®
wW%
and dfl - — ~ e du (52)

v/~ +(:1-1)2 we get
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-1 ~(N-1)2 av enu
on /A ) |

(N-1)2

CN™ yJ 2\ uy j2 * du

- + —
e it 1+ (N-1ftT (coshu) du

i+ - \ GJ, u 1+ (N-1) 6 coshu
N ’ du

H(N-l)e/ 7

Z us0] \t+

~ 2—— 'CO.h[., (,*r2 » Sinh[U@w»r)3 ), -»0"'C-U9 ™ «h™ du
r* V i*(N-i)e/ J

Now sinet sinh u(v+r) is antisymmetric about the origin and

e~ "fIn~‘!H 008 *‘u is symmetric about the origin it followr that

Sinh u(Y+r) e-"'""tX-De «o.hu *
f

an * therefore

*1 +
\ * / -a'!e (N-1)ti coshu

{]PN:DQ/ Lcosh (YA du eesseessi (53)

4.7 The Modified Bessel Function of Second Kind

f(rIN)-

SichelMM™ shows that (53) is a well kr,u».i Bessel function integral

namely

r| «.pxf T "-EK C i*fedld o

"IV v W



where K is the modified iiessel function of second kind of order r * y

and argument aA+ (N-1)6

The normalising constant € can now be evaluated by putting
r-0,N-0.

This gives the proportion of tue vocabulary not appearing in a pample

of no si”L at all.fhus

£(010) - 1

by substituting for C in (44)

Y
and again, substituting for Cin (54) gives

Y

Sichel cransromea equation 143/ 1i.e.

by putting X - NIT and dX -“jcin

Taking " as the upper limit of integration, gives



where

f(x)4 ) % £

i (a/1-8 )

by the sam® reasoning as shown in equations (50) to (57),
(and with X = Nil)

we get

(/v~ta 6 /2)r
f(r|>>" - ~» , - r w v <59>
The symbols 6% and &, arc chosen because having made the substitution

X B TIN the parameters will be dependent on N. Comparing equations

(57) and (59) gives

oN - a/l+(N-1)e (60
and
aNON - — N—= -1
/1+(N-1)8 (61)

from which we get

a N8
N 1+(N-1)8 (62)
M.
1 eN " 1+(N-1)8 (63)

which then lead to the equations

o™/1-B" » a/l-8 (64)
Jtod

eN e
a-eN)N * yre <65>

and as can be seen from the fight hand sides of the equations (64)

and (65),
tN/1-eN and are INVARIANT with N.

In addition it should be notod that y has not changed and thus
Y:J =Y — INVARIANT with T



4.8 Zero Truncation

From equation (38) we have

*(r|N) - TriTo”ST

This equation is arrived at by Sichel (U> by applying the process

known as zero truncation.

Substituting for f(r|n) and £(0| N) from equation (59) gives

sGiy,. = AM S — m
- (ANeN'/2)  Krdy, (a).
=BSSBRHH IV
- KY (aN) (66)

putting y ¢ ¢ I "a priori" and r e« 1

giv=, ¢(1l]«)

|
(o)}
~J

cl
K-fc(v 1 0ON) (1" V 2 "K-i (oi)

4.9 Modified Bessel Function Equations

Applying the modified Bessel function symmetry equation

y Z2r*.vQ)

and the elementary function equat n for half integer orders,

N

gives



.1 ."4#.C"V 2

e 6 aNCaN N/2)
e-aN/l-eN' e"aN

- —gyli Je\ <1"a ' V )-3 (68)

4.10 Estimators
SicheV”"] contends that "as the observed proportion of words which are
used once only is usually large, fairly efficient estimators may be
obtained from * (1) and the arithmetic mean r of the sample".

From (66) we get

=(# A
(" =%) KY (aM” ) — Ky (»n)
putting vy B Y1 'a priori' gives
E(rIN). ~ 5 1 (69)

Dividing (69) by (68) gives

/ (rW. (70)
¢TTni> /Pe;
If Egrd) A 4 (1fN), «N ¢nd 6" are replaced by statistics and
astimates and 8", respectively, and if we write
HHm , we obtain from (70)

SB(l-y - 1nf"/$(1lln)] (71)
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and from (68)

?(1/«) " SN 72)

Substitution of (71) into (72) leads to

<l+yiu 5-ag>b - 0 (73)
where a - 2*-1In["(1|ti)] (77)
and b = 2* (LIN)+1n[r"*" | (1 jN) ] (?5)

Equation (73) can be solved by iteration

whence », - 1-g" <76)

Y df'v ot in C*"U | N) ] (77)

4.11 Estimate of V

From equation (57) namely

N <r|N> 7 1 7 ~ ) " (@a'T> (N"TT5) </ .. (78)

multiplying by V, ant sumning we get

V1 f@xN) - VI f(rN RV
r-0 r-o

Vr S$(r|N) - V-V *¥(0 N)
r-1 ’

i*e, nN - v[I-<p(o|N)J

,r / /T=e vy lyu/i+w-ue) 1
L eeeceecee (79 /
\/1+(N-1)W Ky(a/tt
Experience has shorn that it is very c¢ v/enient to put y = - |
a priori". It makes the mathematics much more tractable and in the
case of word frequencies it has been shown that estimating y produces

values so lose to as to make acceptable.

‘1chel shows that Y» - £ gives excellent agreement between theory

and observation.

Tims with y = -£ "a priori".



1+(N-1)4 e-all-e

-1
V[i-e-" (VUCA™N ij] (82 )
putting ¢ - ar*"e - anN/1-o8 ..., (83)
0
and d - - . e (84)
1-0 N(1-0n)
gives Hj. - v[l-e"c(/n3s'"1A
nN nN

Sichel? ' ' has shown that V - ~ by the following arguments
Applying the notation of Chapter IV to equation 20 on page 15 which read*

v(t) - Vv - 7 (1-x)t M (x)dx

_v [i- I (i-it)¥ t(n)dn]

putting N * 1
gives r\

n -V gV (1-n) Y(n)dH
v -V £( ﬁ()n&ldn tv 1 iTY(n)dn

nv (n) dn

But by definition and by nature



The denominator of (85) gives the mean of the probability distribu-
tion nit) tor word probabilities and the total vocabulory 'V is the

inverse of the mean of the probability distribution given by (44)

r _Uu - A
.b / HM n e
f(n -
2Kv (a/1-6) 1Y
where (0 < H < 1) and with C - ~Z
* 2K (a/1-9

Bearing in mind that / f£('1)dL! = 0

- vy-I -<i -
(f(n)dn ¢ im fnoe (86)
S 2K™ (a/l-6 o)
Y
hence
\21+ 2K% (o/ve)
Jv-v—-i e " - *
'"[Tfi*hey
The required mean of f(n) is
I nf(n)dn = f nf(n)dn
| a20
' ('ntUn" A a (88)

KY(efres) o

Hence ty comparing indices in equations (86) and (88) we see that we

must now replace Y by Y+1

Consequently
teil-Y P e- 8% +1,n + » a,
2K (a/V-9 J
) o)
2y'T-8/ci0 J 2Kv»i («/1 -e

2KY (a/T-9



00 K*+1 (a/l-e)
2/I%e Ky (a/T-e)

and thus by equation (83)

Vv . 2/r-e K>
“® KyH (<, /r;5)

Now putting y ™ - i

gives -
2*1-6 K ,(a/1-6)
vV —————— — - —
a0 K+ | (0/1-6)

By the syinnetry relations of Modified Bessel Functions we get.

But as previously defined in (83) and (64)

e
c - cx/vo and d ™ y"e
/. v -m=1L> - A .
O0/H9 cd

V can now be estimated from " (ijjf) andr”by the following steps:
(1) al 2r"- 1In] N) £ i.e.equation (74)
b ¢ 21?(Q1IN) + In(ry*(1|N)) i.e. equation (75)
(2) a and Dbare substituted into (73)
i.e.d + In ag”™ b« 0

whereupon g*ie calculated by iteration

(3) 0f » 1 - g~ 1i.e. equation (76)
and O W (1-g° In [ I{N) | i.e. equation (77)
(4) c ¢ ON i.e. equation (pj)
and d B —— >— i.e. equation (84)
N(1-9n)

and finally

A 2
(5) vV B te] i.e. equation (89)
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d... V. - NEW DATA

Jew Data
.laving acquired an improved method of estimating V, most of the data
acquired in 1958 were inadequate because only n.. and IT had been re-
corded and the texvj were no longer available. 3andrd had written
in excess of 1? 00 words in the form of essays on topics of her own

choice between hay and August 1958,and the text was still extant.

5.1 Exhaustion
Prom the evidence in the preliminary experiments it was seen that at
the end of a text a few thousand words long, ,de rate at which new

words were being prcduced indicated that the subject had come no-

where near to exhausting his/her vocabulary. The asymptote was
still a long way off. It was, therefore, decided to record a large
text from an individual possessing a limited vocabulary. Very young
children would be useful for this purpose. By chance two acquaint-
ance: had daughters -'ged two years and a few months, Kerry and
Bronwyn.

5.2 Kerry

Age 2 years

Background Middle class

Environment Peri-urban

Personality Happy, normal child

Kerry's father was a small independent businessman (joinery and
shopfitting), her mother was a secretary but was not in employment.
She chose to stay at home for the sake of Kerry and her younger
sister. Kerry's mothejg being a trained secretary, was able to record
Kerry's conversation in shorthand and type it later when time allowed.
Recordings were made in two sessions per day, usually during meals
and play times. The objectivity of the recording technique can be
seen by details of toilet training and such everyday childhood
disasters as 'Paba sick me teddy - me wash teddy*.

The words wore lemmatlaed before being processed, e.g.
raining = rain. But it was noticed that invariably, only one form
o. the word was kniwn which rendered lemmatication largely unneces-—
sary.

Two sets of data wer<' collected and named Kerry 1 and Kerry 2.

Kerry 1 consisted of 2 132 words, recorded from 17 February 1975
to 24 February 1975.



Kerry 2 existed of .2 151 words, recorded from 25 February 1975
to 22 March 1975.

5.3 Bronw.vn

Age : 2 years

Background s Middle class

Environment : Suburban

Personality : Happy, normal child
Bronwyn* s father was a professional physicist and her mother a high
school mathematics teacher, but was not employed, having decided to
devote her time to bringingup Bronwynand herolder sister.
Bronw /n spent a lot of timeaccompanyinghersuburban taxi driver
mother conveying big sister to and from nursery school, supermarket
and all the other trips, which suburban consumerism is heir to.
Consequently Bronwjm was exposed to big sister and 1lift club mates'
-0Oi.tersauion which must inevitably have enlarged her vocabulary.
This process occurs for some but not for others and it is doubtful

whether the effect would be permanent.
Two sets of data were recorded; Bronwyn 1 and Bronwyn 2.

Bronwyn 1 consisted of 8 037 words recorded from 11 February 3.975
to 28 February 197c.

Bronwyn 2 consisted of 2 848 words recorded from 10 March 1975 to
17 March 1975.

Bronwyn's mother did not know shorthand but by writing fast was
able to 'get it all down - somehow'.

Recording times were snatched at odd momenta during play sessions
and during, and after meals,

:ronwyn knew a great many songs and rhymer but mostly they were not
recorded except by title e.g. 'song......

Children's jongs vary from province to province and vary also with
the cultural origin of the singer. Therefore, the songs were not in-

cluded with the data.

5.4 Sandrd again : A larrc text
Sandrd had written more than 13 000 words in the form ofessays on
topics of her own choice during the original experiment. The text

was still extant.



5.5 H.u'uiliv: Acrmptote
..errich® " contended thee the failure to achieve an acceptable fit
for the v vs t curves (alternatively n, vs M) might have been due to
the child’s vocabulary growing during the test period. "You may ba
chasing an asymptote which is running away from you". It must be
noted that both the younger children were going through their vocabu-
lary-cum-language-explosion where within the space of a few months a
child's language ability progresses from the use of a few words to

long conversations.

5.6 Hysteresis
It was therefore decided to analyse the text in both the forward and
reverse directions. The argument was that if the asymptote was run-
ning away with increasing N the graph of n.. vs N would show less
curvature than for a static asymptote. Conversely if the text was
reversed the graph of h. vs N should show greater curvature. Since
the total text length for the sample and the vocabulary contained
.herein must be identical for both directions, the forward and back-
ward graphs would have the same initial and final points, namely
0,0 and N, fL respectively but should show an hysteresis loop between

their extremeties.

5.6.1 Randomising the text anl hysteresis
To put the matter of hysteresis beyond doubt it was decided to
randomise the data and analyse them in both directions,where no

hysteresis would be expected.

5.6.2 Randomising the Data in general

Randomising the data would also verify whether the assumption that a
vocabulary was merely a set of probabilities was tenable. The data
extracted from a randomised text would not be expected to differ
markedly from that obtained from the natural text.

The randomisation procedure was applied in the cases of Kerry 1,
Kerry 2 and Bronwyn 1.

Having provided satisfactory results the process was no longer used
and natural data only wereused in the case of Bronwyn 2 and Sandrd.

Reversing and randomising resulted in the large number of tablis

and graphs referred to.

3.7 The Data
Before being analysed the words were lemmatised using the rule stated

in Chapter 2.5. In the :ase of the younger children almost in-
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one form of the word was known which rendered lemmatisa-
.nnecessary.
as punched on the computer cards and an average o' about
ard was recorded.
analysed at intervals of one hundred words but each

&..: from the beginning of the text so that the first
d text word! (tokens) on to one hundred, the second
words one to two hundred. In this way a larger and
ncreasing by on hundred word: at a time, was analysed,
er was programmed to read each word, check vhether it
1r , and how many times. The number oi .pnearances
a printed together with the text length analysed, the

appearing one , twice, etc. and the vocabulary con-
tho text. Thus for each successive hundred words a
frequency iistribution was prepared and printed by the

complete data are shewn only when testing the model in
ee tables 33» 35 and 36 on pages 225* 227 an- 228).

of the data in reverse order the pile of data cards
—arsed and the computer was required to read each word
, . Thus each "word" became "drow", each "was" became

"

'saw" became "was". The program proceeded without a

-ere randomised using a random number table generated by

-z were th n run through the computer in both



Bronwyn (1) random forward
Bronwyn (1) random backward
Bronwyn (2) forward

Sandrd forward
5.8 :HZ IA.BLE3; TYPE 1. DATA. BIBLES 2 TO 14 ON PAGES 48 I 71

Tolimn 1. Heading H. Number of words in the text analysed.
In the case of the younger children the text was analysed at 100 word
intervals, but in Sandrd's case, with a total text length of 13 000

words, it was decided that 200 word intervals would be adequate.

Jolumn 2. Heading :1.. Number of different words

(types) contained in the text.

'Olumn 3. —eadir, ' £ (11N). Hapax Legomena, i.e. number

of words appearing once in the portion of text, length N.

-olumn 4. Heading 10 (2 |N). Hapax Dislegomena, 1i.e.

nui”.or of words appearing twice in the portion of text, length N.

lol'um 5. Heading £, (3 IN). Hapax Trilegomena, i.e.

number of words appearing three times in the portion of text, length N.

Column 6. Heading *1 | # The ratio, to three figures,
fTulk)

of Hapax Dislegomena to Hapax Legomena.

PP1'-W# Heading 71 '™ , The ratio, to three figures

of Hapax Trilegomena to Hapax Dlslegonena.

-olumn b. reading 17 ~ The proportion of Hapax
"N

Legomena, to three figures, also designated by * (1 |n).

-oltmn 9. Heading "17" 11 The proportion of Hapax

Dislegomena, to three figures, also designated by 4(2]11).

Column 10, Heading The proportion of Hapax

o°

Trilegomena, to three figures, also designated by $(3|'.).
.
if

i . : :
Column 11. .iadlng J The average number of times

ire .'.ork appear, to three figures. This is also known as rN



5.9 The Data Trends

i As expected, (the number of types) is monotonic
AnN
increasing. The rate of increase -7~ 1is monotonic decreasing (as

can be expected) but after an initial rapid decrease, decreases only

slowly. The trend is general but local deviations occur.

f, (1IN) increases rapidly at first but after N B 600 or
thereabouts the rate of increase decreases markedly . In the case of
the younger children the rate of increase decreases to a barely per-
ceptible upward trend with many local inversions.

In the case of Bronwyn 1 the large text N > 8000 words shows the
steady upward trend very clearly.

Since all observed word frequency distributions so far produced
show that more words appear once than any other number of times,
Hapax Legomena (f| (1|N) is a very important constituent of any word
frequency distribution.

Since any individual's vocabulary is finite and the number of
words in a sample is not limited (the individual can always say or
write a few more words), it follows that eventually, with a large
enough sample, the individual must reach the stage where he/she has
used more words twice than once. Indeed Hapax Legomena having risen
with increasing text size, must eventually decline as the individual
exhausts his/her vocabulary. Ultimately the stage must be reached
where the text is so large that the individual tends to have used
every word in his/her vocabulary at least twice and then Hapax Lego-
mena must tend to zero.

The data show that before this stage is reached there is a long,
very long interval during which £3j (1|N) remains almost static, the
rate at which new words appear being equal to the rate at which words,
having appeared once, ale repeated.

The evidence in the tables shows that in no case was any decrease
in fj(1|N) apparent.

It c-nonly be concluded therefore that in no case was the in-
dividual anywhere near exhausting her vocabulary.

Even in the case of Bronwyn a sample of 8 037 words is still far

too small.



f1(2|IN) showed, in all cases, a steady increase with in-
creasing N but the many local inversions make the trend difficult to
read.

f3(3|IN) also showed a continuing upward trend although in
the case of Bronwyn 1 the upward trend, towards the end, had all but

petered out.

£, (2IN)
The ratio — showed wild fluctuations for small N
i, (1IN)
i.e. N i 500. Thereafter it rose and finally drifted slightly down-
wards. The many deviations from the trend are due to the small
numbers involved.
fi(3|N)
The ratio — ————- showed a general upward trend with
f,(2[N)
two exceptions. Bronwyn 1 forward shows a slight drop from a plateau

between N - 5 000 and N - 7 000 towards the end of the sample.
However, the variations are large and the trend may be due to chance

only. SandrS showed no trend at all, only local variations.

. 1, (T|N)
The proportions *(er) | —4— showed a general

decrease in all cases, with fluctuations and a tendency for the rate

of decreaseto decrease with increasing N.

The proportion *(2|N) - — showed no trend in any
"N

case at all, only variations about a mean and as expected with

steadily rising the variations decrease.

The proportion *(3|N) H ;Nalso showed no trend,
"N

only variations about a mean.

The average number of times the words appeared r"*
showed, was to be expected, a general upward trend with local

inversions.

5.10 The Graphs; Type I,Data
Graphs of the data appear in figures 11 to 62 on pages 74 to 141.
The graphs are grouped according to vertical scale. Thus the
graphs of £, (1IN), £|((2|N) and £, (3|N) are shown on the same set
of axes because they are measured in whole numbers which do not

differ from each other by much more than one order of magnitude.



GOp—80

NS

/XC"K""WVa-Mrx"U- jJpt-ccrrro

- Tpp o o omgp o 0o om0 O O fH O O OpP O O

. H H DM
F>&?§;&§N

“U15838 o o

&§ssaa3&oo8MAKN\
AF-FFr-irMrNvOir.tfM*u”in



49

A

<

AIvMAIOvd

<M

M

<4

RIDT € HIdVL

<<M



= 4

50

£E£££ £ £

. oo*botaoc~
lU HC\1 (NCyfR\K\trie<A*<-iru>triirivcvOvo>tir~r-p—-cOoo

- ]
KD@%{%@ roeadm-a 8t g FakP do
z g 'r—a M

n m 0\'***9}
<u-r 0000000000 C0O0O0O00O000O0D0O0D0DO0OO0OO

z z - (CM DCDE-COCOE~
M N o CMH1 rx i cMcMBMwerema 1 cRENCIEREMARTR AT 10t A
<e 'w'" 0O000000000D0D0DO0DDODODLOODODOLOOOO
- QQ M Owm

,E -7 O 0 o oo 00 0 0o 0o 0Oa o0 0O OOTC CGO OO0

S ow $§SRHESSBI3SSESESBIS

<H <4 o0 OOOO”OOOOOOOOOOOOOOOO

HCO'1-QCJ'QiCO" f{

% %%ﬁéﬁﬁ%@WDUg(% ——r tGi O VO M3 vb

r4
=
coocoooo OO0OO0OO0OO0OO0OO0OOOODOO0OO0OO0OO
<4
Z 1 A A
m O MCO00c  zioncy e mg%?ﬂ%%gPClMACYA%\AOC_I\A%KAEﬁCI\;m
<
r4
M
<Ut

sssgsss’ ssgssssssHa

2i %% e



$3n

(e

§ xn

T &T

A
s8N

4 s~

<c-

51

5. 1S B3 8fAKSSSSS53 £8RIifiPS8

I111rrs |13 5555 ]]]|s |$ il

11515 5$553SA~"g$Kgghs]|E

s -.P .P .II5S5P A P .P .S p .lp

RSSH SKp *gpgglHIK S K

P -p P P s 355£«R5S8SIS S£5

Kr";SSS»SS8S!(i8SSS8KSS8S

38289SR3KSRRSRRSKKSS55;

SSKS55ieesi:g82iPPP3gi$sS!Ss

R$s 53 BEI$g$%as9S 3SseEs

l11ISS88g§g|8|S|88gllpK
HHHH iH-HH rdrr-IS<NC<J



&

=y

U
4
@
<w- <©
Z z
oY N <
<_e\ <Zr
<-€p Q
z z
w (st
<ta {1
(N
< <41
z
rt
{M-
V4
P
<M
{ MM
{C

52

Ny '+l -1U01. * U ' 4
QO i 'x? CcM™ r- rH vo t' A

— c\j cMm c\j >A>"\rr\AA-A_TrArir\ir\Lr\Lf\ir\vol\OMD\Ovo <]

-

}{1_A< of);‘ COj

CERIX i rOCVHO i T
¥ P o Ty BN adaLr e Ry a H

> #- > % T R e. o
0000000000000 0000000OO0OO0

AB51Ss§*sSaSSS2Srs23s

0-0-0-0-C 0-0"© 6 6 0'0 OO OOOOOOOO

8 i

B8 Wosekin ST

OO0 O0OO0OO0OOO0OO0OO0OO0OOO0OO0OO0OO0OOOO0OO0OO0OO0OO0

SHRIIESSeSSgslIssSEg,

OOOOOOOOOOOOOOOOOOOOOO

§999%1H35HG4SH5IRRsg

6 oooo , ' O0OCCOOOOOOOOoOOoOOoOOoOOoOo

£ £ S E£EL£ME®3I®k &§&g8ggl gg8o

KS32sIISIESsSBEIEESKS

E$I§S§gSEIEIS$II 0w



.

AE

k
<=
z z
m
4 «r <
1N
z z
<N IN
w <e
<-e-
A
z
<-e <v*r
N
z Z
<1 N
M o1
z
<24 0*a
z
fr
z
ha¥s
<c

53

RAREGHAT R KB A o R E

Cvicsj<MCNirn\rApr\K>irA«!f--d- & rr in\ inin |T| WBicws 4t 3

m ' n<T>*~'4-(Ti<T\<T\"g t*0j ocmcj in* u\inm o

S
S P PPy BE® S BIPQ GG rtq o

OO0OOCDOOOOOOOOOOOOOOO OO0

cr,nnN—cuncg M-g”niNt*o”or-Hrv-. t'r

N- -eni loor-t?r-aof-iT'r-itnncMr-i—ir-iqgo<Tico
rl r-lr-1cVr-1liHf— tr-1r-1-HMOsjCNCVICMCMCNmMiMCN-H —1I
# #0~ ks % om > #k

O OO OO0OOo0o0O0OOOOOOOOOOOOOODO

vs ni ¢Jn n n 'Snn pn an 03c < o t~cM co
noao-'rVNr-iooovS'i-nrH F~s n m-N-CM CMCM n CJ
n s n n n n n -» -T TfTrnm n n n,n n n n n n

0000000000000 0000O0O00OO0O0OC

VS u hr~ ~-NR i ~ N
d v n %/I ﬁ;M%%:tLﬁmw TR mmcﬁ:Mf—cr> HGHA
gvsnn- Snl»— r'#-u-' ' nn nni - 4
HOOOT COOOOO OO OGO O

c R
'_l
[,

—_ - A | 141
gv %ﬂ,\:}B 1 Iooocm§ %1’& <6—Z4 3 i<«tk-m:1vs g;l% \9
CQkCQkCJ*w R KV AVK % % *Imvs*vw*sqo*vxsvs*vawn*

CO0', 00000 O0OCOODOOOOOOOOOO

t-COCOU'OcMnaOCMCM DvsSC
rH H OMhe Kvth n sMIt N-n

r- HrHrHtgHgpO' -
6 90T %»ﬁH

H
t-novMnn-vrvsao oTio"vifCMnin
©S H <rvS'O Q rH CONIm «t J LM @Os Tv
1 HHMHMMMMMOMO QMM CM Qv « mn
o
889
A \J T S “Tn o



S —

=p.

8

<e-

2/\

es

<c
«Zr

<u-

m IN™

<41

"s r-s

54

Lo B, & EwE Un'kbe w1

PHOJ CM CM KV K\ r<-\rr\K-\Tff'"fTf-Lr\ifA\ALC\'fALfAVOVOVOVO

r-iO OCHMHMHMH

H H
00000000000

Ozw

h
H
o

Sssssiissssa AssSP

» - » »
OOOOOOO OOOOOOOOOOOOOOO

H'«rr-1tA'<»—tridd" "tC~K"VDIMirC>icp

OOoooooocooooo000000O0O

m vo vo T 1 o TEf -weL” N =~
4 \}é] %vs S\ & o e advo % > mcﬁig d
0“0 0000000Q" OOOOOOOOOOO

0000000 000000000000O0O0 o

~t~CMCMCME”
38 aR$SR&S3BRB%$S3B3ai23333

"3 3 omqq §$8§35330 3000000

S 88S5S8¢S 8835 8588



<e-

_2 N

T OO0 _ A 1A
g)y\m\gg'—dzb" AR HT B O BB R T e

r-TA\rOTeIK ' [<'1<! A ! h' 1A 1 ' x0vCvS

§$1s11§§.° 5%

‘56000000000 GOO

'§§S 849

LA eYefoYoXs)

O—

> OO0 0000000000 O0OD0ODO0ODODOCODOdd O
N\
B B fea

=5 TAT s HIBIA2PLTS - K S RS Sao y KCYNFA K

do o000 0 0O0OO0OO0OOOOOOOOOOOoOTC O

AT M/\ '—K

z CIRE-CtWHOD : vochSiHst3<§C/2q EQ Q75-KIQ
™y N

0000000000000 0do'dodooo
<<

. g EEUBSSHSIRRA B carns

O 0000000000 O0DO0OD0ODO0OO0ODODODOOOOO

_ »I35CiSiysS2aS8SSSSRSSSw

<M
%
. SSSSSSRSS$S"T"S5SKS$SS5SKS3S5
<=

SS5S$$$SBS; $§5832835 58S8SE
<4

x 55Bs £ $ ~ s s ssEEIERZS E s
<

888383 A 8
= QM fA Trt 1A L ’A§H8H1H H' M§ HP H }:IL v av

55



if\

o0 O

-H Qv Xt

rHCMC\ic\ioJM"\r«'\rr\K\K\K\pr\TrTrH"A""" A" fAffir\ulifiu”\

ds »  «r
A o> O
11
rr < <m ‘A
aMr' aM Gl Qv
CMC<<MCMCN

$ 8

0O 0 0 0 00O OOOOOOOOOOTOODO OO OO OSZS3O0O

a

jr-cQrACDvpAtr-J~°

g

©

rH QN h'x -e
8

ofoaDOC\
o

A >
a>-4 o
@D O
§ E
O O O O0OOOOOOoOOoOOoOOoOOo

*roum

O O Oj
<
§ §

(>4

A$<NuUQACA-Af<>(MAC<JHK\V
#

ol ) 'S
0OO0OO0OO0OO0OO0OOOOO

<vr
<vr <d

<-e

O I

o'

O;_LA

> D A
a1 av A

rrx

SKSCi£SSs$8

K
f-A-AA'f
-r H-

av

iss
T, T
A

)
A

37
AA
rH rH rH rH r-l

(

CMt~r«j-C

Ahr,

md-'OH

H.,H-HM
r-iAH ArMt~-HCMHOOTro<J'A®ADS;AAAC--P--p)

a

C OO OO0OO0OOO0OO0OO0OO0OO0OO0OO0OO0ODO0OOoOOOOoOOoOOoOOoOOo

O O O O0OO0OO0OO0OO0OO0OO0ODCOO0OO0OO0OO0ODO0OOOOO oOOoOOoODOo

O OO O0OO0OO0OO0OO0OO0OO0OCOO0OO0OO0OOOOOoOOOO oOOoODOo
(]

Ksi23R

z
6T
H
r4
rH

H

rH
<vT’
ss
TT"
<M 4-

<-e

<0<

<<

IB[|iBIHI!BI

§I\



Fo—

N geLC

N

<<H~
<-e-

<e <IH

04

<< <m

<vT

]

<wv.

aaQiTivoiriCDC'Cv] mHHO— iriH ! DHr—-o”o-
Q l r Ju HNOorAngOJoc Hco” —ogA

Iﬁy}& 436§t Xloj cvij«'»4t-*i-Inir>in'X>'X-

ir>u' 11mrl>alolo>ov£>lou>\or~r “t—t~—t'~-C"-r~r—t—

vorr<7>mcooTCO(A

CM»HAZfCSJOJOerHer 4 CHr traHrir- er])f( O*
™ i— 4 rH r-4 r4 4 4 r4 *4r4r4F+4rH(—4r

0000O OO*OOOOOOOO

|r|0| i HrniHK
*xTT 7

-4'-4

30000000000

Or* "\OU"\<M<C>'T"t-C00'10'3—<Nvf aOCD
CM cvj CJ ©; A rH o O'"O O'O00 ai O 00 Oi O' ~
CM CM w1l CM" M»:MCA.CMr-IHHr4HHHHH<—ﬂﬂ\MCMMV|CNI

0000000000000 00000000000O0O0

'O a0 CM\Dlr CMCM'oochr Lr\«M-"T'*"TfO'C\Lr\T*—coc—«) —'nco

O O oo o

0000000000000 000000D00OO0O0O0O0O

'4-"ra'v3*A0' cOC "mCMOrACMiS=! r™'<1-COcCC' J<T'ir PCMO 7>

TP SO LA G MRVO o TR\ B 124 1 LA F P A e

O O 0O OO OO OOO OO OO OO OO OO OO O O o o

-\'@
Yeidan ‘F%&L{H‘/

O O 0O OO OO OO OO OO OO OO O O O o o

OO e g At

F R 3050V 0™p " 58 PocodR b7 et

58$SS$5'§|$3$8SgSS388iSSSiSSSS
f<4 r4 ra rH HiHrH drHfHrHrH

, . ir' MCTl 'HC <T'(T'HC-
GErma )S SDC > traddmolas (%%

C H
‘™M AMr-4r-4r-4r-4r-4r-4i-4—4r-4fH ~4r4 —4r-4r-1CM 0V|0V|0V|0V|

ir'aocCr! C—CDJg' '—tMB'T C~CMCr! CNEMIC\CAO C 'tA4CMOM3*M—f"
WL % ;_1j—rru asioFa 1rr°' £%s 1rJ"frll&q r'ﬁ %111 Oocooé\

SSI

[eumevmevmevmel| tA to (GtA tA tA (A

57



(1) FORWARD (CONT.

TABLIE 10 BRONWYN

(N

<mom

éS

fA | 2
<Cr,
[e’} z
KC
r4
<£.
z
Z
fA
o™
r-
<4
« C
z
o™
<44 (44
Z
7T

«ym

<<

58

tAfA —1AA ) AiM -y - O 'tiX)fALAC:A7
-ﬁtA%lt—%c'\(- s fA?/oOo cgt |Avor )Oflrloa tiX)
i> t—cp s ool '<T" OOr 1r-ICN1-' hAt) OuA\£1aO —CO CcC00"00 " '-<iHTrH:M

r-r-r~c*c~—f~t-f~cDCDcocoa320co0aoox) oococococococ cr>iT>cri m

o H

i—.I-Hr"Mr-Ir-fr-Ir-Ii-Ir-IHMr-I'-IH'-If—1—I—" 10O 0O O0OO0OO0OO0Oo O o .0,

»>e» » @ ex

0 o0 o0 oo Oo0O 0o OoOOo0OOoOOo0O o0 o0 o0cC OOOCOOOOOOOOOO

HHMHM R -l I HH eI HHH - IHEH L H HHHHH - THH ot e
0O0000000000CO O0O0O0O0O0O00O0O00O0OO0O0

~ B3SOl DA 9 AT 5t MIRAR e BENACOATI S RGES, € 1

fA fA fA (A "\ 2A fA PA PA IA A (A KX fA tA fA fA fA FA fA fA fA PA IA fA fA tA fAt

0000000 O0OO0OOODODODODODODOODODODOOODODODODOO 0O

'T'fA (A" fArACMLACMr4tA44070"'«3-—IMabcO*S-fA<HiTiC"OHCJ * o
J.Av0<DXOxD' -D OXOM3<DvD0va%xOfo)vOXOIAlAIA#_AlA;n:L»—ﬁ# LA4(IA41A 13> Ay

0o o oo o oo ooooooooooo oo oo oo o0 oo 00

? 28 9n S hfe0 bie FEFPENE piE o E'd a0 SOXOPTERBL AR b o

tA*t*rrfiA*edtTEf-4r*-«t4t*-><J-T1-4£43-4}-4*iAir>1A1A1A1AL1ALlALlA IA IA
0o oo oo oo oo ooooooo oo oo oo oo o0 o0o0 00

P!SPlcs| :5$5S83S8S83S5S5S38P7?:1:SPPP1i:SSP

PA CM 1A XO CACMHOCMOXCMC
c™m NX AP

GRaTR

OVICMCMCMCMCMCMCMCMCMCMCMCMCM'MCMCMCMCMCMCMCMCMCM

N~ OxQ OxN~ 1 p_ yOLAOXCMCMLAA-GOLACMiTlHN-rl-IAr-£AO'£fCM Ox OO
LA 0 o @ 04

X0 VO \o © XO

ira'sinikirtrttrtirkin u o owvw dwvw <D w



S

)

z z
<c
1
z
1
T
m z
<c
<u.
<e=
z
z
<c
<M
/*< zs
z
m VAN

W

<@

<<¥

—r~"cNC som”“"moNmMmo f* incN<frrmsOoaNuitr-<
<m O (N <r'-4<NOOr*"mF-40c7xi-4rnscO<CsDOD<C(n<Nr**
<N<N<NCNmMmMm<NOA-<r?r-(rs."*"TArAr"CT'0O0<NOT"
rfocN <Tlcrfcr\O'-Arn<T%Airirr00e\C)r Arjmin\O\D
- m +  * o w0+ + o+ o+ o+ 3 m o+ I *0k+0¢t Ot 9t Ot 0t Ot
o VO'-i o« NO=>co'tN(y'sovr(si<Ninminoa'>ooofno
<O -» r*r'; Lnaom?orNAjr-~<rrsio'vCLNno'O0(Ni—")
> >Cr- T'sOinin>svO«or=2sOp~o0o0or”o\00»-i<NrNfNCN
OO0 O O OO OO OOO0OO0OO0OO0OO0OA~-—tA~AAr~A~A~_~A

O O O 0O O o o o o o o o o o o o o o o o o o o

cr ~T >D'CvOr*0O'(*">'-«vOOOCT=>'00'l-00«JO'OiA

VO -m O r>»<NO>nr~r*Mu-ir..»ao<Nmo'*<m>s~"2CT>

or»rs ininvorfvnr>»a'0> — OCT'OoocoocoooevoNoo
' -4

Ao n et T e G NFNAM N A o1 A

» » # »

r-'JocCccCco'oOAr~inr“Ininr~C '3 -r -aii~-o”~<o”
O iDO i/rooocor~P~o\o-"00'»'r-<N<r FI eo O >» y\
rrimor*r2r*". O'cmnrNJOOOO'O0O000'OO0OPAMAIinmin
'C'OMu*. UT'ITAV/FIIiNUANINTATAITIiI/j>3'<r'3” "»«0'»-o<r»y

0O O O O o o o o o o o o o o o o o o o o o o o

rrO'o0'tfooo'f"ooiA'OOo0oorn
mrN~ymp.,.>eN<»i~jCFir-~<oo*jt
mmm — *e»nor~<Nr'i-i>c* '

# #HHHHH

O O OO O O0OO0OO0O0O0OO0OO0ODO0OO0ODO0ODO0OO0ObO0OOoOOoOOoOOoo

maoor~A~voac-j- —caoocaor*<rr*tNu->--0'Oi->ir''Cfn
5iO""'»<*i(nr~maoaou*ii/seNmM'OrvOF-4r«-ini-"pMOO-<N
r>>coor~.'Or~"Ar*”*"L-'"r-rnOCT'Or-io"'ef*"O'tN<N-<

# o» * » » * »

O O OO0 O O0OO0OO0OO0O0O0OO0ODO0OO0OO0DO0ODO0ObO0LOoOOoOOoOOoo

'»'0O0'CfNtN-»PA»\e'rnmr»i-il40o\.Ai>.0'inr"00F-4
i =< ana A(si ift'o

_MrA(si(sr-,rim2f<T'ATLr, ' mift’

N r~n vc O'Lnr<irsi®-iootN<rinmo'(NCT'OO”mor,<f
"-<i-iNtNfNNn-»"#tnm'Or~i-«r~.f~.oop~rxooeoCT\C'O"

ommm”~i
fO'COOS'F—P-irniTi'O'C'CP'O
—_— —

IoF]
0o

A g iri iri ocooa'"'CrAr-jr~"<<TP2"O<fr*i->CNvO<rat)'C
ino'<s”, o'“"r*"voooo—#<r'CP'0O'0O-"m<ru”~vOP’'0"’
<< —w<N<NA2AttNr'mmnmfn<r'»<r<r-4'»"»<r

9 9 9 99g g oo gggooggecggggyggyggagdg

MMavm ~r u"i'Cr*ooc'OF-ificm<rin'Cr~®y'0 — fNm

59



<
x\
z z
m 4
<
<o
<A
z z
N <N
<» <
<e <<
z
<N
<W
z
M
<t <4
z
m
z
N
<V
<4
<

60

~“or>.fnirir~ 1no m<Nooor 2.7, m s rplA %

sOr Of— —>><ra 00, t R PASRepN!
» — OOis
vpagogagfgvo——ltsr iror™i””-in” cr oceo o N
<r<tA,sd *ininmminmm¢tniAinmi/,)ininsD \££
#FA<ro W< mMmrdmo m

moAm oS merS o Faguis moo» ooo
m m < m -
e R4 1474 v RG> o1 I
00 ©©©o0 ©©O® o0 ©®®o®©®000000O0O0
FAMcNOTrof-—w N Oocco ( xﬁO?O Dmr”
00Ln< 0 S2vta—, in oér" r*rxtNvnun
PerANTEt<, rx AIYA éooo ooa<oo

K4 H=eg ~ —4F24 414 <«  fH #4144 44

0000000000000 000000O0O0OC

aofcrrr*itsi*»<r- >>>oxcseN — .C00"' #»'U*1>C 00*»
m>cfNeo?” r=2rriv0 'yCT'OOinoo

m m # * * * * * o

OOOOOOOOOOOOOOOOOOOOOO

nr"itl\m —CT tN»(N*Hm ooo —
PR R FIR S, A PN OAG P I 26

rpy ogogagr~r~r—~\ $C\Q cpinuiu' 1>>>sOlO 1:1J;O>6

0OO0OO0OO0OO0OO0O0D0DO0D0DO0ODO0DO0DO0DO0DO0OO0ODO0OO0OOO0OO

0003r'<ro<vritNnr~ao — vCvCf”*ooonch'Cu”o

<T’\<rin**."ooo_oooo{N/l\'-i‘ac’)\lo\i'(\?j_Aanro"fm(g;si'\cl)
oo0unN in iyosots”™-ie m i*"m o - c
¥ i @ iy

0000000000000 0000000O0O0

%3
s
i
g2
7
o
7

z

o}
%
50
2
o
&

*A*400 <_| o*fng \»f»aol
CT=0\0 CT >O CO Ai — CN

rspoonapg. < <trs—i»ii/'inr-ir-i N mmo
B R S e s SR b Caa g fonas

#»! >E<N<r\Ci*c-»sci] <r>01Z—\mmr o'infnrsfnrs
— ~fnln >cfsaoo'03 (Fi<i! lerClSOO»O'OO — —
izMNiAiAi/ei/ ini/ai/""*"dso>o0sc”> jDrsrsrsrs

0999990009999099590090

st in vD ™ —<cNm%3, mvOr>*o0o0o<T' <ri
rvir mfﬁrj ?N r>°rnrnpnmmmmst >t< < R



<e-

1

N

7 89

N

N

<\M

<4

N

61

rfr»r”.ir.r*fArAr>-0o0o0o0coo3

-

o

S
~A7"000000—"— 8

OO O0OOOOOOOO ©0o0coooooooo oo

a8

i

-«

O o0 OO0 O O

A

1111111111m11ul1111
00 O0OO0OO0OO0OO0OO0OOO0O0O —000O0O0 @)

00O

O|_--

-"omo<ro0"'»s
o0 s0 0 0 -
rt o «io «t*
q- <r ~n ~n

60 00000 GO o o000 ©@©©000000O0

" —

&

0 —

O re—

Q =
—

o ©0
~

o —

0 s
0—
0 m—
o ¥
0
0 —
0 =mn

[ 3 . | *- O O' _<f_
PSI0QLG S B, CE 29 &y
- "$Ve’0 'Cr~ A~ ui \Cr~ P~ 00 00
q o<f 3= DT
O O

O 0O 0O 0O O0OO0OO0OO0OO0OO0OO0OOo

SC*SgEtSESS5se?:8g5g8558505

Wlxtio'X'CA0S'SJASs-0'0'00£N~ 09 I» O O N
Sl In i @ -o

SI ST
« O

«

«l1'lia!81118!1111S1itl



S (2|N) M3 | N)

<1|N)

’

Z
<
Ik
zZ
<c
<k,
z
1=\ z
<
W
z
<C
z z
m R
<H <A
<*4 <14
z
m
<1*4
<14
<14
<

\l
@igm :& 8@%0%
m <m0 RYE & &
000000000 MNWMo o O AN

A e 50siE 5
1 1
ooog%mga%% 'oooanoo'
000O0O0O0O
OO0OC OOOOOOOOOO

'—= MmM<NiN--"r»*"<00O

\}
rN Np¥90r> 1n<ro<¥gp%000

O0OO00OO0O0O0OO0OO0OOOOOO

r—fg<¥ﬁ88évéuA%¥c 6r m->
inLniyiir-, <r<r<r<trmmr,in m

o o» oo» oy o» o» o» o» F* 0y

0OO000000O0O0O0O0O0OO0O

>»>ir>"~"iNaooO"»
ao<rr,I>CO~ ij £ -
o 7 O r'l >nor’ '
>0 in in in in i2v w
e A A

0O000000O0O0O0O0O0O0O

O OO
|n|n »0 «Dlr'lo\

ino'inc — -4 <N<roooo<r —
m mogpminu-io' —o ¢ —iC
0QO00000 — O O nj-to m ~ o

<r<r<tinininininininminin
E e At S T

OO0OO0OO0OO0OO0OO0OOOOOOO

mm1n17 0'ao0' <1 i~=-ininr-'0
minminin in

O o T o+ B B a9 E NG o7

(NeNtNr IeN<NP<<N<N<N<NP<<N

n»>-imsO'-i<nmino'm>0CT'
mmmrgwkrylnlnln1%1CvCr*
oOooOO0Oaocoacaocaocaoooooaooooo

° n oop
000O0O 3 o oo O a
%O*I"-A <0 >» <n r~ oo o O

boy Al o r r* coao



Ik

X\

N ¥

<c
<*i

35

<44™

<VAH <*4

<4

/*s

s/

@4

e

so r-
ao ir,
CN 00

o
o

ONm

<f 00
oy

- vO
r- o>
1A vO
n» X>

AOQO
2
O »B8gl

(o)

~

COo o

00 00
»t <N

cm

r1 in
in p~

| @»
gWJ

o838

=

00
o'

00
<T
in

CN

<r
sO

in

sC

-t
<N

88

1%

sOx x o o

<r
<n
CN

CN

<r

00

2 0

CN
in

CN

<"
sn

0

1><Og
o 1><g><

in

o g X3

CN

in
£4

EX%]

\o

o]

o

[e]

° 88g%

Ci
CN

Xo

m
00
CN

CN
m
ON

CN

ON

COm

CN

00
c'
<r

o % g »

00
in
CN

»
co

co

ON

CO
o
-

in

CN

2z

M

o oz g

1728

co
<r

in

QO 00

(o)

Cco
CN

M

(0]

ri

00
vO

CN
Co

0 X

ON
co
oo

88g

ON

Q8o

54

co
r*

co

in<r
coco

00
co”

CM
CM

COCO m

in0 r~

CM

O co o
CN «» m
in CN
Cco »

-

O 0 o

<r -t oo
CN CN CM

. co in >0

X cM

o' 00
r* r-
4 —>»

'J
oo

o' s* T
cn <r m
co CO cn

(]
2w
ER]

<c
mé

Cco
CN

rs
co

co

sf
rs

rx
co

ik

o

sT
in

co

co
co

00
CN

co

CO
rs

«4

]

in

n X O

Qb X

o

rs
co

r%

F¥

sO
oo
CN

sfr

Egoo

(o)

rs

co

CM

CN

CN
CN
S+

2

co

o'

CN
4

"
o

83y

x0

<n

CM

x0
CM
CM

x0
cn

S
0

0

cn n.
o' 00
cn

ON

cn m
cM -t m
* * n

Xosgo

o'
ocom m
oo

cn
CcM
ox

CM CM xO cn o
oo — x0 X X
o' o o' x 0O
—1CN —1 F4

CM <T

cn cn
CM CM o cn
o' O' 00 X X
'T <r S? s*

O O O o o

un

o]
BXX

(o]
o
Q
Q
(0]

o'
rs

cm rs 4
X On X

cn
rs
CN

cn sf

—* in

r*
o'

8%
oaQ
(o]

o'
CN
CN

CN
cn
CN

r*
CN CN
CN CN

rs
CN
CN

cn cn
rs x
<t s?

<r x
A sA

rw CN cn
CN CN CN

S S§S§SS
o' o0
— CN

63



iu

A

N
N

BN

<e-

ON

of

5[\12\

<N

<4- <VM

N

<4

— PICM?Q_OO
Q™1 W1
Og e

r m m r m m n m M .
o.o.o.o«o.o«o"oooooooooooooooo
SSS53s8Ss | ss~s | 11| 1 s¢<£|

e oNoNoNoNoNoNONONORONONONONORONONONONONONONG]

~ininr~i in — iC— dopdam
o — 89<‘]I%J'%ml<nrooc'>(%gr<rjicnSO%CN(L)vcmaoOEélé e,
J — —
QnQinpinin:él "in<f . . L O s

e * e e « - o - » I & om - -
O O OOOOOOOOOOOOOOOOO OO O OO

g;‘gﬁf 3 3

OO0 00O 0f-0*0*0’ 0 0*0’ 0’0’ 0"’ 0’0" 0 0o o o o o

fio
inii“inininmininiO'Oin

Lty — Qo ™ 1 © T I A RMAHMLIRHY,

0 — —

2
8
tr
3
A
K
Hrh
=

Al
xr{0'Q'00£7 910" <f-<2 oo o 0E T
SRRAET LTS r305: 38851000

64



Iﬁﬁ
z
m <c
<e
z Z
N T
<<
YU
<
- M <c
z Z
i TT
<M W
z
"77"
wn <K
Z
77"
2C
Z
'77"
<M
(Cc

65

ll>l ) l * 1 'O O (N

o Ly 3@@%@5;%\?
jsoo--"*-r 1m<r<r1n or i}a Or rMmr

vO \C > rs. > ettt .t r>»rs .. 1 000000000000

E? R eRE T a5 26 12955»9 £p0o

10000000 'AJy ogh ong

OO0 COO0OO0OO0OO0OO0OCO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0o0OOoOOo

N*o m OfN<rr~ nQ T
«Nt p, gﬁu ivOQr sJelste! a>
ooooacooco< >aoaoo »ONaoo01X1T00 O00a a)oo«aop

OO0 O0OO0OO0OO0OO0OO0OO0OO0ODO0OO0OO0OO0OCO0ODO0ODOo0OOoOCOoOOoOoOo

24 ;%BEY'VS’?EQ>E ﬂ%ﬁglﬂ;};qq — cNmr'vor'i
5OrA . r"NC'fli~xC<C*vDC"c”-SNO">c>C'C'X5triiri

0O000O0OO0OOO0OO0OO0OOO0OO0OOC OOOOCOOO

<r<r<y>"iaofninvog vOm oOR®OLOr-9
i S el

738" — MO'-0 — r~'00" O<r
\C' 6%C 'C'CnmvOsC1/ 1lnlnlnlr1%/ 11\}) ttn<r >>>u*1v11rlt iv—l

O00O0O0O0D0OO0OODOLOOLOOC oo0oO0OOCOODO

O
n

88*%9}‘2 N b 6‘6%%‘61%0&88
%EQOO'QV’ W glu’;{\lun% 9,1/'1%31? mlnvnln— Ou T
OOOOOOOOOOOOOOC OOOOCOOO

_3A 1 A : 1 : 1
$¥66 51085880d608805d2 oS {10087 @ @ i\ 0 §

(o]

invCP'O'TOOMNJVO — —tn-«PX»i<Nh" O —<00 vii \C VO =ti
HN r<<mr,n nnIMmr<I<sr<r<r<r<rri < <r inin<

— — —friwm >jr_\OvO Groorwinfnm ~ oo —mm s os
N 4 < £ n-"on*n=1"n=ndowomom 00 00 00 OS GA CS O
<Nm n n n njo I'therNleNthtN (NMtNCNtNtsifN

'J-OONOO M“mintN'-t — O'S’ OmtNsOr-i covOio rid in m co

9T B R H B AN MG o8 L 28, @ o

§880088080¢5Ss 888888888 S
I'I-P%‘q T—' Nm<rinicr~ooa\ — Ccn m <r m C oCcC Cr
vI'.T't Inininmininknmin XX>C X " 2 1€ OO



N

<e-

<N

<Ui

=3

<G

<N

<Ui <VM

Z-S

T

<4 <U4

<MN

v*s

<N

<Wi

<C

£« %0

Ox

00

0O

=<

CN

in
00
sC
in

SO
<r
r4

o'

<N
00

in
<z

[e]e}

or
CN

o
4

CN

4

ON
ON
np

<r
<r
<T
m

00

o'

r>

<r

<N

NO
(N

ao
>
1A
X cC

invCEfN<nm<N<«r
<Nooino'inoo<"
-—000'DO'O'mMmtN
r~r~.o0o0000"'0"

aoaoaoaoaoooo'o'

0>Cr— xOLnu*iu"toO

r~r*r"r-r~p~r~o0o0

=4~ ! w4~ N4 £4
* * * * * * * *

0O 0 0O 0O 0 0 0 o

r~0"'"0~C"”inzr~*
mN ' oO'r~0'M

<r <rm m m m
*ox x % x

0O 0 0O 0O 0O 0O 0 O

maoOLnr~-4~.0"'00
r~r~r~0>00"'"NfN
r-inmr»oo0o®"'C-"

O 0 0 0 0 0 o0 O

Or4<fOo (NO<TOO
corsr-.inr~0'vna'
00 *=4 T4~ £4 £<

O 0 0 0O 0O 0O 0 O

(NtNr'itnooaou”O
aoaoaoooaoaoaoao

«Nrv (3'0'00<-4x0
<f .f <f <f 471 Ul 4f1 iM
1* N4 e o 4 xR K4

*-4M.a00'03'M@"
o'ooroooa'ooij'oo
rN(N(N(N(N<Nrx|?N
<4 vl1<M ~ VT xO C4 xC
myry 'ivr-i-ininx0'C
coaoaoooo0o000roao

]

cN
M

9 9 9 9 9 9 g

m in o r~ oo o'
n. p< r*, r— r* r% r*

0]
0]

o
tM

o'

°%

00
mé

o

o BBE_?%

00
x0
o'
[ 23

o

2ABE

~—

rx

4

o
00
|

cn

<N
CN

Ch

<r

in

23

s0
=4

»<
ON

66



«

<>

&n

<

N

B

<M

N

N

<4

Z

mr~o00r-«aoosooofN»—-iooop,irta’ —<rr—<<oomf,jCT' 3

f-f ~< h <T<N<
mooaOrnrrnJiOn\%f Otgﬁn(lﬁﬁcnigfr%go}%q 5 YIS

N —

Q' S»er,Arioo>o lnng\{g omao y -<>tir~iO(NiO.
O e o B o %w& saas
0006000006006 060 o——

0'00000000000000000D0000O0

NSO NGRS A e P SRS
<np~mr in ?nl 1nm>Clcrpr>1r> ooaoo O

0000000000000 00000O00OO0O0OO0

s _‘k —
8om>g>c&%® <§<7CS;N/] >gun t<ﬂ12 lnfr%fﬁ J% 4f»9
:(IS ®(§®1Vmco®ln1nl\r/1 ri%nl{lﬁflnlglng%()% J:>><rr#

00 0000000000000 000000O0O0

(§3®_®i<z®i®«—@§0(9)§r§%' - ®<1S](o 1nNtN®1 <mine-*
r'- - o m=n A
Ay RN R D R e S n i e 5 o

00 0000000000000 000000O0O0

in OO0 th ®o®®CT'fnn» *®mMff'r-i(Ninin®®e<N

wf (SO O 0 0o Nl <<aI—r® M m < oﬂ® ®m
i-<r-<mmm=<r<r<fin<nin®®r-« » ® o> <i O'

o §'R%" & b WRTEEN00 = LRgd SR de Bln

in<N-n?n®omoo<r>-1"0"' n<r>»'ino'ini-i r ~ <« IN
<<txo® —<minxO®o0>0"'-<eN-.t®r~.®0'0

s %Ngnéfr%>%18r>§>>go§1N%A$<§m§tS” S8D§A5OSA(§' §M\Bcl§m

67



ja: )¢}

A8

28

<-e-

»

<n

<1

<c

<r o> 1> <N NO <r m 00 ON rs '3 in cn « \D o' uo ON

00 ] <N O' <" (N sO m oo <r i* in rs 0, ST co 00 00

m m o m rirxm IX <D gt vyoin <rm O CMCMm m CN o rx

vO r> 00 o #4 #4CN CM rr <r in >C rs 00 cr o rd #4 CN m xT xfr
A

<r <f <t <rm m m M m m inn in inm m 10 NO NO vO NO NO NO

rx 00 x*m ~” CM X CMm <o <Tm O <r X rx Q' rxX yn
o
?il < 8 m 00 00 *n ?14 1 m m <r 3. m in <N rx in (T)
s N ©c a o o O 0i o 0O' O' O' own ON ON ON
o o 0 A FAEATAYY ix 11 1 ¢ > 0§ o o O ° 0O 0 o
o o o O © 0 0o o o o o 0 0o 0o 0o o o o o 0

US55 wf £ 02 &J!lc»o0f£S!nf*£S0”"'°M®1i b5
@ rr ao® (o ooaoC"l“OOCT‘CT‘oooocff‘anooaotn

| —«™- — r-1™ir-li-I~~r- il ~
o] o (o] o] [e] o [e] [e] o (o] [e] [e] o o] [e] o o] C [e] [e] o] [e] (o]

£2x"9f ' & ¥ ® rrr"00CO0r" (X) rsiinr~.r-x<Ta'

<T ~T <T <T <T vr <T ~T ~3- <f <}

O0O00O0OCOOOOC 3 0 0 0 0 0 0 0 0 0 0 0 0

0003 ! e<M>>T<rlan
- n . <n

K 7ifA c-imcioo
inin«ky<f nn inn in
* e « «

*

|<rcsoo

* ok k& & & % e E e > e 0 0 e SR e e e
e} o (o) [} (o) [} (o) [} e} (o) [} (o) [} (o) o e} o e} o e} (o) e} (o)

N<f«imsTO'«isf\0 j —
n 1in in in in in vo O\XC Erclr(%prlscfo 92 (<) (S 'fC%OH»lOOOfglO

BEVEG 1 Mo s N NG O e R RN ey i 22

<naocnin — (noistcsoitn — rnnsOcsoO'Cmooocao —

m ..Doo O ~t rs O (Nr—sm,<ra>rs o rc

[N yi1fNQvOmo
T Th T e Sso T0SBReIR e ek L5 0PFL 20 s

'l pi !t i8§1ip! 111! 1881 | | |
nic-«<NCM(Nnjmpnmnfnon (nmo”~"s»sy”~<rb

68



s LN
<M

<#T

5 5
?2T FT

«M

25

her ek

Q' Q<QvO--Dvoc—"-r-t-r'”"c— r-r-r~t-t~—c~cocoaocoo

<A r¢ tn, n- l«fC -C\1liA>-CpvOC—

; T £ QNinf D
(T> <Ti CIx CIv K\ %%%E c; gff§§;f¥ﬁg<j§§ S ~» >0
O O0OHoo0oOO Q A gt

e » s A

<
e s
OO0OO0OO0OO0OO0O0O0OO0O0O0 O O 000000

cocorocoaoxixicoxc—="Q

! - 00 K> QJ
- a*#'CM<QIQKVirt C7rd g0 ~Arqez¥%£—'§‘
4 rH

00000000000000000000600
~ rt rH

BsHsSSHSEsssSEEsESEsE

0'000'C300DOODOD0O0D0O0D0O0DO0O0O0O00O00O0O0OO0O

585 a22SSK8SgP | |pl Il I | Sg
i i\ ".nir, I;\j%f\Lf'udq(f\ji\IR.rA'jiA\H;\\Q O\Quo\Qif\ir\Lnm

AN ORTTA

000 o0000Obooobooooooooo

P ERBQTED. 4ot SIS -

*r «r rr

Oooobboooooooooooooo0o0o00

r4 r=I r4
CJICMf-jrACutMr"r"CuKxrArA to

29g9ggsppSgEE£!§sp£§5s;!$s

h e %nlr LOED>f.rr\1r>a%§:Of.r \%&7&% J&?vaVDADvQ\o

69



70

< J11LilllIE |

cocor, ®cocoal3dxcrscna>a%s

iU
K\
< ocooo0o0
I(4
¢ @
2
<N |Qi.
<o |« < COO0OO0O 000000 OO
Z
-4 <J
«@  T<e Oooooo0ooo0oo0o0o00
Z
@l
o0ooo0oo0o0o00o0o000O0
<'H

2 I 11ils1s1TFE
avi

Cm ««M
S
&7
<M
%
<l ~"S3SSSSSSSKSS
a4
- KN C?
cr> CTI
<g\] 1 GV QM o:
<<w

Ssslilsssissls

<ti

88888 ; .
2 B



<

N

<

N

2

<N
«M

AI\)

rf

=

<VM

<M

SRR RE R

-TiHfA'"1-iri'>r —of~ao<T1 (T>00'HIN

-<<rt<At~r—iH<vr—'y'4—aOiZi> oCn. ~ ~ twidu) 'SrHtAt'-CINrf-rOCT'

crv a> in A <Tio 'jlcor~r-D .yco<T" O HH OOOOO

8370 e T R 8 SO0 r -t et it R TR P e 2 P
o

OO0OCOO0OO0O 0O0O0O0O0OO0OO0OO0OO0OObObObObOOOOOoOC

H sy OCM VO 'T rfcM cr OrHy<ot"o<T"lrao r~ r- Lo
y oM r- A 9}\a ooa C oe \ 4— <o°'ocho'>"Jy§\ r'3rdoc
r-4r—4cC'J CNCVC\ir-4CNr-4'-4i—4i—4 s+ f—4CNCNO CcJ

oooo'ooo'o ddoooo0o 000000000000 O0

Ti OMf ifv K- 40 £ \t ri GJ< iycT4Crh
T s 5 O gi'f' r—ééf%&%%r ég'-—&&y =K -@g% §y§m§/ % §

FP® D1 A Nininininmyyyyyyyyyy
OO0 0000000000 ObOLOOLObOObObOLObOLbObOLbObODbOOOO

ocot”cvjpnc®f-00  co ro o> inchijsin
10 in r*4co o—jct?x in o i- y H r— t inx m cli mc r &é\lyéﬁd}o(}“fn
n-m tny m y vy Yy m y Y VY in 1in 1O inininiT''inyyin
@)

v oy
0OO0OO0OO0OO0OO0OO0OCOoOOo OO0OO0OO0OO0OCOO0O0O0O0O0O0O0O0OO0OOo

Qy'tioO'-ogoxm4'jo*inmaooJirxQH—icxi*-mcMioco am 0
£aPU % e T it h 1S 355 &y b 9% P Y9 v 0 %
o)

o o0 o0 o0 o o o o o0 o0 o 0 o o0 0 o0 o 0 o0 o o0 o o o0 o o0 o

co ox ¢~ h r- —45m-»cy

r-4-HCMCMC

§v
O

i3})xcoMrE —lenlnlél' 78 "le?Z 1212585 (A8 HEMAMENR-R
r-IHCMCXJCMC c

m4r-lf AHHHHHr-IHHH

yn-miO'- 5 cOHCMyf~-—||o"|5xaxxoocooyc—comc~-H|oyx
X ax cM m a)

0J ax N- Ox cM_CM m O GO IX -1 -ny
r-4r-4ycMCMCMCMC4KXE<X1<- xKanmmyyyyyyyylnL"Xln

3 8

8
i cmtn y
CMCMCM?xJCMCMCM

71



72

The ratios — — and  —emememmememeeee- are shown on the same set of
f1(1]N) f,(2|N)
3X68- f (1|N) f.(2|N) f,(3|N)
The proportions L , gji— appear together on

the same set of axes.
r = Jr- appears by itself.
"N
The graphs give a clear picture of the trends described in para-

graph 5.9.
shows a monotonic increase with increasing N and the

steadily decreasing slope of the graph can be clearly seen.

Sudden changes in slope can be seen in the case of Sandre, who
on beingreminded to use as many words as possible, made lists
principally between N - 9 000 and N - 10 000 and in this interval there
is a marked increase in and concomitant increase in the slope of
the graph. As soon as the listing stops,the graph resumes its de-

creasing slope.

fl1(11N) shows a generally increasing trend with de-

creasing slope.
f)(2|N) shows an increasing trend with decreasing slope.

fj(3|N) shows an Increasing trend which falls off very
rapidly. In the case of Kerry 1 and Kerry 2 all four graphs i.e.
forward, backward, random forward, random backward from each text
flatten out from about N - 800 onward.
In the case of Bronwyn 1 and 2 the graphs flatten out at about
N - 2 500.
In SandrS’s case the graph flattened from N * 6 600 onward but

rose between N * 11 800 and N = 13 000.

?7.(2|N) i, (3IN)
The ratios show heavy scatter. In no
f,(1IN) f,(2|N)

case can any reliable trend be observed.
The graphs of the younger children appear to wander about aimless-
ly between ordinates of about 0,4 and 0,7.

In the case of SandrS the limits appear to be about 0,3 and 0,6.



The proportion *(1|N) B — -—-—-—- showeda general

decline in every case,with a decreasing slope. The larger the text
the flatter the graph became.
In the case of Bronwyn the lower limit observed was approximately

0,33 and in the case of SandrS 0,4.

£.(2|N) . f.(3IN)
The proportions $(2|N) - — %---- and J(3|N) H g-—--
N *N
showed only deviations about a mean line in all cases. As the text

length increased so the deviations decreased.
A N
The average appearance rate r* R In all cases the

graph showed a general upward trend with local inversions. As N
increases so the slope of the graph decreases. This is true in all
cases, with local deviations. The deviations are slight and do not

markedly affect the line.

5.11 The Tables: Type 2,Calculations
The programs of the Graduate School of Business Administration of the
University of the Witwatersrand, were used to obtain estimates of the
total vocabulary of the children using the equations as detailed in
Chapter 4.11.

The results of the various steps arc shown in the tables in verti-
cal columns against the size of text,N.

Sandrl's calculation tables differ from those of the younger
children and aredescribed separately in 5.12.

The tables are numbered 17 to 29 and appear on pages 150 to 173.

Column 1 shows, under the heading, N, the number of
hundreds of words of text used. The one exception is Sandr6, in
which case the number of text words under N, appears at two hundred

word intervals.

Column 2. Heading r.
The average number of appearances of the different words (types) in

that length of text. The values are shown to five figures.

Column 1. Heading $(1|N)
The proportion of words appearing once only ina text N words long.

The values are quotedto four figures.
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FIGURE 11 KERRY 1 FORWARD
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FIGURE 12 KERRY 1 FORWARD
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FIGURE 15 KERRY 1 BACKWARD
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FIGURE 18 KERfxY 1 BACKWARD r vs N



FIGURE 19 KERRY 1 RANDOM FORWARD
fL(IIN), £1(2|M), £j01F), £N vs (N)



FICURE 20 KERRY 1 RANDOM FORWARD

£.(2IN) £« (31N)
— , ————— vs N
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FIGURE 21 KERRY 1 RANDOM FORWARD
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FIGURE 23 KERRY RANDOM BACKWARD
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5.11.1 Column t. Heading © RaolL' g *
The heading does not mean the ”square root of but means

the value of which is the root of equation (73)' namely:
(1+gN) IngN-agN+b = 0

The equation has 3 roots, two less than 1, ,and one greater than 1,

shown as points and 3 in Figure 63 -elow.

63 Ckctch of the three roots of (l+tg.Jlng”-ag, .+b=C

| o«
The root, o?.. = SUio)

N
when substituted into equation (73 gives

(14 i0liii) m "4M -aillM >b (90)
W rN "N

but since a and b are defined as

a ZINr— In[?/*(!|N]

and b = 2% (1IM) + In (1IN)Ja -,

substituting for a and b in (90) makes al. the terms cancel, giving 0.

Incidentally substituting

~"ULN) | n - £ (11N) 117 INA
-Ar for f£(1|N) and -x- for makes = — J——

which depends only cn Hapax Legoo-na and the size of the text,N.

But this result is trivial because subr'ituting

for I# in equation (77), namely SN« (1l-gNr 11n(”"N r~/”~11N) ]
A\
N

makes * S (1w " °
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~— 1UIiil is unacceptable.

Since equation (44) requires a, , g
N

The third root is greater than 1 and on substituting in

~ negative which is unacceptable by equation (44).

equation (7t makes
which was solved by

Thus the only acceptable root is the second,

iteration using the programs of the Graduate School of Business Ad-

ministration at the University of the Witwatersrand. The results are

quoted to eight figures in tables 17 to 29 on pages 150 to 173.

The values of g” are crucial to the entire calculations since all

the other estimates with the exception of a and b are calculated from

IN via simple equations, namely equations (76), (77), (83), (84) and

(89) .
"< and '

IIN 1] a
The results are

.he possibility of confusion between roots

was investigated in the case of Kerry 1 forward.

shown in table 15 on page 146.

.11.1.1. -TIple 15 Kerry 1 Il ,
N

Shows the text size”U at 100 word intervals up to

g) vs N (see page 146)

N = 2100.

Column 1 shows as calculated from Table 2 on page 43

The values are given to four decimal places.
Column 3 shows f)l as in table 17 on page 150.

The values are given to four decimal places.

5.11.1.2. Kerry 1 forward. Grape ef ") and vs N
rN

-he results shown in Table 15 are graphed on the same set of axes in

Figure 63 on page 147.

It 1is clear fromthe graphs that is always larger than

| and that a3 the text size increases both (generally) decrease
butl'the ratio
A~ . —=~"1"'/ increases.
N
5.11.1.3. Kerry 1. The behaviour of f(g..) between
— where £ (SN) " d +gN) IngN + agN - b I
between

An investigation of the behaviour of the graph of f(g,,)

4 (1K) /F~ and * was made, in the case of Kerry 1 forward, for

values of N = 100, 200, 500, 1 000, 2 000
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Ordinates were calculated at integral and half integral tenths
between the two points of intersection on the gr axis and at the
turning points of the graph.

The abscissae of the turning points were calculated by iteration
using a H.P.25c pocket calculator.

A maximum of twelve iterations was necessary to stabilize all ten
figures on the display.

The equation which was solved is:

4 + 1+ 1lngv - a =20 (91)
SN

wuich is the derivative of the function
f(gN) * (1+6.,) InS,. - bt;J+ b

put equal to C
The results appea 1n table 16 on page 148.

5.11.1.4. Table 15 Kerry 1 (forward) f(g..) between *

arUT. "

The abscissae are quoted to four decimal places and the ordinates to
four decimal places.

Under the heading N = 100 etc. appear two columns. The left hand
column shows wvalues of from * ~» to included is the abscissa
of the maximum value of f(g,).

The righthand column .4wow— the calculated value of f (g")
corresponding to the value of g, shown in the left hand column.

The table shows that as N increases, both HL1f and g*

decrease, but the maximum value of fincreases very rapidly.

5.11.1.5. Kerry 1 (forward) Graphs of f(g.j) vs
for varuu.; N

The graphs off(g,T) vs for N = 100, 200, 500, 1 000, 2 000 are
shown together on the same set of axes in Figiu ? 64 on page 149

As N increases the graph of f(g,,yv vs g.j moves to the left i.e.
to lower abscissae and in general the ordinates increase.

This results in the slope at which the line crosses the axis
at g, becoming ever steeper as N increases. The effect of this in-
crease on the estimate of v is that small varir*'ions in £ (1 In) and n*
which cause the curve to rise or fall as a whole will not have as marked

an influence on the point of intersection as for small N.
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An example io the comparison of the graphs for N = 100 and N - 200.

There 4s an obvious deviation from the general trend and the con-
clusion is lat either 4h3 graph for II = 100 is too high or the graph for
N = 200 is 'o low. The c/inclusion is again, that the largest possible

text be analysed to min:m:re vacillations.

5.11.2 The Tables Type 2 (continued)
Colunm 5. Heading *
The solution to equation (76), i.e. = 1-£"e The solutions are

quoted to eight figures.

Column 6. Heading a,.

The solution to equation (77), namely:

The values are quoted to eight figures.

Column 7. Heading 3.,
The solution to the equation (84)
w N

The values of 1. are quoted to seven figures.

Column 8. Heading c..

The solution to the equation (83)
'N
The wvalues are quoted to eight figures.
Column Heading 9,.
The estimate of the total vocabulary, i.e. v.
cNAN

The results are quoted to six figures,

5.12 Sandra's Calculation Tables
In the case of Sandra’s data the results of the calculations were not
shown in as great detail as for the younger children, Kerry and Bronwyn.

Firstly the result, are quoted at two hundred word intervals.
Secondly P.,, <>@|') and ¢, are not shown, and thirdly the number of
figures shown in the columns differs from the younger children.

It must oe borne in mind that the numoer of figures shown in the
tables does not affect the final result because the computer performs all
calculations with all the figures at its disposal and merely rounds off
as instructed before printing.

Sandre's data and calculations appear separately in Chapter VI,

see 6.4.
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KERRY X (FORWARD]

Values xUETand % with

increasing K

A
rr>
N H
100 0,2400 0,37498
200 0,1750 0,33755
300 0,1333 0,27419
400 0.1100 0,24300
500 0,1120 0,20639
600 0 1033 0,19171
700 0jc914 0,17963
800 0,0725 0,18192
900 0,0689 0,16497
1000 0,0650 0,15633
1100 0,0564 0,16119
1200 0,0500 0,16239
1300 0,0477 0,16680
1400 0,0429 0,16054
1500 0.0447 0,15308
1600 0,0431 0,14528
1700 0,0424 0,13450
1800 0.0367 0,14171
1900 0,0337 0,14029
2000 0,0330 0,13590

2100 0,0338 0,12756



FIGURE 63 KERRY I FORWARD

1 i1M and T >VR N
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FIGURE 64 KERRY 1 FORWARD f(gN> vs gN FOR INCREASING N
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5.13 Calculation trends

Cotu.ms 2 and 3 have been described already in Data
Tables (see5.8 columns 11 48) and the trends h?.ve been discussed in
the Data Trends (see 5.9 M and J(1]|N). They are repeated here only
for completeness.

A

shows a general downward trend for all samples.
Although small local inversions of the trend appear, they are only

slight, and localised to isolated points.

eN shows a general rising trend with only very rare and
very small inversions of the trend. The inversions are so small that
they usually appear in the fourth figure and very rarely in the third
figure quoted.

&, shows an upward trend in the small samples.

(Kerry 1land 2 and Bronwyn 2). The trer 1is not at all smooth and
many inversions appear. In the case &« Bronwyn 1 forward the upward
trend appears to peter out after about N B 7 000. In the three other

Bronwyn 1 cases, namely Bronwyn 1 backward, Bronwyn 1 random forward
and Bronwyn 1 random backward, the upward trend continues throughout.
The difference is only slight and is probably not significant. In
Sandre's case the trend appears to be an increase up to N » 500
followed by a decline up to N * 1 000. Thereafter appears to

level out. The fluctuations are rather large and the apparent trends
may not be significant.

showed a general downward trend with many and large
local inversions. This downward trend was observed in all cases and

since

the trend is highly significant and will be discussed in much greater

detail in 7.7.1 to 7.7.4.

£n, although exhibiting large fluctuations, appeared to

be distributed about a constant mean. The deviations from the mean
decreased with increasing N. Again since
v -J0U
N cNdN
the behaviour of is very important and will be discussed in more

detail in 7.7.4.



''v shows a general, upward trend in the case of the forward
natural data. But in all other cases no trend is immediately obvious
apart from Large fluctuations The case of Sandrf, because of the

listing, will bo discussed later under 6.4.4.4. to 6.5.1.

5.14 The dr.phs type 2 (Calculations)

Graph.; of . and are shown in figurel 65 to 77 on pages 177 to 189.
The graphs *f all three parameters, c¢*., d, and are shown or. the
s "ic page that their trends can be easily compared.

Kerry ! and Kerry 2 (all tour variations of each) and Bronwyn 2 were

placed at 100 word intervals, but to enable Bronwyn 1 to be shown on one
pue the graphs were plotted at intervals of 400 words.

Some of the fine structure of the variations and fluctuations may
have been 1lost but the overall trends are clear.

Sandre vis plotted at 200 word intervals.

N, after some wild fluctuations, appears to settle down
to deviating less and less from a horizontal average line. This trend
is visible in all cases whether reversed, randomised, or both.

The only exception was Sandre but as has .Iready been mentioned in
3.10.1 Sandre made lists of words which dramatically affected Hapax
Legomena. f1diN), and in turn this affected ?N on which the estimates
of V. were calculated.

The effect of listing 1s discussed 1in mu”e detail in6.4.6. to 6.5.1.

showed a continuous downwardtrend for allsamples
whether forward, backward, natural or randomised.
V being calculated by VM * «éi— showed a steady increase
N cNdN
with increasing N in the cases of natural i.e. forward data, only»namely
Kerry 1 forward,
Kerry 2 forward,
Bronwyn 1 forward,
Bronwyn 2 fcrward.
All the other cases showed no clear trend at all only some rather

wild fluctuations, namely:

Kerry 1 random forward
Kerry 1 ra.dom backward
Kerry 2 random backward
Bronwyn 1 backward
Bronwy,. 1 random forward

Bronwyn 1 random backward



176

The only exception appears to be in Kerry 2,
Kerry 2 shows a slight downward trend,
Kerry 2 random forward, after an initial rise from N B 200 to

N » 700 shows a steady decline thereafter.
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6.1 Hysteresis
As has been mentioned the data were reversed to determine whether the
asymptote was "running away from you".

The data were reversed in the cases of Kerry 1, Kerry 2, Bronwyn 1
and also randomised and reversed.

Graphs were prepared for all the cases and are described and discus-
sed one Dby one.

The graphs show fijrvs N in the forward and backward data cases,

together on the same axes. The data are taken from tables 2 to 13 pages 48

6.1.1 Kerry 1 forward/backward Hysteresis
Figure 78 on page 199shows the Kerry 1 forward/backward hysteresis loop.
The forward part is distinctly higher than the backward especially
tween 11 = 300 and N = 1 600 with maximum separation at N = 1 200 where

the difference is 18.

6.1.2 K*rry 1 random for.varl/backward Hysteresis
Figure 79 cn page 200 shows the Kerry 1 random forward/backward hysteresis
loop.

As can be readily seen a clear separation between the two lines
is clearly visible especially between N « 700 and N = 1 400 with a maximum
difference of 17 at N = 1 300.

If the "running asymptote because of learning during the xest period",
contention was correct there should be no observable separation in the
random case and if separation did occur, it would be ascribed to nothing
other than chance, because "random forward" differs from "random back-
ward" only in respect of the order in which the letters of the words
were read.

Since the separation seen in the random case 1is as large as 1in the
natural case, no significance can be attached to the natural forward/

backward hysteresis.

6.1.3 Kerry 2 forward/backward hysteresis
The hysteresis loop Kerry 2 forward/backward is shown in figure 80
on page 201.
There is a clearly observable separation from N = 400 to N = 1 700

with a maximum separation of 24 at N = 900.

6.1.4 Kerry 2 random forward/backward hysteresis
The hysteresis loop Kerry 2 random forward/backward is shown in
figure 81 on page 202.

There 1s a clear separation between the two curves from N = 400



to I = 1 700,thereafter the two lines cross and separate in the
opposite direction. The maximum difference between the ordinates is
14 and occurs at N = 900.

Again, the hysteresis in this case can only be due to chance and
is not markedly different from the natural data, forward/backward

hysteresis.

6.1.5 Bronwyn 1 forward/backward hysteresis
The graph of Bronwyn 1 forward/backward hysteresis appears in
Figure 82 on page 203.
The forward curve 1is markedly higher than the backward lor its

entire length. A maximum separation of 128 occurs at .1 = 4 100.

6.1.6 Bronwyn 1 random forward/'backward hysteresis
The graph of Bronwyn 1 random forward/backward hysteresis appears in
Figure 83 on page 204.
Hysteresis does occur but it is much less marked than in the

natural data case. A maximum separation of 47 occurred at Il = 4 600.

6.1.7 Hysteresis abandoned
Because fL vs N is cumulative a sudden influx of new words due to a
change of topic for example would raise the value oi n” above the
trend and the effect would be long lasting as has already been pointed
out in 3.7,3. The converse 1s equally true in that if there was
a portion of text during which, for whatever reason, few or no new
words were introduced,the growth of n” would be stunted and the curve
of fL vs I would flatten and take a long time to catch up with the
trend. A sudden influx or stunUng of growth in the random case
could equally well be due to chanc".

If a sudden influx occurred at, say, a quarter oi the way along
the text and the words appeared only once in the complete text, then
on reversing the data the sudden Influx would occur at three quarters
of the way along the text and thereby create an hysteresis. Thus,
there would tend to be an element of rotational symmetry about the
hysteresis 1loop.

This is clearly visible in the case of Bronwyn 1 (natural un-
randomised data) where in the forward direction a more rapid increase
in h., takes place from about N =2 000 to N= 14 000, while in the
backward direction a more rapid increase in n.” takes place between
about N = 4 000 to N = 6 000-

For this reason hysteresis was abandoned for the remaining data,

namely Bronwyn 2 and Sandr<$ - in which cases the natural, forward



analysis was made.

6.2 Kerry The estimate of V,

The natural forward data gave an estimate of "which rose steadily with
increasing text size N. This could easily be interpreted as evidence

for vocabulary growth during the test period. The two samples of text

were recorded contiguously (Kerry 1 from 15th February to 24th February
and Kerry 2 from 25th February to 22nd March) and a graph of the
estimates at the beginning and the end of the recording periods was
plotted against the date. See Figure 91 on page 222. Although only
four points were plotted, the estimate at the beginning of the second
recording is very nearly equal to the estimate at the end of the first
recording. It is tempting to claim this as evidence for continuous
growth during the period 11 February to 22nd March but there are two

pitfalls.

FIRET: The estimate plotted against 24th February was not calculated
on data collected on 24th February but was calculated on data accumula-

ted from 1lth February to 24th February.
SECOND: The evidence supplied by Bronwyn.

6.3 Bronwyn
Bronwyn 1 was recorded from 1lth February to 2nd March and Bronwyn 2
from 10th March to 17th March.

The estimate at the beginning of the second recording is considerably
lower than the estimate at the end of the first recording and there are
10 days clear in between the two recordings. See Figure 92 on page 223.

It is also significant that the two estimates at the ends of the

recordings are almost equal.

6.3.1 Bias
The only conclusion which can be drawn from this evidence is that the
method of estimating is at fault and applies a downward bias to V,
.specially with small text. The estimate of *~ appears to approach the
true value of V asymptotically.

An asymptotic treatment of vs N appears in 7.8 on page 228.

6.4 Sandre

Since the text was so large (14 000 words) it was analysed at 200 wcrd
intervals. The data were analysed and can be seen in table 31
on pages 216 and 217.

Only the natural data were used, no reversal or randomisation of

text was made.
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6.4.1 SanJre’3 Data Table - Table 30 on pages 205, 206 and 20%

Column 1 shows the size of text analysed, i.e. the number of

tokens, N.

Column 2 shows the number of types appearing in that text,

n®, which increases continuously through the entire text but shows a

rapid rise from ~ - 9 000 to N - 10 000. This occurred because

Sandre was reminded to use as many different words as possible.
This she did by the very obvious process of lists. A table of the

numbers of words in the lists is shown in table 32 on page 219.

Column 3, under the heading of f, (1|N) shows Hapax Legomena,

corresponding to N. The trend is upward with some local inversions

and a dramatic increase from N * 9 000 onward.

Column 4 under the heading f£7j(21N) shows Hapax Dislegomena,

which exhibits a continuous upward trend with some local inversions.

Column 5 under the heading £, (3|N) shows Hapax Trilegomena,

which also shows a steady rise but there are many local inversions of

the trend and no sudden rises. It appears as though the words which

appeared once because of the listing may have appeared twice rarely

and almost never thrice.

fI(2|N)
Column 6 under the heading % shows the ratio of
f.(1IN)

Hapax Dislegomena to Hapax Legomena, to three figures. The ratio

rises for the first 2000 words of text, thereafter it appears to re-
main constant but with many fluctuations and no decrease where the

listing occurs.

t. (3IN)
Column 7 under the heading E----—- shows the ratio of Hapax
——————— £, (2IN)

Trilegomena to Hapax Dislegomena, to three figures. The ratio rises

to a maximum of 0,623 at N « 7 600 and thereafter appears to drop

slightly and then rise again towards the end of the text.

Column 8 under the heading - - shows the proportion of

Hapax Legomena, to three figures. This ratio is also known, more

correctly as M1jN). It shows a dropping trend at first then appears

to level off.
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*(2(11)
Column 9 under the heading — *----—- shows the proportion of
a
Hapax Dislegomena. The ratio appears to remain constant but
fluctuates.
fnO1N)
Column 10 under the heading — * shows the proportion of
Hapax Trilegomena to three figures. The ratio rises for the first 3 000

text words and thereafter fluctuates about a mean without any apparent

trend either way.

Column 11 under the heading -f- shows the average number of
nH
times the words appear. This ratio is also known as r,.. It shows

an upward trend with few and small inversions of the trend.

6.4.2 Candrdls Data Graphs
As in theother cases the graphs of f~(1 III), 17(2 |11), £7(3 !n) and n"

areshown on the sameaxes, because they are all natural numbers.

h,. vs N appears in i'lgure 84 on pages 208 and 209.
As can be clearly seen the trend is generally upward with a few local

inversions and a sharp rise from N = 9 000 ton = 10 000.

£ (1]N) VS N appears in Figure 84 on pages 208 and 209*
It shows ageneral upward trend and the sharp rise between N = 9 000

and N = 10 000 can be clearly seen.
(21H) vs N appears in Figure 84 on pages 208 and 209 -

~ (3 In) VS N appears 1in Figure 84 on pages 208 and 2009.

It showsa gentle upward slope withsome small inversions.
£ (21 £fjO0In)
The ratios * ,\ and 1. p -n—r are shown together in
10 ' f£.(211) 1

Figure 85 on pages 210 and 211. remains remarkably steady

during its entire length but remains between the 1limits 0,3 and 0,4

N

f/z1ln)

from N = 1 800 onward. In contrast rises to a maximum of

just greater than 0,6 at N = 7 800, declines thereafter to a minimum
at about 11 000 and rises again. The trends are general with many
inversions. The local fluctuations decline with increasing N, but

/\1/\/\/\

are larger than those observed 1in
A"TTJINT
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£, (3 N)

The proportions — , ~A=——— and -t*-——— are graphed
on the same set ©f axes.

The proportion of Hapax Legomena —— otherwise knMvn
as <*(-|N), appears in Figure 86 on pages 212 and -17. ‘Lv do,vn~
ward trend 1is general with some fluctuation initially. There 1is a
slight rise in the neighbourhood of N » 10 000 where the listing .ake..
place. Apart from this local rise the graph appears to be quite flat
generally, from N = 7 000 onward. ~ "

The proportion of Hapax Dislegomena - 4 - otherwise
denoted as 1(2 |N), appears in Figure 86 on pages 212 and 217. The grapn

remains practically level throughout its complete length except lor loca”

fluctuations which show a decreasing trend along the length of the grapn.

The proportion of Hapax Trilegomena appears in Figure 86
on pages 212 and 213. mere 1is no trend, apart from slight local

fluctuations and a gentle overall undulation.

The average appearance rate 1, appears in Figure 87
on pages 214 and 215. The trend is upward except for a few local in-
versions and downward slope between II * 9 000 and :@ = 10 000 where

the listing occurs.

6.4.3 Oandrd's Cc.culatlon Tables

The calculations made from the data appear in Table 31 on pages 21lb and

In contrast with the younger children °?N, *(1|N) §N are not shown.

Column 1 shows the size of text analysed and increases in

steps of 200.

Column 2 shows to five figures, the values of 37" which is the
solution to equation 76 on page 37. The wvalue of 0% rises gradually

throughout the text with only one small inversion of the trend at
H = 9 200.

Column 3 shows, to five figures, the values of o0o”, which 1is the

solution to equation 76 on page 37. The trend appears to be a gradual
general rise to a maximum value of 0,36924 at N = 6 600,thereafter the

value appears to drop. The trend appears to be only general, with

many local inversions.

L17.
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Colnrrin 4 shows, to five figures, the values c: The
trend is generally downward with many local inversions. As has already
been pointed out, 1t was expected that d” would deviate on either side

of a fixed wvalue d and nat as the size of text increased th~ devia-

tions would decrease 1in size. The downward trend therefore presents
a problem because since V,T = l*~\2/~any trend in aﬂ‘must affect the
estimate of V... djr ip» the solution of equation 84 on page 38.

Column 5 show to five figures, the values of which is the
solution to equation 83 on page 38. The trend 1is downward but appears
to level out from N = 9 800 onwards, There are many local deviations

from the trend.

Column 6 shows to five figures, the values of % which are
calculated by
o
FOr values of ITBE1 800 words the estimate 1S unacceptably large.

From then on the value of V.. drops, generally tO a minimum of 4 778, at

- = 6 600, thereafter there is a general rise until N 9 600 whereupon
V.. rises dramatically Crom 991 to 13 115 ut = 10 000 + 'hereal ter the

value of V, remains in the vicinity of twelve and a half thousand, with

many fluctuations.

6.4.4 Sandrd's Calculation Graphs
<,,, ¢, and were graphed on the same page, but different axes,

thereby they can be easily compared.

6.4.4.1 The Graph of<L is shown in Figure 88 on page 218.
As can be seer the trend isgenerally downward with fluctuations on
eitner side of the trend. The downward drift in d” appears to be
more pronounced in Candrdlscase than in the case ol the younger

children.

6.4.4.2 The Graph of c¢,. is shown in Figure 88 on page 218.
The graph follows a very erratic course but appears to rise to a
maximum in the vicinity of N = 5 000 and then sinks to a minimum some-

where in the vicinity of N = 11 000. The curve 1s very erratic

indeed, the value varying between 0,02 and 0,05.

6.4.4.3 The Graph of 7., appears in Figure 88 on page 218.
The curve appears to start on one level and to proceed to a higher

level, but with many local deviations and fluctuations on the way.
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6 4 4.4 Sandri: Dmeatison,” of ,IN 222 ~ '‘Fi8. 88 page 218).

nspectioa of the two turves £, and \

h r -

,rising since the two are connected via the equation

reveals the strikingly well re-

r

\Y 2

fhus, mathematically it is necessary that provided 3, remains

constant, V. is
3

inveisely proportional to

is not constant as can be seen by the graph. The trenn

is gradually and continuously downward, and shows no large sudden changes.

-he value of 3, varies between 0,0074 and 0,010, as compared with

sharp increases and decreases in c¢,. Thus changes in d,, cannot have a very

marked, i.e. obvious effect on 7" .

gab5 v : Dependence on Hapax LeRomena

Since the'estimatesof V, were based on fl(l N, and any sudden change

can he expected to have an effect on ?,, and also on

Inspection of the data tables shows that,

in f (Ilh)

in Sandrf's case.

fl(IIN) made up almost half the types, so that any change in f,(I|[N>

would have a marked effect on r”.

The lowest ratio f, (1|N)i f, was recorded at the end of Bronwyn

where the ratio was 0,108. . A

To illustrate the effect of variations in f£jOjN") and

which variations were due to the listing, a table was compiled showing

the effect, of the listing. The table ha,

already been mentioned in 5.14
but is discussed in more detail here.

6,4.6 Table of numbers in Sandro's lists - — ! L

Column 1 shows 200 word intervals from N - 6 401 onwards

Listing began in the interval N - 6 401 to N-b 600 and continued

intermittently up to the interval N - 12201to N - 12 400. For

completeness all 200 word intervals fromN - 6 401 are accounted for

whether listing took place or not.

column 2 shows the topic or topics under which the listed words

were classified.

column 3 shows, under the heading "No. of words in List",

the number of words listed, without any conjunctions or prepositions

n ko fUPPn .
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Column 4 shc-s, under the heading, "increase in fj(1|N),

Af (1|N)"tbe increase in the value of Hapax Legomena. In some cases
A?1(1IN) ' No. of words in 1list. This is not surprising because
Af (1|N) is the difference between the. number of first appearances in

the interval an. the number of words already used once which are re-

peated during that interval. Thus, although many words may be listed,

it they or other words used once already,

in £3 (11N), Af| (11IN) may be

are repeated, the increase

less than the number of words in the 1list.

During three of the intervals, where no list ing occurred, f£jdjN)

actually decreased.

Column 5, under the heading "Increase in r", A r- ' shows

the change in the average number of times the words occur, to two

figures, occurring during the interval. As can be seen, the value is

negative in six instances.

Column 6, under the heading "Increase in 7%, Av”", shows by

how much the estimate of V,. alters. In 19 instances an increase was

recorded and in 14 a decrease.

6.5 Graph and Correlation of Ar” with Af~” (11N) and Av" "j th

Figure 89 on page 220 shows the scattergram of vs £71J10
The scattergram shows good grouping about a line with ne ative slope.

A product/moment correlation coefficient of r - 0,87 was obtained.

Figure 90 on page 221 shows the scattergram of Av” vs Af, (1|N).
The grouping is good and a product/moment correlation coefficient
r - 0,89 was obtained.

The scattergram* and correlation coefficients show quite clearly

the heavy dependent e of the estimates on Hapax Legomena.

6.5.1 No Lists 7 (. decreases
Conveniently,between N - 8 000 and N - 9 000 Sandre made no lists

and the estimate of 7%, shows a steady, almost linear decrease.

Between N - 10 000 and N - 10 400 no lists were made, and although

a small increase in f, (1|N) appeared, ~ shows a steady decrease.

From N * 11 800 onward only one list of 17 words appears and the graph
shows a continuous downward trend except between N ¢ 12 200 and

N - 12 400 where the list of 17 words appears.

The effect of listing on V.. though dramatic when it occurs, is

thus seen to be temporary and with large enough N should disappear.
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4600
4800
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5400
5600
5800
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6200
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6600
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7200
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7800
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8400
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8800
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9400
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10200
10400
10600
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TABLE 31 SAIDHd

®N

.79750
.87574
.90998
.92842
.93849
.94279
.94510
.95355
.95729
.95829
.96129
.96415
.96438
.96527
.96741

.96932
97117
.97238
.97358
.97409
.97445
.97472
.97572
.97683
97774
.97887
.97976
.98047
.98121

.98178
.98225
.98256
.98275
.98308
.98365
.98403
.98452
.98484
.98541

.98602
.98634
.98639
.98652
.98684
.98692
.98659
.98695
.98710
.98734
.98762
.98767
.98776
.98795

0.00002
0.00002
0.00005
0.00012
0.00014
0.00004
0.00010
0.01053
0.05195
0.15176
0.15542
0.12397
0.17706
0.21504
0.23963
0.22385
0,21477
0.23688
0.22861
0.23430
0.25013
0.28822
0.29026
0.29086
0.30398
0.283cH9
0.29'03
0." 0b5S
0.28629
C.29215
0.31623
0.3478:
0.36924
0.33321
0.32852
0.29692
0.28892
0.26602
0.25333
0.22888
0.23631
0.249/8
0.260 1
0.26559
0.29438
0.29585
0.23523
0.22289
0.17829
0.17180
0.18239
0.19785
0.19296

(:AICUIATIONS)

=== - == == I~ = -1 — I~ I — I — I — N — I — N — I — B — N — Y — T — B — Y — B — B — Y — B — T — I — I — B — D — I — T — = i — i — i — I = i = B~ B~ B - (o I — I — I — T = I =

.019692
017619
.016849
.016214
.015258
.C13733
.012296
.012830
.012453
.011488
.011289
.011205
.010414
.009926
.009896
.009874
.009908
.009781
.009699
.009398
.009082
.008764
.008736
.008783
.008784
.008908
.00596]
.008967
.009004
.008982
.008927
.008801
.008631
.008544
.008595
.008558
.008593
.008551
.008661
.008816
.008805
.008628
.008509
.008522
.008385
.008000
.008044
.007970
.007962
.007978
.00 7854
.007759

.007732

O O 0O 0000 000000000000 0OO0O0DO0OO0O0OO0OO0DO0OO0O0OO0OO0ODODO0OOO0OO0ODO0OO0OOO0OO0OO0ODOO0OO0ODOOO0OOOOO

%

.000007
.000007
.000014
.000033
.000034
.000008
.000023
.002270
.010735
.030993
.030576
.023472
.033415
.040075
.043258
.039208
.036465
.039364
.037155
037717
.039987
.045825
.045228
.044275
.045354
.041284
.042120
.037320
.039241

.039433
.042128
.045936
.048498
.043344
.042005
.037521

.035950
.032747
.030596
.027062
.027621

.029140
.030284
.030467
.033664
.034254
.026873
.025316
.020056
.019114
.020250
.021391

.021185

216

8888d8 8

68684
14961
5617
5794
7604
5747
5028
4672
5166
5535
5194
5550
5642
5507
4980
5062
5143
5020
5439
5298
5898
5660
5647
5318
4947
4778
5401
5539
6228
6474
7142
7548
8383
8224
7955
7761
7703
7085
7299
9251
9912
12525
13115
12574
11776
12209



10800
11000
11200
11400
11600
11800
12000
12200
12400
12600
12800
13000

(= — I — Y — B — I — Y — I — Y — I — I — I )

.98819
.98827
.98852
.08875
.C889/
.98907
.98929
.98935
.98940
.98950
.98959
.98931

TABLE 31 SANDRd

0

O oo o0obobo0oo0ooo0ooo o

.1°230
.19319
.18850
.20036
. 19633
.18330
.19040
.20241
.20076
.20486
.21996
.22136

(CiOHTD. ) (CALCUIATIONS)

(= — T — I — Y — I — Y — I — I — I — I~ I )

aN

.007745
.007658
.007689
.007707
.007730
.0U7869
.007699
.007001
.007531

.007483
.007424
.007477

(= =T — R — B — I — I — I — I~ I~ I — I ]

-N

.020902
.020925
.020195
.021254
.020619
.019163
.019703
.020907
.020664
.020987
.022446
.022338

VN

12354
12481

12879
12209
12548
13609
13185
12586
12851

12735
12001

11973
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WORD

INTERVAL

6401
6601

6801
7001
7201
7401
7601
7801
8001
8201
8401
8601
8801
9001
9201

9401
9601

9801
10001
10201
10401
1060l
10801
11001
11201
11401
11601
11801
12001
12201
12401
12601
12801

to
to

to
to
to
to
to

to
to
to
to
to
to
to

to
to

to
to
to
to
to
to
to
to
to
to

to
to
to
to
to

6600
6800

7000
7200
7400
7600
7800
8000
8200
8400
8600
8800
9000
9200
9400

9600
9800

10000
10200
10400
10600
10800
11000
11200
11400
11600
11800
12000
12200
12400
12600
12800
13000

TABLE 32

TOPIC

Flowers
Animals
Insects
No Lists
Dogs
No Lists
Jam Flavours
No Lists
Languages
No Lists
No Lists
No Lists
No Lists
No Lists
Kitchen
Labour Savers
Medicines
Travel:Countries
Travel:Sights
Travel: Aero-
planes
No Lists
No Lists
No Lists
School Subjects
No Lists
School Sports
No Lists
No Lists
No Lists
Cars
No Lists
No Lists
Fishes
No Lists
No Lists
No Lists

SANHRe. LISTING

: NO. OF INCREASE INCREASE INCREASE
WORDS IN &d|N), y
. I X *
IN LIST Af,(1|IN) A i y
4 at 10,069 -169
18 1

12 23 -0,030 623

10 0,068 138

19 30 -0,012 689

13 0,054 246

8 26 0,000 668

13 0,062 406

7 19 0,046 835

5 0,072 -159

8 0,039 -269

7 0,049 -194

5 0,070 - 58

-5 0,083 -618

43 27 -0,059 214
7
12

42 52 -0,074 1952

19 23 0,005 661

46 46 -0,056 261j

14 0,039 590

8 0.035 -541

2 0,054 -798

18 15 0,027 433

9 0,0'49 145

19 i4 0,020 127

11 0,044 398

-3 0,080 -670

11 0,043 339

23 25 -0,009 1061

0 0,072 -424

4 0,040 -599

17 15 0,015 265

8 0,046 -116

-2 0,060 -734

3 0,065 - 28
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CHAPTER 7 Teatlnx # tr.o-el

7.1 The idea
The baste Idea behind the model is that a vocabulary is merely a set
of probabilities and that an Individual in v-rlting or speaking has

merely sampling at random from his/her set of probabilities.

7.2 Distributions

To test the hypothesis the set rf data known as Kerry I was Uvtiei

into four independent sets of five hundred words each and a frequency

table for each was prepared.

The results can be seen side by side in 'ur.u 33 F e =25,

As can be seen, the distributions are remarkably similar.

At the foot of each column is shown the number of types *
appearing in the sample and the average number of times the words

appear, —, . The similarities are remarkable.

7.3 Tn::reasirw text "erry 1 forward

As the size of the text increases so the development of the di- ribu-

tion of word frequencies can be traced.

Table 35 on peg. 227 nows the numbers of words appearing once,

twice, thrice, etc., for a rteadily increasing teat length taken

from Kerry I forward. The data are analysed for 3.100, 500, 1X-v, u

Column 2 shows the distribution of frequencies in the
first 100 words. The distribution is reverse d-shaped and drops
very sharply from Hapax Legomena of 24 to Hapax Dislegomena of 6,

thereafter there is a long tail stopping at r = 1i.

Column 3 shows the distribution of frequencies

:or
N — 500. The drop from Hapax Legomena of 56 to Hapax Dislegomena
If 22 is not as sharp as It is for N = 100. The tail la even more

pronounced with a maximum frequency of r = 55.

Column 4 shows the distribution of frequencies for

N = 1 000. The distribution is still reverse J-shaped but less

sharply descending. Hapax Legomena is 65 and Hapax Dislegomena is 21.

The tail stretches out to rmax = ulO.

Column 5 shows thedistribution of frequencies for

N = 2 000. The distribution is still reverse J-shaped but is not

incurved all the way along its range, there isaslight convexity

at r = 2 heralding the eventual appearanceofamode but a much,
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TABLE 33 KERRY 1 FORWARD (NATURAL DATA)

FOUR SETS OF N - 500 WORDS EACH

TOKENS 1-500 TOKENS 501-1000 TOKENS 1001-1500 TOKENS 1501-2000

£,(riN) f,(rIN) f,(rIN) f,(rIN)

127 129 135 i30
93701 3,87597 3,70370 3,84615
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nhe tail extends to r ~ = 26;.
much larger sample would be requ>Tred.

7.4

The most poplar word was "me" and the relative requency of Its

appearance 1s remarkably constant, as tabic 34 .:w«.s.

TABLE 34 KERRY 1

of
Relative fre
. est te
J
for any word frequency.
7.5.1 Table and £, vsr
f
Jable 36 shows a comparison between saerved word frequency

liatributlon £~ and the calculated word frequency fg for the data

set known as Kerry 2.

The estimates were based on the calculated wva“ues.

0 =0,980198
6 = 0,556955
S =1,136413

which were computed from the data values

$(112000) , = # = 0*33*508
*2000

and . 6.34921

Since the frequencies for r a 6 are in general small, the

cells have been combined from r = 9 onwards as can be seen in
table 36 on page 228.

Column 1 shows the number of times each word

appears, r. From r - 8 onwards the cells are combined as shorn.

The frequencies 9, 10 and 11 are combined as are 12, 13, M, 15, et

oitenolea from 2% onward a,re combined into one cell.
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TABi'F ?5 KERRY 1 FORWARD (Ni TURAL DATA)

N » 100 500 1000 2000

N-100 N-500 N-1000 N-2000
16-20
21-30
31-50
128 180

2,217 3,91 5,56



TABLE 16

KERRY 2 WORD FREQUENCY FOR N -

-

H w0 DN

o ~N o O

12 -

16 -

23 -
30 -

» 41

1

15
18
22
29
40

106
57
33
25
18
10
1

17

~ b~ 0

(=]

315

P(X2 > 4,93112) -

Y o

5
0 -
6

-0,5

vs FITTED fE

fE

106,0
55,5
32,
21,5
15,2
11,4
8,9
7,1
15,0
11,8

315,0

(a priori)

1,136413
0,980198
0,556955

2000 OBSERVED £r

2
" fE X
0,0 0,000
+1,5 0,040
+0,3 0,003
+3,5 0,570
+2,8 0,516
-1,4 0,172
+2,1 0,4*
1,1 0,170
+2.0 0,267
-3,8 1.224
-1,8 0,559
-1,5 0,409
-0,1 0,002
1,1 0,237
-1,4 0,265
0.0 4,930

0,96
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Column 2 shows the number of words appearing with
requency showH”*Tumn 1.K For example 106 words appeared once,
7 words appeared twice, etc. Further down Column 2, there appear
7 words which appear 9, 10 or 11 times, and finally there are 6 words
rhich appear 41 timea or more.

Column S shows the calculated or expected numter of

BMords appearing with frequency shown In Column 1. ff . There 1is one
inception and that is the number of words appearing once -«>

f(1IN) is used in estimating the parameters tnere can e .10

“alue of £(1]2000) and the first numbers shown in Columns 2 ana , are

Column , shows the difference between the values shovzr:

in Columns 2 and 3, (2, - is thus self explanatory.
Column 5 shows value of x" ' 4 * -legated from
3 and 4.
Totals. At the bottom of the table appear the totals

if Columns 2, 3 and 5.
The totals for Columns 2 and 3 are identical because the para-

aeter estimates were calculated :ror
N

r =

The total for Column 5 gives the total tor x i namelj

which, for 12 degrees'of freedom is acceptable at the 0,96 level of

significance.
76 Orach of £ and f- v3 r. Kerry 2. Figure 92 on page 230 shows
:C I ;rr :r :s -
abscissa. Thus for r-9, 10 or 11 the value plotted is - and appears
at r = 10. For the frequencies 2 41, the point is not shorn on

nnh
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FIGURE 93 KERRY 2 £ AND f- vs r



7.7 The ultimate V
As has been pointed out in Chapterthe estimates of d, show a general
downward trend with increasing N, but the slope ~N shews a generally
decreasing trend.

It is thus assumed that d*» will tend to a lower limit as N tends
to infinity.

AR estimate of the limit of d*, de would then give an upper

limit to V
N

7.7.1 Least squares estimate of d.

In an attempt to estimate d” the equation

d,,- . ,e"bN (90)
was fitted to the values of d”» obtained from Kerry 2, as can be
seen in table 37 on page 233.

The method of leas': squares for three parameters was used,

and the following results were obtained:

<L "™ 0,021
a - 0,020811
b - 0,0008591

7.7.2 Kerry 2:d..(data vs fit)
Having obtained values for the parameters d?, a and b, the correspond-
ing fitted values of d” were calculated. The results are shown in

table 37 on page 233.
Column 1 shows the text size N at 100 unit intervals.

Column 2 shows the values ot d” obtained by the series

of calculations as detailed in equations 73 to 84.
v

Column 3 shows the fitted values of d*» namely, d* as

calculated by the equation

» -0.0008591N
dN - 0,021 + 0,02081le

7.7.3 Graph of d* and <Lfvs N (Kerry 2)
The graphs of d*» and c”vs N are plotted on the same set of axes and

ar t shown ir Figure 94 on page 734.



The downward trend of both data and fit

The asymntote d » 0,021

7.7.4 Estimating V

As has been shown in Chapter 5.

VN " CE?\]

and thus the expression for V s
V. - nr
Since vacillates about a mean

an adequate estimate of c¢ s

of Kerry 2 is 0,155.

Thus finally, for Kerry 2

vy " 0,155x0,021

7.8 Kerry 1 and Kerry 2.

Having made all the calculations

it was a matter

232

can be clearly seen.

is also shown.

The equation for is

line and does not show any trend,

the arithmetic mean, ¢, which in the case
614
Data and fit nAfAdIN), $(I|[N)

of routine to estimate

the expected values of any of the variables.

A comparison of the data and fitted values for n#, i*~(I|N) and
}(I!N) from Kerry | was made. The results appear in table 38 and 39 on
nages 235 and 239.

Colunn 1 shows text length N

Column 2 shows the calculated or expected values of n*.

values are given to one decimal
Column 3 showsthe data values
Column 4 showsthe expected or

three figures.

Column 5 showsthe data values

Co1umn 6 showsthe expected or

values are given to four figures.

Column 7 shows the data values of $(I|[N) to

7.9 Graphs of Kerry

The graphs appear

As can be seen the n-'reement “etveen data and fit

reasonably good.

1 and Kerry 2.

The

place.

of nA.

calculated values of f,(I|N) to

of fA(I|N)

calculated values of <fr(I|[N) the
three figures.

Ty Data and fit s f,l(lillNi)

in figures 95 to ICO on pages 236 to 238 and 240 to

annears to he

242.
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TABLE 37 KERRY 2 DATA vs FIT
D&TA FIT

N dN dN
100 0,04 498 0,04010
200 0,03833 0,03852
300 0,03694 0,03708
400 0,03856 0,03576
500 0,03721 0,03454
600 0,03427 0,03343
700 0,03198 0,03241
800 0,03406 0,03147
900 0,02850 0,03060
1000 0,02750 0,02981
1100 0,02659 0,02909
1200 0,02802 0,02842
1300 0,02935 0,02781
1400 0,03121 0,02725
1500 0,02801 0,02674
1600 0,02744 0,02626
'700 0,02655 0,02583
1800 0,02366 0,02543
1900 0,02514 0,02507
2000 0,02475 0,02473
2100 0,02442 0,02442
aN - 3. *

where * = 0,021
a - 0,020811
b = 0,0008591
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100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100

TABLE 38 KERRY 1 DATA AND PIT rL,

Pit

49.
74.

93.
108.
122.
135.
146.
158.
166.
178.
188.
198.
207.
216.
224.
232.
240.
248.
255.
262.
269.

JWOW O 0o NP OYWO O R Ud N oo

Data

44

74

92
108
128
144
155
lel
170
180

189

215
229
235
239
245
249
256
263

Pit

29.
38.
43.
46.
49.
51.
54.
56.
57.
59.

65.
66.
67.
68.
69.
70.
71.
72.

N0 OOW ™ O ™

oD oy 0O W IO

Data

24
35
40
44
56

58
62

65
62

ou
67

69
70

bb
66
71

f, (1iN), jn)
FI")
Pit Data
.6005 .040
.5110 .473
.4616 .435
.4282 .407
.4034 .436
.3839 .431
.3681 .413
.3548 .360
.3435 .365
.3356 .361
.3248 .328
.3169 .305
.3098 .292
.3032 .279
L2971 .293
.2915 .294
.2801 .301
.2810 .<.70
.2762 .265
.2716 .258
.2671 .270
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100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100

la

TABLE 39 KERRY 2 DATA AIID PIT

Pit

56,2
87,4
111,1
131,1
148, 7
164,7
179,5
193,4
206,6
219,0
231,0
242, 4
253, 4
263, 9
274,0
283,8
293,1
302,2
310, 8
319,2
327,2

Data

55

89
115
134
154
162
185
193
204
217
232
246
253
262
270
231
288
299
307
315
324

Pit

36,9
50,1
58,5
65,1
70,4
75,0
79,0
c2,6
8. .9
89,0
91,9
94,4
96,8
99,1
101,1
103,1
104,8
106,5
107,9
109, 3
110,06

Data

52
63
70
78
73
64

85
r+

34
69
97
99
'04
100
103
102
106
105
106
108

239

£, I N) ~(1|n)

¢ d|K)

Pit Data

0,6566 0,655
0,5732 0,584
0,5274 0,548
0,4966 0,522
0,4734 0,506
0,4554 0,451
0,4401 0,454
0,4271 0,440
0,4158 0,397
0,4064 0,387
0,3974 0,384
0,3894 0,394
0,3820 0,391
0,3755 0,397
0,3690 0,370
0,3633 0,367
0,3576 0,354
0,3524 0,355
0,3472 0,342
0,3424 0,337
0,3380 0,333
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FIGURE 99 KERRY 2 £~ (1|N)

vs N DATA AND FIT

241



FIGURE 100 KERRY 2 £(1|N)

vs N DATA AND FIT
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:iiA. rSR s suij.LiRY & ::?
The inadequacy of word list testa, sampling the dictionary and re-
cording to exhaustion as a means of estimating the number of words
known by an individual, was shown.

An extrapolation method was proposed taking the length of text
as the independent variable and the vocabulary contained in it as the
dependent variable.

A preliminary investigation showed that the iate at which new words
(vocabulary) appeared per text word was monotonic decreasing with in-
creasing text length. A mathematical model was proposed which gave the
total vocabulary of the individual as the upper bound of the vocabulary
as length of text tended to infinity.

The model was based on the assumption that an individual has at
his/her disposad a finite set of words, each appearing with a fixed,
long term probability.

Efforts to estimate the upper bound were unsuccessful. A feature
of the results was that the upper bound increased with increasing text
length.

« 9

An improved model was supplied by Sichel . This model
expressed the number of words appearing r times in a text of length N
as a function of three parameters. Estimates of the parameters
could be mad" from the number of words appearing once only in the text
and the average number of times each word appeared.

The data assembled for the first investigation were 1inadequate
and new data were sought. It was decided to use young children and to
collect as large a text as possible in a short time Dbecause Kerrich(lS)
has suggested that in young children the vocabulary was growing during
the test periou.

Two children both girls, aged two years and a few months, one
an older sister, the other a younger sister were found and the mothers
very kindly recorded their children's conversations in their normal
environment.

"

Two recordings of each -.r.ild were made. A complete analysi was
made of word frequencies at hundred word intervals through the text.

The point here being that goodness of fit on one sample was no test

at all of the acceptability of the model? that for an increasingly

large text a succession of estimates of the total vocabulary size should

show no drift, simply a closer and closer vacillation about a fixed

value.
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Two samples from each child were collected and analysed by
computer. For each sample, at one hundred word intervals, the words
were first lemmatised and a printout was given showing how many times
each word had appeared and a summary showing the number of words appearing
once, twice, etc. and the total of different words.

To put the matter of vocabulary growth during test period beyond
doubt, the text was reversed and the analysis made backwards. Then to
test the random model (of speech being a sampling from a set of proba-
bilities) the data cards containing approximately thirteen words each
were randomised and then analysed forwards and backwards. No signifi-
cant difference could be detected between any one of the four analyses
and any other.

A set of data collected during the preliminary investigation was
still extant. It consisted of essays written by a fourteen year old
girl on topics of her own choice. The total number of words was in
excess of thirteen thousand. Fortunately or unfortunately depending
on the point of view, on being reminded to use as many words as pos-—
sible, she made lists of words which rapidly increased Hapax Legomena
and the average number of times the words were used. This listing produced
a dramatic increase in the estimate of total vocabulary.

Fortunately between lists there was a long enough absence of lists
which showed a steady decline in the estimate of the total wvocabulary.

The final effect was to show the over-dependence of the estimate
of the total vocabulary on Hapax Legomena.

The calculations were based on the number of words appearing once
(Hapax Legomena) and on the average number of times the words appeared.

A series of calculations wns made culminating in the estimate
of the vocabulary being equal to twice the reciprocol of the product of
two intermediate parameters.

If the theory was acceptable the two parameters with increasing
text size should have shown a steadily decreasing vacillation about a
mean result. No drift should have " ;en evident.

One of the parameters behaved as expected but the other showed a
steadily decreasing trend and a consequent steadily increasing trend
in the total estimate Fortunately the parameter trend showed a de-
creasing slope. It appeared to be tending towards an ultimate asymptote
with increasing text size.

An exponential decoy curve was fitted and the ultimate asymptote

of the parameter * s estimated using the method of least squares for
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three parametera.

With this "ultimate wvalu-." of the drifting parameter and the

arithmetic mean of the other (after the wild initial wvacillations

had subsided) an estimate of the "ultimate vocabulary" of the indi-

vidual, at that stage of development could be made.

It was concluded that the method held promise as a psychometri

tool for development and further research.



ra

otner
te of



246

CHAPTER IX
SUGGESTIONS FOR FURTHER RESEARCH
9.1 A useful tool
In view of the obvious potential of the method it is obvious that it
could be used as a very useful psychometric device.
Since the method is a measurement "de natura" it offers, for the

first time, a method of reliably estimating an individual's vocabulary.

9.2 Standardisation of word 1list tests
It is suggested that word list multiple choice tests be standardised
against vocabulary estimates obtained from this method for a test
group. This would eliminate such arbitrary criteria as "This is a
good test because for the gtoup, it has a mean of one hundred and a

standard c/fy/ation of fifteen".

9.3 Skewness
Distribution of vocabulary, because it is a natural measurement, must
of necessity be skewed towards the high side, just as the natural

measurements of mass and height are. This should be investigated.

9 .4 Comparison and evaluation of various teaching methods
An obvious application is the comparison of vocabulary developed by

pupils taught by the two extreme methods of:

(a) "You are allowed, nay even actively encouraged, to form
your own opinion and express yourself",
and

(b) "Shut up and memorise your notes for tomorrow's test".

In other words self-discovery and development vs ‘repetitio mater

studiorum est."

9.5 Comparison of va. ois methods of testing
Comparing the results of vocabulary estimates with teacher'sessay
marks may not only be interesting, but bring biases,associated with

schools of thought, to light.

9.6 Eva'uation and control of remedial education
In the current climate of remedial education the ..jthod could provide
an objective, unconscious control of progress as opposed to practice
effect during the remedial process and after the remedying has ceased.
Neither the pupil nor the remedial teacher need be aware that anything

whatsoever is being done.
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Cook* and cast papers need only be photocopied and returned without any

M rk or remark being made which could influence the pupil’, performance.
9.7 Sociology

For those who are so inclined the potential for research in the field

of the correlation between sociological factors and vocabulary, from

the point of view of vocabulary number alone is very large, without

even mentioning type of vocabulary.

9.8 Comparison between socio-economic groups

Comparisons between vocabulary estimates and socio-economic backgrounds

and environments of testees could involve a researcher in a maze of

correlation coefficients.
E.g. Town vs country
Rich vs poor

Profession*' vs artisan etc.

9.9 Immigrants

With so many new arrivals in the country, language progress investi-

gations and the dangerous ground of comparisons between the v&. is
language or cultural groups could be indulged in freely, again,

without any evidence of any measurement having been made.

9.1C Indigenous Groups

For tb 'ho are brave enough the question of which of the indi

genou , roups has the larger vocabulary could be tackled.

9.11 Authorship

The method should provide a welcome and obvious addition to the tools

already in use in authorship tests.

9.12 Characters by the same author

It would be most interesting to investigate whether Shakespeare for

example assigned a larger vocabulary to Hamlet than to MacBeth

or Julius Caesar or a smaller vocabularyto the youthful Romeo.

9.13 Lemma ratio and vocabulary
From the observation in Chapter 2.5 that in the case of very young
children lenmatisation was unnecessary because the children knew and

used only one form of the word. It wouldappear that as vocabulary

.rows so does the use of lemmas. It wouldbe very interesting to see

how the two develop and how well they are correlated because it may

emerge that one is a function of the othsr and that the lemma ratio



alone could be measured and the vocabulary calculated from it.

9.14 Relief from dependence on Hapax Legomena

As has been shown in Chapter VI the estimate of vocabulary is very

largely dependent on Hapax Legomena i.e. the number of words appearing
once. This

is a disturbing feature of the method because it offers

an opportunity for corruption. "Make lists of words and you'll get
a good score”.

It is, therefore, suggested that the possibility of estimating the

vocabulary from, say Hapax Di.legomena and Hapax Trilego.ena rather

than Hapax Legomena and r* be investigated.

9.15 The Drift

The drift towards higher estimates with increasing text could be taken

to indicate a defect in the test but as has been shown in 7.7.1 and
7.7.4 on pages 231 and 232 adequate compensation can be made. However,
investigation of the drift could provide a fruitful field for further

research.



GLOSSARY OF TERMS AND SYMBOLS

CHAPTERS II AND III

Since the project began as an exercise in raw, creative thinking,
without any 'a priori* knowledge of Statistics, symbols and functions
were defined'ad hoc.' These symbols have been retained because they
convey the thinking employed in Chapters Il and II1I.

The list of the symbols and their meanings follows below:

t : tis used with the following meanings:
1. The length of text analysed;
2. The number of words (repetitions included) in the

length of text analysed;
3. The number of tokens;

4. The size of the sample analysed.

All these four meanings are identical. It must be
clearly understood that t is considered as a variable,

t is a natural number.

v (t) : v(t) is used with the following meanings:
1. The vocabulary contained in t;
2. The number of types;
3. The number of different words(contained in the

individual's vocabulary store?”in a sample of size t.

X : The probability of occurrence of any individual word,

x is a random variable such that 0 < x < 1

f(x)<x : The number of wotds in the individual's vocabulary (or
store of words), which have,associated with them,a
probability of appearance of x to x ¢ 6x.

f(x) is also known as the frequency distribution.

\") : The total number of words known by the individual and
available for use.
V = /| f(x)dx

o
is a fixed number, a constant, and

x f(x)dx B 1.
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v(x,t)6x : The number of words with probability of occurrence from
x to x + 6x appearing in a sample of size t (or a text
of length t).

Thus

v(x,t) x m v(t) as defined above.

CHAPTERS IV et seq.
The symbols in these chapters follow the conventions of Statistics.

However, since their meanings are specific and somewhat specialised

they are defined below. The symbols are not used consistently and

alternates appear. It is essential that the alternate symbols be

clearly understood.
\' : Thetotal number of words knownby the indivudual.

N : Thelength oftext analysed, or the number of tokens.

N is a natural number,

r : The number of times which a word appears in a given
sample.

r is a natural number.

(rIN"' : The number of words appearing r times each in a text

N words long.

The subscript 1 is used to indicate that the distvibutioc

begins at r * 1 because in this case the number of words

not appearing at all in the sample cannot be observed,

although it does exist.

njj The vocabulary appearing in a text N word Ilong or the

number of types.

N
- E f, (rjiN)
r-1
fArfN)
$(r|N) : The ratio —_— i.e. tho proportion of types appearing
r times each in the text. Both symbols *(r|N) and
fAriIN)

—_— mm—— are used.



The probability with whid the i th word in the vocabulary

appears.

The probability distribution of H
Y(n)5II is that fraction of the vocabulary appearing with

probability Il to n + 511.
\J

.‘rnnMn -1i

Wl

The frequency distribution of probability II.
g(h,)6ll is the number of words appearing with probability
n to n + sn.

g(n)dn - v

and g(n) « vY(I)

The probability with which any individual word w ill appear

r times in a text N words long.

The average number of times the vocabulary words contained

in the text appear

Both symbols are used.

The parameters of the generalised inverse Gaussian

distribution

a°* 2rN - In|rN / £ (I|N)]

b - 2t(1IN) + In[?N / *(I|N)]

A is the root of the equation

(1 + gjj) In gN - a“~ + b » 0
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c : c * all-0

Any symbols or terms not listed in this Glossary have the usual

Mathematical meaning and are also defined where they appear.
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