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= In: Lehfeldt,W., Zur Messung der phonetischen Lautdifferenz.
Eine begriffskritische Untersuchung.
Page 42, bottom: In the diagram the connecting lines are

missing; the diagram should appear as follows:

GeEr31d PETERSON and HARARY

0 plosive O Nasal

1 nasale 1 Liquid

2 laterale 2 Fricative (sibilant)
3 vibrante 3 Trill (flap)

4 frikative 4 Plosive

5 Konsonantenverlust

- In: Rodrigue-Schwarzwald,O., The influence of demographic

variables on linguistic performance.

Pp. 186 and 187 have been transposed.

PROLEGOMENA TO MENZERATH'S LAW

G. Altmann, Bochum

1. Historical

The first step in the discovery of "MENZERATH's law” was
made in 1928 when MENZERATH ascertained that "... a sound is
the shorter the longer the whole in which it accurs (the law
of quantityl)” and "... the more sounds in a syllable the smal-
ler its relative length” (MENZERATH 1928: 104). Formulated in
another way, the duration of articulation of sounds shortens
in long syllahles.

Later on, analyzing German words, MENZERATH arrived at the
following conclusion: "The relative number of sounds in the
syllable decreases as the number of syllables in the word in-
creases, or said in a different way: the more syllables in a
word the shorter (relatively) it is” (MENZERATH 1954: 100).

In other words, the longer the word the shorter its syllables.

From these two empirical findings in German there arise se-
veral tasks: (i) that of formulating general hypotheses in
which no observational concepts (such as sound, syllable, word)
occur; (ii) that of validating them theoretically, i.e. their
derivation from plausible assumptions or their integration in%o
a system of laws, respectively; (iii) that of testing them empi-
rically on different languages and language entities; (iv) that
of examining their possible consequences. Since all these tasks
together can involve lengthy research, we can here merely pro-

grammatically discuss the prablems mentioned.

2. Theoretical derivation

A more general statement including both statements of MENZE-

RATH os special cases would bhe:

"The longer a language construct the

shorter its components (constituents)”




or, in MENZERATH's concise wording: "The greater the whole the
smaller its parts” (1954: 101). In the simplest mathematical
formulation of this statement one could assume a constant de-

crease rate of the length of the component, i.e. to put

or in other words, ta put the shortening proportional to the

length, i.e. y' = -cy. Integration yields

y i a6 "X, (2)

This result means that the length of the component (v) is a mo-
notonic decreasing function of the length of the construct (X)
(cf. ALTMANN 1978).

One problem is, however, whether one should consider as a
component only the immediately lower unit, e.g. the clause as
the immediate component of the sentence, the syllable as the
immediate (phonetic) component of the word etc., or other units
too, e.g. the word as the component of the sentence, the pho-
neme/sound as the component of the word, etc. In the second ca-
se the simple relation (1) or (2) will be somewhat problematic.
Similar problems arise in languages having nonsyllabic words,
i.e. words consisting merely of one or more consonants but no
vowels (and no syllabic consonants). Such words as e.g. the
prepositions k, v, s in Russian belong phonetically as pro-
clitics to the next word and contribute to its length; if one
considers them as independent words of zero syllabic length
then eo ipso the length of the syllable in such words is zero.
In such cases the curve will not decrease monotonically but will
reach a maximum at x # 0. The problem can be further complica-
ted by the fact that the position of the construct in higher
constructs or the position of the component in the construct
may produce an effect, too. Therefore there is a possibility
that some construct-component dependencies will not decrease
monotonically.

As a refinement we can therefore tentatively assume that

besides the constant decrease for "unambiguous cases” (-c) a

further member including an inverse proportionality of the de-
crease rate to the construct length can be added, 1i.e..

LA b
v c + o (3)

The hypothesis can be now formulated still more generally as

"The length of the components is a function

of the length of language constructs” (4)

and this function can be given as a solution of the differen-
tial equation (3). According to how b and c are determined we
obtain the particular functions given in Table 1. Presently we
do not know how the individual curves are to be assigned to

the individual construct-component relations and we do not know
what the particular coefficients depend on. This will become

apparent after a satisfactory empirical testing of the curves

Table 1. Solutions of the differential
equation (3)

b=20 y = Ae C% 35
c =0 y = AxP 1
b#0
c #0 y = Axbe_cx L
3. Fitting

In order to make the fitting of the curves easier and there-
by to stimulate research we bring a simple guide to the compu-

tation of the coefficients of the functions I to III in Table 1.




Function I. A straight line can be obtained by means of

| therefore

Iny = 1n A = cx,
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Function II. A

therefore

here n i1s the number of chservation; 1ln means

logarithm.
straight line can be obtained by means of
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4., I1lustraticns

The derivation from a differential equation is not suffi-
cienc in order to award the statement (4) the status of a law.
It remains a theoretically not fully validated hypothesis as
long as it is set in relation to other laws of language i.e.
until it is incorporated into a system of laws. Such a system
does not exist at present. We merely suspect that it is some-
how connected with the principle of least effort or with some
not yet known principle of balance recompensating lengthening
an one hand with shartening on the other.

Empirical validation consists of testing the hypothesis
on data from many languages. Here the concepts "construct”
and "component” can be interpreted in many ways if one repla-
ces them with more empirical concepts such as sound, sylleble,
morpheme, word, word group, compound, phrase, clause, sentence,
etc. One must ask whether the coefficients of the curves de-
pend on the given language or on the given units or whether
the text influences the course of the curves, too.

There is no doubt that this "lew" 1s a stochastic one. Ue
do not assume the existence of cases without any deviations,
even if very long texts or the complete dictionary of a3 lan-
guage is examined. A final confirmation of the hypcthesis is
impossible because of its universality but every favuurable

case can improve {t{r degree of confirmation.




The hypothesis will be exemplified below by means of cer- 15465010 words. The results are given in Table 3. The expected
tain selected cases. values computed according to

(a) Syllable length of Indonesian morphemes. This somewhat

. -0.09968
unusual relation is measurable only because in Indonesian every Yo = 3.UBXO S e ogee %

vowel represents a syllable. As a matter of fact the relation
means the decrease of the number of consonants with increasing are given in the third line. The shortening of the syllable
morpheme length. The mean syllable length (measured in phone- with increasing word length is evident. The F-test yields

mes) in morphemes of different length is given in Table 2. The

F2 4 = 129.3 which is highly significant as compared with
means were computed from 13444 morphemes. The coefficients of E 5.9
the fitted curve were determined from the data. 2,4(.05)

Table 3. Syllable length in English words (types)
Table 2. Syllable length of Tndonesian morphemes

Word length
Morpheme length in syllables x 1 2 3 4 5 B 7
(in syllables) x 1 2 3 4 5

Mean syllable
length in
phonemes y 2.79| 2.73 |2.68 | 2.51 | 2.41| 2.23 |2.00

Mean syllable
length (in pho-
nemes) y 3.10 720 55) 2.29 2.12 2.09

Computed va-
s Yo | 2.77| 2.78 |2.67 | 2.53 | 2.36| 2.20 |2.04

Yo 3.10 2.52 2.27 2.15 2.08

i in Bachka-German (presented with
Using curve (III) we obtain (c) Syllable duration in Bac p

kind permission of S. Gergit). The measurement of syllable du-
y. = 2,9503X'D'35553 90'04784x. ration (in milliseconds) dependent on word length (measured in
¢ number of syllables) was performed on 488 words (with 3961 re-
petitions whose means were used for computation) of spoken
texts of the German dialect of Bachka (Yugoslavia) and yielded

the results given in Table 4. The values computed from
F1 3(.05) 10.1. When evaluating data of this kind one should .

The computed values are in the third row of Table 2. The value

of F1 3 = 212.1 is highly significant as compared with

take care to provide a sufficient number of instances for each y = 259_958'0-057735x .

construct length otherwise the higher values especially can

considerably deviate from the "smooth" course of the curve. are in the third row of the table. The F-test yields

The identity of the individual syllables is irrelevant when F

1,3 ° 36.57 as compared with F1’3(_05) = 10.1.

ascertaining their mean length therefore no special method of i . ‘cient
For the time being it is not possible to bring the coefficilents

syllable identification is necessary. : o " &5 tities of the examined
i relation to other entitle
(b) Syllable length in English words. The computations § G EURyeH HinEemss

were based on the data by ROBERTS (1965:

50) consisting of languages.




Table 4. Syllable length in Bachka-German words

Word length
in syllables x 1 2 3 4

[Sa)

Mean syllable
duration in
milliseconds vy 239.91| 240.82| 204.28 |183.95|177.06

Computed va-

lues Yol 247.268| 226.51| 207.49 | 490.06 | 174.09

5. Consequences

A lawlike statement caa also be incorporated in a systen
in such a way that one shows the consequences which follow
from it. Since the caonsequences themselves can acquire Lhe
status of laws the criginal statement can take the status of &
high level law. Sincé at the moment lingistics is in need of
laws the only possibility to corroborate the status of the
examined hypothesis is to present (in a non formal way) some
of its possible consequences. To this aim we present the
following open list of hypotheses.

In the phonetic domain we assume that

(i) with increasing word length the sounds will be shorte-
ned. Complications can arise by means of the influence of sen-
tence length, of the position of the word in the sentence etc.
This hypothesis can in turn have some further consequences:

(ii) the circumstance that in relatively long words the
sounds tend to be shortened can result in phonetic changes.
Therefore the hypothesis seems plausible that in longer words
more changes occur than in short ones (the frequency of use
should be considered, too). The changes shculd more often
concern cvunsunants and laong vowels, more seldom short vowels.

(iii) From (ii) it follows thet in languages with a greater
mean word length more pnonetic/phonological changes occur du-
ring the same time interval (ceteris paribus) than in langua-

ges with a smaller mean word length.

(iv) Syllable length depends on word lenc«th. Thr curve ncoord
not necessarily decrease monotonically (cf. ex. b and c).

This hypothesis also has consequences for the morphological
domain. If in longer words the syllables Lend to be shartencd
then it is plausible to assume that

(v) if (monosyllabic) affixes with scveral consonants are
added to a word then the inventory of consonants in Lho new
word will be reduced. This phenomenen is well known From cove-
ral languares.

(vi) When adding affixes or compounding bwu wor ‘s epenthe-
tic vowels without ctymolopy are oflen incartod. Thorocby the

ncw word bacomes foncor shle loneih

fhis is a contrary proces

(vii) The lonzer tha

n

morpheie length depends "sumehow” on word longbh. From
automatically follows that

(viii) partial rcduplicoetions muesi bo more froguent in She
languages of the world (not necessarily in a single lanyuage)
than total ones and wilth partial reduplications usually & con-
sonant is eliminated.

(ix) From (vii) also follows the hypothesis that short roots
(morphemes) build more compounds than lonis snes.

(x) From (vii) follows mutatis mutandis tha* the more ele-
ments (roots) in a compound the shorter they are.

In the domain of the sentence we state two hypotheses, name-
ly

{xi) in long sentences (measured in number of clauses) the
clauses are shorter and vice versa otherwise the sentence loo-
ses 1ts clearness.

(x1ii) Somewhat more problematic is the relation of sentence
length to the word length. A monotonic decrease of word length
can hardly be assumed.

These hypotheses are by no means the only possible ones, yet
they are the most evident ones. Some of them will, perhaps, be
rejected and other ones will be set up. The law evidently inter-

feres with the development of language, too.

It is the task of the research (1) to test the hypotehses

on as much data as possible, i.e. on texts as well as dictiona-
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ries of many languages; (2) to examine the range of "MENZERATH's
law” by setting up new hypotheses; (3) to specify the curves to
particular data and to bring the coefficients into relation to _
other language phenomena; (4) to integrate "MENZERATH's law”
into a system of laws or to develop the principles from which

it follows.
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THE THEORY OF RUNS AS AN INSTRUMENT FOR RESEARCH
IN QUANTITATIVE LINGUISTICS

Ridiger Grotjahn, Bochum

O. Introduction

In the use of statistical methods in linguistics and also
in many other disciplines usually only the frequency of the
research units is taken into consideration. In many cases, how-
ever, the order of the units is also of interest for a quanti-
tative analysis.

For example, if we toss a coin ten times, the following
sequences are possible results of the experiment:

HEHHHHTTTTT (a)

HTHTHTHTHT (b)

If we view only the frequency of occurrence of the elements
H (heads) and T (tails), then for both cases Py = Pp = 0.5
is valid, and the hypothesis of a random sequence with
P1 =Py = 0.5 must be accepted. If we look at the order of the
elements, however, then both sequences seem to vary from a
random sequence. In sequence (a) there is apparently a tendency
toward repetition, in sequence (b), in contrast, a tendency
toward alternation.

Analogous tendencies occur in many areas of language.
Research in quantitative linguistics should therefore not stop
with the analysis of the frequency of linguistic phenomena,

but must also take order into consideration. Thus it is ne-

cessary in the framework of the analysis of verse, for example,




\
|
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to inquire not only about the frequency of occurrence of stres-
sed and unstressed syllables in a text, but also to test, with
the help of statistical methods, whether a tendency toward or-
dering of the stressed and unstressed syllables can be recogni-
zed. It can be further studied whether verses of the same type
occur in clusters, whether the sequence of short and long sen-
tences in a text tends to be ordered, whether an alternation

of consonants and vowels can be observed in a certain language,
or, in the framework of psycholinguistic research, whether cer-
tain types of associations tend to cluster. There are many other
interesting questions of this type.

In order to study these questions, we can use, for example,
correlational analysis (e.g. FUCKS 1955; 1968), the theory of
random clumping (cf. ROACH 1968; GREGER 1972), the model of
Markov chains (cf. BRAINERD 1976; GROTJAHN 1979: 213-224) or
the theory of runs. In the following we will specifically exa-
mine the theory of runs which until now has hardly been used in
linguistic research.f Our goal is not primarily to present con-
crete results of analysis. We are mainly concerned with presen-
ting the bases of this method relatively explicitly and under-
standably, and to give some examples of its possible use. It
is hoped that the theory of runs can thus be made available

to as many researchers in quantitative linguistics as possible.

2. The Concept of Runs

Central to the theory of runs is the concept of a run.
The term 'run' is understood as a sequence of identical elements
which either precede or follow sample elements of a different
type. A run can be formally defined as follows (cf. FISZ 1970:
483 f):
Suppose we are given a sample with the values Xq %

Ce e X
27 “n

The sequence xj,...,x with j=1,2,...,n and m=0,1,...,n-j

Jj+m
is called a run, if

Xy_q # %5 = = Xjym 7 Xyymer -

Since m may equal O, a run can also consist of a single element.

Frequently one differentiates between binary and multiple
runs. In the case of binary runs, the sample only consists of
two different types of elements, while in the case of multiple
runs, there are more than two different types of elements. For
example, consider the following sample with thrce different

kinds of elements:

This sequence of n=f elements consists of n1:4 a1—elements,

n2=2 az—elements and n3:2 a3—e1ements. It contains an a,-run

1
of three elements, an a; run of one element, two a,-runs of
one element and one az-run of two elements. The total number

of a,-runs is r1=2, of a2—runs r2=2 and of as-runs r =1. The

3

1+r2+r3=r:5.

total number of runs in the sample is r
Example 1.1: As an example of binary runs let us look at
the sequence of stressed and unstressed syllables in the first

two lines of Goethe's "Lrlk&nig":

Wer reitet so spdt durch Nacht und Wind?

Es ist der Vater mit seinem Kind;

If the stressed syllable is s and the unstressed syllable u,

the two lines correspond to the binary sequence
USUuUusususususuusaus

with n, = 8 n, = 10 n

r, 8 r, = 8 r =r,

As could be expected in a text of verse of this kind, there

gty = 18

try, = 16

n

il

seems to be a tendency toward alternation of stressed and

unstressed syllables.

Example 1.2: As an example of multiple runs let us con-
sider the number of syllables per line in "Erlk®dnig". The data

are presented in Table 1.
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Table 1: Number of Syllables (S) per Line (L) in

"Erlkdnig"
L-No. s L-No. S L-No. s L-No| 8
1 9 9 8 17 9 25 12
2 9 10 9 18 10 26 11
3 9 11 9 19 11 27 11
4 9 12 10 20 11 28 9
5 10 13 11 21 11 29 10
6 9 14 10 22 9 30 10
7 9 15 9 23 9 31 9
8 8 16 9 24 10 32 9

It is immediately apparent that among the 32 lines there are
only lines with 8, 9, 10, 11, or 12 syllables and that these
types of lines occur also with different frequencies. In addi-
tion, there seems to be a tendency toward ordering of the line
types. Table 2 shows the number of runs of the different line
types.

Table 2: Number of Runs of Line Types from Table 1

Syllables
8 9 10 11 12
n, 2 16 7 6 1 n=32
Iy il 7 6 3 1 r=18

2.1 The theory of runs is most frequently used to test
the randomness of binary sequences. Since binary runs are much
more simple to work with mathematically than multiple runs,
let us first consider in the following derivation of the for-
mulas for the distribution of run52 the case that the sample
consists of a sequence of n, elements of type a, and n, ele-

2
ments of type a,.-

To find the joint probability function of r, and Ty i.e.

- 15 -

f(r1,r2), we must first establish the number of possibilities
for dividing n, a1-elements in r, runs. For example, if we look
at the sequence a1a1a1a1a1a1a1, the n1=7 a1—elements could be
divided into, say, r1=4 runs by choosing among the n1—1=6 pos-
sible spaces r1—1=3. In this way we arrive at the sequence

a1a1/a1a1a1/a1/a1. Hence there are

(e 2)
r, - 1
possibilities for dividing ny a1—elements in r, runs. Similarly,
we arrive at
(221)
r2 -1

possibilities for dividing n, a2—elements in r, runs.

We must now differentiate between two cases.
(1) There are different types of runs at the beginning and at
the end of the sample. In this case ry=ry, and the sample can
either begin with an aj;-run and end with an a,-run or begin
with an a,-run and end with an a,-run. Thus for the case T =r,,
there are two further possibilities which must be taken into
consideration in deriving the total number of possible arran-
gements of r, a,-runs and r, a,-runs.
(2) There is the same type of run at the beginning and at the
end of the sample. In this case |r1—r2|=1 and either r1=r2+1
or r1=r2—1. If r1=r2+1, the sequence begins and ends with the
element ag- If r1=r2-1, the sequence begins and ends with the
element ay. Thus, the total number of possibilities remains
the same.

If we consider further that the number of the possible
arrangements of a sequence of the length n1+n2=n is

G -G,

then the probability function which we have looked for is
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. (n1 - 1\ <n2 - 1\
- 1) \x, - 1)
flry,r,) (1)
(n)
A Part 2.3).
TN c = 2 for r1 =r
c = 1 for r, # r, ,

2
2
where the binomial cocfficient (i) for a<b is defined to be P(R=r1)=f(r1),
ZQro.
For the application of the theory of runs, the distribution
of the total number of runs plays a major role. We arrive at
this in the follouing way:

ﬁ
<n1).f(r1)

If ry=ry, then r1:r/2:r2. If we substitute r/2 for both ry and

r, in (1), we get
n, - 1 n, - 1,
2 \r r )
5 -1 5 =1
2 p) 2)
f(r) = (
{n
A\
for r even. Thus we get
For the case, that r1:r2+1 or r1:r2—1, then
_r + 1 _r -1
Ty = or r, = 5
and
= r - 1 _r + 1
r, 5 or ry = —5—
Analogously we
If we substitute accordingly in (1), wve obtain
(]’LI & | (n2—1 - ]’l,l - 1\ 1’12-1\
NeEE |y y W =3 o = 3) r = 1)
£(r) = 2 2 (3)

for r odd.

The computation of

(3)
it can be simplified, however, with the help of a recursion

148) .

is in many cases relatively cumbersone;

forrula (see GROTJAHN 1979:

of runs for fixed ni.

- 17 -

SWED/EISENHART (1943) have computed tables for the cumu-
lative distribution function of r, i.e. F(r), for n1;n2$20
(printed for example in OWEN 1962: 377 ff). For n1,n2>20 the

approximation by the normal distribution is usually used (see

In order to find the distribution of the number of a,-runs
or a,-runs regardless of whether r =r, or r1#r2, we use the
marginal distributions of f(r1,r2). For the derivation of

we substitute r, for r, in (1). Again we must

take into account that r,=r, or r2=r1+1 or r2=r1—1:

<n1—1
=2 r,-1
1

e
[

) 1%

G e
PG
)+ ()] - (o2

_(n1 -1
- r,-1

(4)

obtain

f(r (?)

Until now we have only looked at the distribution of the number

Therefore we could also have written
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f(r1,r2|n1,n2), f(r|n1,n2) and f(r2[n1,n2) in formulas (1) to
(5). It is however also possible to view n, as a random vari-
able. For example, if we know the probability of occurrence

of the elements of the sequence in the population, or iﬁ we

can assume under the null hypothesis that n1/n =p = n2/n = g,
then we can test with the theory of runs not only the number

of runs, given ni, but we can also inquire about the probabi-
lity that, say, n, a1—elements and n, a2-elements occur 1n the
sequence and that they are arranged in a certain way. Since the
probability of the occurrenceof two events A and B 1s given by

P(AB) = P(AIB)+*P(B),

we obtain the formulas for such joint probabilities simply by
multiplying the corresponding conditional probability functions
- in our case the formulas (1) to (5) - with the binomial pro-
bability

P(n1rn2) . (21) pn1én2 ol

The resulting probability functions are:

c _ n, - Ty/ny - 1 n, n,
(Fqrxpemyeny) =y - g -1)P 9

T2
with c = 2 for ry =1,
c =1 for ry #r, (6)
n, = 1y/n, =1 n, n
1 2 1 72
£(r,nq,n,) = 2( r - 1)( . 1) P g 7
3 2
for ry =r,

f(r,nq,ny) = [(nl:1)(

for r, # I, (8)
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n, - 1y/n, + 1 n, n
= 1 2 1 2
f(r,,n ,ny) = (r1 _ 1)( E ) P g _ (9}
n, + 1y,n, = 1 n, n
1 2 1 72
flry/nyny, = < r, >(r2 _ 1) P 'q (10)

The distributions which have been derived so far can be
generalized for the case of k different types of elements (see
MOOD 1940; DAVID/BARTON 1962: 119 ff). The exact distributions
are, however, as MOOD (1940) himself states, not very useful
in practice. Therefore in the case of multiple runs, the normal

approximation is usually used.

2.2 Moments

In order to be able to use the normal approximation, we
need the mean and the standard error of the number of runs.
First we consider the case where the n; are given, i.e. we
compute the conditional moments. To simplify the notation, we
do not indicate the conditions in the following formulas.

The expectations of T, and r, are relatively simple to
derive from the factorial moments (see WILKS 1962: 148).3
For T, the gth factorial moment is

n1 <n1 - 1)(1’12 + 1)
1 -1 1

E(r1[g]) - r1[g]
(a,)
ny
WiHeEE R = (r. =g + 1)
1 11T see Sy =T .
Using the identity
ny
NI G R
r, -1 ry - g n,~ g
= 1 1

we get
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n -g
t91( )
(n, + 1) n, - g
E(r1[g]) = 2 1 3 (6)

(5,)

In the same way we arrive at

[ ](n e
(n, + 1) 9N\, - g)
E(r,!9) = 2 . i

()

It follows from (6) and (7)

n, (n, + 1)
n,(n, + 1)
Bry = 220 D (9)
viep =5, h 4B @) - @E@)?
n1(n1 -1 n2(n2 + 1)
n2(n -1 (10)
viry = B, + By - B2

ny(n, = 1) ny(ny + 1)

; (1)
n(n - 1)

To derive the covariance of r1 and r2, we use the relation
COV(r1,r2) = E(r1r2)— E(r1)E(r2). (12)

For computing E(r1r2) we again use the method of the factorial
moments. Analogous to the computation of formula (6) and with
the help of (1) we get
[91] [19,] (n1—1)[g1]<n2-1)[g2] 1791792
E[(r1-1) (£,=1) ]= - ( ny=g, )
(n)

1

(13)
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where (x—1)[g] = (x=1) (x=2) ... (x-g).

For g, = g, = 1 it follows from (13), (8) and (9) after simple
but tedious computations
nyny(ngn, + n - 1) (14)

E (el = nn - 1) y

From (8), (9) (14), and (12) we obtain, again after elementary
but unwieldy computations
n1(n1 - 1) n2(n2 - 1)

CoV(ry,r,) = : (15)

nl(n - 1)

The mean of the total number of runs can now be directly com-
puted from E(r1) and E(rz). It follows from (8) and (9)

2n1n2 + n
E(xr) = E(r1) + E(rz) === (16)

and from (10), (11) and (15) we get

Vi(r) V(r1) + V(r2) + 2 COV(r1,r2)

_ 2n1n2(2n1n2 - n) (17)
n(n - 1)

If we substitute n; for n, and n-nj for n, in (8) and (10),
we arrive at the mean and the variance of the number of runs
of a certain type a; in the case of k different types of elements:

ni(n - ny + 1)

E(ry) = (18)

ni(ni - 1)(n - ni)(n - ny + 1)

Vi(r,)

) (19)

n’(a - 1)

If we substitute n; for n, and nj for n, in (15), we get the
formula for the covariance of k different types of runs:
n,(ny = 1) njtnj - 1)

CoV(r.,r.) = (20)
] nl(n - 1)
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From (18), (19), and (20) we can derive the mean and the va-

riance of the total number of runs of k different types of

elements:
k k n,(n-n,; + 1)
E(r) = = E(r,) = I — =
i=1 i=1 n
k
z ni (21)
=n+1 - =]
n
(r) : : )
V(ir) = I V(r,) + px X COV(r,,r.
i=1 : i=1  j=1 1%y
i#3

In order to facilitate the evaluation of the double sum, we
expand the summation to the case i=j. The additional sum which
thus results is subtracted:

k n.;(n, = 1)(n - n, - n, +
Vir) = I — 5 : 2y) (0 i i
i=1 n“(n - 1)
k k (A, - . . =
. B : nl(n12 1) nj(nj 1)
i=1 j=1 n“(n - 1)
) ; ni(ni - 1) ni(ni - 1)
i=1 n?(n - 1)

After several rearrangements we finally have

k k k
2
ny [ ; ni + n(n + 1)] - 2n ¥ ni = n3
V(r) = L2 = =1 .

n(n - 1)
(22)

For the derivation of the moments in the case that ny and
n, are not fixed, but are to be seen as random variables, we
use the relation

E(Y) = E[E(YIX)]. (23)
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This relation allows us to compute the moments we are looking
for by using the moments already derived.
For example, for E(r1,n1,n2) using formula (8) we get

n,(n - ng + 1)

E(r1,n1,n2) = E[E(r1|n1,n2)] = B[ = ]

E(n;) - 1B(n?) + %E(n1).

If we take into account that for binomially distributed random

variables E(n1) = np and E(nf) = n2p2 + npg, we get

2
E(r1,n1,n2) = npqg + p . (24)
With the help of the relation (23) and the relations used for

the computation of the conditional moments, we also obtain the

remaining moments:

2
E(r,,ny,n,) = npq + g (25)
2, 2
E(r,ny,n,) = 2npg + p~ + q (26)
2 3
V(rq,ny,ny) = np(1 - 4p + 6p° - 3p7)
+ p2(3 - 8p + 5p2) (27)

V(r2,n1,n2) = ng(1l - 4q +6q2 . 3q3)

+ q2(3 - 8q + 5q°) (28)
COV(ry,ry,nysny) = -npg(3pg - 1)
- pa(2 - 5pq) (29)

V(r,nq,n,) = 4npq(1 = 3pa) - 2pqg(3 - 10pq)
(30)

For the case p = g = 1/2, which often occurs in practical use,

we have




E(r,n;,n,) = 231 (31)
_n=1
Vir,ng,n,) = —F—- (32)

2.3 Normal Approximation

Using the derived means and variances, we can now approxi-
mate the distribution of runs by the normal distribution. As
can be shown, for n -» « the variable

x = E(x)

VWV (x)

tends to be normally distributed with mean O and variance 1.

Zo= (33)

By means of the transformation (33) we now can very easily
test the significance of the number of runs.

If we want to test the significance of the total number
of runs for given ni, without a preceding computation of the
mean and the variance, we can use the two following formulas
which we obtain after several rearrangements by inserting the
appropriate characteristics in-(33):

.- n(r 1) 2n1n2 —

2n1n2(2n1n2 - n)
n -1

hx ni - n(n - r)
z = (35)

T ni [Zn? + n(n + 1)] - 2n = ni - n3

1

with i = 1,...,k

Formula (34) is an approximation for binary runs, (35) for
multiple runs. (34) is sufficiently exact for n1,n2>10 and (35)
also gives us satisfying results even for relatively small sam-
ples. More information concerning asymptotical distributions
of runs can be found in MOOD (1940) or DAVID/BARTON (1962).
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With the help of the normal distribution we can also test
whether there is a difference between the number of runs in

two different samples. The corresponding transformation is:

_Xx -y - [E(x) - E(y)] (36)

VvV ViIix) + Vy)

The normal approximation can be improved by a correction

for continuity. With this correction we take into account that,
in transforming a discrete random variable into a normal vari-
able, each value x of the discrete variable corresponds to

an interval (x~0.5; x+0.5). Therefore, for the probabilities the
relations P(X 2 x) = P(X 2 x-0.5) and P(X £ x) = P(X £ x+0.5)
hold. Hence, if we want to carry out a left-tail test, the trans-

formation into a normal variable is

_ X +0.5 - E(x) |

V V(x)

(37)

In the case of a right-tail test, we have

g = X = 0.5 -~ E(x) . (38)

VvV Vix)

For the two-tail test we use

_lx=-E(x)| - 0.5
vV V(x)

(39)

In a comparison of two different samples, the formula corrected

for continuity is

(x - 0.5) = (y + 0.5) = [E(x) -E(y) ]

VvV VX) + Viy)

_x-y-1-[EG) -E(y)] (40)

Vix) + V(y)

for x > y.
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For smaller sample sizes the corrected formulas should defi-

nitely be used.

3. Some Instances of Application

We will now give several examples of the use of the above
formulas.

Example 3.1: We considered above the sequence of stressed
and unstressed syllables in the first two lines of Goethe's
"Erlkénig" (see Example 1.1). These two lines correspond to a
binary sequence with nu=10 unstressed syllables, ns=8 stressed
syllables and ru=rs=8 runs of the type u or s.

We now test whether there is a significant difference be-
tween the frequencies of stressed und unstressed syllables; let
the level of significance be a = 0.05. If we assume that the
probability of both a stressed and an unstressed syllable is
Pg = p; = 0.5, then the null hypothesis (Ho) and the alternati-
ve hypothesis (HA) can be formulated as follows:

Hpy 2 Py # Pg
With the help of the binomial distribution we get
8
P(X <8) =P(x210) =31 ('8 0.578
x=0
Since the test is two-tailed, the obtained value must be doubl-

ed. Because 2(0.4073) >> 0.05, there is no reason to doubt

= 0.4073.

that the sequence we are examining has the character of a random
sequence with regard to the number of stressed and unstressed
syllables. It must be kept in mind, however, that this conclu-
sion is based on the assumption that Pg = py = 0.5.

If we now look at the order of the elements, then there
seems to be a tendency toward alternation of stressed and un-
stressed syllables -~ as is to be expected in a text of this
kind. We test this hypothesis by computing the probability that
among ny + n, = 10 + 8 = 18 = n sample elements at least

r=ry +r,= 8 + 8 = 16 runs occur, i.e. we compute
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P(r216|n1=10, n2=8). For even r we use formula (2), for odd r

formula (3):

9. 7
2(3)49) _ 6.00165

18
10)

P(r = 16) =
(

Because (i) = 0 for a<b, we get for P(r = 17)

@O+ D@
P(r = 17) = = = 0.00021
18 18
(10! (10
Since for ng, = 10 and n, = 8 a maximum of r = 17 runs can occur,
the upper limit of summation is 17 and P(r = 18) = 0. This is

also shown when we compute P(r = 18) with the help of (2):

9, (7
2(g) (§)
P(r = 18) =&=0
18
(o)

The probability we are looking for is thus
P(r 2 16) = P(r = 16) + P(r = 17) = 0.00186.

Since 0.00186 < 0.05, we can reject the null hypothesis "The
arrangement of the sample elements is due to chance" in favour
of the alternative hypothesis "There is a tendency toward re-
gular alternation”. We could have, however, also obtained this
result without any computation by using the tables of SWED/
EISENHART (1943), where the upper limit for a = 0.05 is given
as r = 14).

As the example shows, a conclusion about the randomness
of the arrangements of the sample elements can be drawn, with
the theory of runs, even for very small samples. In the above
example, however, not much is gained by merely stating the
non-randomness of the sequence, since only a comparison, for
example with syllable sequences in other texts of verse or
prose, makes further interpretation of the results possible.
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we will therefore compare "Erlkénig" - this

3.2:
ample
ax its entirety = with another of Goethe's ballads,
e in %

tim

" ¥ TotentanZn B :
be n to test the significance of the total number of
ap

cuns Of Stre

Since ny and n, > 20, we use the normal

ximatio
e ssed and unstressed syllables. The necessary data
re P:esented in Table 3.
a

Opbserved and Expected Number of Runs of

Tapble 3%
stressed (s) and Unstressed (u) Syllables
in "Erlksnig" and in "Der Totentanz"
] 2r i n
Erlkdnig Der Totentanz
bles . ~ ~ Py
sylla n, £, E(r1) n, r, E(r1)
—
128 126 75.22 175 175 113.48
= 180 126 75.39 320 176 113.78
I
308 252 | 150.61 495 351 227.26
V(F) = 72.42 V(£) = 103.18
[

£ us illustrate the computation of the means and the
Le

) " tentanz". From formulas (8) (9) (16)
. using Der To r : ’
yariances

and (17) we get
175(320 + 1)
) = ————— = 113.4848
Bl 495
3200175 + 1) _ 113.7778
b e
E(Tp) 495
2(175)320 + 495
sy _ 113.4848 + 113.7778 = = 227.2626
B(f) = 495

2(175)320 [2(175)320 - 495]

5 = 103.1751
495“ (495 - 1)

___———
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In the same manner we obtain the values for "Erlkdnig".
Because of the meter, runs of more than one stressed syl-
lable do not occur in "Erlk&nig", with the exception of the
beginnings of lines 22 and 28, and not at all in "Der Toten-
tanz". Therefore in "Der Totentanz" the number of runs of
stressed syllables is equal to the number of stressed syllab-
les, and in both poems the expected number of runs is clearly
smaller than the observed number.

Since the sample size is relatively large, we can use the
normal approximation without a correction for continuity.

According to (33) the transformation is

r - E(r)
Z S —— (41)
V V(r)

We obtain the following values:

252 - 150.61

"Erlkdnig": 2= = 11.91
V 72,42
. 351 - 227.26
"Der Totentanz": zZ = —_—=12.18

vV 103.18

These two values could have been obtained without computing
A

E(f) and V(1) directly from formula (34). For "Erlkonig", for

instance, the computation is

308(252 - 1) - [2(128)180]

N>
Il
Il

11.91.

J’ 2(128)180[2(128) 180 - 308]
308 -1

The z-value is highly significant in both cases. The hypothesis
of a tendency toward regular alternation of stressed and un-
stressed syllables can thus be regarded as confirmed.

With the help of the normal distribution we can now also
test whether there is a difference between the two texts.
According to (36) the test statistic is
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ry =T - [E(ry) - E(ry]
z = . (42)

v/ V(rA) + V(rB)

With this criterion we do not test the difference between two

numbers of runs directly, but indirectly by means of the dif-
ference of both numbers from their expected values. A direct
comparison is only possible if for the number of elements a,
and a, in the samples to be compared Nypefgp = nyg-Nop holds.

In this case E(rA) = E(rB), and (42) becomes
. 'a " s
z = . (43)

V(rA) + V(rB}

By comparing "Erlkdnig" and "Der Totentanz"

; we get

N |252 - 351 - (150.61 - 227.26)]
z = = 1.69.

V72.42 + 103.18

For the two-tail test, when q = 0.05, the critical value is
1.96. The difference between the observed and the expected
number of runs is thus seen as the same for both texts.

Example 3.3: Now in the following comparison between a
text of verse and one of prose in respect to long (i.e. na-
turally long and long by position) and short syllables, there
is a more definite difference, as opposed to Example 3.2.

For the two samples we have used the beginnings of Virgil's
Aeneid and Caesar's Bellum Gallicum. The data are shown in
Table 4.

To test the difference in the total number of runs, we
again use the normal approximation. Because of the relatively
small sample size, we make a correction for continuity this
time. For the Aeneid, where a tendency toward alternation and
thus a higher number of runs is to be expected, we carry out
a one~tail test, for Bellum Gallicum, however, a two-tail test.
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Table 4: Observed and Expected Number of Runs in the

Aeneid and in Bellum Gallicum:

Syllable Aeneid Bellum Gallicum
RSN BV EN PR n, | 2, | By
long 45 | 30| 17.50 48 | 15 | 14.82
short 27 | 14| 17.25 20 | 13 | 14.41
72 | 44| 34.75 68 | 28 | 29.24

V(f) = 15.57 V(E) = 11.48

Using formulas (38) and (39), we get for the Aeneid

£ - 0.5 - E(f) 44 - 0.5 - 34.75
z2 = E = 2.22

VvV V(r) v/ 15.57

and for Bellum Gallicum

t - E(f)] - 0.5 |28 - 29.24| - 0.5
2 = A il B = 0.22.

VvV V(r) vV 11.48

The z values clearly show the difference between verse
and prose. In the prose text the observed and the expected
number of runs largely agree. In the verse text, on the other
hand, we see that the meter limits the possible choices and
increases the sequential probability structure of language.

In terms of information theory this can be interpreted as a
tendency toward increasing the redundancy of language. If we
compare the two texts with each other by means of (40), the

difference also becomes clear:

£, - QB -1 - [B(Fy) - E(F,))]

v/ V(rA) + Vi(xy)




44 - 28 - 1 = (34.75 - 29.24)
= = 1.82

vV 15.57 + 11.48

Since we are using a one-tail test, the critical value is 1.645
for o = 0.05. The deviation from the expected value is thus
more salient in the Aeneid.

Example 3.4: In order to test the hypothesis that the
sequence of consonants (C) and vowels (V) in texts from natural
language is not only produced by chance, MULLER (1974) deter-
mined the theoretical frequencies of the sequences CV, VC, VvV,
and CC by means of the probability of occurrence of consonants
and vowels, estimated from a larger sample, and compared them
with the observed frequencies using a x2 test. Since this pro-
cedure is relatively awkward, MULLER further suggested that,
for large samples, the randomness of the sequence of consonants
and vowels should be tested by comparing the observed variance

with the theoretical variance computed on the basis of a bi-
nomial model.

The hypothesis studied by MULLER can easily be tested
with the help of the theory of runs. Table 5 shows the number
of runs of consonants and vowels in a French written text, in
a German text, and in a seguence generated by a random proce-
dure. The data for the random sequence and for the French text
are based on Table 1A and 1B in MULLER (1974: 32). The German

text consists of the first 100 phonemes of Heinrich B61ll's
"Ansichten eines Clowns".

Again we test the significance of the total number of
runs by using the normal approximation. Since we expect a ten-

dency toward alternation in French and in German, we carry out

a one-tail test for these texts, for the random sequence, how-

ever, a two-tail test. In all cases we test at the 0.05 level.
For the French text we obtain

A

z = (83 - 50.02)/ V23.78 = 6.76,

for the German text

Z = (73 - 48.12) / V21.95

5.31

and for the random sequence

z = |43 - 50.02[ / Y23.78 = 1.44.

As could be expected, both the French and the German texts

show an obvious tendency toward alternation of consonants and
vowels. For the random sequence, however, the deviation from
the expected value can be considered as produced by chance.

If one compares the French and the German texts with each other
by means of formula (42), we obtain Z = 1.20, and hence a non-

significant result.

Table 5: Number of Runs of Consonants (C) and Vowels (V)
in a French Text, in a German Text, and in a

Random Sequence

French German Random Sequence

n, £ E() n, £; E(F) n; T, E(F)

C 57 42 25.08 62 36 24.18 57 22 25.08

v 43 41 24.94 38 37 23.94 43 21 24.94

100 83 50.02 100 73 48 .12 100 43 50.02
V($) = 23.78 V() = 21.95 V(%) = 23.78

Testing the number of runs has one important advantage
over MULLER's procedure: it can be used even if the probabi-
lities of occurrence of consonants and vowels in the particular
language or language variety are not known. Furthermore,
the test for runs also seems to have greater power. Since

22 - X%, we only need to square the obtained z values in

) )
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order to be able to compare them with MULLER's x2 values.

We get 6.672 = 45.74 and 1.442 = 2.07. The corresponding X2
values in MULLER are, however, 43.94 and 1.87. Considering fur-
ther that the x2 values from the test for runs have only one
degree of freedom, the corresponding values in MULLER, however,
two, we get relatively important differences in the related
probabilities.

As we have shown in Part 2, it is also possible to test
the total number of runs when ny and n, are not fixed, but are
considered to be random variables. In this case, though, we must
know the probability of occurrence of the elements of the sequen
ce in the population. MEIER (1967: 252 f.) computed a relative
frequency of P = 0.6269 for consonants and of 4 = 0.3731 for
vowels using a sample of 48,222 sounds from German prose texts.
We disregard the sampling error, which is small because of the
very large sample size, and consider both values to be proba-
bilities of occurence of consonants and vowels in German prose.
We now test the total number of runs in B8ll's Ansichten eines
Clowns again, this time, however, under the assumption that p
and q are known. We first calculate the mean and the variance
using formulas (26) and (30). We get

E(r,n;,n,) = 2(100)0.6269(0.3731) + 0.6269° + 0.3731% = 47.3115
and in the same manner

V(r,n1,n2) = 27.6003.

It is shown that the deviation from the mean is somewhat
larger than for fixed n;. Since the variance is also much larger
this time, the z test results in a value of only 4.89, which is4
of course, also highly significant. Both tests thus point to a
strong tendency toward alternation of vowels and consonants.

Example 3.5: FUCKS (1968; 1971) established, using corre-
lational analysis, that the lengths of sentences in sequence
are not independent of each other, but that long sentences

tend to occur with long ones, and short sentences with short

ones. In order to check this hypothesis, we determine the
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number of syllables per sentence in 30 sequential sentences in
Goethe's rLetter 605, compute the median, note whether 'a sentence
is larger (1) or smaller (s) than the median, and test by
means of the total number of runs of the elements 1 and s
whether there is a "clumping effect". Because of this procedure,
this test is often called "Test of the total number of runs
above and below the median". The data are presented in Table 6.

Table 6: Analysis of the Number of Syllables per Sentence
in Goethe's rLetter 605

Sent. Sent. Sent.

No. Syll. Type No. Syll. Type No. Syll. Type
1 20 s 11 14 s 21 9 s
2 26 1 12 23 S 22 9 s
3 34 1 13 19 s 23 9 s
4 40 1 14 19 s 24 35 1
5 42 1 15 24 s 25 65 1
6 32 1 16 67 1 26 21 s
7 37 1 17 28 1 27 13 s
8 19 S 18 15 s 28 32 1
9 3 s 19 11 S 29 37 1

10 29 1 20 30 1 30 28 1

Since the number of values is even, the median does not fall
on an observed value and a category "equal to the median" does
thus not occur. If, however, the number of values in an inve-
stigation is odd, then we can ignore the value which falls on
the median in order to avoid a category "equal to the median".
We obtain a value of 25 for the median by computing the arith-
metic mean of the values 24 and 26. Since the number of values
below the median equals the number of values above the median,
we have n, = n, and equations (16) and (17) become




_36_
E(xr) = ny + 1 (44)
n, (n, = 1)
Vi(r) = e . (45)
2n, = 1

1

We get E(f) = 16 and V(&)
the total number of runs f = 12. As was to be expected, T is

7.24. From Table 6 we compute for

smaller than E(f) and thus indicates a clumping effect. We

now look for the probability of obtaining a value of ¥ < 12.

The transformation into a normal variable, taking the correction

for continuity into account, gives, according to formula (37)

. I +0.5-E() 12+ 0.5~ 16
z = = = -1.30.

V v(r) V7,24

Since the critical value of -1.645 is not reached, FUCKS'
results are not confirmed by our sample. It is, however, enti-
rely possible that a significant result could have been obtai-
ned from a somewhat larger sample.

Example 3.6: Until now we have only investigated binary
runs. In the following two examples, we now concern ourselves
with multiple runs.

If we consider the arrangement of dactyls, spondees, and
trochees in Latin hexameter, then we observe that - in addi-
tion to the well-known fact that trochees are limited to the
sixth foot and that the so-called spondiaci, i.e. verses with
a spondee in the fifth foot, are very rare - certain limita-
tions appear also for the first four feet. For example, there
seems to be a tendency to prefer spondees after dactyls. Be-
cause of the strong disassociative effect of the fifth (dacty-
lic) foot, this tendency seems to increase with proximity to
the fifth foot (cf. GROTJAHN 1979, Chapter 13). Table 7 shows
the number of runs of dactyls (d), spondees (s), and trochees

(t) in the first 30 lines of Virgil's Aaeneid.
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Table 7: Number of Runs of Dactyls (d), Spondees (s),
and Trochees (t) in the first 30 lines of

Virgil's Aeneid

Type n; fi E(rl)
d 89 61 45.49

81 56 45,00

t 10 10 9.50

180 127 99.99

V(r) = 40.76

The values shown in Table 7 for E(fi) and V(f) are calcu-
lated as follows: Using formula (18), we have, e.g. for the
number of runs of dactyls, the mean

nd(n - ng + 1) 89(180 - 89 + 1)

E(fd) = = = 45.49,
n 180

Analogously E(fs) and E(ft) are computed, and final;y E(T) and
V(T) by means of formulas (21} and (22). Now we test, using
the total number of ternary runs, whether there is, as expec-
ted, a tendency toward alternation. The transformation to a
normal variable, according to (38), results in

127 - 0.5 - 99.99
= = 4.15.
Viv(g) V'40.76

£ - 0.5 - E(F)

N>
il
|

The 2 value is highly significant. The hypothesis of a tendency

toward alternation is thus confirmed.

Example 3.7: If we consider only the first four feet in

Latin hexameter, a total of 16 different hexameter types,
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according to the combinations of dactyls (d) and spondees (s),
can be seen. We now test whether the arrangement of these 16
types in a running hexameter text can be viewed as due to
chance. Table 8, which is partly based on the computational
analyses of Latin hexameter verse by OTT (1970; 1974), shows
the number of runs of the 16 types of lines in the first 300
lines of both Horace's De Arte Poetica and Lucrece's De Rerum
Natura. Again formulas (18), (21), and (22) were used to cal-

culate the means and the variances.

Table B: Number of Runs of Different Hexameter Types in

Horace's De Arte Poetica and Lucrece's De Rerum

Natura
Type Horace Lucrece
B A~ A A ~
n;c ory E(ri) n; ry E(ri)
1 dddd 4 4 3.96 6 6 5.90
2 sddd 12 12 11.56 8 8 7.81
3 dsdd 14 13 13.39 6 5 5.90
4 ddsd 17 17 16.09 9 9 8.76
5 ddds 24 24 22.16 29 27 26.29
6 ssdd 12 11 11.56 3 3 2.98
7 sdsd 21 19 19.60 7 7 6.86
8 sdds 16 15 15.20 20 20 18.73
9 dssd 25 20 23.00 21 20 19.60
10 dsds 37 34 32.56 27 25 24.66
11 ddss 22 21 20.46 40 34 34.80
12 sssd 10 9 9.70 4 4 3.96
13 ssds 24 23 22.16 18 18 16.98
14 sdss 26 23 23.83 32 28 28.69
15 dsss 25 22 23.00 51 40 42.50
16 ssss 11 11 10.63 19 18 17.86
300 278 278.87 300 272 272.29
V(£) = 19.24 V(£) = 24.84
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As can be seen from Table 8, a widespread agreement exists
between the observed and expected numbers of runs. This is
also shown by testing the total number of runs using the z
transformation, where we only get |ﬁ| = 0.20 for De Arte Poe-
tica and (Z| = 0.06 for De Rerum Natura. The arrangement of
the line types can thus be viewed as due to chance. However,
the test which was carried out probably does not have a very
high power for 16 different types of elements. Possible tenden-
cies toward structuring, such as avoiding the immediate con-
tact of certain line types, can certainly not be discovered

in this manner.

If we test, however, the 16 lines for equidistribution,
then we cannot sustain the hypothesis of a random sequence
with Py = Py = -++ = Pqg- For this we use the minimum dis-
crimination information statistic developed by KULLBACK et al.,
which is preferable to the usual Xz test in many cases (see
KULLBACK et al. 1962; BLOSCHL 1966; ALTMANN 1980). The formula
for testing the hypothesis of equidistribution is

k

2T = X 2ni 1n n; - 2n In n + 2n 1ln k. (46)
i=1

Under the null hypothesis the test statistic 2I 1s asymptoti-

cally distributed as x2 with df = k-1. Since several extensive

tables for 2ni 1n n; are available (e.g. KULLBACK et al. 1962;

BLOSCHL 1966), we need only to add the tabulated values in

order to compute 2I. For De Arte Poetica we obtain

21 = [2(4) 1In 4 + ... + 2(11) 1n 11] - 2(300) 1n 300

+ 2(300) 1n 16 = 56.89.

For df = 15 and q = 0.05 the critical x2-value is 25.00.

Since Zf = 56.89 lies far above this value, there is a defi-
nite tendency toward a preference for certain line types. As
Table 8 shows, this is primarily the case in lines with dac-

tyls in the first feet. This tendency is even more pronounced
in De Rerum Natura, where 21 = 156.91. If we compare the texts
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with each other, we get 2] = 43.62 with df = 15 and hence a

significant difference.

Example 3.8: In Example 1.1 we investigated the number of
runs of ljines of 8, 9, 10, 11, and 12 syllables in Goethe's
"Erlkdnig". If we calculate the mean and the variance of the
total number of runs for the data in Table 2, we obtain, using
formulas (21) and (22), E(f) = 22.19 and V(f) = 4.85. Since
the observed total number of runs is only 16, the impression
that lines of the same length tend to cluster seems to be
confirmed. The transformation to a normal variable, according
to formula (39), results in IQI = 1.68. For a two-tail test at
the 0.05 level the critical value is 1.96. A tendency toward
structuring in the use of the different line lengths can thus

not be supported.

4. conclusion

Only part of the theory of runs and only a few of the pos-
sibilities for its use are presented in this article. For
example, two independent, continuously distributed samples can
also be tested by means of the total number of runs as to
whether they are from the same population. For this we arrange
the ny + n, = n elements of the pooled sample in ascending
order of size and mark whether a value comes from sample 1 or
sample 2. If the populations are different, it can be expec-
ted that values from the same sample tend to cluster. This
procedure, which was developed by WALD/WOLFOWITZ (1940) and
which is occasionally used, for example when the requirements
for the application of the t test are not fulfilled, is, how-
ever, one of the weakest nonparametric tests for a comparison
of two independent samples (see BRADLEY 1968: 264) .

In addition to the total number of runs we can also test

the length of runs for significance (see BRADLEY 1968: 255 ff).

Furthermore, we can investigate the distribution of so-called

runs up and down. In this manner we can also discover trends

and cycles in a sample. For this we compare two adjacent sample

elements with regard to size or equality, mark the result of
the comparison with + or - and compute the distribution of the
total number of runs of the n-1 plus or minus signs (see BRAD-
LEY 1968: 271 ff; GIBBONS 1971: 62 ff). In this way we could
test, for example, whether a text shows a tendency toward al-

literation.

SUMMARY

While most statistical methods only take the frequency of
the sample elements into account, but not their arrangement,
the theory of runs also makes it possible to test the arran-
gement Of sample elements for randomness. In this article the
theory of runs is presented rather explicitly, and its use is
clarified by several examples. The intention is to make the
theory of runs available to as many researchers in quantita-

tive linguistics as possible.

Notes

1 The following presentation of the theory of runs is partly
based on GROTJAHN (1979: 143-161). An early example of the
application of this theory in the study of verse is WORON-
CZAK's article (1961).

2 With regard to the following derivations see primarily MOOD
(1940) , DAVID/BARTON (1962: 85 f£f, 119 ff), WILKS (1962:144 ff),
BRUNK (1965: 354 ff), BROWNLEE (1965: 224 ff), BRADLEY (1968:
253 ff), FISZz (1970: 483 ff), GIBBONS (1971: 50 ff), and
GROTJAHN (1979: 145-153).

3 There are several possibilities for computing E(r) and V(r).
In addition to the method of factorial moments, the method of
indicator function also allows a fairly simple derivation (see
DAVID/BARTON 1962: 85 f£f, MORAN 1968: 38 £, GIBBONS 1971: 56 f).
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ZUR NUMERISCHEN ERFASSUNG DER SCHWIERIGKEIT
DES SPRECHBEWEGUMGSABLAUFS

Werner Lehfeldt, Konstanz

In letzter Zeit lenkt die Frage nach der Beschaffenheit der Spra-
che, in der die Linguistik Uber Sprache redet, eine immer stérke-
re Aufmerksamkeit auf sich. Immer mehr Linguisten werden sich
dessen bewuRt, dal die Chancen der Sprachwissenschaft, hessere,
tiefere Einsichten in ihren Gegenstand zu gewinnen, nicht zuletzt
davon abh&ngen, daB es gelingt, eine linguistische Metasprache zu
schaffen, deren Aufbau einer Reihe formaler Kriterien genlgen
muB. Eines der wichtigsten Kriterien, die hier zu beachten sind,
lautet, dai die Begriffe der angestrebten Metasprache ein System
bilden, d.h., zueinander in eindeutig definierten Beziehungen
stehen missen.

Selbstverstédndlich ware es eine Illusion, wollte man glauben,
es kdnne sozusagen auf einen Schlag gelingen, eine solche Meta-
sprache zu konstruieren, die alle Bereiche der Linguistik glei-
chermaflen abdeckte. Es ist klar, daB viele Einzelbemihungen er-
forderlich sind, damit wir uns dem angestrebten Ziel anndhern
kdnnen, und aus diesem Grunde sind alle Bemihungen zu unterstit-
zen, die darauf abzielen, einzelne begriffliche und terminologi-
sche Teilsysteme in der angedeuteten Weise zu konstruieren (vgl.
etwa MEL’CUK 1963a; 1963b; 1975; 1978; SOVA 1970; BELOV 1974).

Die Notwendigkeit, die Sprache der Linguistik zu untersuchen
und zu verbessern, gilt ganz allgemein, ihr sehen sich alle

sprachwissenschaftlichen Disziplinen gegenlber. In besonderem
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MaBe gilt sie flr den mit gquantitativen Methoden arbeitenden
Zwelg der Sprachwissenschaft, die sogenannte quantitative Lin-
guistik. Sie stellt sich indes flr diese in einer besonderen
Form: Zu den Aufgaben der quantitativen Linguistik gehért es,
gine gquantitative Begriffssprache zu entwickeln, d.h. die Aus-
pragungen von Eigenschaften sprachlicher GrdBen in einer exakten,
kurzgefaBten, "handlichen” Form zu erfassen, d.h. sie - nach Mg -
lichkeit - zu metrisieren. Es handelt sich hierbei nicht um eine
Aufgabe, der man sich nur nach Lust und Laune zuzuwenden brauch-
te. Vielmehr ist an die Erfiillung der genannten Voraussetzung

die Mdglichkeit gebunden, die lbrigen, eigentlichen Ziele der
guantitativen Linguistik zu erreichen, vor allem das Ziel,
sprachliche Erscheinungen und Zusammenhdnge zwischen ihnen aus
einer Theorie heraus zu erkldren und/oder vorauszusagen.

Aus diesem Zusammenhang wird ohne weiteres ersichtlich, wes-
halb sich die quantitative Linguistik im heutigen Stadium ihrer
Entwicklung intensiv mit den methodologischen und den empirischen
Problemen der Metrisierung sprachlicher Erscheinungen und Rela-
tionen auseinanderzusetzen hat. Insbesondere der vertiefenden Be-
schaftigung mit den methodologischen Aspekten dieser T&tigkeit
kommt gegenwdrtig groBe Bedeutung zu (vgl. hierzu etwa ALTMANN
1978), und zwar deshalb, weil selbst solche Linguisten, die prin-
zipiell die Ziele der quantitativen Linguistik und damit die Not-
wendigkeit der Metrisierung anerkennen, oftmals keine hinreichend
prédzisen Vorstellungen dariber haben, auf welche Bedingungen man
bei Metrisierung und Messung zu achten hat. Um das BewuBtsein fir
dieses methodologische Problem zu schirfen, kann man verschiedene
Wege gehen. Eine Méglichkeit besteht darin, Begriffskiitik zu

iben, d.h. Metrisierungsvorschlége, wie sie in der wisienschaft-

lichen Literatur anzutreffen sind, insbesondere auf ifre formale
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Stichhaltigkeit hin zu Uberprifen (als Beispiel hierflr vgl.
LEHFELDT 1878).

Eine andere Mdglichkeit ist die, einen Metrisierungsvorschlag
in statu nascendi zu beobachten, d.h. die Schritte nachzuvoll-
ziehen und zu analysieren, die nach der Meinung eines Autors u.
a. zur Metrisierung bestimmter sprachlicher GréRen bzw. Eigen-
schaften flhren sollen. Diesen Weg wollen wir in der vorliegen-
den Arbeit gehen, wobei neben methodologischen Fragen auch sol-
che empirischer Natur zu Sprache kommen sollen. Und zwar wollen
wir uns hier anhand einiger Arbeiten von GERHART LINDNER zum
Sprechbewegungsablauf mit der Aufgabe besch&ftigen, eine Vor-
schrift zu entwickeln, wie man den Grad der Schwierigkeit oder
der Kompliziertheit des Ubergangs von einem Laut zum anderen
beim Sprechen messen kann. Neben den praktischen, insbesondere
den logopadischen Aspekten, denen LINDNERs Hauptaugenmerk gilt,
ist diese Aufgabe auch unter theoretischen Fragestellungen in-
teressant. So muB man sie beispielsweise gel@st haben, wenn man
den artikulatorischen Kontrastaufbau solcher Einheiten wie Sil-
ben, Allomorphen oder Wortformen und seine GesetzmiBigkeiten
studieren will.

Wir gehen mit LINDNER von der Vorstellung aus, daB im norma-
len Sprechvorgang die Organe, die die an der Erzeugung laut-
sprachlicher Zeichen beteiligten Funktionsgruppen Atmung, Stimm-
gebung und Lautbildung konstituieren, sich in harmonischer
Dauerbewegung befinden, daB die Sprechorgane aus den Stellungen,
die fir die Bildung eines bestimmten Lautes charakteristisch
sind, Ubergehen in die Stellungen, die fir qie Bildung des die-
sem folgenden Lautes kennzeichnend sind, wobei "sich diese Be-

wegungen in klanglichen UObergéngen von einem Laut zum anderen

bemerkbar machen” (LINDNER 1961, 4; vgl. LINDNER 1968a, 450).
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BDer Gedanke liegt nahe, daB die Bewegungen derjenigen Organe,
die den Funktionsgruppen Stimmgebung und Lautbildung zugerechnet
werden, beim Ubergang von einem Laut zum anderen verschieden
schwierig oder kompliziert sind. Um dieser Vorstellung eine pra-
zisere Gestalt zu geben, ist es erforderlich, die Schwierigkeit
des Ubergangs von Laut zu Laut meRbar zu machen. Es sall hier
darum gehen, einige Schritte anzugeben, die zu diesem Ziel hin-
fihren kinnen, sowie einige Probleme zu diskutieren, deren L&-
sung noch aussteht.

Den Ausgangspunkt unserer Betrachtungen bildet die theoreti-
sche Analyse des Sprechbewegungsablaufes, die LINDNER (1969a,
1975) flUr das Deutsche erarbeitet hat. Das Ziel dieser Analyse
besteht darin, ein Modell des Sprechbewegunpgsablaufes zu entwik-
keln, das von den individuellen Besonderheiten verschiedener
Sprecher abstrahiert, d.h., in dem die wirklichen Bewegungsab-
ldufe in einer auf das funktional Wesentliche vereinfachten Form
abgebildet werden (vgl. LINDNER 1975, 26 f.).

Das Objekt von LINDNERs modellhafter Untersuchung des Sprech-
bewegungsablaufes sind zweigliedrige Lautverbindungen, die
"kleinsten Bewegungseinheiten des Sprechaktes” (1969a,451), Die
einzelnen Laute, die eine zweigliedrige Lautverbindung konsti-
tuieren, sind hier natilrlich wie die gesamte Analyse als Abstrak-
tionen anzusehen, da "1. von den Individualqualititen des Spre-
chers und 2. von Varianten abstrahiert wird, die sich um einen
Mittelwert zentrieren. Beim Begriff des Lautes werden alle seine
wesentlichen Bildungsmerkmale einbezogen, sowohl in genetischer
als auch in gennematischer wie auch in perzeptiver Hinsicht”

(LINDNER 1975, 68).

Die zweigliedrigen Lautverbindungen sind nach LINONER (18961,

43) "das Abbild der wesentlichen Sprechbewegungen”; "in ihnen
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sind diejenigen Bewegungen enthalten, die die Sprechorgane voll-
fiihren missen, um aus der Stellung, die sie zur Bildung des er-

sten Lautes einnehmen muBten, in diejenige zu gelangen, die zur
Bildung des zweiten Lautes notwendig ist" (LINDNER 1969a, 452;
vgl. auch LINDNER 1969b, 22; 1975, 70). Es darf hier nicht iiber-
sehen werden, daB die Beschr&nkung auf die Betrachtung zweiglied-
riger Lautverbindungen auch innerhalb des Modells zu einer stark
vereinfachten Darstellung des Sprechbewegungsablaufes fiihrt. Es
lassen sich auf dieser Grundlage ndmlich bestenfalls Aussagen
iber die "unbedingt notwendigen Sprechbewegungen” (LINDNER 1975,
71) gewinnen, wdhrend all diejenigen Organbewegungen unberiick-
sichtigt bleiben, die "als koartikulatorisch gesteuerte Bewegun-
gen ... fir die Aussprache des gesamten Zeichens notwerdig sind”
(LINDNER 1875, 71). Innerhalb der "gleicher Lautverbindungen k&n-
nen die koartikulatorisch der Vorbereitung folgender Laute die-
nenden Organbewegungen verschieden sein, je nachdem, um was fiir
Laute es sich handelt. Von all diesen Unterschieden wird inner-
halb des Modells abstrahiert, so daB deutlich ist, daPR es auch
modellintern nur um eine erste Approximation an die Sprechwirk-
lichkeit geht.

Um den Sprechbewegungsablauf zwischen je zwei Lauten modell-
haft zu erfassen und zu beschreiben, geht LINDNER von der grund-
legenden Annahme aus, daB es mdglich sei, von der Kenntnis der
Einstellungen, in denen sich die Sprechorgane hei der Erzeugung
des ersten bzw. des zweiten Lautes befinden, auf die Bewegungen
zu schlieBRen, die die Sprechorgane beim Ubergang von den ersten
zu den zweiten Einstellungen vollziehen: "Jeder Laut verlangt zu
seiner Produktion, daB die Sprechorgane ganz bestimmte Einstel-

lungen einnehmen. Also missen, wenn die Folgen von Lauten be-

kannt sind, die Bewegungen, die die sprechorgane bei der Reali-
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sierung der Lautfolge vollziehen, erschlossen werden kénnen”
(LINDNER 1875, 70]). Es ist also notwendig, folgende Schritte
nacheinander zu vollziehen: Zun&chst muf fir eine gegebene Spra-
che die Menge derjenigen Laute bestimmt werden, die {iberhaupt in
die Analyse eingehen sollen. AnschlieBend sind die Sprechorgane
festzulegen, deren Einstellungen fir jeden einzelnen Laut be-
schrieben werden sollen. Fir jedes Sprechorgan ist ein Einstel-
lungsinventar anzugeben. Nachdem die Einstellungen aller Sprech-
organe fir alle Laute ermittelt sind, kann man sich der Aufgabe
zuwenden, die Bewegungen zu erschlieBen, die zwischen jeweils
zwel Lauten einer nach bestimmten Kriterien festgelegten Menge
van zwelgliedrigen Lautverbindungen vollzogen werden.

Was den ersten Schritt anlangt, so bezieht sich LINDNER auf
"das flr die deutsche Hochlautung typische Mindestinventar”
(LINDNER 1875, 80), das 20 Vokale (einschlieBlich der Diphthon-
ge) sowie 22 Konsonanten umfaBt (vgl. Tabelle 1). Im Hinblick
auf den zweiten Schritt berlcksichtigt LINDNER "die Organe, die
zur Beschreibung der aktiven Bewegungen unmittelbar gebraucht
werden” (LINDNER 1975, 127), v.a. diejenigen Organe des Ansatz-
rohres, "die sich aktiv bewegen k@nnen und durch ihre Bewegungen
zur Bildung oder Aufldsung von Sekunddrschallquellen oder zur
Verdnderung des Hohlraumes des Ansatzrohres und damit zur Klang~
verinderung aktiv beitragen" (LINDNER 1875, 52 f.), d.h. neben
der Glottis den Unterkiefer, die Lippen, die Zunge und das Gau-
mensegel., Die Zunge wird in die Organteile Zungenspitze, Zungen-
ricken, Medianfldche und Zungenrand unterteilt, wobei die Gren-
Zzen zwischen diesen Teilen "durch funktionelle Besonderheiten
und ihre Bedeutung beim Sprechen gesetzt” (LINDNER 1875, 58)

werden. Die Einstellungsinventare, die LINDNER den einzelnen

SDPBChDPganen zuordnet, sind aus der linken Spalte von Tabelle 1




-u ersehen (zu Einzelheiten vgl. LINDNER 1975, 131-149).

Fir die angestrebte Analyse des Sprechbewegungsablaufes ist
weiterhin wichtig, daB LINDNER die Sprechorgane bezliglich eines
jeden Lautes in zwei Gruppen einteilt, und zwar 1. in die Gruppe
der an der Bildung eines Lautes wesentlich beteiligten Organe
und 2. in die Gruppe der an der Bildung eines Lautes nichtwesent~
lich beteiligten Organe. "Die wesentlich beteiligten Organe mis-
sen sich bei der Bildung eines bestimmten Lautes in einer be-
stimmten Einstellung befinden oder missen diese Einstellung im
Verlauf des Bewegungsvollzuges durchlaufen” (LINDNER 1875, 128;
vgl. auch LINDNER 1969a, 453, 1969b, 167). So ist beispielsweise
fir das deutsche [a:] ein weiter Kieferwinkel wesentlich. Eine
wesentliche Organeinstellung symbolisieren wir allgemein durch
das Zeichen o.

Fir die unwesentlich beteiligten Organe ist kennzeichnend,
da sie in ihrer Einstellung eine verh&ltnismiBig groBe Varia-
tionsbreite aufweisen. Um den Sprechbewegungsablauf so vollstdn-
dig wie midglich zu erfassen, ist es winschenswert, auch diese
Organe in ihrer Jeweiligen Einstellung festzuhalten, "aber in
einer Form, die von vornherein mit einer groBen Variationsbreite
rechnet. In der éystematik wird déann diejenige Organeinstellung
angegeben, die die unbeteiligten Organe wahrscheinlich einneh-
men” (LINDNER 1969a, 453, vgl. auch LINDNER 1975, 128). Diese
Art der Organeinstellung kennzeichnen wir allgemein durch das
Symbol x. In Tahelle 1 sind fir Jjeden Laut des von LINDNER der
Analyse zugrundegelegten Inventars die wesentlichen und die nicht-
wesentlichen Organeinstellungen angegeben.

Die beschriebene Zweiteilung der Sprechorgane bezliglich eines
Lautes ist die Grundlage fir die Klassifikation der Bewegungs-

arten eines jedean Sprechorgans beim Ubergang vom ersten zum
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zweiten Laut. "Die Bewegungsarten werden von den Einstellungen,
die die Sprechorgane am Anfang und am Ende der Lautverbindung
einnehmen, abgeleitet” (LINDNER 1975, 150). Und zwar sind fir
jedes Organ insgesamt sechs Bewegungsarten bzw. Abl3iufe denk-
pbar. Diese lassen sich schematisch wie folgt darstellen (der
Pfeil symbolisiert den Ubergang des Sprechorgans aus der ersten
Einstellung in die zweite; die Indizes 1 und m dienen der Unter-

scheidung verschiedener Organeinstellungen):

1., Prdzise Bewegung: 0y —> o, Das Organ bewegt sich aus e%ner
wesentlichen Einstellung in eine von dieser verschiedene we-
sentliche Einstellung.

2. Einseitig modifizierbare Bewegung (auch Zielbewegung genannt):

o, —> x_ oder x, —> o Das Organ bewegt sich aus einer
m

il 1
wesentlichen Einstellung in eine von dieser verschiedene
nichtwesentliche Einstellung oder umgekehrt.

3. Modtfizierbare Bewegung: X T X Das Organ bewegt sich
aus einer nichtwesentlichen Einstellung in eine von dieser
verschiedene nichtwesentliche Einstellung.

4. Prizise Ubernahme: o, —> o Das Organ befindet sich bei

1
beiden Lauten der Lautfolge in der gleichen wesentlichen Ein-
stellung.

5. Einseitig modifizterbare Ubernahme: 0, —> X3 oder X —> N
Bie gleiche Organeinstellung ist fir den ersten Laut wesent-
lich und fUr den zweiten nichtwesentlich oder umgekehrt.

6. Modifizierbare Ubernahme: x, —> Xy Das Organ befindet sich

1
bei beiden Lauten der Lautfolge in der gleichen nichtwesent-
lichen Einstellung (zu Einzelheiten vgl. LINDNER 19689a; 1875,

150-152).

Nach diesen Darlegungen k@nnen wir dazu Ubergehen, versuchs-

weise ein MaB der Schwierigkeit des Ubergangs von einem Laut i
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2u einem Laut j oder kiirzer ein MaP der Ubergangsschwierigkeit
von i bezliglich j zu bestimmen. Wir sagen "versuchsweise”, da das
vorgeschlagene MaB in verschiedenen Hinsichten problematisch ist
(s.u.) und daher verninftigerweise vor allem als Ausgangspunkt
fiir weiterfiihrende Uberlegungen und Analysen betrachtet werden
sollte. Einige solcher Uberlegungen wollen wir unten andeuten.

Wie bereits deutlich geworden ist, missen wir den Ubergang
von einem Laut zum anderen als einen Komplex gleichzeitig sich
vollziehender koordinierter Abl&ufe mehrerer Sprechorgane an-
sehen. In das MaB sollte daher zunichst die Zahl der verschiede-
nen Abldufe eingehen.

Angenommen, an der Bildung eines Lautes sind insgesamt S
Sprechorgane wesentlich oder unwesentlich beteiligt (in unserem
Falle ist S = 8). Dann k8nnen wir die Zahl der verschiedenan Ab-

l&ufe pro Ubergang wie folgt symbolisieren:

Uij = Zahl der pr&zisen Bewegungen

Vij = Zahl der einseitig modifizierbaren Bewegungen
Wij = Zahl der modifizierbaren Bewegungen

xij = Zahl der prazisen Ubernahmen

yij = Zahl der einseitig modifizierbaren Obernahmen
zij = Zahl der modifizierbaren Ubernahmen

Da fir jeden Ubergang alle einmal festgelegten Sprechorgane

bericksichtigt werden, ergibt sich trivialerweise, daB

U, e t Voo + W, + x,, +y,. +2z,, =258
1] 1] 1J ij 1] 1J
immer gilt, fir beliebige Laute i und j.
Des weiteren ist folgender Umstand in Rechnung zu stellen:

Die einzelnen Ablaufe sind verschieden schwierig, bzw. sie haben,

wie LINDNER (1969a, 455) sich ausdrickt, "einen unterschiedli- |

chen Grad an Verbindlichkeit”. Aus diesem Grunde ist es erforder-
1ich,.jeden Ablauf mit einem Faktor zu gewichten, der seine
schwierigkeit im Verh&ltnis zu den anderen Abl&ufen zum Aus-
druck bringt.

LINDNER spricht den Bewegungen insgesamt eine h8here Bedeut-
samkeit fiir den SprechbewegungsprozeR zu als den Ubernahmen, da
in diesen "keine motorische Aktivitdt enthalten zu sein braucht”
(LINDNER 196%9a, 456), nach ihm ist "die Bewegung im Grad der
verbindlichkeit in jedem Fall h&her als die Ubernahme einzuschat-
zen" (LINDNER 1975, 153; vgl. auch LINDNER 1868b, 178). Wir ge-
wichten daher die Bewegungen insgesamt st&rker als die Ubernah-
men. Der Vorschlag von MULLER (13873, 51), jede Ubernahme jeweils
nur um einen Schwierigkeitsgrad tiefer als die entsprechende
Bewegung einzustufen, erscheint uns wenig plausibel.

Fiir die weiteren Uberlegungen ist noch folgendes festzuhalten:
Was wir im Moment tun kdnnen, ist, die einzelnen Abl&ufe in eine
Rangordnung zu bringen, aus der hervorgeht, welcher von je zweil
Ablaufen dem jeweils anderen hinsichtlich der Schwierigkeit vor-
angeht. Diese Rangordnung entspricht in ihrer formalen Struktur
einer sogenannten Quasireihe, die das Ergebnis der Anwendung
eines komparativen oder topologischen Begriffes auf alle Paare
von Elementen eines bestimmten Gegenstandsbereiches bildet (vgl.
hierzu STEGMULLER 1970, 27-44). Das bedeutet insbesondere, daR
die Rangordnung nichts {iber die GriBe des Abstandes zwischen den
R&ngen aussagt. Hierin liegt ein Praoblem; denn die Schwierigkeit
der Abldufe zu gewichten bedeutet, diesen bestimmte Zahlen zuzu-
schreiben. Diese Zahlen sagen aber nicht nur etwas lber den Rang
aus, sondern auch {iber die GrdBe des Abstandes zwischen den ver-
schiedenen R&ngen, obgleich wir ilber den dazu erforderlichen

Quantitativen Begriff noch gar nicht verfiigen, obgleich noch gar
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keine Metrik existiert. Wenn wir im weiteren die Gewichtung in
der Weise vornehmen, daB die Absté&nde zwischen allen zwei Abl&u-
fen, die in der Rangordnung unmittelbar aufeinander folgen, als
gleich groB aufgefalit werden, so missen wir uns dariiber im kla-
ren sein, daR diese Art des Vorgehens gewissermaBen eine Verle-
genheitslOsung ist, die nur vorldufig akzeptiert werden kann, le-
diglich solange, wie es nicht gelingt, eine geeignete Metrik zu
entwicklen.

Von den Bewegungen sind die prizisen am schwieripsten, da sie
"beim Sprechen héchste Prdzision flir ihre Ausfihrung” (LINDNER
1969a, 456) verlangen. Insgesamt unterscheiden wir sechs Schwie-
rigkeitsstufen; von diesen weisen wir den prdzisen Bewegungen
die hdchste mit dem Gewichtungsfaktar 6 zu.

Beispiel: Beim Ubergang von [f] zu [a:] in der Lautfolge [fa:]
wie in dem Wort fahren geht der Unterkiefer aus einer wesentli-
chen engen Einstellung in eine wesentliche weite Einsteilung
ber. Diesen Ablauf gewichten wir mit dem Faktor 6.

Weniger schwierig sind die einseitig modifizierbaren Bewegun-
gen, da bei ihnen nur der Anfangs- oder der Endpunkt des Bewe-
gungsvollzugs festliegt. Sie erhalten den Gewichtungsfaktor 5.
Beispiel: Beim Ubergang von [1] zu [b] in der Lautfolge [Ib] wie
in dem Wort Kdlber geht die Zungenspitze aus einer wesentlichen
gehobenen Einstellung in eine nichtwesentliche gesenkte Einstel-
lung lber. Diesen Ablauf gewichten wir mit dem Faktor 5.

Den modifizierbaren Bewegungen, deren gesamter Ablauf koarti-
kulatorisch modifiziert werden kann, wird der Gewichtungsfaktor 4
zugeteilt.

Beispiel: Beim Ubergang von [¢:] zu [f] in der Lautfolge [¢:f]

wie in dem Wort Héfe geht der Zungenrand aus einer nichtwesentli-

chen gehobenen Einstellung in eine nichtwesentlich gesenkte

{
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ginstellung iiber. Diesen Ablauf gewichten wir mit dem Faktor 4.
In - analoger Weise werden die Ubernahmen gwichtet: Die prézi-

se Ubernahme erhé&lt den Faktor 3, die einseitig modifizierbare

ijpernahme den Faktor 2 und die modifizierbare Ubernahme den Fak-

tor 1.

Beispiel: Beim Ubergang von [k] zu [t] in der Lautfolge [kt] wie

in dem Wort Kaktus verharrt das Velum in einer wesentlichen ge-

hobenen Einstellung. Diese Ubernahme gewichten wir mit dem Faktor 3.

Beispiel: Beim Ubergang von [n] zu [s] in der Lautfolge [ns] wie

in dem Wort Hans bleibt der Zungenriicken prddorsal gehoben, wo-

pei diese Einstellung fiir [n] unwesentlich, fir [s] wesentlich

ist. Diese Ubernahme gewichten wir mit dem Faktor 2.

Beispiel: Beim Ubergang von [k] zu [t] in der Lautfolge [kt] ver-

harren die Lippen in einer nichtwesentlichen unbeteiligten Ein-

stellung. Diese Ubernahme gewichten wir mit dem niedrigsten ng—

tor 1.

Das gesuchte vorldufige MaB der Ubergangsschwierigkeit Uij
kann nunmehr bestimmt werden als die Summe der Anzahlen der ein-
zelnen Abl&ufe pro Ubergang, wobei jeder einzelne Ablauf mit dem

ihm zugewiesenen Schwierigkeitsfaktor gewichtet wird:

= L.+ dw. 4+ 3x. + 2y., + 1z,
Uij Buij + 5\/1‘J wlJ xIJ y1J 1]

Da die Zahl der Sprechorgane, die bei einem Ubergang berick-
sichtigt werden, flr eine gegebene Sprache immer gleich ist,
sind die Werte, die Uij annehmen kann, unmittelbar miteinander
sie zu relativieren. Der

vergleichbar, d.h., es ist nicht notig,

Wertebereich von U, . kann als <B,48> bestimmt werden. Natiirlich
1]
sind die Intervallgrenzen nur theoretische BezugsgroBen, da es

weder esinen Ubergang gibt, der ausschlieBlich aus modifizierba-
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ren (bernahme bastiinde, noch einen solchen, der lediglich durch
prizise Bewegungen konstituiert wére.

Beispiel: Es soll der Wert des MaBes der Ubergangsschwierigkeit
zwischen den Lauten [a:] und [n] errechnet werden. Aus Tabelle 1

erhalten wir folgende Einzelwerte:

u L= 4
Vna: B 3
wno,: i
x = 1
nao:
Yna: = ©
2 =1
naz:
Es ergibt sich demnach:
Uio: © 6(2) + 5(3) + 4(1) + 3(1) + 2(0) + 1(1) = 35
Wie man sich leicht iberzeugt, ist Uig: © Ua:n'

Man kann das vorgeschlagene MaB zum Ausgangspunkt nehmen, um
die Schwierigkeit des Sprechbewegungsablaufes in bezug auf hdhe-
re Einheiten wie zum Beispiel Silben oder Wortformen zu berech-
nen. Die Uberlegung ist einfach: Man summiert die Werte von Uij
fir alle aufeinanderfolgenden Lautpaare und dividiert die Summe
durch die Anzahl der Lautpaare. Wenn die in Rede stehende Ein-
heit k lLaute umfaBt, wobei nach der Analyse von LINDNER DBiphthon-
ge jeweils als zwel Laute gezdhlt werden missen, dann haben wir
insgesamt k-1 Lautpaare, so daB wir zu folgendem MaB gelangen:

N Uij

Ug = —1=7

E = Silbe, Allomorph, Wortform, ...

F!lFF::______________________________________________________*_"__'____________1"'—__________ I
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Auch dieses MaB hat den Wertebereich <8;48>.
Beispiel: Es soll der Wert des Mafes der Schwierigkeit des Sprech-
bewegungsablaufes fir das Wort [mzi¢] Milech berechnet werden. Zu-

und U zu ermitteln. Aus Ta-

erst sind die Werte filr UmI' UII I

belle 1 erhalten wir folgende Einzelwerte:

u .. = 2 Uy, = (0] u|¢ =4

Vg & 1 Vo, = 4 Vlg =0

W = 2 woy = 1 wlq =2

X = 1 X = 2 pid =1
mzT 1l I ¢

Ypr = 1 Yy = Uig = 1
zmI =1 z., = o} zlg =0

Wir erhalten daraus:

Uy = 6(2) + 5(1) + 4(2) + 3(1) + 2(1) + 1(1) = 31
UII = 6(0) + 5(4) + 4(1) + 3(2) + 2(1) + 1(0) = 32
Ul(; = 6(4) + 5(0) + 4(2) + 3(1) + 2(1) + 1(0) = 37
Da im vorliegenden Fall k = 4, ergibt sich, daB
5 O P Yt Yie 314032 437 100 _ 45 4
mIlg 4 -1 3 3 :

Es versteht sich, daB das MaB UE mindestens genauso problema-
tisch ist wie das ihm zugrundeliegende MaB Uij' Einige der hier
zu berlcksichtigenden problematischen Punkte sind bereits ange-
sprochen worden: Vernachldssigung der koartikulatorisch gesteu-
erten Abl3ufe, Gleichgewichtung aller Bewegungsarten und, damit

zusammenhdngend, "Vortduschung” einer in Wirklichkeit noch nicht

vorhandenen Metrik. Der Hinweis auf diese Punkte hat natilrlich




- SB -

im Zusammenhang unserer Analyse einzig die Funktion, die Auf-
merksamkeit auf solche Probleme modellinterner wie -externer
Natur zu lenken, die in Zukunft unbedingt geltst werden missen,
wenn wir zu einer auch nur einigermaBlen befriedigenden und
brauchbaren Metrisierung der Schwierigkeit des Sprechbewegungs-
ablaufes gelangen wollen. In genau diesen Zusammenhang wollen
wir auch die Besprechung einiger weiterer problematischer Punkte
eingeordnet wissen, auf die LINDNER z.T. schon kurz eingegangen
ist.

In unserem Modell werden, wie ausgeflhrt, die Abst&nde zwi-
schen allen zwei Abl3ufen, die in der Rangordnung unmittelbar
aufeinanderfolgen, als gleich groB aufgefaBt. Dieses Vorgehen im-
pliziert, daB wir jeden der sechs méglichen Abldufe jedesmal mit
dem gleichen, ein flUr allemal festgelegten Faktor gewichten. Ge-
gen diesen modellinternen Schematismus kann folgende Uberlegung
geltend gemacht werden: Da, wie LINDNER (1875, 35 f.) sagt,

"die spezifische Art und Weise der Bewegung eines bestimmten Or-
gans von der Art und Weise der Bewegung anderer Sprechorgane be-
etnfluBt ... wird", da m.a.W. "der Bewegungsablauf eines jeden
Organs immer in Relation zu den iibrigen betrachtet werden” muB,
sollte berlcksichtigt werden, daB "ein und derselbe” Ablauf ver-
schieden schwierig bzw. kompliziert sein kann, je nachdem, in
welche Abl&ufe er eingebettet ist.

Ferner sollte bedacht werden, daB fir Sprechorgane, "deren
Bewegungsinventar sich in zwel mdglichen Bewegungen erschdpft:
Senkung oder Hebung” (LINDNER 1875, 176), der "gleiche” Ablauf
u.U. weniger schwierig sein kann als fir ein Organ, das "ein
Inventar von mehreren Bewegungen beherrschen muB, um aus einer

bestimmten Einstellung eine andere Einstellung exakt und chne

Umwege direkt zu erreichen" (das.). SchlieBlich sollte auch nicht
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vergessen werden, daB solche Abl&ufe eines bestimmten Typs, die
sehr h&ufig vollzogen werden (z.B. die pré&zisen Bewegungen der
Glottis und des Gaumensegels), aufgrund ihres guten Eingelbtseins
von den Sprechern einer Sprache als weniger schwierig eingestuft
werden kdnnen als seltener vollzogene Abl&dufe desselben Typs
(vgl. hierzu LINDNER 1975, 179).

Nach all dem Gesagten dirfte ohne weiteres klar sein, daB un-
ser MaR Uij eine in hohem MaBe provisorische, vorlidufige GréBe
ist, die nur unter Vorbehalt akzeptiert und verwendet werden darf.
Dennoch ist es keineswegs Uberfliissig gewesen, sich mit ihm zu
beschdftigen. So wie ganz allgemein komparative Begriffe histo-
risch oft eine Ubergangsstufe zwischen den primitiveren qualita-
tiven und den komplizierteren quantitativen Begriffen bilden
(vgl. STEGMULLER 1870, 29), so kdnnen wir Uij als eine Art Zwi-
schenergebnis auffassen. Sein methodologischer Wert liegt v.a.
darin, daB die Besch&ftigung mit ihm uns die Gelegenheit gab, in
zusammenhdndender Form einige der Probleme zu erdrtern, die ge-

ldst werden missen, um ein besseres MaB zu gewinnen.
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ON THE DisTANCE oF JAPANESE WORDS BASED oN
DisTINCTIVE FEATURES AND A SECcOND-ORDER MoDEL

Shochi YOKOYAMA and Shuichi ITAHASHI,

Electrotechnical Laboratory, Tokyo

INTRODUCTION

It is a big problem in the study of automatic speech re-
cognition what sort of parameters should be used for matching
with the standard patterns. In modeling the speech process in-
cluding language level, it is difficult to determine the opti-
mum model only from the spéech analysis paoint of view.

One way would be to use various phonetic features which
have been studied by phoneticians. The word level is assumed
as the starting point here, and the features are used to des-
cribe words so that the relation among words can be investiga-
ted. In this area, there is a study [1] on the influence of
phoneme confusion on the discrimination between words in a
given set. However, on the discrete level the complete segmen-
tation of a word into phonemes is usually presupposed. In or-
der to take account of the segmentation error (addition or de-
letion of phonemes) it is necessary to adopt a different method
such as dynamic programming on the phonemic level [2].

In this paper, Japanese word distances are investigated on
the continous parameter level, in order to take account of the
influence of the segmentation error automatically. That is, the
parameters are obtained in the following sequence:

a word - phonemes - distinctive features - a model - con-
tinous parameters. The step response [3] of a second-order 1i-
near system is adopted as a model to transform distinctive fea-

tures into continous parameters.

Part of the contents of this paper has already been pub--

lished [4]. In this paper, the number of words concerned has
been increased considerably (to about 4 times, or to nearly 16
times in the number of word pairs) and the model has been im-
proved.

MATERIAL

It is desirable to select frequently used words. For this
purpose the "Shin Meikai Kokuge Jiten" (Mew Concise Japanese
Dictionary) [5]1 was chosen, which is currently being inserted
into a data base in our laboratory [6]. The entry words are ex-
tracted from the most important words (marked with ** in the
dictionary). However, the accent of each word is not used as a
parameter at the moment. For the details of the data structure
refer to (6).

Entry words and accents are both stored in the disk stor-
age (TOSBAC-5600) in the form of KANJI (Chinese charakter)
code, which is transformed into a form acceptable by the com-
puter. Entry words are romanized from the corresponding KANA
(Japanese syllabic alphabet) code. Regarding the phonemics of
Japanese, the following rules are used in the transcriptioq in-

to alphabetic representation:

1) The Japanese method of Romanization (see Table 1) is
used as a rule:

Ex: $ 8\ + aka

2) Syllabic nasal A/ is represented by 'N' to distinguish
it from Ty (na)-line sound.
Ex:2 /4 tg 4~ koNnaN

3) Contracted sound is represented by the Japanese method and
treated in the same manner as xt (ya)-line sound.
Ex:Un AL g zyuNzyo

4) Double consonant symbol - 1is represented by 'q'.
Ex: {5 t - kagte
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Table 1. A Romanization of Japanese according to the
Japanese method. 5) /ou/, /ei/ sounds are represented by /o-/, /e-/ as
elongated sounds. But those clearly pronounced ./ou/
are represented as they are. Vowel duplications such
B 3 v i ) u x e b o as /oo/ and /ee/ are sometimes transcribed into elon-
7 K a E K i { ku 7 k e et K o gated sounds to take account of the actual pronuncia-
. tion.
& sa L si 7 su ¥ se ¥ so ion )
| . < t e ¥ to Ex: )* & 7 (Tuesday) - kayo-
| = ta b ¢t ' Doty 0 : Ex: & 4 (to go) - kayou
| 1 na & ni % nu N ne n _

. ~ R 3 h o 6) Of the 1< (ta)-line sounds "' and ' ' are represen-
¢ h a ) h ! o hu ~ & ted as /ci/ and /cu/ respectively. Their voiced sounds
F ma & mi X mu & me 4 mo are represented as /zi/ and /zu/, not /di/ or /du/.
* ya ® yu § v

, n r F 3 r o Table 2 shows a part of the entry words represented ac-
5 ra Y rd C it cording to the above mentioned rules. Entries in the Table 2
1’7 W a & W ’é wE % w0 are the serial number, the number of phonemes in each word,
A n and the accent type. The number of the words is 1755 which ex-
.b,\‘ ga g“ g | (‘: gu l')“ g e = go cludes homonyms because the accent type is not used to distin-
é.\ z a U‘ z i -aa‘ 7z u ® Z e ¥ Z 0 guish them in this paper. Some words which are not classified

~ 2 - ~ » d as the most important are included in this set due to error in
12 da v zi 9 zu T de ¥ 0 ato b —
. ~ ~ ata base creatian.
* ba U bi X bu ~N be W bo
¢ d 4 o ° Of these 1755 words, Table 3 shows the number of words

. ~0
Lf pa U‘o g O pu N pE td po counted by the number of phonemes and the number of syllables.
X Kk y a 3 k y u Xk K y O As seen from the table, 6-phoneme words are the most frequent
L sy a L e 5y u Lk SyYyo in terms of the number of phonemes; 2- and 3-syllable words are

the most frequent in terms of the number of syllables. The word
Ly tya b tyu bBr tyo . : e .
. 0 having the maximum number of phonemes is "Lodut 0 /zyu-icigacy
Ic nya [ nyu X ny (November) with 11 phonemes, and the shortest words are ' v'/i/
U2 hya U% hyu U0:r hyo and '%,'/e/, consisting of one vowel.
Ao mya A% myu Ak myo
o rya Y% ryu Y ryo DISTINCTIVE FEATURES
3 a & u ¥ gyao
é\f‘ gy R gy L\\ A phoneme sequence of a word thus obtained is then trans-
(A Zya U» Zy u “t zyo formed into a matrix of distinctive features [7]. The distinc-
B ZYy 3 5y Zy u 5k ZYyo tive features of the phonemes are shown in Fig. 1. That is, 12
Ut‘_\_\ b y a U‘\.b b y u U“‘k b Y O distinctive features ranging from ’'mora’ to 'nasal’ are assigned
an Dy a UP%’ Py u U‘ol Pyo to each phoneme. The same distinctive features are assigned for
/c/ and /t/ at present,
|
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Table 2: A part of the wordlist Table 3: Number of
words counted with pbtdkgszmnrhNqgqwydieaou
No. ¥ *F words (a) phonemes and
- (mora) I T U Y |
122 5 2 itoko (b) syllables \
| (vocalic) - = = = = = = - - = o= - - - - o+ o+ o+ I
| 123 7 3 itonamu ]
. (a) (consonantal) L I R I T T e
124 5 0 inaka ]
. . (high) RN N B I RN L i
125 5 1 inoci 1 2 |
. (back) - = e e m e e = = = . + = = = 4 4 4 1§
126 5 2 ibaru |
i 2 30 ! (low) -~ = = = 4 - - - - - - ¥ - == awE + - =
127 4 0 ihaN . !
. 3 87 i (anterior) + + + + = =+ 4+t mm = m e e == =
128 3 1 ima | |
. (coronal) - et mm o= = = e R = I
128 3 1 imi 4 2395 [
. (obstruent) R
130 6 4 imo-to '
131 3 1 iya > 372 (voiced) S+t =+t =+ — kot -+ = o+ 4+ o+ 4o+
. 6 536 (continuant) - = = = = =+ - = - = =+ o+ o+ o+ 4
132 B 2 iyoiyo
o (nasal) = = = = = = = = = Y - .
133 4 0 iral 7 256
134 7 0 iriguci 5 s
135 3 0 iru Fig. 1 Distinctive features of phonemes |
136 5 0 ireru 9 28
137 3 2 iro 10 6 ‘
138 6 0 iroiro ; Some of the '+’ and '-' in Fig. 1 could be derived from
139 3 2 iwa " the others by phonological rules [7] (for example, if 'conso- ‘
140 4 2 1 wau nantal’ is '-', 'obstruent’ must be invariably '-'). A value
141 6 0 iNsacu (b) '1' 1s assigned if its distinctive feature is '+' and '0' if i
142 5 0 TR '-', to obtain a 12-dimensional (12-bit) 1-0 pattern for one |
1 49
143 2 0 ue Pjemgmet. |
144 4 0 ueru 2 740 Each phoneme 1is assigned a duration as shown in Table 4. |
145 6 0 ukagau 5 216 This duration is mostly based on the mean values of experimen-
148 5 0 ukabu - tal data [B] and corresponds to the duration of the phoneme |
147 3 0 uku 4 225 when a speech is uttered at an ordinary speed. As is apparent ‘
5 24 from Table 4, /t/ and /c/, which are given the same distinc- !
* No. of phonemes, ** accent type 5 1 tive features, have different duratian. i
Since the phoneme at the initial position of a word is ge- I
nerally uttered short and the word final phoneme long, the du-
ration of a word initial sound is 0.7 times as long as that in :
Table 4. The duration of a word final sound is 1.5 times as |
I
long as that in Table 4. The elongated sound symbol makes the
duration of the preceding vowel 1.5 times as long.
:




Table 4: Duration of phonemes in ms

A 12-dimensional step sequence in the form of a time se-
ries is obtained in terms of these distinctive features and the
duration for the phonemic representation of each word. Fig. 2
shows the example for /aka/ (red). In this figure, the hill cor-

responds to the distinctive feature '+' and the valley to '-

a k a

(mora) :

(vocalic) I

(consonantal)

(high)

(back) [

NN

(low) I

(anterior)

(coronal)

(obstruent)

(voiced) |

LL

Fig. 2 Input sequence (continuant) |

of /aka/ (red).
(nasal)

| ]
D[D 0!1 0[2

Time in sec.
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SECOND-ORDER LINEAR SYSTEM MODEL

The time series of Fig. 2 is used as input to the second-

order linear system [3] of critical damping.

= (1) (k)
F () = (tatg,aent,_oF 0L F (R

t-t
- (k) (k-1 k-1
= f () <F F ) {1 -1 e L o)

t-t
k~1
——T———J} u_ylt-ty _q)

(1)) _ g1 (o _ E
FrltstgsF ' 7) = F1 10, (£5=0) for k = 1

exp (-

08

where f(t) is the output at time t and F(k]

is the input (1 or
0) at time tk—1 (k = 2,3...,N), the input coming in succesive-
ly at each time period. T is the time constant of the system
and u_y the unit step function.

Eq (1) may be represented in the form of Z-transform as

follows:

£ (8) = F(L)
£ (t) = (1-r)2F+20F (£-T) - 02F (t-27)
" (2)
F=F (b €t <t
r = exp (-T/%)

where T is the sampling rate.

The sampling time is chosen to be 10 ms. The feature 'mora’
is given 5 ms as the time constant; 'nasal’ is given 10 ms be-
cause it changes relatively fast experimentally, and the other
10 distinctive features are given 30 ms respectively. The lat-
ter value fits to the pattern very well when the formant fre-
quency [3] is used as parameter.

Fig. 3 shows, for some words, the step input of the dis-
stinctive features and the output response of the second-order
model. A small discrepancy between the rise of continuouspara-
meter and that of step input is due to the difference between

the sampling rate and the timing of the step input. No calcu-




mora
voc.
cons.
high
back
low
ant.
cor.
obstr.

voiced

contin.

nasal
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(a) ' (b)

e [ —
O e

N IT>F—
___I:::%:::==__ |

Poft Tolz ofo Tofr Tolz Tols Tola

Time in sec.

Fig. 3 Time patterns of distinctive features of the words
(a) /aka/ (red), (b) /seNkyo/ (election), (c) /do-zyo-/
(sympathy) and (d) /macuri/ (festival)

3 (continued)
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Fig.
€))] (d)
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back W _I/—BME_
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ant. r-T:::::===L::::F“‘~—~— r__r\“““-E::%‘“~I:¥:===___
cor. r_E::::==J:::q““““-—— (::3——~1:1:===__
obstr. | Lol e A
voiced [ I E::f’ﬂﬁ_ﬂr_
contin, _]/"1 M
nasal r_}kh
ofo "ol Tolz Tals ToJalo ' olr ' olz ' ols
105 ]
- -q"ﬁ*ﬂh—_d_ﬂ'j_w —th
. e
10 e
i el
i 103_3_1_-—+ —#
a
o
[
g 102 -
[
o
& 10
0
E
2 - T
Distance 00,5 1. 1.5 . 2,0 2.5

Fig.

4 Distribution of distances of word pairs
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lation has been done for the discrepant portion. For example,

the number of calculations (number of frames) for the word of

duration 295 ms is 29.

DYNAMIC PROGRAMMING

The distance between the words is calculated using the con-
tinuous pattern thus obtained. Every word has the same dimen-
sion or 12 distinctive features, but its number of frames is
different. The distance is calculated by a method of dynamic
programming (abbreviated as DP), so that nonlinear matching of
those words could be performed [38]. The details are in the re-
ference. A brief description is given in the following.

Let W1 be a word consisting of I frames and W2 a word con-
sisting of J frames. Let us denote By 33 the i-th frame 12-di-
mensional vector of w1, and by Ej the j-th frame 12-dimensio-

nal vector of w2. Let the distance between a; and Ej be

d(i,j) = Il_a_i - Ej I (3)
Let us denote the combination of the time by Cy
CI (1k,Jk) k =1,2...,K (K =1Ior J) (4)
where c, = (1,1) and og = (1,3)
- - . .
and i, i B= 5 (lm * I, Jo # 1)

With these notations, the distance between two words be-

comes:
- 1 nin(y
D(W1.W2) =R Mén<<=F(CkJ -Ak) (5)
where
K
N=X 4o =1+ 3 -1 (B6)

Ak is the distance along a path tracing the error and has
the value one if proceeding by one in the direction of ik’ the
value one if proceeding by one in the direction of jk’ the va-
lue two if proceeding by one both in direction of :'Lk and jk

( in the oblique direction ). Other directions are not permit-

ted with the function.
In the actual computation using the computer, a table for

o 1 . . .
k 15 prepared and the following recursive expressions are
used.

d(i,3) + g(i-1,3)
g(i,j) = Min d(i,j) + g(i,j-1) (7)
2d(i,3) + g(i-1,3-1)

g(1,1) = d(1,1) (8)

1
DlW,,Wy) = §g(1,3) (9)

RESULTS

The distances of pairs of words selected from the set of
1755 words are calculated based on eqs (5) and (9). Since the
total number of the word pairs is

1755[32 = 1755 + 1754 : 2 = 1539135 (10)

the following criterion is used to reduce the number of cal-
culations. Namely, the distances for only the pairs (wq,wz)
satisfying the relation

>
P1 = P, (p1 = pyl
P, Z2p (p, < p5) o
2=°" Pq < Py
are calculated, where F’,| is the number of phonemes of word w1
and PZ the number of phonemes of word W2. For example, the dis-

tances from a word having 4 phonemes are calculated for only

those words having 2 to 8 phonemes. Distances from the words

having one phoneme or over 8 phonemes are not calculated. The
number of word pairs is thus reduced to 1447091 as seen from
Table 3.

Fig. 4 shows the distribution of the number of word pairs
up to the distance D(w1,w2) £ 3.2. The distribution is approxi-
mately normal. ’

Table 5 shows the calculated distances (less than 1.5) of
the word /kioku/ (memory) (5 phonemes, 3 syllables) from the
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Table 5 (continued)

Table 5: List of words with short distance (less than 1.5)

from /kioku/ (memory) No. | a| b | word cl d| dist.] No. | alb| word . |c¢|d | dist.
No . a} word c|d| dist. | No. alb! word cld| dist. 1 477 1 6|3 | kudaku 8 |1.2001 631 63| koyomi 110 | 1.432

; | 434 | 4|2 | kuru 11 1.389] 632 ‘4 2 | koru 111 11.326

283| 7 3 kaikyu- | 20| 1.002 |500| 7 3 ke-kaku |2 0] 1.192 495 513 [ kurun | 010 | 1.379| 633 | 4{2 | koro 111 |1.425
284 | 6 3| kaike- |1j0| 1.332 |510[ 5,2 ke-ki [0 1| 0.602 200 Fafi2(fikuro 11 [1.433] 635 | 8|4 | korogaru|3|1 7 1.360
286 | 6 3 gaiko- |1.0| 1.268 |512|6l2 ke-ko- 1 1| 0.802 ggj 2 2 kuro- | 0|1 | 1.481| 637 |63 | korobu |1|0 |1.215
287| 7 4 gaikoku |21| 1.499 |519| 7|3 ke-yaku 2 0| 1.381 selka Of1 [0.778 1428 |6 2 | byo-ki [1[1 |1.413
203 | 3 2| kau 201] 1.486 | 520 | 4|2 kega 11| 1.227 508 |6:3 | ke~kai | 1|0 |1.008 |1497 .6 3 | bo-eki |10 [1.490
302 | 4 2| kagi 11| 1.445 | 521 | al2 geki 11| 1.054 397 |53 | kioku -
305| 4 2| kaku 111 1.362 | 529 | 8'3 kegkyoku 3 0 1.498 = '
317 | 4 2| kako 1]1| 1.486 |530 | 612 keako- 1 1) 1.335 &+ number of phanemss, b: number of syllables,
359 | 5 3| kayou 0i0] 1.451 |540 4%2 keru 111 1.306 c: difference of phonemes, d: difference of syllables.
396 | 5:3| kieru 00| 1.189 |546 | 72 keNkyu- 2 1] 1.446
398 | 5!3| kikai 0:0| 1.436 | 547 | 6.2 keNko- 1 1] 1.495
389 | 412| kiku 11)1.137.]559 | 3 2 koi 24 1.329 | Table &: L _
402 5i2 kikDL Ui1 1.260 |J560 | 3 2 kou |2 1! 1.132 | 0 T:Tbs:o:Zmzzog:ddzz:aziiIZZ;ZSDGlps Founted ik
403 | 5{2| kigo- 0!1]1.250 |581 !4 2 ko-i 1 1] 1.350 \ (a)
425 | 5{2| kibo- 01| 1.490 |563 5 2 ko-ka 010.814
433 | 52| kyaku Di1 0.792 |564 7 3 go-kaku [2 0 1.420 ! 11 20 3 4 5 6 7 8 9 10 11 | =
434 | 5|12| gyaku 0,11 1.012 |566 7 2 ko-gyo- |2 1. 1.0898 | ‘ e
435 | 4{1| kyu- 192 1.167 |567 6 2 go-ke- |11 1.323
436 | 41| kyo- 112 1.235 |568 7 3 ko-geki (2 0 1.482 | 58[ 170 | 305 5
437 | 7|3| kyo-iku |2:0|1.093 |569 7 3 ko-koku i2 0 1.059 \ 363 | 772 | 845 | 381 :
436 512 kyo-gi |1 1| 0.791 |579 6 2 ko-cu- {11 1.08 e r ' ?
439 | 6/2| gyo-gi |[1%]1.113 |580 6 2 ko-do- 111 1.431 (b) 5 [4608 ] 974 | 594 4
442 | 7'2| kyo-cu- [2/1|1.031 |582 52 ko-ba 0 1 1.423 S T 3184 | 5973 | 1946 | 514 77 0 5
443 | 7:2| kyo-do- |21 | 1.477 |587 3 2 koe 21 1.471
444 | §°2| kyo-mi [1,1|1.495 |588 53 koeru 0 O 1.450 ‘ 2| 66912654 il i I | K L |
445 | 5 2| kyoka 0f1|0.779 {590 5 2 ko-to 01 1.276 3| 11014080 10013 1314 638 122 d . 7
450 | 5 3| kirau olo|1.433 |59215 2 ko-ru 01 1.352 ) 7527 | 3558 — 510 | 130 20 2 8
451 | 4 2| kiru 111 | 1.166 |594 | 6 2 kokyu- 1 1, 1.027 : o . ; 5
454 | 6 3| kiroku |10 0.438 |595|6 2 kokyo- 1 1] 1.333 0 52 198 117 6
463 |3 2| kuu 211 | 1.052 | 596 | 6 3 | kokugo 1 0 1.447 5 0 0 4 3 0 0 L’ i
464 | 5.2 | ku-ki al1|1.070 | 599 513! kogeru |1 0] 1.359 o : = - = P -

* number of phonemes, ** number of syllables
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other 1721 words (excluding the thirty-two 1- and 2-phoneme Table 7: Number of short-distance word pairs of eight
words and one 11-phoneme word). Entries in the table are, from types with examples g error
left to the right, the word number, number of phonemes, number
of syllables, phanemic transcription of the word, difference * r % examples
of the number of phonemes, difference of the number of syllab-
les, and the distance. As seen from this table, the word nea- Av 5 /narau/-/naru/
rest in the distance to /kioku/ is /kiroku/ (record). Next Ae | 15 | /kaeru/-/kareru/
come /ke-ki/, /kyoka/, /kyaku/ in this order. Words in #‘(ka)- i he 9 /kyo-cu-/-/ko-cu-/
line appear very frequently. But words such as /byo-ki/ and | B 282 /hiku/-/huku/
/bo-eki/ are also seen. c IS /takai/-/tagai/

Table 6 shows the number of short distance (less than 1.5) 0 N /kiqto/-/kigpu/
word pairs counted with phonemes and syllables for the 44177 ) 19 /kuro/-/kuro-/
word pairs in all. In Table 6(a) the entry O shows that none B F 45 /sici/-/sire-/
of those calculated in the range of eg (11) have a distance less B B 37 /tokeru/-/tokora/
than 1.5. Blank entries in (a) show that no calculation was B Av 28 /ko-sai/-/ko-su/
performed due to the condition (11). The table shows that pairs AcAv 21 /oku/-/okuru/
with 6-phoneme words have the largest number. This is because FF 18 /ko-syu-/-/kosyo-/
6-phoneme words are the most frequent. Pairs with 4-phoneme CF 16 /ke-ki/-/geki/
words and 5-phoneme words also have many short distance words. CB i 15 /sikaku/-/zikoku/
On the other hand, some of those with a fairly different num- Dghgr 14 /se-me-/-/te-ne-/
ber of phonemes (e.g. 4-phoneme words and 8-phoneme words) have 2 typ. 89 /do-gu/-/daku/
quite a few short distance words. B AcAv 10 /hazimaru/-/hazime/

In respect to the number of syllables in Table 6(b), pairs B BB ] /se-siN/-/soseN/
to 2-syllable words and 3-syllable words are frequent. This is Others 62 /yaburu/-/yamu/

because 83% of the total is occupied by the words of these syl

lables. In spite of a fairly large difference in the number of
phonemes and the number of syllables, some have shart distance * error types
(e.g. /iyoiya/,/yo-/). **  number of error types

Table 7 shows addition and deletion of phonemes for word

pairs of distance less than 0.5 (923 word pairs). They are

Av: deletion or addition of a vowel.

Ac: deletion or addotion of a consonant.

classified into the following 8 types: Ae: del. or add. of a syllabic nasal or a choked sound.
B replac t
Av : deletion or addition of a vowel, C Dl EMEF B WRESLSE
replacement
Ac : deletion or addition of a consonant, D Dl ent OF ConEenanEc,
replacement of
Ae : deletion or addition of a syllabic nasal, a double lsyllables.
E rep. of syllabic nasal with choked sound.
F

consonant or a contracted sound,
del. or add. of an elongated sound.

B : replacement of vowels,




replacement of consonants,

replacement of syllables,

replacement of a syllabic nasal or a double conso-
nant with a contracted sound,

F : deletion or addition of an elongated sound.

The type E did not occur. The number of occurences of the
other 7 types are shown in Table 7. Types B and C are particu-
larly frequent. Of the 64 mixed types such as BC (BC and CB
are of different caregories), 23 types are within the distance
0.5. BF (vowel replacement and elongated sound deletion), BB
(duplicated vowel replavement), BAv (vowel replacement and
vowel deletion) and AcAv (one-syllable deletion) are among the
frequent occcurences. Mixture of more than two types occur ra-
rely (there are 35 such types in total), but some can be ob-
served such as BAcAv (vowel replacement and one-syllable dele-
tion) and BFB (double replacement of vowels and deletion or

addition of an elongated sound).

DISCUSSION

Investigation of Japanese word distance on the continuous
parameter level shows, as expected, that those which are close
in the number of phonemes and syllables are found frequently
among those having short distances. Particularly, the replace-
ment of sounds within the same row or column in Table 1 ( i.e.
replacement of vowels or consonants ) is observed frequently.
This is natural from the structure of Japanese words. That is,
some nouns are derived from infinitive forms of verbs as
/simekiru/-/simekiri/ (close-closing); some intransitive verbs
and transitive verbs have similar forms as /cumaru/-/cumeru/
(be full - fill).

Also interesting is the existence of word pairs with a
fairly large difference in the number of phonemes and syllab-
les but having a short distance. For example the pair /yabureru/

-/yamu/ (tear - stop) are doubly different in both the number
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of phonemes and syllables, but its distance is within 0.4% of
the lower end in the distribution of the whole distances. This
seems to be related to our word perception, but needs further
confirmation through hearing experiments.

The problem in this experiment is the modeling. The dis-
tinctive features of phonemes are taken into account. But these
are treated as intrinsic to the phonemes. Some feature values
must be changed depending on the preceding and/or following
phonemes. This is a problem left to the future, as well as the
choice of distinctive features and the time constant.

The word accent is not used here. However, the distinction
of homonyms by accent [10] is common in Japanese. Description
of word accent by continuous lines [11] should be adopted in
the future.

Detailed data are obtained for the 44177 word pairs of the
distance less than 1.5, and it is possible to construct a con-
fusion matrix to indicate the similarity of words. Since, how-
ever, this requires a further analysis of the data, it remains
to be investigated in the future.

ABSTRACT

Basic words selected from a Japansse dictionary are trans-
cribed into a series of phonemes, which are then rewritten in-
to dictinctive features with a value of 1 or 0. A series of
distinctive feature vectors is used as inputs to a second-or-
der linear system model which transforms input step functions
into continuously changing parameter values. Distances between
each word pair in the dictionary are calculated using dynamic
programming based on continuous parameters. The distances can

be used for the study of discriminability between words.
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VERTEILUNGSW@RTERBUCHER UND GRUNDWORTSCHATZ

N.D. Andreev, Leningrad

Die Geschichte lehrt, daB den stabilsten Bestandteil des Sprach-
systems der lexikalische Kern bildet, den wir terminologisch
préziser als Grundwortschatz der Sprache bezeichnen. In der Tat
weisen die Mengen der Flexionsmorpheme in der Grammatik des Hin-
di einerseits und in der Grammatik des modernen Englisch ande-
rerseits kein solches gemeinsames Element auf, von dem man sa-
gen kdénnte, daB in ihm die ‘Abbildung eines und desselben indo-
germanischen Archetypus enthalten sei. Ganz anders steht es um
den Wortschatz. Es genligt, nur ein Beispiel anzufiihren: Dem rus-
sischen noc (aus dem gemeinslavischen *n08#) entsprechen das
englische nose (das auf das urgermanische *nagsu zurlickgeht) und
im Hindi das Wort n@k (von der altindischen Form nZsika, die von
nGea abgeleitet ist). Es zeigt sich also, daB sich das betrach-
tete Element des Grundwortschatzes iber die Jahrhunderte und die
Jahrtausende hinwég erhalten hat, und zwar mit einer erstaunli-
chen Stabilitat, die um ein vielfaches groBer ist als diejenige,
die wir bei beliebigen grammatischen Morphemen feststellen kén-
nen.

Der Grundwortschatz der Sprache weist nicht nur das Merkmal
der diachronen Stabilit#t auf, er spielt auch eine wichtige Rol-
le bei der Organisation der sprachlichen Synchronie) denn er ist
diejenige Invariante, die fir beliebige Kommunikationsbedingun-
gen charakteristisch ist, in den verschiedensten Anwendungsbe-

reichen der Sprache benutzt wird und wie gine Klammer alle Tra-
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ger elner Sprache vereinigt, indem sie deren soziolinguistische
Gemeinsamkeit konstituiert.

All diese Behauptungen sind unbestritten, Gegenstand der Aus-
einandersetzung ist ein anderes Moment, die Frage né&mlich, wo
genau die Grenzen des lexikalischen Kerns einer Sprache verlau-
fen, anders ausgedrickt, worin die objektiven Kriterien beste-
hen, die es erlauben, den Grundwortschatz als das Zentrum des
Wortschatzes einer Sprache abzugrenzen.

Das vollsténdige Scheitsrn aller Versuche, eindeutige Unter-
scheidungsmerkmale des Grundwortschatzes in einem System rein
gqualitativer Oppositionen zu finden, hat die Sprachwissenschaft
gezwungen, auf gquantitative Kriterien zurlickzugreifen. Leider
erhielt man auch hier nicht sofort eine Antwort: Der elementar-
statistische Ansatz, wie er in der Schaffung von Frequenzwdrter-
blichern zum Ausdruck kommt, hat nicht nur das Problem nicht ge-
lédst, sondern ndhrte im Gegenteil Zweifel an seiner Lsbarkeit,
da sich letzten Endes herausstellte, daB einige Wdrter, die ein-
deutig einer eng spezialisierten Subsprache zuzurechnen sind,
einen hohen statistischen Rang aufweisen (vgl. beispielsweise
das Substantiv 6ouman Bootsmann in dem Frequenzwérterbuch der
russischen Sprache aus dem Jahre 1977 ["YacToTHuoi cnoeapb pycc-
HOro A3bkKa", MockBa: Pycckub Aswk, 1977]), wihrend andere Wérter,
die unzweifelhaft dem Grundwortschatz angehdren, einen sehr viel
niedrigeren statistischen Rang besitzen (vgl. beispielsweise das
Verb saboTuTecA sich sorgen, sich kidmmern in demselben Worter-
buch mit einer Frequenz, die genau dreimal niedriger ist als die
des Wortes 6GoumaH).

Einen Ausweg aus diesen Schwierigkeiten bietet dis Konzeption

des Verteilungswdrterbuches. Diese Konzeption beruht auf der kla-
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ren Erkenntnis der Tatsache, daB die Auftretenshdufigkeit eines
Wortes in Texten eine Funktion zweier Argumente ist. Erstens
hangt sie ab von der Anzahl der Autoren, die dieses oder jenes
Lexem gebrauchen. Dieses Argument wollen wir als Repridsentations-
maB eines Wortes bezeichnen. Zweitens h&ngt die Auftretenshaufig-
keit auch davon ab, mit welcher Intensit#dt einzelne Autoren ein
gegebenes Lexem verwenden. Wir wollen dieses Argument die indivi-
duelle Gebrauchsvariabilitdt eines Wortes nennen.

Das Repr&sentationsmaB eines Wortes wird bestimmt durch die
Wechselwirkung zwischen den innersprachlichen Systemrelationen
und den auBersprachlichen Bedingungen des Funktionierens der
Sprache. Die individuelle Gebrauchsvariabilit&t hingegen héngt
vor allem mit subjektiven Faktoren zusammen und muB als Rauschen
behandelt werden, das das Siénal {iberlagert. Entsprechend wird

im Verteilungswdrterbuch - abweichend von den Frequenzwdrterbl-

chern - als Grundcharakteristik des Wortes dessen Représentations-

maB angesehen. Dieses wird anhand eines Korpus von Textabschnit-
ten ermittelt, die jeweils gleich lang sind und den Werken einer
hinreichend groBen Zahl verschiedener Autoren entstammen.

Neben dem allgemeinsprachlichen ReprdsentationsmaB, das die
systemhaften Beziehungen innerhalb des Wortschatzes einer Spra-
che widerspiegelt, gibt es auch suzsprachliche Représentations-
maBe, die durch die auBersprachlichen Bedingungen des Funktio-
nierens der Sprache in der Gesellschaft induziert werden. Bei-
spielsweise ist das Verb GpaTe nehmen in einem Korpus von Text-
stichproben, die den Werken von 500 Autoren entnommen wurden
und jeweils 2000 Wortformen umfafiten, mit dem allgemeinsprachli-
chen ReprésentationsmaB 159 vertreten, d.h., innerhalb des be-

trachteten Textmassivs wurde dieses Verb von fast jedem dritten
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Autor gebraucht. In Techniktexten hingegen ist sein subsprachli-
ches Repr&@sentationsmaB um mehr als das Doppelte kleiner als das
allgemeinsprachliche: In Stichproben von Texten, in denen tech-
nische Probleme behandelt werden, verwendet im Durchschnitt nur
ein Autor von sieben das Verb GpaTe. In Dramen hingegen 13Bt
sich das gleiche Verb bei gleichem Stichprobenumfang durchschnitt-
lich bei jedem zweiten Autor beobachten, d.h., hier Ubersteigt
das subsprachliche ReprisentationsmaB das allgemeinsprachliche
sehr deutlich.

So gelangen wir zu dem Begriff der Gleichm&Bigkeit oder der
Ungleichm&Bigkeit der Verteilung des Wortes in Subsprachen, der
einen objektiven MeBwert des Wortes hinsichtlich seines Verh&lt-
nisses zum Grundwortschatz darstellt.

Wir wollen nun die antonymen Begriffe der Neutralitdt und der
Wertigkeit des Wortes in bezug auf einzelne Subsprachen einfiih-
ren.

Wir sagen, eine lexikalische Einheit sei neutral bezliglich
irgendeiner Subsprache, wenn ihr subsprachliches Représentations-
maB um nicht mehr als das Doppelte von dem allgemeinsprachlichen
abweicht, d.h., wenn es dieses um mehr als das Doppelte lber-
schreitet bzw. unterschreitet.

Entsprechend sagen wir, eine lexikalische Einheit sei plus-
wertig bezlglich irgendeiner Subsprache, wenn ihr subsprachli-
ches ReprédsentationsmaB das allgemeinsprachliche um mehr als das
Doppelte Ubersteigt, bzw. es sei minuswertig, wenn es das allge-
meinsprachliche um mehr als das Doppelte unterschreitet.

Ein gutes Beispiel flr die Verwirklichung aller drei Situa-
tionen gleichzeitig bietet das Lexem sweoa SehluBfolgerung, das

bezlpglich der wissenschaftlichen Subsprache pluswertig ist, mi-
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nuswertig in bezug auf die kiinstlerische Prosa und das Drama

und neutral in Hinsicht auf solche Subsprachen wie die der inter-
nationalen Chronik, des Sports, der Technik und der Okonomie.

Es gibt Wdrter, die nur hinsichtlich einer Minderzahl von
Subsprachen neutral sind: arperaT Aggregat, HynaTech baden, nu-
wa Nahrung, woHubl jung, jugendlich. Andererseits existieren Wor-
ter, die in bezug auf die Mehrzahl der Subsprachen neutral sind:
6esycnoeHo unbedingt, nnaw Plan, WwHona Schule, BEpHYTbBCA zunvick-
kehren. SchlieBlich gibt es auch solche Worter, die in bezug auf
jede Subsprache weder plus- noch minuswertig sind, d.h., die den
héchsten Neutralitdtsgrad aufweisen: OuTe sein, BOgja Wasser,
gneso nach links, HOBWH neu.

Es muB unterstrichen werden, daB sich zwischen dem Reprasen-
tationsmaB und dem Neutralitétsgrad keine eindeutige Abh&ngig-
keit feststellen 1&Rt: Das ReprdsentationsmaB liegt bei dem Wort
6uTb sein fast dreiBigmal hdher éls bei dem Wort Bneso nach
1inke, doch ist der Neutralitatsgrad bei beiden gleichermaBen
maximal. Das ReprisentationsmaB des Wortes soha Wasser liegt ein
wenig unterhalb des MaPes des Wortes sun Aussehen, Art, doch der
Neutralitdtsgrad des ersteren liegt betrédchtlich hther, da das
Lexem BHg4 in bezug auf zwei Subsprachen minuswertig ist.

Es folgt daraus, daB gerade ein hoher Neutralit&dtsgrad und
nicht etwa ein hoher Wert des ReprésentationsmaBes das Hauptkri-
terium fUr die Zugeh@rigkeit eines Wortes zum Grundwortschatz ist.

Wenn im Rahmen eines Korpus von Textstichproben ein Wort in
keiner einzigen Subsprache vertreten ist, dann haben wir es mit
dem Extremfall der Minuswertigkeit zu tun, der als paradigmati-
sche Null im Subsprachenraum anzusehen ist. Das Vorkommen oder

das Fehlen solcher paradigmatischer Nullen verengt oder erwel-
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tert das AusmaB der Verbreitung des Lexems. Je weiter dieses
AusmaB ist, mit um so grdBersr Berechtigung kann man das Wort
dem Géundwortschatz zurechnen. Die hier in Rede stehende Cha-
rakteristik ist jedoch lediglich eine Ergénzung des Hauptkrite-
riums, d.h. des Neutralit&tsgrades des Wortes. Am interessante-
sten sind die systemhaften Beziehungen zwischen den subsprachli-
chen Pluswertigkeiten. Jede dieser Wertigkeiten verflgt dber
eine auszeichnende St&rke im mehrdimensionalen Subsprachenraum.
Wir werden alle Worter, die bezliglich einer und derselben Sub-
sprache pluswertig sind, als subsprachliéhe Phratrie betrachten.
Eine subsprachliche Phratrie stellt ein Analogon des semanti-
schen Feldes dar, unterscheidet sich indes von diesem in drei-
facher Hinsicht: Erstens wird sie objektiv ausgegrenzt, unab-
hidngig von den theoretischen Anschauungen des Linguisten. Zwei-
tens geschieht ihre Ausgrenzung nicht auf begrifflich-logischer,
sondern auf soziofunktionaler Grundlage. Drittens geschieht die
Formierung subsprachlicher Phratrien aufgrund eines quantitativ-
qualitativen Kriteriums, im Unterschied zu den qualitativen Klas-
sifikationen in den friheren Theorien der semantischen Felder.
Bei einem solchen Vorgehen zerfallen die Worter, die sub-
sbrachlicha Wertigkeiten aufweisen, in zwei Gruppen, die Gruppe
der einwertigen Wdrter, die lediglich je einer subsprachlichen
Phratrie angehtren, bzw. die Gruppe der mehrwertigen Wérter,
die jeweils gleichzeitig zu zwei oder zu drei subsprachlichen
Phratrien gehBren. Mehrwertige Worter, die den Phratrien zweier
verschiedener Subsprachen gemeinsam sind, bilden einen solchen
Teil dieser Phratrien, der relativ klein ist, jedoch auBeror-
dentlich wichtig fir das Verstdndnis der semantischen Relatio-

nen zwischen den beiden jeweils betrachteten Subsprachen.
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Wir werden sagen, zwei Subsprachen seien kowertig in Hinsicht
auf die Lexeme, die in den gemeinsamen Teil ihrer Phratrien ge-
héiren. Wir werden die Stdrke der Kowertigkeit zweier Subsprachen
in bezug aufeinander durch die Menge der mehrwertigen Woérter be-
stimmen, die in diesen gemeinsamen Teil eingehen. Verschiedene
Paare von Subsprachen weisen eine verschiedene Stdrke der sie
miteinander verbindenden Kowertigkeit auf. Der gegebene Faktor
gibt eine objektive Grundlage ab flir den Aufbau einer funktio-
nal-distributionellen Semantiktheorie als eines gesonderten Zwei-

ges der struktural-probabilistischen Sprachanalyse.

A STATISTICAL APPROACH TO SOME ASPECTS OF STYLE
IN Six OLD EncLISH Poems:
A CoMmPUTER-ASSISTED STUDY

Sandra J. Harmatiuk, Notre Dame

This study is based on two fundamental assumptions. The
first is that underlying the style of any literary work are
basic linguistic patterns which help to discriminate between
one writer and another. Secondly, these patterns are measur-
able and verifiable empirically through the sciences of lin-
guistics and statistics. The specific poems analyzed are The
Fates of the Apostles, Christ II, Juliana, Elene, Seafarer,
and "Oeor's Lament”. The last two poems were included as a
control group for purposes of statistical comparison. The
text for these poems fallows that of The Vercelli Book and
The Exeter Book, Volumes II and II1I of The Anglo-Saxon Poetic
Records edited by KRAPP and VAN KIRK DOBBIE. The linguistic
data were compiled using a computer program written especially
for this purpose.

The question raised is whether the proportionate distrib-
ution of selected linguistic items is really different, that
is, do they differ more than one would expect according to
the ordinary fluctuations of chance. One statistical procedure
for testing such fluctuations is the Chi-square [XZJ test
which measures the discrepancy that exists between the obser-
ved and the expected frequencies. The formula used to cal-

culate the value called Chi-square is:
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In this formula, o = the observed freduencies, e = the expec-
ted frequencies, and £ indicates that one should take the sum
of the individual calculations. In order to calculate these
values, it is necessary to set up a contingency table consist-
ing of rows (r) and columns (k) containing the raw data. The
expected frequency for any given cell in this table is com-
puted by the formula

row total Xx column total
N

where N = the total number of occurrences. A sample contingen-

cy table would appear as follows:

Col. 1 Col. 2
Row 1 A C A+ C
Row 2 ' B D B + D
A+B ' C+0D N N=A+B+C+0D

Since one function of statistics is to test the truth or
falsity of a given theory, a few words about the statement of
the test hypothesis must be made. In the simplest terms, the
experimenter begins with a theory which he wishes to test.
This theory is the research hypothesis, usually designated by
the symbol H1. In order to test this theory, however, another
hypothesis is formulated called the null hypothesis (HD) or
the hypothesis of no differences. In the Chi-square test,
which is a test of association, the null hypothesis takes the
general form of stating that the distributions being examined
are not influenced by membership in a particular group and

are, therefore, independent. Thus, for example, an examiner
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might analyze the possible influence of sex on the choice of
reading matter in a given population. A significant difference
in such a comparison would mean that a definite relationship
exists between sex and choice of reading matter. In the case
of this study, distributions of form-class (that is, distri-
bution of content words and function words) and certain syn-
tactic groups were analyzed for possible influence of member-
ship in a particular group (that is, appearance in a given
poem) on the distribution considered. The null hypothesis
states that the distributions are independent, that is, they
could appear with equal likelihood in any of the poems. The
research hypothesis, on the other hand, posits a relationship
of interaction between the distribution examined and the
group to which that distribution belongs. In order to reject
the null hypothesis in favor of the research hypothesis, it

is necessary that the calculated value of Chi-square be great
enough to result in a reading at a predetermined significance
level. The conventional level of significance for Chi-square
is any value which renders the probability of an error occur-
ring as equal to or less than five out of one hundred (p%.05).
To determine whether the calculated value is significant, it
is necessary to consult a standard Chi-square table. To find
the correct value of the obtained statistic, it is necessary
to compute the number of degrees of freedom for the test run.
The formula for this is df = (r-1)(k-1) where r = the number
of rows in the contingency table and k = the number of columns
For a 2 x 2 table, this becomes (2-1)(2-1) = (1)(1) = 1. For
a 2 x 3 table, this becomes (2-1)(3-1) = (1)(2) = 2.

One additional statistical test was used for this study,
the analysis of variance test, which was used to analyze the
fluctuations in line length and sentence length for the six
poems. The null hypothesis for this test states that the means
of the different groups are equal, while the alternative hypo-
thesis states that they are not equal. As with the Chi-square
test, the level of significance, that is, that value of the
statistic which allows rejection of the null hypothesis, is
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any value £ .05,

To calculate the analysis of variance statistic, it is
necessary to compute the individual means for each group,
the deviation of members within the group from the mean, the
combined means of all the groups, and the deviation of each
member from the combined mean. The computation of the group
mean and the deviations around that mean lead to the calcu-
lation of the within-groups variance, while the computation
of the combined mean, usually called the grand mean, and the
deviations around it lead to the between-groups variance.
Each deviation around the groupmean is squared and the sums
of these squaresare placed in the appropriate table. The
same procedure follows for the deviation around the grand
mean. The next step in the calculation is to divide each of
these values by the appropriate degrees of freedom. The form-
ula for the degrees of freedom is:

df total = n - 1

dfbg =k -1

df =r - 1.
we,

To compute the F statistic or variance ratio, the larger
mean square is divided by the smaller:

2 mean squarep
mean square, .
To determine the level of significance, it is necessary to
consult a standard F table.
The following linguistic distributions were considered

in this study:

1. Overall occurrence of content words / function words
in the poems (see Table 1)

2. DOccurrenceof content words / function words at the
beginning of sentences (see Table 2)

3. Occurrence of content words / function words at the

end of sentences (see Table 3)

4, Distribution of sentences according to number
of clauses (see Table 4)
5. Distribution of sentences with and without sub-
ordination (see Table 5)
6. Distribution of independent / dependent clauses
(see Table B)
7. Distribution of relative / subordinate clauses
(see Table 7)
8. Distribution of sentence connectivity
(see Table 8)
9. Distribution of the connective da (see Table 9)
10. Distribution of adverbs as head of subordinate
clauses (see Table 10)
11. Distribution of determiners as dependent clause
head (see Table 11)
12. Line length variance (see Tables 12, 13)

13. Sentence length variance (see Tables 14, 15)

The comparison of the results of tests on Items 1-3
above yielded the following results. In overall distribution
of content words and function words for the six poems the
calculated value of X2 (15.78) exceeds the tabled value of
X2 at the .05 level (see Table 1); therefore, the null hypo-
thesis can be rejected in favor of the research or alternatiw
hypothesis. The two poems that fall farthest outside the
theoretical frequencies are Fates of the Apostles (Poem 1)
and Juliana (Poem 3). The null hypothesis is also rejected
in the third comparison (see Table 3). In this case, the
poem falling farthest outside the theoretical frequencies
is "Deor” (Poem 5). There is no significant difference in
the distribution of function words and content words at the
beginning of sentences (see Table 2).

Before continuing with a discussion of the statistical
tests on syntactic units, it would appear worthwhile to dis-
cuss the determination of these units. The level of the syn-

tactic unit analyzed at the outset of this discussion is
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that of the sentence. It is here that the computer proved
useful. A morphologically coded text for each poem was stored
on tape and scanned for end-stop punctuation. A computer
printout of the text 1s obtained which presents the text
vertically rather than horizontally. One word is printed

on a line while blank spaces indicate the beginning and end
of a unit. In order to understand how the syntactic program
operates, let us examine the first sentence of guliana which

comprises the first seven and one-half lines of the poem:

Hweet ! We deet hyrdon haled eahtian,

deman deedhwate , PEttB in dagum gelamp
Maximianes, se geond middangeard,

arleas cyning, eahtnysse ahof

cwealde cristne men, circan fylde,

geat on greeswong godhergendra,

h@pen hildfruma, haligra blod,

ryhtfremmendra. (11. 1-8a)

The coded text for this same line appears as follows:

FIOO! FSOO FDOO VTON VTAN,
VTAN AOCE, FDOO FPOOC NOUM VIOO
NOES, FDOO FPOO NOOO,

VTDE AONE NOOO, NOAN VTDE,
VT0OO FPOO NOOO NORA,

AOOD NDGA, ADRA NOOOG,

VTRA.

Once sentence boundaries are established on the basis
of end-stop pnctuation (commas and semi-colons are ignored
since there is some inconsistency in their use by the editors
of the text), it is possible to analyze the structure for
clausal relationship. The text may be diagrammed as the sam-

ple from Juliana (1l. 1-8a) demonstrates (see Figure 1):
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FIOD
FSO0
FDOO
VTON
NOOO
VTAN
VTAN
ADOE
FDOO
FPOO
NOUM
VIOO
NOES
FDOO
FPOO
NOODO
ADOD
NOOO
NOBE
VTOO
VTDE
AONE
NOOO
NOAN
VTDE
VTOO
FPOO
NOOOD
AORA
NOOO
VTRA

(Hwaet ) = ~~=------

—_— IC

(deedhwate)-- - - - - _ ___. |

(Paatte)*******************
»*

|

(Maximianes )k kkoksk &k k & okk ok %

(5@ ) e e e o o ok o o o ok ok o ok ok o o ke ok
1

i
|
[
I

|
|
|
|
|
I
| |
| |
(cwealde)——— |
|
|
|

|

(fylde) — |

]
]
1
I
]
]
]
]
1
1
]
1
I
(geat) )

REkRkERERE Rk Rk Rk ARk kkkk kR kkkkk Rk kkkk bk ¥ KEkkkowk

[rhthrsmmendra]**********

Figure 1: Clausal Relationship of the first sentence

of Juliana
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In diagramming the sentence the solid line designates
the sentence unit. A broken line indicates the beginning and
end of an independent clause (IC), while the line of aster-
isks sets off dependent clauses (DC). In Figure 1, it can be
seen that the sentence is made up of one independent and two
dependent clauses. The second dependent clause contains a
series of four verbs which are logical predicates of the de-

terminer which opens the clause:

se geond middangeard,
arleas cyning, eahtnysse ahof,
cwealde cristne men, circan fylde,
geat on graswong godhergendra,
hapen hildfruma, haligra blod,
ryhtfremmendra.
( who throughout the earth,
/the/ cruel king, waged persecution,
slew Christian men, destroyed /the/ Church,
shed the holy blood of the worshippers of God,
/the/ heathen ruler.)

The determiner se in this clause functions as a relative
pronoun referring to the noun Maximianes which immediately
precedes it and further modified by the appositive phrases
arleas cyning and hx?en hildfruma. In the diagram, the con-
nection of these verbs to se is indicated by a series of
lines Jjoining each verb to the determiner.

After diagramming the sentences in the six poems in this
manner, clauses were classified as either independent or de-
pendent. Independent clauses are those clauses beginning with
any of the following: noun, verb, adjective, or sentence
connectives such as fordon, dus, etc. and functioning as the
main clause of the sentence. Dependent clauses were classi-
fied as either relative (Type I) or subordinate (Type II)

clauses.

After classifying clauses as independent or dependent, it
became possible to determine the distribution of sentence
length on the basis of the number of independent clauses con-

tained. Three categories were established:

Class 1: one independent clause * dependent clauses
Class 2: two independent clauses * dependent clauses
Class 3: more than two independent clauses % depen-

dent clauses.

Since the use of subordination may be an indication of
stylistic preference, the distribution of sentences with and .
without subordination was also analyzed.

In comparing sentences based on the number of independent
clauses, the calculated value of X2 (93.1) was great enough
to reject the null hypothesis at the .001 level (see Table 4) .
In comparing sentences with and without subordination it was
not possible to reject the null hypothesis (see Table 5).

The next series of comparisons performed dealt with the
distribution of independent and dependent clauses and the dis-
tribution of relative and subordinate clauses. In neither case
was the calculated value of X2 great enough to result in re-
jection of the null hypothesis (see Tables 6,7).

The text features considered in the next series of com-
parisons are the use (or absence in independent clauses) of
syntactic markers for the relationship of sentences and clauses.
Sentence connectivity may be indicated by simple juxtaposition
(parataxis) or on the basis of the use of a syntactic marker
indicating relationship (hypotaxis). Generally speaking, con-
nectives were found to fall into three categories: 1) sen-
tence connectives such as fordon, dus, swylce; 2) subordi-
nating conjunctions such as gif, deah; and 3) adverbs such as
swa, donne and determiners such as da, se etc. OFf the six po-
ems studied, "Deor” uses only the third type, while Fates of
the Apostles and Seafarer use types one and three only. The

remaining poems make use of all three types.
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In considering sentences for the distribution of para-

taxis / hypotaxis it was not possible to reject the null hy-

pothesis (see Table 8). For those sentences making use of

hypotaxis, the connective da would appear to be of some im-

portance. In comparing the use of da with other sentence con-

nectives (type 1, above) the calculated value of X2 was great

gnough to reject the null hypothesis at the .001 level (see
Table 9]. :

A word of caution should perhaps be interjected at this
juncture. In the use of the connective da and in the distrib-
g to the number of independent
.001 level

ution of the sentences accordin
clauses, the null hypothesis was rejected at the
In the former case, the fact that the con-

5 and 6 may simply be the
In

of significance.
nective da is not used in Poems 1,
result of the relative shortness of the poems themselves.

the latter case, the number of clauses indicated was arrived

at following the editorial p}aqtice of the texts used and may

not necessarily reflect the intentions of the original poets.

The use of symtactic markers for dependent clauses is
much more clearly evident for these poems. Relative clauses

may begin with an adverb, a determiner, or a pronoun. Sub-

ordinate clauses may begin with an adverb, a conjunction, or

a determiner. There is a significant difference in choice of

markers for both relative and subordinate clauses in the six

poems (see Tables 10,11).
The final items analyzed were the distribution of line

length and senterice length for the six poems. As was stated

the statistical procedure used for these comparisons
al-

garlier,
is the analysis of variance test. The calculated F-ratio

lows for rejection of the null hypothesis at the .05 level

(see Tables 12, 13 and Tables 14, 15).
Significant differences among the six poems are evident,
then, in eight of the thirteen comparisons made for this study.

The data may be summarized as follows:

DISTRIBUTION ANALYZED CALCULATED STATISTIC RESULT
Overall distribution
of Content Words /
F .
unction Words x2 = 15.78, p<.01 Reject H
Distribution of CW/FW :
at the beginning of
sentences x2 = 9.71; p>.05 Retain H
Distribution of CW/FW )
at end of sentences X2 = 51.6;5 p<.001 Reject H
Distribution of -
Sentence Type:
cl
ass 1, 2, and 3 x2 = 93.1, p<.001 Reject H
Distribution of )
Sentences with and
without subordination X2 = 7.02; p>.05 Retain H
s . in
. . a 0
Distribution of IC/DC X2 = 8.22, p>.05 Retain H
Distribution of Rela- :
tive / Subordinate
cl 2
auses X" = 8.,99; p>.05 Retain H
o
Sentence connectives X2 = 8.42, p>.05 Retain H
Use of da as a -
connective XZ = 37.68; p<.001 Reject H
Distribution of rel- )
ative clause markers X2 = 56.92; p<.001 Reject H
Distribution of sub- =
ordinate clause mar-
K 2
ers X = 20.34; p<.05 Reject H
Distribution of line =
1 2
ength X“ = 7.496, p<.05 Reject H
Distribution of sen- )
tence length X% = 2.896, p<.05 Reject H
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Where significant differences occur, the control poems

("Deor” and Seafarer) most probably account for these differ-

ences in three of the gight instances (items 3, 4, and 10).

When the contributing factor appears to be one or more of the
Cynewulfian poems, Juliana tends most often to fall outsids
the expected frequencies (items 1, 9, and 11).

In conclusion, although it must be stated that the data

analyzed hereare in no way exhaustive, they do , indeed cover

a number of distinctive linguistic vectors for the poems an-
alyzed. It should be noted that in the area of syntax only
very broad categories were treated. Using the data amassed
for this initial study, however, a more sensitive measuring
being de-

device may be possible and is presently, in fact,

velaped. It is to be hoped that the further information such
refinements will provide will prove a reliable basis for fur-

ther stylistic analysis of the 01d English poetic corpus.

SUMMARY

This study attempts to measure some linguistic features
of six 0ld English poems in an atteompt to arrive at an initial

statement regarding the authorship of the Cynewulfian poems.

The linguistic features considered are: form-class distrib-

distribution of sentence and clause types, the use or

and the distribution of line

ution,
absence of syntactic markers,

and sentence length.
This paper summarizes the results of a series of statis-

tical comparisons made on the existing data. On the basis of

the following statement would ap-
there is

the results of these tests,

pear valid. Although not, at this point, conclusive,
a strong evidence supporting a consideration of an authorial
difference between Juliana and the other Cynewulfian poems.
Further investigation with more sensitive measuring catego-

ries would appear justified.
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Table 1: Overall Distribution of Content Words/Function Words
Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem B
CwW 457 1584 2545 4700 145 487 9918
(425.5)| (1563.5) |(2631.3) [4666.2) |(142.9) (488.6)
Fu 210 867 1580 2615 79 279 5630
(241.5)| (887.5) |(1493.7) [2648.8) (81.1) (277.4)
667 2451 4125 7315 224 766 (15548
2
X~ = 15.78 df = 5 p<.01
Table 2: Distribution of CW/FW; Sentence Begin
Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem 6
CW 25 65 94 1889 B 19 398
(19.4) (61.6) (107.8)| (185.86) (8.3) (15.3)
FW 17 68 139 212 12 14 462
(22.6) (71.4) (125.2)| (215.4) (9.7) (17.7)
42 133 233 401 18 33 860
2
X< = 9.61 df = 5 p>.05
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Table 3: Distribution af CW/FW; Sentence End

Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem 6

CwW 42 127 217 382 10 30 808
(39.5) | (125.0) | (218.9) | (376.8) (16.9) (31.0)

Fu 0 6 |. 16 18 8 3 52
(2.5) | (8.0) (14.1) | (24.2) (1.1) (2.0)
| 42 133 233 401 18 33 860
%% = 51.6 df = 5 p<.001

Table 4: Distribution of Sentences According to Number of

Independent Clauses (Type 1, 2, 3)

103 -

Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem 6

1 35 117 212 351 7 15 737
(36.0) | (114.0) | (199.7) [(343.7) (15.4) (28.3)

2 6 12 17 39 9 11 94
(4.6) (14.5) (25.4) (43.8) (2.0) (3.6)

3 1 4 4 11 2 7 29
(1.4) (4.5) (7.9) (13.5) (0.8) (1.1)
42 133 233 401 18 33 860

22 g3.1 df = 10 p<. 001

>
"

Table 5: Distribution of Sentences with Subordination (WS)
and without Subordination (WQ)
Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem 6
WS 23 70 124 192 9 23 441
(21.5) (66.2) | (119.5) | (205.6) (9.2) (16.9)
Wwo 19 63 108 209 g 10 419
(20.5) (64.8) | (113.5) | (195.4) (8.8) (16.1)
42 133 233 401 18 33 860
2
XT = 7.02 df = 5 p>.05
Table 6: Distribution of Independent / Dependent Clauses
Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem 6
IC 53 162 266 462 32 79 1045
(48.8) | (163.1) | (283.9) | (458.4) (26.8) (63.1)
DC 29 112 211 310 13 36 711
(33.2) | (110.9) | (193.1) | (312.6) (18.2) (42.9)
82 274 477 772 45 1086 1756
2
X“= 8.22 df = 5 p>.05




Table 7: Distribution of Relative and Subardinate Clauses
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Table 9: Distribution of the Connective da

Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem 6
RC 16 56 91 174 % 20 364
(14.8) (57.3) | {(108.0) | (158.7) (6.7) (16.4)
SC 13 56 120 136 6 16 347
(14.2) (54.7) | (103.0) | (151.3) (6.3) (17.86)
29 112 211 310 13 36 711
2
X® = 8.99 df = 5 p>.05

Table B: Distribution of Sentences with Syntactic Markers (WM)

and Without Syntactic Markers (WOM)

Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem 6

WM 11 31 69 81 B 9 207
(10.1) (32.0) (56.1) (96.5} (4.3) (7.9)

WOM 31 102 164 320 12 24 653
(31.9) | (101.0) |(176.9) |(304.5) (13.7) (25.1)

42 133 233 401 18 33 B60

2
X" = B.42 df = b5 p>.05

Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem B.
da 0 6 32 46 0 0 84
(4.5) (13.5) (26.4) (33.5) (2.7) (3.6)
o 1
g 0 24. 27 29 B 8 104
= (5.5) (16.6) (32.86) (41.5) (3.3) (4.4)
10 30 59 75 5] 8 188
2
X = 37.68 df 5 p<.001
Table 10: Relative Clause: Word Begin
Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem b6
é 9 6 5 15 0 8 43
< (1.9) (6.6) (10.5) (20.6) (0.8) (2.4)
E 5 47 80 137 7 10 286
g (12.8) (44.0) (71.5) | (136.7) (5.5) (15.7)
[«
E 2 ] 6 22 0 2 35
P (1.5) (5.4) (8.8) (16.7) (0.7) (1.9)
16 56 91 174 7 20 364
2
X% = 56,92 df = 10 p<.001
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Table 11: Subordinate Clause: Word Begin

Poem 1 Poem 2 Poem 3 Poem 4 Poem 5 Poem 6
> 5 3o 43 76 4 7 165
O
< (6.5) (26.6) (57.1) (64.7) (2.9) (7.6)
> 2 6 25 30 0 3 66
it (2.5) | (10.7) | (22.8) | (25.9) (1.1) (3.0)
& 6 20 52 30 2 6 116
b (4.3) | (18.7) | (40.1) | (45.5) (2.0) (5.4)

13 56 120 136 6 16 347
2

X“ = 20.34 df = 10 . p<.05
Table 12: Line Length Data
POEM No. of Lines No. of Words Mean Mode S.D.
Poem 1 122 667 5.48 5 + 1.30
Poem 2 427 2451 5.74 6 + 1.13
Poem 3 731 4129 5.65 5] + 1.20
Poem 4 1321 7320 5.54 6 + 1.29
Poem 5 42 224 5.33 5 + 1.03
Poem 6 124 768 6.18 6 + 1.90
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Table 13: Analysis of Variance, Line Length

SOURCE df SUM OF SQUARES MEAN SQUARES
Between 5 63.6250 12.7250
Within 2781 4687.8125 1.6976
Total 2766 4750.8125
~

=7.4986 p<.05
Table 14: Sentence Length Data
POEM No. of Sent. No. of Words Mean Mode S.D.
Poem 1 42 666 15.86 10 |+17.38
Poem 2 133 2451 18.42 20 |+ 20.99
Poem 3 232 4128 17.78 13 |+ 21.07
Poem 4 400 7316 18.29 M |+ 21.77
Poem 5 18 224 12.44 5 |£15.34
Poem & 32 767 23.94 13 |+ 26.48
Table 15: Analysis of Variance, Sentence Length

SOURCE df SUM OF SQUARES MEAN SQUARES
Between 5 1938.8125 387.7625
Within 851 113939.8125 133.8895
Total 856 115878.6250
F = 2.896 p<.05
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ABERRANT FREQUENCY WoORDS: THEIR IDENTIFICATION AND USES

Alastair McKinnon, Montreal, McGill University

An aberrant frequency or "abfreq” word is one whose freguency in
some specified subset of a corpus represents a statistically
significant departure from its frequency in the whole corpus or
some other appropriate comparison text. In this paper we descri-
be a method for producing lists of such words for subsets of a
corpus and indicate some of their possible uses.

Most of our work in connection with this problem has been
done on Kierkegaard's Samlede Verker, a corpus of 54,259 types
and 1,942,032 tokens in 34 separate works ranging in size from
3,034 to 214,013 tokens. However, our method is not specifical-
ly tied to this corpus and we mention it only to provide the
context for some of our remarks and to permit the reader to
check our results should he wish to do 501.

The concept of aberrant frequency can be defined more pre-
cisely. Briefly, we say that a word shows aberrant frequency in
a particular book (or subset of a corpus) if its observed abso-
lute frequency in that book is statistically significantly dif-
ferent, at some level a, from its expected freqguency-. The null
hypothesis assumes that the word is randomly distributed through-

out the corpus, and the expected frequency is hence equal to the

* .
This research was done under a grant from the Canada Cqun01l
(now the Social Sciences and Humanities Research Council of
Canada) to which I am most grateful. (A.McK.)
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proportion of the total corpus represented by the book in gue-
stion multiplied by the number of tokens of the word in the
whole corpus. One way of operationalizing this definition is to
make use of the fact that under the null hypothesis, the obser-
ved frequency of a word in a book will be approximately normal-
ly distributed with mean and standard deviation determined by
book and corpus size and overall frequency of the word. Then,
if the actual observed frequency lies more than 1.96 standard
deviatione (i.e. a = ,05), say, from its expected value, we may
characterize the word as abfreg for that book.

This conception can be illustrated in terms of several of the
words shown in Table 1. Assuming an even spread, Abraham should
occur 5.38 times in Fear and Trembling and 1ts actual 231 occur-
rences represent 97.26 standard deviations from this expected
frequency. Similarly, Isaak should occur 2.46 times in this work
and its 111 occurrences represent 69.212 standard deviations.
So, too, for the rest of the words in this abbreviated list and
indeed the longer one of which it is but a small part.

This concept can also be illustrated in terms of a single
word as in Figure 1. For example, since Du occurs B8.716 times
in the corpus its expected frequency is 592 in EE2 (Either/Or,
vol. 2), 960 in AE (Coneluding Unscientifiec Postseript), and 20
in FV (On My Work as an Author). In fact, its actual frequencies
in these three works are 1,931,139 and 0. All these frequencies
are significant departures from the expected ones and represent
54.749, -26.507, and -4.527 standard deviations, respectively.
Each of these three values therefore falls outside the dotted
lines representing +1.96 and -1.96 standard deviations in this

figure. In fact, the first of these works is characterized by a
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significant excess of this pronoun and the last two by a signi-
ficant deficiencys indeed, this deficiency (and all that it im-
plies) is an important characteristic which these two works ha-
ve in common. Incidentally, this Figure shows all those works
in which Du is abberrant and the extent and way in which it is
S0.

Qur original msthod2 for identifying aberrant frequency
words excluded from consideration all words having corpus fre-
quency < 5 as well as all words showing frequency 0 in the waork
in question. fhese two decisions were due in part to doubts
about the distribution of such relatively rare words but it is
clear that both precluded the identification of certain aber-
rant words and were therefore unfortunate. More importantly,
this method assumed that randbmly chosen samples of all words
treated by it would show a normal frequency distribution, though
the normal approximation is only valid for words with relative-
ly high expected frequency in a book. As a consequence, it al-
most certainly identified as aberrant some words which were not
actually so and failed to identify as aberrant some which actual-
ly were. Finally, as Table 3 shows, the proportion of words
identified as aberrant was much larger in the case of our smal-
lest texts than in that of our largest ones and our results
therefore seemed overly dependent upon the size of the work in
question. All these appeared as objections to this method as
originally implemented and motivated the refinements which fol-
low.

The most obvious difference in our present method is that it
distinguishes between those cases in which the normal approxi-
mation clearly holds, i.e. in which the expected frequency of

the word in a particular book is > 20, say, and those in which
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it is less justified, i.e., the expected frequency < 20. In the

former cases the frequency distribution of the word is assumed

normal with:

where

=2
L]

number of tokens in the corpus

n; = number of tokens in text i
W, o= frequency of the given word in the corpus
wy = frequency of the given word in text i

Again, such words were identified as aberrant if the standardi-
zed score was > 1.960r<-1.96, i.e., if the observed frequency
did not lie within 1.96 standard deviations of the mean or, more
precisely, of the expected frequency for the work in questiona.
Under the null hypothesis, if the corpus is large enough, the

distribution of the observed frequency may be considered to be

W o.ong
—_— " Words having a value

a Poisson one with mean parameter
< 20 for this mean in a particular book were not assumed to sa-
tisfy the normal approximation4 to the Poisson and were treated

according to a more sxact method. They were discarded as non-
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aberrant unless they met the conditions laid down in Table 4.

This table was constructed from a table of Poisson probabili-
ties in such a way as to assure that the probability of rejec-
tion of the null hypothesis is about 5% evenly distributed bet-
ween the two tails of the distribution.

Note that the conditions tabulated here are all more or less
equivalent to the 5% significance level specified for words with
mean > 20. Of course, it is possible for such words to differ
even more significantly from their expected value. As already
indicated, though Abraham has an expected frequency of 5.38 in
Fear and Trembling, its observed frequency represents 87.26
standard deviations from this value and its significance level
is also very much higher. Hence, a standardized score for words
meeting these conditions was. calculated according to the formu-
lae cited above, though its interpretations is less clear cut
for the asymmetric Poisson than for the normal distribution
which is symmetric.

It is of interest that the number of cases having an expected
frequency > 20 constitutes only a very small proportian of the
total. We have not actually counted such cases, but it is appro-
ximately 34 times the number of words in the corpus having suf-
ficient occurrences to yield an expected frequency > 20 in an
average size work. Since that requisite frequency is 680, and
since there are only 303 such words in the corpus, the number
of such cases must be approximately 34 x 303 or 10,302. Since
this study dealt with 34 x 54,259 or 1,844,808 cases, it is ob-
vious that the vast majority were treated by the more exact op-
tion in the present method, i.e., according to the Poisson dis-
tribution.

The choice of 20 as a lower threshold for the suitability of
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the normal distribution is admittedly arbitrary. Examination of

the tabulated conditions, however, shows that near 20 the use
of the exact values coincided for all practical purposes with
the use of the normal approximation.

There are a number of reasons for accepting this present me-
thod as a satisfactory way of identifying aberrant frequency
words. By considering words having corpus frequency < 5 it is
rightly able to identify as aberrant a word occurring, say, 4
times but always in a particular work. Similarly, by treating
words showing frequency O in a particular work it rightly iden-
tifies as aberrant usually common words which are in fact total-
ly absent from the work in question. It has deleted certain
doubtful words identified by the earlier method and included
other revealing ones not selected by itE. It makes the reason-
able assumption that in certain cases the relevant distribution
is approximately normal but that in the vast majority of cases
it is necessary to have recourse to the more exact Poisson. All
the words which it identifies as aberrant are significant at at
least approximately the 5% level whereas the majority are sig-
nificant at a level so high that from a statistical point of
view their status must be regarded as virtually unquestionable.
Finally, as Table 3 shows, while it did not increase the pro-
portion of word types identified as aberrant in the largest
works, it substantially reduced the proportion thus identified
in the smallest works and to that extent achieves greater inde-
pendence of work size., We therefore recommend this method as a
simple and satisfactory way of identifying words which show an
aberrant frequency in a particular work and which may there-
fore be taken as characterizing that work and, equally, as di-

stinguishing it fraom others in the same corpus.
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This method can be used to identify all abfreqwords in any
actual work or artificially constructed subset of a corpus. De-
pending upon their intended use these words can be listed al-
phabetically or in terms of their number of standard deviations,
preferably in descending order. Such lists have a variety of
uses.

One of the most obvious and helpful of these uses is to pro-
vide an objective and accurate abstract or summary of the sub-
ject matter of a particular work. This is clear from Table 1
which lists all words showing 2 20.00 standard deviations in
Fear and Trembling. In fact, it would be impossible to recount
this work without constant recourse to all these words and in-
deed to many others much further down this ordered list. Natu-
rally, those words showing the highest number of standard devia-
tions are generally most obviously revealing and important but,
for reasons already indicated, the vast majority of words in
the entire list may and must be regarded as expressing some
characteristic of this work. Indeed, even the fact that certain
words are aberrantly "low” is revealing and important. Thus,
for example, the relative scarcity of Du, Dig, Din, and Dit re-
minds us that, despite its passion, the tone of this work is,
in an important sense, much less intimate than that of, say,
Either/Or, vol. 2 or Christian Discourses.

This method can also be used to produce a reliable and in-
formative abstract of a particular sub- or mini-text dealing,
for example, with some figure or concept. This can be done by
extracting all sentences containing the key or search word in
question, determining the frequency of each word type in this
new mini-text, and comparing this with its expected freguency

according to the formulae described above. Thus one can readi-
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ly discover those words in Kierkegaard's writings which are par-

ticularly associated with, for example, figures such as Hegel
and Socrates and concepts such as the System or, as shown in
Table 2, philosophys.

It is perhaps worth noting that both these approaches can be
taken one step further. As already indicated, an aberrant fre-
quency list shows those words which are most central in a par-
ticular work or most closely tied with the search word of a mi-
ni-text. In fact, it is possible to discover the way in which
many of these words are associated with one another by determi-
ning their corrected cooccurrence scores and inputting these in-
to some computer program to produce a two dimensional map or
three dimensional model giving a spatial representation of the
relations of these terms to each other within the text in que-
stion’. Thus one can identify the principal associations or
ties between the various abfreq words of a particular work or
mini-text. OFf course, these further procedures can be used with
a set of subjectively chosen terms but, given our method, it
seems more reasonable to begin with those words showing the lar-
gest number of positive standard deviations.

One can also use the various aberrant frequency lists and
the same sort of program to determine and represent the overall
relations between the various works of a corpusa. Briefly, this
involves comparing the aberrant frequency list for each pair of
titles, computing a similarity index showing the number of ab-
freq words common to both titles as a percentage of all ahfreq
words in these titles less those which are common, and inputting
these results into a program capable of producing a spatial re-
presentation of the overall relations of all the titles to one

another. This is possible because each abfreq word is some kind
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of expression of a characteristic of the title in which it oc-
curs.

It follows of course that one can use this same general ap-
proach to plot the overall relations of, say, 20 authors from
a given period or school. This can be done by comparing the ab-
freq list of each author with that of every other, computing
their similarity index and inputting these values into an appro-
priate program. Note that this procedure permits the comparison
of authors with respect to a large proportion of their vocabu-
lary and that it does so while at the same time excluding from
consideration those words whose frequency is such that their
use might be due to chance. Put anocther way, it permits large
scale vocabulary comparisons precisely in respect of those words
whose frequency is such that’ they must be regarded as characte-
ristic of the authors in question.

The above are but a few obvious examples of possible uses of
what we have called abfreq words. We believe that our method
for the identification of such words is now adequate and leave

it to the reader to imagine other possible uses.

Table 1. Words showing 2 20.00 standard deviations in Kierke-

M7 -

gaard's Fear and Trembling

Word Absolute Standard
Frequency Deviations

Abraham Abraham 231 97.260
Isaak Isaac 111 69.212
Almene the universal 104 44.570
Agnete Agnes 40 42.159
Sara Sarah 35 38.805
Havmanden the Merman 29 36.363
Abrahams Abraham's 35 35.863
Ridder knight 50 32.858
Helt hero 70 30.560
Kniven the knife 18 26.428
Agamemnon Agamemnon 14 25,265
Troens of faith (gen.) 76 24.877
tragiske tragic 39 24.634
Iphigenia Iphigenia 12 23.391
Troen faith 109 22.518
Morija Moriah 10 21.353
Absurde the absurd 31 21.297
han he 1018 21.077
Enkelte the individual 103 20.835
Morijabjerdet Mount Moriah 9 20,257




Table 2. Words showing 2z 10.00 standard deviations in philoso-

phy mini-text
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Word Absolute Standard
Frequency Deviations

hegelske Hegelian 23 44.34
nyeste newest 14 41.37
nyere newer 27 36.97
uphilosophisk unphilosophical 7 33.23
Smuler fragments 10 26.58
Candidatus candidate 3 21.75
Varkstederne workshops 3 21.75
Geschichte history 6 19.97
Theologien theology 6 19.27
Hegel Hegel 24 17.58
graske Greek 15 15.33
Theolog theologlan 4 14.32
moderne modern 10 13.24
Tidsskrift periodical 5 11.99
Seminarist seminarist 3 11.74
Philosoph philosopher 8 11.52
Taznken thought 11 11.29
kommende coming 3 11.17
dum stupid 7 11.01
1844 1844 3 10.67
Identiteten identity 4 10.67
begribes be understood 3 10.23
Ngdvendighedens of necessity (gen. 3 10.23
Lare doctrine 15 10.05

quency words in smallest and largest texts using

Table 3. Number and proportion of aberrant fre

earlier and present method
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Table 4. Frequency criteria for the identification of abfreq

words

10.3
12.0
13.0
14.5
16.0
17.0
18.5

20.0

10
11

12

0.025

10

11

12

14

12.0
13.0
14.0
14.5
15.3
16.0
17.0
18.0
18.5
19.3

20.0

15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

60

55

50

45

40

35

30

25

20

15

10
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Figure 1. Number of standard deviations of Du in works of Corpus
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NOTES
1 All the necessary information may be found in McKINNON (1875).

2 Cf. McKINNON (1976). The formulae described there were devi-
sed and implemented by Michael TO to whom I am most grateful.

3 The statistical formulae and the distinction between cases
having expected frequency >20 and <20 was suggested by Dr.
David SANKOFF to whom I am indebted and grateful. He has also
suggested a number of helpful improvements to the text though
I am of course wholly responsible for any errors which remain.
The programming for this method was done by Charles MORRIS.

4 For a justification of this assumption see, e.g., FREUND (1971).

5 For example, in the case of Fear and Trembling, it omitted
Ahnelse (inkling), allerlatterligste (most ludicrous), Amor
(Cupid), Anleeg (plan), etc., but included Achilleus (Achilles),
Ararat (Ararat), Augur (augur), Aulis (Aulis), etc.. Of course,
it is only fair to add that many of the same words are identi-
fied bv both methods.

6 A list of all words showing 210.00 standard deviations in the
philosophy mini-text is shewn in Table 2. This list is from
McKINNON (Forthcoming). This same paper also provides a fuller
account of the method sketched out in this paragraph.

7 A more detailed description of this method, though not using
abfreq terms as such, may be found in McKINNGON (1977).

8 See note 2 above. In fact, this study used our earlier method
for determining aberrant frequency and so presumably should
be repeated.
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APPENDIX

Title codes used

Af en endnu Levendes Papirer
Om Begrebet Ironi
Enten-Eller, Forste halvbind
Enten-Eller, Andet halvbind
Frygt og Bzven

Gjentagelsen

Atten opbyggelige Taler
Begrebet Angest
Philosophiske Smuler

Forord

Stadier paa Livets Vei

Tre Taler ved tenkte Leiligheder

Bladartikler, der staar i For-
hold til "Forfatterskabet"

Afsluttende uvidenskabelig Ef-
terskrift

En literair Anmeldelse

Upbygeelige Taler i forskjellig
Aand

Krisen og en Krise i en Skues-
pillerindes Liv

Kjerlighedens Gjerninger

Tvende ethisk-religieuse Smaa-
Afhandlinger

Christelige Taler
Sygdommen til Dgden
Indgvelse i Christendom

Synspunktet for min Forfatter
Virksomhed

Lilien paa Marken og Fuglen un-
der Himlen

Om min Forfatter-Virksomhed

"Ypperstepresten” - "Tolderen”
= "Synderinden"

in this study

(From the Papers of One Still Living)
The Concept of Irony

Either/Or, vol. 1

Either/Or, vol. II

Fear and Trembling

Repetition

Edifying Discourses, vol. I & II
The Concept of Dread
Philosophical Fragments
(Prefaces)

Stages on Life's Way

Thoughts on Crucial Situations in Hu-
man Life

A small part available as "A Passing
Comment on a Detail in Don Juan”, in
Crists in the Life of an Actress

Concluding Unscientific Postscript

Two Ages

In English as two separate volumes:
Purity of Heart and The Gospel of
Suffering

Crisis in the Life of an Actress

Works of Love

"Two Minor Ethico-Religious Treati-
ses", in The Present Age

Christian Discourses

The Sickness Unto Death

Training in Christianity

The Point of View for my Work as an
Author

"The Lilies of the Field and the Birds
of the Air", in Christian Discourses

"On My Work as an Author”, in The
Point of View for my Work as an Au-
thor

"'The High Priest' - 'The Publican’-
'The Woman that was a Sinner'”, in
Christian Discourses




TAF

EOT

GU

TS

bs

B21

HCD
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To Taler ved Altergangen om Fre-
dagen

En opbyggelig Tale

Guds Uforanderlighed

Til Selvprgvelse, Samtiden anbe-
falet

Dgmmer selv!
Bladartikler 1854-55 [I-XXI]

Pieblikket

Hvad Christus degmmer om officiel
Christendom

"Two Discourses at the Comnuniqn on
Fridays", in For Self-Examination ...
"An Edifying Discourse”, in Training
in Christianity

"The Unchangeableness of God", in For
Self-Examination & Judge for Yoursel-
ves!

"For Self-Examination”, in For Self-
Examination and Judge for Yourselves!

"Judge for Yourselves!", in For Self-
Examination and Judge for Yourselves!

mrticles in the Fatherland", in Attack
upon "Christendom" 1854-55

"The Instant”, Nos. I-X, in Attack
upon "Christendom” 1854-65

myhat Christ's Judgement is about
Official Christianity”, in Attack ...

MeEAsURING VOCABULARY RIcHNESS IN LITERARY Works: A New ProposaL
AND A RE-AsseSSMENT OF SoME EARLIER MEASURES

D.A. Ratkowsky, M.H. Halstead and Linda Hantrais

SUMMARY

An expression originally derived for relating the number of ele-
ments in a computer program with the program's software vocabu-
lary is shown to be a valuable indicator of vocabulary richness
defined in terms of variety for literary works. For any text of
known length with a known number of different vaocabulary items
it is possible to calculate a measure which we refer to as its
'richness ratio’. Examination of a group of 41 heterogeneous
literary works revealed richness ratios varying from that of an
average computer program to values that are interpreted as in-
dicating exceptional richness of vocabulary. An examination was
made of the 38 plays of Shakespeare, and one result was the fin-
ding that the comedies were significantly less rich in vacabu-
lary than either the tragedies or historical plays. From analy-
sis of covariance, a value 0.45 was estimated to be a signifi-

cant difference between two values of the richness ratio. Exa-

D.A. Ratkowsky is a Principal Research Scientist with CSIRQ, Di-
vision of Mathematics and Statistics, Tasmanian Regional Labo-
ratory, Stowell Avenue, Hobart, Tasmania, 7000, Australia. M.H.
Halstead is Professor, Department of Computer Sciences, Purdue
University, West Lafayette, Indiana 47907, United States of Ame-
rica. Linda Hantrais is Lecturer, Department of Modern Languages,
University of Aston, Gosta Green, Birmingham B4 7ET, England.
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mination of a number of other richness measures showed that the
'logarithmic type-token ratio' gave very similar results to,

and was very highly correlated with, the richness ratio. Both
measures are influenced by the length of the text; for example
the richness ratio tends to decrease by 0.192 for every increa-
se in text length of ten thousand words. Examples are given
which illustrate the use of the richness ratio for comparing

the vocabulary richness of different texts.

INTRODUCTION

If V is the number of different vocabulary items in a text of
total number of words N, theq an obvious measure of vocabulary
richness in terms of variety, but one which does not necessari-
ly imply literary merit, is the ratio V/N. However, since this
quantity is dependent upon text length, being large for small N
and decreasing steadily with increasing N, it cannot be exploi-
ted in comparative studies of vocabulary richness for works of
different lengths. To overcome this, GUIRAUD (1954) proposed
instead that the ratio V/VN was constant, but he later admitted
that the value of the "constant” changed with the size of the
sample (GUIRAUD, 1859). A further attempt to establish a rich-
ness ratio wusing V and N was made by HERDAN (1960), who propo-
sed that the so-called "logarithmic type-token ratio”, log V/
log N,was constant. MULLER (1964) showed that both the GUIRAUD
(1954) and HERDAN (1960) ratios are markedly influenced by the
size of the text. WEITZMAN (1971) strongly questioned the uti-
lity of the HERDAN (1960) ratio. We will return to a considera-

tion of these ratios later in this study, but first we propose
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a new measure of vocabulary richness.

THE SOFTWARE RELATIONSHIP

From first principles, HALSTEAD (1972) has derived a relation-
ship between the total numher of elements in a computer program
and its software vocabulary. Details of the derivation, which
is founded on combinatorial arithmetic, are given in a book on
software science (HALSTEAD, 1977), where experimental evidence
is presented confirming the relationship for computer software.
Some simplifications are necessary (see Appendix) ta apply the
software relation to literary texts, resulting in the follaowing
relationship between the total text length and unique vocabula-

ry:

N =V log, (V/2). (1)

This eguation can be used with natural (Naperian) logarithms as

follows:

N = 1.4427 V loge (v/2), (1a)

or with base 10 logarithms as follows:

N = 3.322 VvV log10 (v/2). (1b)
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TESTING THE SOFTWARE RELATIONSHIP ON L1 LITERARY TEXTS

We examined a number of prose and poetry works, both ancient
and modern, for which N and V values were available. The sour-
ces of these data were YULF (1944), HERDAN (1960), HERDAN (1964),
MULLER (1967), GUIRAUD (1954), GUIRAUD (1953) and HANTRAIS
(1976). The works in these sources form a very heterogeneous
group, as some authors, such as YULE (1844), counted only nouns
or some other specific part of speech. Various languages, an-
cient and modern, are represented. There are inconsistencies in
the manner in which the various forms of different parts of
speech are dealt with, as some guantitative linguists group all
forms of a single vocabulary item, while others count each form
as a separate item. Nevertheless, these works constitute a broad
base upon which to examine the validity of the software rela-
tionship.

Values of N and V for 41 texts having N values between 3000
and 35000 are given in Table 1. The software relationship can
be used in one of two ways. From the known values of V and N for
a text, either V can be inserted into equation (1) and a predic-
ted value of text length denoted by N obtained from which a
'richness ratio’ defined as N/N can be calculated, or alterna-
tively, N can be inserted into equation (1) to predict Q, which
requires a trial-and-error or iterative procedure, after which
a 'richness ratic' defined as V/Q can be calculated. It is ob-
vious that ﬁ/N is much easier to calculate than V/g because no
iteration is necessary.

Table 1 gives results for both procedures and it can be seen

that although the two definitions of richness give somewhat dif-

Table 1. Length, vocabulary sizes and richness ratios for each of 41 diverse literary works
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Table 1 (Contlnued) Length, voca.bulary sizes and richness ratios for each of 41 divers

works
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ferent values, they are very highly correlated (r = 0.998,

df = 39, p < 0.001). The highest values of the richness ratio

are obtained by the French symbolist poets studied by GUIRAUD

(1954), the compactness of poetry compared with prose generally

results in a more varied vocabulary and the poet symbolists
were particularly noted for their rich vocabulary, although the
ratios are probably artifically inflated because of the coun-

ting procedure that GUIRAUD (1954) used. Low values for the

richness ratio, of the order of unity or below unity, characte-

rize biblical works such as the New Testament and the gospels,
in which repetition of words and phrases is frequent. The three

modern poet singers studied by HANTRAIS (1976) were also rela-

tively low in richness, since songs are characterized by repe-

tition of words and phrases, or even of entire stanzas, as in

choruses. Some other early works such as De imitatione Christt,

of uncertain authorship, also have low richness ratios.

When considering the validity of applying a relationship de-
rived for a computer program in the assessment of the richness
of literary works, it must be remembered that the object of a

computer programmer is quite different from that of a literary

author. A programmer who used synonyms in a computer program

where they were not necessary would justifiably be viewed as a

inefficient programmer. In view of this, it must be seen as an

interesting fact that the richness ratios of some literary works
are no greater than that of the average computer program.

We examined whether the richness ratio depends upon the length
of text by calculating the correlation coefficient between V/G
and N for the 41 works in Table 1. Its value was -0.39, which
although not high, is nonetheless significant (d.f. = 39,
0.02).

p <

An almost identical result is obtained for the correla-
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tion coefficient of ﬁ/N with N. Thus, in common with the rela-
tionships proposed by GUIRAUD (1854) and HERDAN (1960), the
software relationship is not completely free of some dependence
upon text length. Inspection of Table 1 shows that, within a
group of related works, there is a tendency for short works to
have a relatively high richness ratio, and, correspondingly,
for long works to have a relatively low richness ratio, which

explains the negative correlation coefficient.

TESTING THE SOFTWARE RELATIONSHIP ON THE PLAYS OF SHAKESPEARE

As already mentioned, the works examined above form a very he-
terogeneous group since the vocabulary counts are not based on
a coherent set of criteria and because the works examined are
taken from different periods, genres and languages. In order
to eliminate any bias resulting from discrepancies in criteria,
we have examined the 38 plays of a single author, Shakespeare,
the vocabulary of which was treated in a consistent manner in
all respects. A complete concordance of the works of Shakespea-
re, including the 38 plays, was published by SPEVACK (1968).
However, that work did not summarize, for each play separately,
the breakdown of the vocabulary size V into the frequency dis-
tribution of Vi' i.e. the vocabulary items appearing exactly <
times. Professor Spevack has subsequently carried out the re-
quired calculations and has kindly made the information avai-
lable to us.

Values of N and V for the 38 plays are given in Table 2. The
V values are slightly larger than those published in SPEVACK

(1968) as a result of corrections made to some earlier errors

Table 2. Length, vocabulary sizes and richness measures for each of the plays of William Shakespeare
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Table 2 (continued). Length, vocabulary sizes and richness measures for each of the plays of

William Shakespeare
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and the fact that unique words appearing in square brackets in
the original text of Shakespeare are now counted as separate
items.in determining the total vocabulary size.

Table 2 gives values fo N, Q, ﬁ/N and V/V which were calcu-
lated using the software relation (equation (1) or (1a) or (1b))
in an identical fashion to that used for the 41 works in Table 1.
The correlation coefficient between V/V and N/N for these plays
is 0.9998, which indicates that these two quantities can be used
interchangeably as a measure of richness. The plays in Table 2
are listed in order of decreasing richness and it appears that
Macbeth has the richest vocabulary and Much Ado About Nothing
the poorest.

As part of a study of the behaviour of the software relation,
we reduced the text length of each of Shakespeare'’'s plays to a
common size NF' employing a probabilistic method described in
detail in RATKOWSKY and HANTRAIS (1875), which requires the fre-
quency distribution of Vi for each play. The number of different
words \/1c in the reduced text then becomes another possible mea-
sure of vocabulary richness of the play. Since the shortest play
of Shakespeare has an N of 14369, we chose the round number
14000 to be the common text length after text reduction. Values
of V_F are presented in Table 2.

The correlation coefficient between N/N and \/1C is 0.842 and

that between V/V and V. is 0.851, and as both coefficients are

£
highly significant (p < 0.001) this supports the contention that
these richness ratios are indeed measuring richness. An examina-.
tion of the values of VF does not reveal any great anomalies,

except that the positions of the longest plays (Hamlet and Ri-—
chard III) seem too low on the richness list, whereas the posi-

tion of the shortest play (Comedy of Errors) seems too high.
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This undoubtedly reflects the fact that the software relation-
ship is somewhat dependent upon text length, which will be in-
vestigated more fully in the next section, but in general there
are texts of all lengths both near the top and near the bottom

of Table 2.

TEXT LENGTH DEPENDENCE AND THE VARIANCE OF THE RICHNESS RATIO

Comparing the order of the plays in Table 2, which is based an
decreasing richness of vocabulary, with the approximate chrono-
logical oroer of the writing of these plays, as given by WIL-
LIAMS (1970, Table 27), there is no apparent correlation bet-
ween richness and time of writing. This lack of dependence was
later confirmed by an analysis of covarianceé of the richness
ratio, using the serial order Df.time of writing as a covariate,
which showed that the covariate was not significant. Plays from
Shakespeare's early, middle and later periods can be found dis-
tributed throughout the range of richness of Table 2 and the
question arises whether this range may represent nothing more
than random variation. This possibility can he explored in seve-
ral ways, one of which involves examining the frequency distri-
bution of the N/N values divided into class intervals differing
by (say) 0.05 units. The freguencies are given in the left-hand
half of Table 3 and indicate that the distribution of ﬁ/N is dis-
tinctly bi-modal, with one peak being located at a value of ap-
proximately 1.98, and the other peak at approximately 1.68 (by
reference to the actual data in Table 2).

In order to assess whether the bi-modal distribution could

be explained by genre and text length N, an analysis of cova-
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Table 3. Frequency distribution of the richness ratio N/N and
the type-token ratio log V/log N for the plays of

Shakespeare
ﬁ/N log V/1log N
Class intervals Frequency Class intervals Frequency
1.50 = 1.55 1 .8025 - .8050 1
1.55 = 1.60 ) 1 .8050 - .8075 ¢
1.60 - 1.65 1 .8075 - .8100 1
1.65 = 1.70 10 .8100 - .8125 1
1.70 = 1.75 5 .8125 - .8150 8
1.75 = 1.80 1 .8150 - .8175 5
1.80 - 1.85 3 .8175 - .8200 4
1.85 = 1.90 1 .8200 - .8225 1
1.90 - 1.95 2 .8225 - .8250 2
1.95 - 2.00 6 .8250 - .8275 3
2.00 - 2.05 3 .8275 - .8300 6
2.05 - 2.10 2 .8300 - .8325 4
2.10 - 2.15 1 .8325 - .8350 0
2.15 = 2.20 1 .8350 - .8375 2

riance was employed. The genre of each of the plays, given by
the compilers of the First Folio as comedy, tragedy or history,
is listed in Table 2. qu each genre, Table 4 presents mean va-
lues of N, the original unadjusted &/N, and &/N adjusted for the
effect of N used as a covariate. The mean values of N show that
comedies tend to be shorter on the average than either tragedies

or historical plays. The mean value for N/N for comedy is lower

o m -




.
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Table 4. Mean values of N and N/N (adjusted and unadjusted) for

each genre

N N/N N/N
(unadjusted) | (adjusted for N)

Comedy 19764 1.759 1.716
Tragedy 22957 1.872 1.891
History 23733 1.858 1.891

than that for the other genres, but analysis of variance shows
the difference to be non-significant [F(2,35) = 1.83; p > 0.05].
However, when text length N is used as a covariate, a signifi-
cant difference emerges between the adjusted mean values of N/N,
indicating a lower richness for comedy than for tragedy or hi-
story [F(2,34) = 4.24,; p < 0.05]. This is explained by the fact
that the regression coefficient, pooled within genres, of N/N
upon N is negative, being -0.0000192 (which means that the rich-
ness ratio tends to diminish by 0.192 for every increase in text
size of ten thousand words). As both tragedy and history have
bigger mean text lengths than comedy, the difference in rich-
ness tends to be masked somewhat unless covariate analysis is
used.

The above results, however, do not explain the bi-modality
of the richness ratio distribution. A histogram of the adjusted
values of N/N for each play exhibits a similar bi-modality to
that of the unadjusted values. An additional useful feature
of the analysis of covariance is that it provides an estimate

of the variance of a single value of the richness ratio, from
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which one can obtain an estimate of the least significant dif-
ference between two values of N/N. The estimated residual va-
riance from the analysis of covariance was 0.0247, so that for
a 5 % significance level, the estimated least significant dif-
ference is 2.D4[2(D.0247)]% = 0.45, Due to the bi-modality, this

figure is likely to be an over-estimate, but it does provide an

objective basis for comparing the richnesses of different texts.

APPLICATIONS OF THE RICHNESS RATIO

The results of the previous section can be used to re-examine
some of the works in Table 1 and test the validity of the crite-
rion that 0.45 may be a significant difference between two values
of N/N. It is of interest to compare the miscellaneous works of
Thomas, 4 Kempis with the theological works of Jean Charlier de
Gerson and with the work De Zmitatione christi. An extensive stu-
dy was made by YULE (1944) to determine the authorship of De imi-
tatione christi, which has been most generally ascribed to & Kem-
pis, but other scholars have attributed it to Gersgn. YULE (1944)
confined himself in this comparison to the nouns, as was his cu-
stom, and since the text length of the work of disputed author-
ship was 8225 words, he selcted undisputed works of & Kempis and
of Gerson such that the total text length would closely approxi-
mate this figure and thereby minimize bias due to different text
length. The works are listed in Table 5 for ease of comparison,
YULE (1844) concluded, after using a comprehensive variety of
statistical procedures, that Gerson was a highly unlikely candi-

date for authorship of De iZmitatione christi, but that & Kempis




Table 5.
Author Title N N/N
Thomas & Kempis Miscellaneous works 8203 1.621
Gerson Theological works 8196 2.092
(Disputed) De imitatione christi 8225 1.305

could not be excluded, although he noted that the latter author's
vocabulary was generally much richer than in the disputed work.
The results we have obtained here for &/N (Table 5) support this
conclusion. Because the values of N are so close to each other,
no adjustment for the effect of text length was necessary. The
difference in the richness ratio between Gerson's theological
works and the disputed work, i.e. 0.79, is too large compared
with 0.45 for Gerson to be the likely author. The corresponding
difference for the works of & Kempis and the disputed work, i.e.
0.32, is less than 0.45, meaning that & Kempis cannot be exclu-
ded on the evidence of the noun-distributian.

The three poetic singers studied by HANTRAIS (1976) provide
another interesting comparison. Table 6 presents values of N,
unadjusted values of N/N, and values of &/N adjusted to a comman
text length of N = 20000. The adjustment is made using the re-
sult obtained in the previous section, namely that the richness
ratio decreases by 0.192 for every increase in text length of
10000 words. For example, since Brassens used 9583 words in ex-
cess of 20000, his N/N value is corrected upwards by 0.192(8583)/

10000 = 0.184 to give him an adjusted value of 1.302 + 0.184

- 4.486. On the other hand, the values for Brel and Ferrg will
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Table 6.

N N/N N/N

(unadjusted) (adjusted to
N = 20000)

Brassens 29583 1.302 1.486
Brel 17488 1.028 0.980
Ferré 12729 1.713 1.573

be corrected downwards by amounts equal to 0.182(17488-20000)/
10000 and 0.192(12729-20000)/10000 respectively. The adjusted
values presented in Table 6 show clearly, using the criterion
of 0.45, that the difference in richness ratio of 0.087 between
Brassens and Ferré is non-significant, whereas the differences
between the values for each of these singers and Brel, being
0.506 and 0.533 respectively, indicate that the latter had a
significantly poorer vocabulary than the former two singers.
The value N = 20000 used above as the common text length for
adjustment was merely a convenient round figure. Exactly the
same differences between singers would have been.obtained for

any other common N value chosen.

A RE-EXAMINATION OF OTHER PROPOSED RICHNESS MEASURES

As mentioned in the Introduction, vocabulary richness measures
that have previously been proposed.include V/N, V/VN and the

logarithmic type-token ratio log V/log N. The effect of text
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length N upon these measures was tested using the 38 plays of
Shakespeare. Correlation coefficients were calculated between
each of these measures and the text length N. The measures V/N
and V/VN were significantly dependent upon text length and need
not be considered further. A somewhat surprising result, in view
of its criticism by MULLER (1964) and WEITZMAN (1971), is the
fact, that log V/log N has only a small dependence upon N. Its
values for each of the 38 plays are given in Table 2. The corre-
lation coefficient between log V/log N and N/N is 0.891, this
high value explaining why these two measures give very similar
orderings of the plays in terms of vocabulary richness. The fre-
quency distribution of the values of log V/log N is given in
the right-hand half of Table 3 and exhibits a bimodal pattern
very similar to that for N/N. An analysis of covariance of
log V/log N in terms of genre, using N as a covariate, was car-
ried out in an identical fashion to that used for N/N, with
closely parallel results. For example, genre was non-significant

before adjustment [F(2,35) = 2.84, p > 0.05] but became signifi-

cant when the covariate N was included [F(2,34) = 4.24, p < 0.05].
The pooled regression coefficient was -0.0063 per 10000 words, and

the least significant difference between two values of log V/log N

is estimated from the residual variance to be 0.022.

DISCUSSION AND CONCLUSIONS

It is clear that there is a very close relationship between the

richness ratio N/N, obtained from the theoretically derived soft-

ware relation, and the empirical logarithmic type-token ratio
log V/log N. Both ratios exhibit a dependence upan text length,

but this is insignificant if the lengths of the texts under study
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are of comparable magnitude. For larger differences, adjustments
can be made to the richness measures by the method used in the
example given in Table 6. Nevertheless, it seems imprudent to
compare text sizes that differ very greatly from each other. The
use of log V/log N was criticized by MULLER (1864) and WEITZMAN
(1971), but those authors used the ratio to compare texts that
were of widely different lengths (e.g. a factor of 5.2 in MUL-
LER's study of some texts of Corneille, and a factor of 21.6 in
WEITZMANN's study of the thirteen Pauline letters). Provided
that the texts under consideration are of comparable length
either log V/log N or the richness ratio N/N can be useful in-
dicators of the relative vocabulary richness of those works. As
log V/log N is a strictly empirical ratio, we recommend the use
of ﬁ/N, which has been derived from first principles, albeit
with some simplifying approximations.

When using the ratio N/N as a measure of the relative rich-
ness of two or more literary works of comparable size, a diffe-
rence of 0.45 can be used as a guideline for assessing signifi-
cance. Differences greater than this probably indicate that the
works differ in richness of vocabulary, whereas works with va-
lues differing by much less than this are likely to have comﬁa-
rable vocabulary richnesses.

An unexpected result of the study of the plays of Shakespea-
re was the emergence of the bi-modal distribution of vocabulary
richness. We are unable to offer any explanation for this bi-
modality, but the search for the explanation could provide an

interesting challenge for Shakespeare scholars.
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Appendix: Some considerations needed in applying the software

relationship for computer programs to literary texts.

If NC is the total length of a computer program (or literary
text), and n, the count of unique operators (e.g. +, -, x, /,
=, 3, IF, SQRT, GP TP A, etc, for computer programs, and artic-
les, pronouns, auxiliary verbs, conjunctions, prepositions, ex-
clamations, punctuation, and fonts for poetry and prose), and

n. the count of unigue operands (variables and constants in

2
programs, "content words” in literary texts) then the following

relationship may be derived (HALSTEAD, 1977), which results
from the use of combinatorial arithmetic:

Nc =ny log2 ur +n, log2 Ny (A1)
As the breakdown into operators and operands is generally una-

vailable for literary works, we seek to replace ny and n, by
their sum n. When ny =n,, as it might be for short computer
programs or literary texts, equation (A1) reduces to the follo-
wing:
N, =T logzkn/Z) (A2)

Even if n, «n,, as it might be for very long programs or texts,
the error in equation (A2) must always be less than 1/log2n, or
a few percent at most.

A further problem arises in applying equation (A2) to lite-
rary works, because NC consists not only of words, but also of

punctuation marks, symbols and type font changes. Similarly, n

includes the count of unique punctuation marks, symbols and
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fonts aswell as words. Quantitative linguists usually ignor
e

punctuation when they break down a literary work into vocaby

1 . .
ary units. Also, in some poetry the author may dispense with

punctuation. Moreover, symbols and font changes normally do not

occur in literary works. Preliminary estimates of the effect of

ignoring these factors indicate a maximum error of about six
percent. Thus, we suggest that equation (A2) may be used for
literary texts aft i

er replacing NC and n by the total text length

N and unique vocabulary V, respectively, giving the following:

N =
v log2 (v/2) (A3)

which is equation (1) of the main body of this waork




NAHRSCHEiNLICHKEITSTHEORETISCHES MoDELL FOR
DAS ZUSAMMENTREFFEN DER PERSONEN IM DRAMA

H. Sterner, Bochum

Um die Beziehungen zwischen den Personen gines Dramas
quantitativ zu erfassen, wurden in der mathematisch-statisti-
schen Literatur zum Dramenstudium bereits verschiedene MaRe
vorgeschlagaen, die auf der Hiufigkeit basieren, mit der die
Personen eines Dramas im Verlauf der Handlung miteinander zu-
sammentreffen (vgl. DINU 1968, 1877, MARCUS 1973).

Ein betrichtlicher Nachteil der bisherigen Methoden be-
stand darin, daB sie es lediglich erlaubten, eine Rangfolge
der m8glichen Personenpaare (nach der GroBe der paarwelise ge-
messenen Distanz- oder KhnlichkeitsmaBe) aufzustellen. Man
muBte sich auf einer solchen Ordinalskala also darauf beschrén-
ken, festzustellen, daB die Beziehung zwischen zwei bestimmten
Personen eines Dramas enger (oder weniger eng) als zwischen
einem anderen Personenpaar ist. Eine Methode, die es ermdglichr
te zu iberprifen, ob die herechneten MaBzahlen tliberhaupt sta-
tistisch signifikant waren, wurde nicht angegeben. Das Fehlen
einer solchen Priifungsmethode flhrte gelegentlich zu recht ge-
wagten Interpretationen. So wurde etwa aus der Tatsache, daB
zwei Ehegatten in 8 Szenen - statt wie erwartet in 9.65 (!)
szenen (sh. Berechnung unten) - zusammen auftreten, der Schlul
gezogen, "mit gutem Recht an ihrer (der Frau) ehelichen Treue
sweifeln (zu) dirfen" (MARCUS 1973: 312). Die Wahrscheinlich-
keit fir eine so geringflgige Abweichung der beobachteten Zahl
vom Erwartungswert betrdgt .4592, ist also so groB, daB man
keinesfalls den SchluB ziehen kann, daB die Begegnung der bei-

den Personen vermieden wird.
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Im folgenden soll gezeigt werden, wie sich solche Wahr-
scheinlichkeiten berechnen lassen. Bezeichnet man mit N die
Anzahl der Szenen eines Dramas, mit ng die Zahl der Szenen,

in denen eine bestimmte Person Pi auftritt, so kann man das
Verhdltnis

als die Wahrscheinlichkeit betrachten, daB die betreffende Per-
son in einer zuf&llig gewdhlten Szene auftritt.

Die entsprechende Wahrscheinlichkeit flr eine andere Per-

son P. sei
J n.
p. = L,
J N
Die Wahrscheinlichkeit flir das Auftreten zweier unabhZn-
giger Ereignisse ist gleich dem Produkt der Einzelwahrschein-

lichkeiten. Somit ergibt sich die Wahrscheinlichkeit, daB zwei

Personen Pi und Pj in irgendeiner Szene zusammenkommen - unter
der Annahme, daB ihre Auftritte unabhéngig voneinander sind -
) nynj
Pij 2

Multipliziert man diese Wahrscheinlichkeit mit der Gesamt
zahl N der Szenen, so erh&lt man die zu erwartende Anzahl E(n.)

der Szenen, in denen die beiden Personen zusammentreffen miR-
ten:

E(n,,) = —1d (1)

Tats&dchlich sind aber die Begegnungen der Personen in
einem Drama wohl kaum zuf#llig. Durch Vergleich der beobach-
teten Zahl gemeinsamer Szenen mit der bei Unabh&ngigkeit der
Auftritte zweier Personen zu erwartenden kann man feststellen,
ob bestimmte Personen besonders h&ufig vom Dramenautor zusam-
mengeflihrt werden oder ob im Gegenteil ihre Begegnung vermie-
den wird. Um eine Entscheidung darilber treffen zu k&nnen, ist
es notwendig, die Wahrscheinlichkeit der beobachteten oder
noch extremeren Anzahl der gemeinsamen Auftritte zu kennen.

Das Problem 148t sich durch eine elementare Uberlegung
16sen. Gesucht ist nach der Wahrscheinlichkeit, daB eine Per-

son Pj in genau nij Szenen mit elner anderen Person Pi zusam-




mentrifft und in den restlichen nj N nij Szenen nicht mit Pi

zusammenkommt .

Diese Wahrscheinlichkeit berechnet sich folgendermaBen:
Die Zahl der Mdglichkeiten, nij Szenen aus den ny Szenen der
Person Pi auszuwdhlen, multipliziert mit der Zahl der Mdglich-

keiten, n Szenen aus den restlichen N - ny Szenen aus-

N 2 P
J 1J
zuwdhlen, dividiert man durch die Gesamtzahl der Méglichkei-

ten, aus N Szenen nj auszuwdhlen. Die gesuchte Wahrscheinlich

keit ist also

n N = n
i 1
"ijf \n; = n
A 5 = . i
P(X nijJ J ij . (2)

N
n.
J

Dies ist die Wahrscheinlichkeitsfunktion der hypergeome-
trischen Verteilung. AuBer dieser Wahrscheinlichkeit missen aber
auch noch die Wahrscheinlichkeiten flr alle extremeren Werte als
nij berticksichtigt werden. Fiir den Fall, daB der beobachtete
Wert s unter dem Erwartungswert liegt, missen also die Wahr-
scheinlichkeiten flr einen so kleinen Wert und alle noch klei-

neren Werte summiert werden:

nij "1 (N ) ni)
X nj— X (3)
P(X < nijJ = EE% (N \
=
\n./

J

ist der beobachtete Wert nij dagepgen groBer als der Erwar-
tungswert, so muB die Summe der Wahrscheinlichkeiten fir einen
so grolBen Wert nij und alle mdglichen noch grbBeren Werte gebil-
det werden, d.h. die obere Grenze ist die Zahl der Szenen, in
denen die Person auftritt, die in weniger Szenen als die ande-

re Person vorkommt. In dem Fall lautet die Formel

[\Hﬁ?E!=:=l:---IIIIIIIIIIlllllllllllllllllllllllllllllllllllllllllllIlllllllllIIli...IIIlllllllllllllllllll=-m==:=;_____ I _ ]

n. N = n,
: £\
mintngangld (X ] (”j‘ xl)

P(X » nij) = :EE::j ——‘;N--—-—~—— (4)
\

X=n, .
1J n.)
J

Wie man leicht feststellt, ist (1) nichts anderes als E(X)
der hypergeometrischen Verteilung (2).

Die Berechnung soll am Beispiel der Personen Sara und Mar
wood aus lLessings "Miss Sara Sampson” veranschaulicht werden.
Sara hat n, = 25, die Marwood nj = 16 Auftritte. Man wirde also
(wenn beide Personen unabhédngig voneinander waren) - bei insge-
samt N = 47 Szenen - erwarten, daB die beiden in

25 - 18
E(n,y) = —— =
(nys) - 8.51

Szenen zusammentreffen. Tatsichlich findet eine Begegnung aber

nur in nij = 5 Szenen statt. Die gesuchte Wahrscheinlichkeit
ist also

()G

Am einfachsten ermittelt man diese Wahrscheinlichkeit aus
vorhandenen Tabellen (vgl. Liebermann/Owen). Wenn nicht vorhan-

den, so kann man die Rekursionsformel benutzen. Es ist
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und

(ni—x)(n.—x)
P(X = x+1) = J P(X = x)» (6)
(x+1](N*ni-nj+x+1)

In unserem Beispiel ergibt sich

(47 - 25
P(X = 0) = L__iﬁ___l = ,0000000496

47
(16)

\16

(25-0)(16-0)
P(X =1) = —— P(X = 0) = .0000028343
1(47-25-16+1)

(25-1)(16-1)
P(X =2) = —————PIX =1
2{(47-25-16+2)

L

.0000637714

(25-2) (16-2)
P(X = 3) 8 — ———— P(X = 2)
3(47-25-16+3)

i

.0007605333

(25-3)(16-3)
P(X = 4) = ———  P(X = 3)
4(47-25-16+4)

.0054378133

L

(25-4)(16-4)
P(X = 5) = ———— P(X =4) = ,0249150720
5(47-25-16+5)

Als Summe ergibt sich die gesuchte Wahrscheinlichkeit,
daB Sara und Marwood in nur 5 oder noch weniger Szenen zusam-
men treffen, zu P(X £ 5) = .0312. Bei einem Signifikanzniveau
von o = .05 wdre damit die Aussage: "Die Begegnung von Sara und
Marwood wird vermieden." statistisch gesichert.

Die Ergebnisse dieser Berechnungen fir alle Personenpaare

aus "Miss Sara Sampson” sind in den folgenden Tabellen I - III

zusammengestellt.

Tabelle I.

Tabelle II. Realisierte (nij) und erwartete (E(n..))
i
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Zahl der Auftritte (ni) der Personen

aus "Miss Sara Sampson”

William 7
Sara 25
Mellefont 25
Marwood 16
Arabellsa 3
Waitwell 10
Norton 13
Betty 10
Hannah 7
Wirt 1

Paar-Konfigurationen in "Miss Sara Sampson”

Sa

Me Ma Ar Wa No Be Ha Wt
Wi [— 2 1 o 0 7 1 0 0 1
Sa [3.72 e 13 5 0 5 7 9 0 0
Me [3.72 13.30 e 10 2 1 9 5 4 0
Ma |2.38 8.51 8.51 — 3 0 0 1 7 0
Ar | .45 1.60 1.60 1.02 — 0 0 0 3 0
Wa [1.49 5.32 5.32 3.40 .64 —_— 2 1 0 1
No [1.94 6.91 6.91 4.43 .83 2.77 —_ 6 8] a
Be |1.49 5.32 5.32 3.40 .64 2.13 2.77 — 0 8]
Ha [1.04 3.72 3.72 2.38 .45 1.49 1.94 1.48 —_— 0

Wt | .15 .53 .53 .34 .06 .21 .28 .21 .15 —

I
==
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Tabelle III. Wahrscheinlichkeit der realisierten Paar-
Konfigurationen und Differenz zwischen
realisierten und erwarteten Paar-Konfigu-

rationen in "Miss Sara Sampson”

Tabelle 1V,

= 155 =

Rangfolge der Persanen-Paare nach der GriBe
der Wahrscheinlichkeit pij in "Miss Sara

Sa " (Ab 14 i .
mpson” ( Rang ist nij < E(nij)).

Wi
Sa
Me
Ma
Ar
Wa
No
Be
Ha
Wt

Wi Sa Me Ma Ar Wa Na Be Ha Wt
S .1580 .0324 .,0418  .6093 2-10_6 .3635 .1637 .2964 .1489
-1.72  — .5472  .0312 .0950 .5493 .6076  .0093 .0027 .4681
-2.72 - .30 e 2717 5489 .0025  .1502  .5493  .5745 .4681
-2.38 -3.51 1.49 — .0345 ,0086 .0015  .0709 .0002 .6596
- .45 -1.60 .40 1.98 — .4792  .3690 .4792  .0022 .9362
5.51 - .32 -4.32 -3.40 - .64 — .4305  ,3075  .1637 .2128
- .94 .09 2.09  -4.43 - .83 -.77 — L0175 .0855 .7234
-1.43  3.88 - .32 -2.40 - .64 -1.13 3.23 — .1637 .7872
-1.04 -3.72 .28 4.62 2.5 -1.49 -1.94 -1.49 — .85M11
.85 - .53 - .53 - .34 - .06 .79 -.28 - .21 - .15 —

In Tabelle IV sind die Persanen-Paare nach der GroBe der Wahr-
scheinlichkeit geordnet, und zwar so, daB auf den ersten Platz
das Paar mit der kleinsten Wahrschienlichkeit kommt, fir das
gilt: n;: > E(ni.J. auf den zweiten Platz das Paar mit der
zweitkleinsten Wahrscheinlichkeit und n;: > E(nij) etc. Ent-
sprechend steht an letzter Stelle das Paar mit der kleinsten
Wahrscheinlichkeit und nij < E(nij) etc.

Wahlt man als Signifikanzniveau @ = .05, so erh&dlt man 6 Per-
sonen-Paare flr die gilt: nij > E(nij) und 7 Paare mit

njj < E(nij).

Eine Hilfe bei der Beschreibung und Interpretation der Bezieh-
ungen zwischen den Personen kann auch die graphische Darstel-
lung der signifikanten Werte aus Tabelle III bzw. IV sein.

In Abbildung I verbindet eine durchgezogene Linie die Personen-
Paare, die signifikant hé&ufiger als erwartet zusammenkommen

(ni > E(nij)), eine gestrichelte Linie die Paare, die signi-

J
fikant seltener zusammen auftreten als erwartet (nij < E(nij)).

Rang Eggionen— pij Rang Eggionen— pij Rang Eggionen— pij
1 Wi-Wa 2:1076 18 Be-Wt 7872131 Wi-Ha .2964
2 Ma-Ha .0002(17 No-Wt .7234(33 Wi-Be . 1637
3 Ar-Ha .0022)18 Ma-Wt .6596(33 Wa-Ha 1637
4 Sa-Be .0083(19 Wi-Ar .6093(33 Be-Ha 1637
5 No-Be .0175]20.5 Sa-Wa .5483(35 Wi-Sa . 1580
3 Ma-Ar .0345(20.5 Me-Be .5493|36 Sa-Ar .03950
7 Wi-Wt .1489]|22 Sa-Me .5472137 No-Ha .0855
8 Me-No .1502(23.5 Ar-Wa .4792]| 38 Ma-Be .0709
g Wa-Wt .2128|23.5 Ar-Be .4792| 39 Wi-Ma .0418

10 Me-Ma .2717125.5 Sa-Wt .4681| 40 Wi-Me .0324

11 Me-Ar .5488]25.5 Me-Wt .4681| 41 Sa-Ma .0312

12 Me-Ha .5745|27 Wa-No .4305(42 Ma-Wa .0066

13 Sa-No .6076] 28 Ar-No .3690] 43 Sa-Ha .0027

14 Ar-Wt .9362( 29 Wi-No .3635| 44 Me-Wa .0025

15 Ha-wWt .8511| 30 Wa-Be .3075| 45 Ma-No .0015

Be
Sﬁff/’/’,/’NP ’,Wi
oS | =7 YA
: \\\ ://” ~.‘h‘\
: Ma\~ /:Me
1/////// Ty e
| ~ .
] \.\ -
Hga ————Ar Wa” Wt

Abbildung I.

Graph der Perscnen-Paare, die signifikant

hdufiger (

} bzw. seltener (----- ) als

erwartet auftreten
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Bei der Festsetzung der Signifikanzgrenzen wurde davon ausge-
gangen, daRl die Wahrscheinlichkeiten pij (Tabelle III und IV)
fiir jedes Personen-Paar getrennt berechnet sind. Das so erhal-
tene WahrscheinlichkeitsmaB ist symmetrisch bezliglich i und J,
d.h. die Werte n; und n. in den Formeln (1) bis (6) sind ver-
tauschbar. Eine Berechnung der bedingten Wahrscheinlichkeiten
liber eine verallgemeinerte hypergeometrische Wahrscheinlich-
keintsverteilung wére denkbar, hatte aber (neben einem duBerst
groRen Rechenaufwand) den Nachteil, daB die resultierende

hypergeometrische Formel nicht mehr symmetrisch wire.

Betrachtet man im vorliegenden Fall die Berechnungen der ein-
zelnen Wahrscheinlichkeiten Pij als simultan durchgefiihrte
Tests, so kann man eine Korrektur des Signifikanzniveaus durch-
fihren. Diese Alphaadjustierung (KRAUTH/LIENERT 1973: 40 fF.;
SACHS 1978: 93 f.) ergibe fir r simultane Tests und o = .05

a' f— und

in unserem Fall bei r = 45 mdglichen Paaren

a' =-——5~= L0011 .

.05
7
Damit wiirde sich ein signifikanter Wert nur noch fir zwel

Paare ergeben (Tabelle IV, Rang 1 und 2), so daB wir vom heuri-

stischen Gesichtspunkt aus eine Alphaadjustierung nicht vor-

schlagen.

Literatur

DINU, M., Structures linguistiques probabilistes dans 1'&tude
du theltre. Cahiers de linguistique théorique et appli-
quée 5, 1968, 29-46.

DINU, M., How to estimate the weight of stage relations.
Poetics 6, 1977, 209-227.

KRAUTH, J., LIENERT, G.A., Die Konfigurationsfrequenzanalyse
(KFA). Freiburg, Alber 1873.

LIEBERMAN, G.J., OWEN, D.B., Tables of the hypergeometric pro-
bability distribution. Stanford, Stanford Univ. Press
1961.

MARCUS, S., Mathematische Methoden im Theaterstudium. In: MARCUS,

5., Mathematische Poetik. Frankfurt/Main, Athendum 1973,
287-370.

SACHS, L., Angewandte Statistik. Berlin, Springer 1978.




+
AsSOCIATIVE MEANING AND ITS ANALYSIS

Gerhard Strube, Munich

Since the late fifties, when psychology of language became
'psycholinguistics', the field has been dominated by structural
(i.e. largely syntactical) analysis. Behaviorism, once
favoured by American linguists like Bloomfield, seemed to be

stuck up the dead end of a once promising (though,we were told,

principally wrong) road. 'Verbal Behavior' (SKINNER 1957) is one

of the famous books which scarcely anyone knows more than the
title about.

Recent years witnessed a revival if not in behaviorism it-
self, but in its quest for more than purely formal analysis of
language per se, in short: for pragmatics. In Germany, for
instance, Skinnerian 'tacts' and 'mands' are under investiga-
tion, re-titled 'Objektbenennung' (naming of objects) and
'Handlungsaufforderungen' (orders and requests), with behavio-
rism never mentioned in these reports (cf. HERRMANN & DEUTSCH
1977; LAUCHT & HERRMANN 1978). Instead cognitively oriented
'theories of action' have been stressed in these and related
studies.

The present situation, then, tempts one to go a step fur-
ther and look for new developments of the half-forgotten be-
havioristic approach to language. We shall study semantics
rather than pragmatics, and review the concept of associative
meaning, as well as present modern techniques of nonmetric
multidimensional analysis for the study of associatively re-
lated words. Finally, illustration and corroboration will be

given by means of experimental data.

+

Much of this work is a revised version of ch. iii of my
doctoral dissertation (STRUBE 1977a).
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Part 1: THEORY AND EARLIER INVESTIGATIONS

'Association’ could well be called the central concept of
behavioristic theories. Even Pavlovian theorizing relies heavi-
ly on the 'incontestably oldest achievement of psychology'
(PAWLOW 1973: 159). Indeed 'association', treated by as early
a philosopher as Aristotle, is one of the oldest psychological
terms, extensively discussed by British empiricists in the 18th
and 19th centuries (cf. ch.2 in ANDERSON & BOWER 1973).

About 1880, association theory gained an experimental
foothold through Galton's invention of the word-association task
(GALTON 1880; 1883), and subseqguent improvements thereof by
Trautscholdt and J. McKeen Cattell.Word association, then, stands
as one of the first 'mental tests', which clearly implies that
it pertains to psychometrics rather than learning theory (STRUBE
1977 b). This is confirmed by early applications of word asso-
ciation, which lie mainly in the clinical domain (e.g., JUNG &
RIKLIN 1904; KENT & ROSANOFF 1910; even HULL & LUGOFF 1921) .

Thus behaviorism inherited not the task, but the éoncept
of association, and put this to a rather restricted use. Learn-
ing theorists like Thorndike or Pavlov, as well as Watson and
other exponents of behaviorism proper, stressed but one of the
many 'laws of association’, making contiguity the sole principle
of association.

Experimental instigation of associations by contiguity
is even‘older, and nowhere better exemplified than in the famous
series of experiments done by EBBINGHAUS (1885) . Here, asso-
ciations between nonsense syllables are the outcome of experi-
mental treatment, while Galton's association task intends to
show the 'natural', pre-experimental associations already es-
tablished in the subject.

DEESE (1962) has pointed out the two traditions, and
noted that "recently, these two traditions have been combined”
(op.cit.: 161). Examples of such merging of traditions are
the 1952 study by JENKINS & RUSSELL and the study by JENKINS
et al. (1958), assessing effects on S-R and R-S sequences in
free recall due to pre-experimental word associations (cali-
brated by the Kent-Rosanoff lists).
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Use of the association task, naturally, presented be-
haviorists with the problem of explaining word asscociation
in terms of conditioning theory. Of course, a simple S-R mo-
del will explain nothing. So-called 'mediation theory' has
been presented in order to give a learning-theory notion of
'meaning' by relating verbal behavior to non-verbal behavior,
and so to subsequently explain the process of word associa-
tion. To show what mediation theory is like, we turn to the

most illustrative discussions at the conference on 'Verbal

Learning and Verbal Behavior' (autumn 1959; report: COFER 1961).

Both Bousfield and Osgood, well-known mediation theorists,
presented their respective versions of the theory. Moreover
Osgood at that time had not restricted his form of mediation
theory to apply to the semantic differential only (cf. OSGOOD

1962) .
BOUSFIELD (1961: 81 ff.), in the opening of his lec-

ture "The problem of meaning in verbal learning", shows un-
easiness concerning the confusing, though common usage of
'meaning'. He even shuns the term 'mediation theory', being
not sure "whether the conventional mediation paradigm may
clearly be applied, and it does not apply to a simple first-
order conditioning" (p. 82). He therefore talks of a 're-
presentational response' when referring to the meaning of a
word. Learning of representational responses is either
direct (i.e., through first-order conditioning) or indirect,
'mediated' (second-order conditioning). Bousfield's first
example concerns direct learning of the meaning of bad:
"Suppose a naive and naughty child hears the word bad
and is spanked. The US is a pain stimulus which elicits its
conditionable representational response. The CS is the word
bad which elicits its representational sequence. This in-
cludes the representational response which involves the
child's saying bad either implicitly or out loud. Its con-
sequent representational stimulus is what becomes condi-
tioned to elicit the representational response to the pain

stimulus” (op.cit.: 82, see fig. 1a).
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Osgood, then, is careful to evade pboth these fallacies.
His model of 'primary sign learning' (fig. 1b) discriminates

conditioned and unconditioned responses:

" .. the representational process is assumed to be some
reduced portion of the total behavior made to the thing signi-

fied; under the condition of repeated pairing of the sign

stimulus (the word "bad") with the significate stimulus (pain-

the sign stimulus comes to elicit those most
ents of the

ful spanking),
readily conditionable and least interfering compon

total behavior to the significate (e.g. autonomic anxiety
and the like). It is pre-
f the

gn has

reactions, avoidant postural sets,
cisely because this representational process is part o

actual behavior made to the thing signified that the si

its discriminative semantic or symbolic capacity. The impor-

tant thing to note about this conception is that it specifies

that the form of the representational response is not the

same as the overt vocal production of the word". (OSGOOD 1961:

92f.)
Avoiding the pitfalls of Bousfield's behaviorism ob-

viously costs Osgood a good deal of precision: What exactly

is meaning,defined as an r ., a 'mediating resporse' rather

loosely connected with the observable reaction_Rx? Osgood
tends to equate r, with emotional reactions and with the well-
known 'affective meaning system' of his semantic differential
(cf. OSGOOD 1962). Even 'affective meaning', however, refers

to verbal behavior, of which semantic differentiation gives

but one possible measurement.

We may specify our task now as defining the meaning of

a word such that it be largely independent of specific reac-

tions to the obiject being referred to. Thus, confusion of con-

ditioned with unconditioned response will be avoided. On the
other hand, the concept of meaning should retain as much con-
creteness of content as possible without confining 'meaning' to

the latent or overt uttering of the word. - Looking for a

solution, we turn to meaning as defined bv word association

techniques.Noble and Deese have pioneered in this field.
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. NOBLE (1952) presents us with the less sophisticated
variant of associative meaning. For him, the meaning of
word i i ;

acting as stimulus for association is directly defined

by th i i
v € variety of responses it elicits. Since the responses

made in an association task may be thought of as organized
in a i i i
Hullian habit hierarchy, the most frequent being the

responses learnt best, association norm tables (thOSe by

K giv
en n Rosanof I3 £ nst C ) 1 ell lai; 1
t and 0sano or a (=] could wel claim to e

an . s
operational definition of the stimulus word's meaning

It follows that the copiousness of meaning :
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fulness' i.e. the 'meaning-
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ferent associative re hus meanlngfulness
sponses it elicits. T
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e
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e-

lati . e
ationships associations have with one another" (p. 162)

Before we turn to Deese's experimental wor owever
kl h r

a theoreti i
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as the i i i
foremost principle in learning theory and the concept

of associati i i
tive meaning. Since word association has been

develo i i
ped as a psychometric device, it has not been a
for by behavioristic learning theory Feounted
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w can the principle of association explain word
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his brevious example, l.e. learnlng the meaning of bad
’

deﬂollotratlllg a pOSSlble way of learnlng the meaning of evil
(Cf- E 1g. 2) -
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"At a later time our child hears the word evil followed
by the word bad. Perhaps he asks his parents the meaning of
evil, and he is told, 'Evil means bad'. The word evil, which
i3 the CS, elicits its representational sequence. Now, however,
the word bad, functioning as the US, not only elicits its re-
presentational sequence but also the earlier established H 1,
so that the representational response to the pain stimulus al-
so occurs. As a result of this learning, we should expect that
when the child subsequently hears the word evil, he should say
bad either implicitly or out loud." (BOUSFIELD 1961: 83)

Though we may note that the criticism directed against
this learning model for bad applies as well to the new example,
Bougsfieid's theory may nevertheless be useful to explain the
R-S sequence in word assoclation. Figure 2 shows the graphic
represgentation of the model, with the essential path from

evil (as a stimulus) to bad (as a rgsponse) in bold 1lines.

(S. says 'bad')

1 -t~ oLD H, R
us =» rrep(bad) srep(bad) rep(iq i%ZZ)
(E. says 'bad') stim
NEW H2 NEW H3
‘—"n
¢S ’rres{eviZ) Srep(auil}
(E. says
tevtl!)

Fig. 2.Second-order conditioning of meaning (after BOUSFIELD
1961: 83)

0sgood has improved on this conceptualization. Though
not cdntained in his reply to Bousfield (OSGOOD 1961}, the

crucial amplification can be found in his earlier book on the
semantic differential (0SGOOD et al. 1957). His model, con-
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trary to Bousfield's, is not restricted to sequences (like
evil to bad) having actually occurred in learning, but may
account for the far more numerous cases when /S/, the later
stimulus word, has been presented in a context that merely
contains relevant associatives. The word /S/, then, gains
its meaning through the meaning of other words, S1 to Sn'
whereby "this new stimulus pattern ..., /S/, acquires por-
tions of the mediating reactions already associated with the
primary signs" (OSGOOD et al. 1957: 8). The result of this
learning process is shown in Fig. 3 a. It may further be
assumed that the partial meanings (symbolized by dotted lines)
differ in associative habit strength according to the fre-
quency of the connections made when a woré has been explained
(presumably this frequency is correlated with relevance or,
as found for categories by ROSCH, 1973, 'typicality®).

Prom here it is but a small step to explain perforﬁhnce
in a word-association task. It is assumed that after r, has

X
acquired parts of Th, to rp , in turn sn elicits the medi-
1 n X
ated responses s, to Sn (in an order largely dependent upon |
1 n

habit-strength). This assumption moreover conforms to the
well-known asymmetry of word-association sequences (a fre-
quent associative of a stimulus word, when presented as a
stimulus itself, may not elicit the former stimulus word as
its associative). The whole process of word association may
be schematized as in Fig. 3 b.

This is the general model for learning the meaning of
words. It fits word association as well as the semantic diffe-
rential (for which it was designed), or even ordinary language
use. Associative meaning, then, is not something vaguely con-
nected with other types of meaning, but is the only concept of
meaning conceivable in a behavioristic spirit.

Operational definition, however, of associative meaning
is not quite as easy as it would seem. Even long and repeated
trials at the word-association task cannot guarancee complete-
ness of a word's associatives. DEESE (1962) therefore suggests
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(after OSGOOD et al. 1957: 7)
(b) Model of performance in a word-association task (The
tiny dotted lines refer to previous learning history)

assessing the associative 'overlap' between two stimulus words,
thus gaining better insight into a word's associative meaning
by means of another word's associatives. He gives an example,
taking "piano" and "symphony": "In a sample of Johns Hopkins
University undergraduates, neither one elicited the other, but
both elicited Note, Song, Sound, Noise, Music, and Orchestra
in varying frequencies." (op. cit.: 163).

Deese's method provides a tool for simultaneous analysis
of word fields; although it is not a tool to discover new word
fields, such fields as are recognized by linguists may be put
to empirical testing.

'On the Structure of Associative Meaning' is the title
of DEESE's 1962 pioneering work, to be summarized and appraised
below. In this paper, the basic ideas of associative semantic
analysis are outlined. Concerning its technique and results, how-
ever, it is handicapped by the use of statistical methods hardly
suited to the task, more appropriate methods not having been
available at that time.

The word field taken up by Deese is that of "butterfly"
and its eighteen most common associates as determined by the
norms of RUSSELL & JENKINS (1954). These 19 words served as
stimuli in a free association task, limited to one response per

stimulus; 50 Ss participated in the experiment.

Discussing the measurement of associative overlap be-
tweeneach two of the 19 response distributions, Deese rejects
Pearson's correlation coefficient. The Pearson correlation,
it is to be understood, is sensitive only to the shape of the
distribution but not to the portion of common associative re-
sponses which is, by definition, the associative overlap.
This property of the usual correlation coefficient may even
produce gross errors:

"Often, responses that are high in frequency to one
stimulus will be low in freguency to another. This happens
very often because of the typically steep rank-frequency dis-

tribution of free association responses to any given stimulus.

Because the forms of the distribution of common responses may
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‘ 1. The first and greatest factor has an eigenvalue of
|

1.91 (sum of squares in the first column), which means thay

be inverse to one another, the obtained product-moment cor- it accounts for roughly 10% of total variance at most ( if
it it

relations will often be negative.” (op. cit.: 165) is an orthogonal solution, which Deese says nothing abouyt)

Instead of correlation, Deese proposes his own formula, This is a fair, if moderate proportion of variance explaineg

v 0 : [ 3 3 L -
an 'overlap coefficient' (OC) which, shortening Deese's ex by so large a number of factors, relative to the small numbey
haustive treatment, can be given as of variables. |
|
I oC = al T f. i
ij 5 iy Table 1 Factor loadings (rotated) of stimulus words

. , . from DEES 62: 169
where i and j are two stimuli, Zfij the number of common respons- ( N ¢ g )
es, and n the total number of responses to i or j.

A technical problem arises with 'direct' responses, i.e. WORDS FACTORS

when one or both of the stimulus words is an associative of the I IT TII v v VI

other. Like JENKINS & COFER (1957) and BOUSFIELD et al. (1958),
Deese soives the problem by assuming that every stimulus elic- moth .44 .03 -.27 ~.01 -.03 -.32
its itself as a covert response (which reminds us of Bousfield's insect .50 .01 -.33 .01 -.34 .11
theory). The OC thus is a standardized measure, ranging from wing .52 .01 .45 .01 .29 -.07
zero (i.e. no common responses) to between 0.5 and 1 (in the bird .52 .02 .46 .01 .29 -.07
‘ case of identical response distributions, depending on the ex- fly .48 .03 .32 .01 -.28 -.03
tent of direct responses). Apart- from this 'bias' in favour of yellow .01 .44 ~.03 .34 =32 -.02
| direct responses, Deese's OC has the shortcoming of assuming flower .01 .39 -.03 -.32 .03 .44
‘ equal n for both response distributions. bug .41 .01 -.34 .00 ~.14 .37
i The OCs are then arranged in a matrix analogous to a cocoon .40 .01 -.35 .00 X125 .02
|' matrix of correlation coefficients ~ which means that the ma- color -.02 .42 -.04 .44 .04 -.04
J trix is symmetric, contains the value 1 in each cell of the blue -.02 .57 -.04 .52 .23 -.04
il main diagonal, and may be factorized. This is exactly what bees .36 .04 .34 -.02 -.30 .00
Deese does. Unfortunately he only superficially informs the summer -.01 .31 -.03 -.34 -.02 -.34
L reader of the specific kind of method used. There is only one sunshine .02 .27 -.04 | -.33 -.03 | -.35
sentence, stating that "these relative frequencies were fac- garden .00 .35 ~.02 ~.34 -.03 .44
‘ tored by the centroid method, and after a very few rotations sky ~.01 .41 -.03 .43 .38 -.07
(pairs of factors were rotated through approxinmately 45 de- nature .04 .31 .29 | ~.02 .01 .34
grees) the factor loadings ... were obtained." (op. cit.: 168). spring -.01 315 -.03 =37 -.02 -.36
| About other parameters employed, e.g. the criterion used butterfly| .48 .06 -.29 | -.01 .26 .01

to determine the number of factors, nothing is said. Yet care-
ful inspection of the matrix of rotated factor loadings (Table 1)

yields some important conclusions:
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2. The pattern of factor loadings is of "convenient sim-
ple structure" (in Thurstonian sense; op. cit.: 168); it does
not, however, conform to the kind of hierarchical organization
Deese tries to establish in his interpretation. If this type
of factor interpretation is at all appropriate, it certainly
cannot be applied to the factors Vand VI. The first four fac-

tors yield something like the following classification:

A animals (positive loadings in factor I)
A a Wing, Bird, Fly, Bees, and Nature (all positive
in III)
A Db Butterfly, Cocoon, Insect, Moth, Bug (negative
in III)
B other words (positive loadings in factor II)
B a Yellow, Blue, Sky, Color (all positive in fac-
tor IV)
B b Garden, Flower, Spring, Summer, Sunshine (all

negative in IV)

Both the last factors, V and VI, do not fit into this
general pattern, as the reader may readily see for himself.
(Maybe that is why Deese does not mention these factors in
his discussion.)

Though a quick classification into four categories is
obtained, there remains the problem of deciding what the ca-
tegories mean. A number of guestions arise, such as

- Why is "nature" grouped with the animals(and not with
"sunshine" and "summer")?

- Why are "fly" and "bees" grouped with "bird" instead
of being grouped with "butterfly" and the rest of the
"insects" which they surely are?

Under close inspection, an interpretation in terms of
logical, hierarchical classification seems to melt away. More
factors than needed account for a less than satisfying por-
tion of total variance, and the strategy proposed for inter-
pretation has failed.

An even more fundamental issue hitherto undiscussed con-

cerns whether factor analysis can justifiably be applied to
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overlap coefficients. Indeed, the answer must be negative,
because 0Cs, being based on common frequencies, are not the
kind of multiplicative distance (or similarity) measure which
factor analysis has been designed for. This, of course, 1is not
Deese's fault: what else should he have done, without other
technicgues of dimensional analysis available? But these diffi-
culties (and the ensueing interpretational ones) may have
brought an untimely end to this kind of work; anyway, Deese
later joined forces with psycholinguists influenced by Chomsky.
Other, so-called structural (i.e. thoroughly non-association-
istic) theories of word association have been proposed (CLARK
1970) and largely been found to fail (e.g. LEUNINGER et al.
1972) . The renewed interest in associationism, however, de-
mands that Deese's illuminating ideas on semantic analysis

be taken up and furnished with modern techniques of statisti-
cal analysis (e.g., SZALAY & DEESE 1978).

Part II: HOW TO ANALYSE ASSOCIATIVE MEANING

There are certain requirements to be met by any method
in order to provide a practical as well as theoretically suf-
ficient means for analyzing associative meaning.

(1) In a homogeneous population, response prcbabilities
with respect to one subject only, assumed to indicate habit
strength of the responses,may be approximated by response
frequencies taken across subjects (one response per subject).
Average response freguencies thus become an index of habit
strength in an idealized, or indeed any member of the popu-
lation. Yet a far broader data base would be provided by re-
cording more than one response per subject. Therefore a gene-
ralized coefficient of associative overlap has to be designed.

(2) Factor analysis has been shown to be an inadequate
method for the analysis of matrices composed of overlap
coefficients. Since the main problem concerns the assumption
of linearity (i.e. that the OC value be proportional to geo-

metric distance in the structural model), this assumption is
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to be "reduced" (sensu GIGERENZER & STRUBE 1978) to assuming
ordinality. A nonmetric technique for multidimensional scal-
ing 1is therefore required.

(3) Results of structural analysis (e.g., a factor struc-
ture) are usually interpreted in terms of dimensions; a mean-
ingful geometric structure, however, does not necessarily im-
ply the meaningfulness of the coordinates (see DEGERMAN 1972).
Rather, an interpretation should be guided by the structure
itself, by the content of the associative responses, and by
external criterion variables.

(4) A purely descriptive analysis (like Deese's) is not
sufficient, because techniques for dimensional analysis are
designed to reproduce the data matrix with minimal aberrations.
To ensure that the structural solution obtained through multi-
dimensional analysis is in fact an associative structure,

validation through further experiments is needed.

Generalizing the Overlap Coefficient

How are these requirements met? The first, i.e. generalization
of the overlap coefficient, has been solved through the work
of MARX (1976 a, b). He differs from Deese in basing his
coefficient (named YK = Uberlappungskoeffizient, the German
word for overlap coefficient) on relative instead of absolute
frequencies of common responses. His UK is just the sum of
common response percentages. For illustration consider the case
of stimulus A, eliciting a total of 30 responses (12 subjects,
each associating for 30 sec), three of which, i.e. 10%, con-
sist of the word X. Another stimulus word, B, elicits a to-
tal of 35 responses, seven of which are X, equalling 20 per-
cent. The UK value, so far, is ten pércent, i.e. the smaller
of the two percentages. Let the relative frequencies for Y,
another response common to both A and B, be .8 and .11, re-

spectively. This adds another 8 percent to the UK, now amount-

ing to .18. This procedure is continued until all common re-

sponses are dealt with.

el
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Direct associations are treated in the following way:
If B occurs twice as response to A, the percentage 2/30 =
.067 is directly added to the value of the UK. This Procedure
eliminates the bias inherent in Deese's OC. (For an exten~-
sive discussion, see MARX 1976 a.) MARX (1976 b) provides crj-

tical values to test the significance of UK.

Nonmetric Multi-Dimensional Scaling of Associative Similarities
. e ——

An overlap coefficient like the UK is merely an indicator
of similarity of associative meaning, i.e., we assume an ordinal
relationship between the UK value and the associative similar-
ity of two stimulus words. Representing similarity by distance
between points in a geometric space, the rank order of point
distances given through the UKs implies an 'ordered metric'
(COOMBS 1964) of the stimuli themselves. (Note that no assump-
tion of linearity is needed).

In a similar way, the structural model employed to frame
the dimensional analysis need not be of Euclidean metric. Fac-
tor analysis, relying upon Euclidean models, has brought about

-the customary view that structures of attitudes, values, judge-

ments, and even personality, are adequately represented in a
Cartesianized Euclidean space (BOYD 1972). Studies as early
as ATTNEAVE (1950), however, and even more those by HYMAN &
WELL (1967; 1968) and WENDER (1969) have made metric itself a
variable relevant to the psychology of judgment. So it seems
wise to dispense with any specific assumption of metric and
use a technique which results in an appropriate metric rather
than proceeds on the assumption of a questionable one.
Suitable techniques for the structural analysis of over-
lap matrices have been in existence since SHEPARD's basic work
of 1962, Important improvements are due to KRUSKAL (1964 a, b).
A similir approach, though differing in detail, is the
mallest Shace Analysis program series by GUTTMAN & LINGOES
(s. GUT™" AN 1968; LINGOES 1972). Important readings have been
collectel in SHEPARD et al. (1972). In spite of various names
being i1 use, we shall call the whole group of techniques
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NMDS, i.e. Nommetric Multi-Dimensional Scaling.

In the field of language, psychologists have not made
much use of NMDS (the work of RAPOPORT & FILLENBAUM, 1972,
provides an exceptional example), yet NMDS seems uniquely
suited to the analysis of associative structures.

Description NMDS will be restricted to the basic prin-
ciples and some of the specifities of POLYCON-2, a computer
program by YOUNG (1972) expanding the scope of Kruskal's pro-
cedure. (This is the program we used in our experimental work.)
Overlap coefficients form a quadratic similarities matrix
(COOMBS 1964: 'guadrant-IV data'), and no other features of
POLYCON-2 will be described.

The basic model underlying NMDS is represented by the

equation

=]

B

S (similarities) is the matrix of overlap coefficients. It is
transformed into D (disparities), a matrix being in strictly
monotonic relation to S. This is the 'data side' of the
equation. On the right side, the 'model side', there is the re-
sulting matrix X, containing the Cartesian coordinates of points
representing the stimulus words in a space of optional though
usually minimal dimensionality. Upon this space, a freely de-
fined metric may be imposed, h(X), yielding the matrix of dis-
tances, D, in an unequivocal way.

The most relevant connection is the cne between B and D,
i.e. the disparities and the distance matrix, both of which
are alike in dimensionality. The aim of NMDS is to provide the
model with an optimal fit (designated by £) to the empirical
data. Kruskal and Young use a least-squares approximation.

The rationale of the technique may summarized as follows:
A matrix of similarities (e.g., overlap coefficients) is mono-
tonically transformed into a matrix of disparities. In a geo-
metric space of previously chosen dimensionality and metric,
a configuration of points (e.g., representing stimulus words)

is established such that the matrix of point distances becomes

a least-squares approximation to the disparities matyjiy,

To do so, however, is not quite as easy as it sounds,
For instance, the disparities matrix L has to be determined
such that a least-squares approximation is possible. The
approximation process itself is an iterative alqorithm, time-
consuming even with the most modern computers. The process
starts with an arbitrary initial configuration, which ig
chan&ed stepwise according to the partial derivatives of the
least-squares function L2 (with respect to the metric of the
space) , until L2 is minimized. Though Young employs a better
algorithm than Kruskal, 20 to 30 iterations may be required.

The least-squares deviation L? is given by

— ij
L2 l,j_ '
~ ~
E. (dyy = d)
llj

where dij denotes the distance betwien points i and j, Sij
the corresponding disparity, while d is the mean disparity
(for details, see YOUNG, op. cit.: 79 -101).

Another deviation measure is 'stress', which has been

introduced by Kruskal, and is defined ('stress-2') as

Instead of the disparities sum of squares, a term denoting
distances-SS enters the denominator, for technical reasons.
A problem commonly encountered with NMDS is that of a
stress function having more than one minimum. The iteration
process may then end up in a local minimum, possibly far
from the absolute one. Young reduces the danger of reaching

a merely local minimum by establishing a 'best' initial con-
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figuration through metric multidimensional scaling
(TORGERSON 1958: 247 - 293), before NMDS proper begins.

Finally, metric and dimensionality have to be dis-
cussed, these two being parameters of the model to be
chosen freely. Neither Youngs's POLYCON technique nor any
other available at the time being, is capable of optimi-
zing both or at least one of these parameters. The only
way out is in computing a multitude of NMDS solutions with
various dimensionality and metric, looking which one gives
best results.

Metric, of course, will be restricted to a class of
possible metrics adeguate to the problem posed. For ana-
lyzing overlap coefficients, the class of Minkowskian
r metric is suggested, which gives the inter-point dis-

tance dij in a space of k dimensions by

- 1
r\r
a = (Z(:(Ixik - x5 DT

This results in Euclidean metric for r = 2, or city-block
metric for r = 1. The larger the r, the greater is the con-
tribution of the largest difference lxik N xjklto the dis-
tance as a whole. For r growing infinitely large, dij becomes
equal to max(lxik - xjkl)' The Minkowski r resulting in a
NMDS solution with mininal stress will be selected and con-
sidered an adequate model for subjective judgment metric.
(GIGERENZER, 1978, and WENDER, 1969, discuss the quality of
metric as a model of human judgment.)

Considering dimensionality, looking for minimal stress
seems less unequivocal: Provided the number of dimensions
is large and not limited, further increase in the number of
dimensions will result in even smaller stress, but this, of
course, is a trivial solution to the problem. A structure of
three or even less dimensions seems preferable, since NMDS

aims at structures to be easily interpreted without reference

to coordinates.
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In our experiment (see below), NMDS solutions of three,
two, and one dimension were obtained, with three Minkowski
parameters each (r = 1, 2, and 8 for approximating r —) ).
The solutions were compared in order to find a best solution,
yielding readily to visual inspection and a meaningful psycho-
logical interpretation.

Discussion of our requirements (3) and (4), i.e. inter-
pretation and validation of NMDS solutions, will be post-

poned until the experimental data have been presented.

Part III: THE TECHNIQUE EXEMPLIFIED

Stimulug material: A dozen nouns referring to housing con-

ditions were chosen and presented in the following randomized
order:

APP Appartement (apartment. Note that the German word chief-
ly refers to small, one-room apartments, the general German term
for apartment being "Wohnung"),

SOZ Sozialwohnung (An apartment built with government or
other public subvention, mainly for people of low income),

WGM Wohngemeinschaft (communal living in a house or an

apartment commonly shared by a small group, often students),

NEU Neubau (newly erected building),

BUN Bungalow ( bungalow),

HHS Hochhaus (a building usually containing six to twenty
Oor even more storeys),

ALT Altbau (a building erected before World War II),

UNT Untermiete ( subletting, renting rooms),

BAU Bauernhaus (farmhouse),

STH Studentenheim (students' dormitory),

RHS Reihenhaus (row-house, semi-detached),

WBL Wohnblock (block of flats, usually a large building).

Method: 79 students (beginning students of psychology)
were shown the above stimuli, 25 seconds each, on an overhead
projector. During exposure, Ss wrote down their responses on

seperate sheets of paper per stimulus. They had been carefully
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instructed to respond to the given stimulus (and not to their

last-written response) .

Further measurements consisted of a semantic differential,
by means of which the same 12 concepts were judged (presented
in a randomized but different order), and of a paired—compari—
son judgement of the same concepts as to personal prefer
('T would better like to live in a

ence
in living accomodations

than in a ...").

Results of word association. The stimulus words elicited
responses, i.e. between 2.11 and

from 167 (WBL) to 317 (BAU)

4.01 responses per subject, the mean being 3.11 responses, and

the standard deviation being less than 0.46. Noble's meaning-

fulness value m (gauged to a time-span of 60 sec
should amount to about twice as much;
in time being not linear but

instead of

the 25 sec used here)

the increase of total responses

negatively accelerated, according to the laws of the associa-

tion process.

The responses to each stimulus word were listed alphabetically,

and their relative frequencies were computed. The method of

described above, was used to obtain "UK" overlap coeffi-

Marx,
The overlap matrix is shown

cients for all pairs of stimuli.

in Table 2.

ed to these data nine

Young's POLYCON-2 procedure was appli
2y

times, yielding NMDS solutions with varying dimensions (1,

and 3) and Minkowski metrics (r=1,2,8). Euclidean metric

showed less stress than both the other metrics. The one-dimen-—

sional solutions showed too much stress and were not conside-

red further. Stress was not considerably lower for three than
(stress-2 = 0.29}, so the two-dimensional
This so-

for two dimensions
Euclidean solution was chosen for further inspection.

lution (columns x and y of Table 3 contain the coordinates)

may be judged a 'fair' one (cf. KRUSKAL 1964 a).

Since the coordinates were not quite independent of one an-

other (rxy=.23), the coordinates were orthogonalized (columns
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Table 2 Matrix of overlap coefficients

502 WGM NEU BUN HHS ALT OUNT BAU grg RHS w

BL

APP | .132 .044 .230 .154 .193 .052 .165 .057 .152 ]
;2; <136 .153 .094 .148 .195 .161 .070 .175 :122 ::22
s :082 .064 .082 .116 .077 .130 .224 .066 .o74
== -136 .329 .105 .112 .061 .125 .133 _51g
e -056 .060 .052 .159 .056 .163 .055
s -048 .095 .038 .175 .122 .300
= 048 .168 .092 .053 .030
e .002 .176 .106 .130
- .055 .060 .039
- .154 .230
.181

Note: All UKS but one (
UNT/BAU) are significa
nt
1976 b: 269. Co

z and z'
z' of Table 3) and normalized (columns z and z!
3). The necessar i : o e o
g Yy computations were done by hand (with the aid

o i ¢ .

a small electronic calculator). In addition the configur
tio i ’ ”

n was slightly rotated (the reason for which is given be-

low) . i
). Fig. 4 shows the orthogonalized and rotated sulution

, Interpreting the NMDS structure. Any adequate interpreta-
tion has to provide answers to the following questions:
- What is the geometric shape of the solution structur;°
- What if anything should the dimensions be called, and-are

there OptlI[lal directions of the dimensional vectors concerning
J_nterpretatlon.:

- Are there external vari
iables useful for inte i
rpr
NMDS structure? P e
- Is
there a way towards more detailed interpretations, e.g
, e.g.

by doing a content analysis of the responses?
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Table 3 NMDS solution: POLYCON coordinates, orthogonalized

coordinates, and normalized rotated coordinates.

Preference scales: BTL model and percentages.

Stimulus FREE ASSOCIATION & NMDS SCALING PREFERENCE

POLYCON orthog. norm. /rot. BTL %

x y z z' z zé
AFPPar tement -.011| -.559 .062 .553 111 1.228 -.180| .546
S0Zialwohnung -.023 .233| -.053 | -.234 ) -.095 -.519 .858 | .280
WohnGeMeinschaft| .160( .765( .059( -.739 106 | -1.640 -1.034| .7%
NEUbau .Ole| -.224 .045 .224 .081 .497 104 | .480
BUNgalow .668| -.533 .752 .616| 1,349 1.367 -1.377| .826
Hochflaus -.420| -.246| -.384 | .191| -.689 .424 1.104| .231
ALTbau .674 .650 L5831 -.560| 1.046| -1.243 -.742| .698
UNTermiete ~.834 .175| -.850 -.279 -1.525 -.619 1.663] .113
BAUernhaus 1.077 .289] 1.030| -.151| 1.848 -.335 -1.386| .792
STudentenHeim -.382 .268 | -.414 | -.314 ) -.743 -.697 .377| .387
ReihenHau§ -.340| -.626| -.255| .578| -.458( 1.283 -.178] .555
WohnBLock -.606| -.191 | ~.576 113 ]-1.034 .251 L7911 .314
MEAN o} & o} (0] (o] (o] (o] .501
Std.Deviation «573 .466 «577 .451 1 1 1 .241

rxy = .23 T, = .03 rznz;1 = .03 rBTL/%=_'996

As for shape, i.e. the general geometric figure formed by
the NMDS solution, it may be characterized by DEGERMAN's (1972)
term 'S-structure', which means a hyperspheroid (or Guttman
'circumplex') like the well-known color circle (cf. SHEPARD's
1962 re-analysis of EKMAN's 1954 data, reducing Ekman's 5-factor
solution to the three-dimensional shape of a double cone). The
points of our NMDS structure indeed, with the possible exception
of NEU and S0OZ, form a roughly circular figure. Such structures
do not necessarily lend themselves to a dimensional interpretation.
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(Cf.

preted in terms of polar coordinates, the angle corresponding

the color circle, which is much more convincingly inter-
to the color hue, and the radius to color saturation. The peri-

phery itself may be looked upon as a single, bent dimension.)

On the other hand, there may well be sensible interpreta-
tions of Cartesian (or oblique) dimensions. These dimensions
being not explicitly qualified, however, (as is with factor
loadings of adjectives in a rating task), we need something
more than the points' coordinates to answer the guestion of
what farmhouse, cottage (BAU), bungalow (BUN), and "Altbau"
(ALT) have in common, as compared to block (WBL), students'
dormitory (STH), and subletting (UNT). Two ways there are to
get further information, viz. introducing an external variab-

le, and content analysis of the associative responses given.

A variable considered relevant enough to be introduced as
an external variable from the start was the subject's prefe-
rence in housing conditions. The necessary (13) = 66 paired
comparisons (rating techniques were discarded because of their
inaccuracies) were processed according to usual scaling tech-
niques (cf. WOODWORTH & SCHLOSBERG, 1954: 253-256) as well
as BTL scaling (BRADLEY & TERRY, 1952; SIXTL, 1967: 209 ff.).
The last two columns of Table 3 contain the computed prefe-
rence values for the 12 stimuli, showing no less than perfect

agreement between both scaling methods (r = -.996).

Personal preference in housing conditions correlated to a
surprisingly high degree with the first of the two POLYCON
dimensions (column x of table 3; r = -.878). Orthogonalization
of the coordinates, as mentioned above, was followed by a rot-
ation designed to produce optimal fit between the first dimen-
sion and personal preference. This resulted in a rotation by
7 30', obtaining a correlation of r = -.883 with the first
dimension (and zero correlation with the second one, as well
as zero correlation between both the coordinates themselves).
Equally, the first dimension, after rotation, contains 78

percent of common variance with personal preference.
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We are therefore on firm ground in stating that the firgt
dimension of our obtained structure of meaning is one of
subjective evaluation or preference. This result is due to
the introduction of an externalvariable, the methodological

value of which thus being illustrated.

Interpreting the second dimension, in the absence of a
suitable external variable, is more tedious. No attempt was
made to construe a 'dimension of student vs. more establi-
shed way of life' by contrasting terrace houses (REI), apart-
ment (APP), and bungalow (BUN) on the one hand, and the items
low on the second dimension on the other. Common as such a
strategy for interpretation is, it seems highly arbitrary and
rather distant from the facts. Instead, a content analysis
was done.

Content analysis of associative responses, i.e. single
words, is much easier to do than an analysis of running text,
because one need not worry about problems of context and size
of units for analysis. The reflexive process of constructing
sensible content categories, however, cannot be dispensed
with. (Yet this will not be described here. RITSERT, 1972:
46-55, contains a lucid discussion of this tremendously im-
portant issue.)

In the present case, six categories were established that
could be described in few words and did not pose difficult
problems of how to categorize the responses. These six cate-
gories were:

i (individual freedom vs.) dependence

ii restfulness vs. stress and annoyance
iii social life vs. isolation

iv natural beauty (vs. sterile artifact)

v spaciousness & comfort vs. lack of s.&c.

vi expensive vs. cheap

Table 4 shows the relevant categories (arbitrarily defined

by an amount of more than 10 % of the responses so classified)
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Table 4 Content analysis of free association data (see text)
cAT. 1 CAT. 2 caT. 3 caT. 4 CAT. 5 CAT. 6
STIMULUS WORD
pos.: pos.: pos.: pos.: pos.: poOs.:
FREI RUHE GESELL. NATUR GROSS TEUER
pos.
APPartment - 13%neqg. 28%neg_ 13%pos |
SOZialwohnung = - - - 19%neg.| 27%negqg |
WohnGeMeinschaft - 20%neg .| 33%pos. - - -
NEUbau - - - 32%neg. 233 P05~ -
neqg.
DBUNgalow - = - 27%pos. | 13%pos.| 21%pos
HJochXaus - 12%neg.| 17%neg. - - -
L _ poOSs. _
LLTbau - 15%oos. 46%neg.
UNTermiete 36%negd 25%neg. - = = -
BAUernhaus - 26%pos. - 36%pos. - =
STudentenHeim 12%neg,) 15%neg.| 24%pos. - 15%neg. -
: . a pos. _
Reihenlaus 11%neg. - - 11%neg. 17%neg.
Wohn3Lock 13%neg] 17%neg. - - 12%neq. -

for each of the stimulus words. Figs. 5, a to ¢, attempt to enable

the reader to visualize the distribution of the content categories

among the stimulus words. The first dimension is determined by

the categories i,

the whole cf “he dimension.

half of the circular structure only,

ii, and

iv, of which only cat.

Yet even cat.

ii is

relevant

ii encompasses
to one

so it is not identical with

the first dimension. An interpretation of dimension 1, however, is

sti1ll possible by means of the context categories: Negative pre-

ference, as we see, is strongly determined by both lack of indivi-

- 185 -

=N *WGM P

[ ey s

Fig. 5 a

dual freedom (i-) and by continuous annoyance and stress (ii-),
whereas positive preference, apart from restfulness (ii+), is
characterized by the prominence of natural beauty (iv+), flowers,
gardens, and rural settings. (For more details on specific re-
sponses, see STRUBE, 1977: 93-98.)

The orthogonal second dimension is ill defined (even cat.
iii will not yield to a dimensional interpretation, since to
every instance of the category, e.g. APP, there are more words
of the same dimensional value, e.g. RHS and BUN, which are not
instances of cat. iii). Therefore it seems better to make use
of the mainly correlated categories v and vi, by means of which
an oblique 2nd dimension may be established, ranging from SOZ
and STH to APP and BUN. Though no external variable has been

used to validate this dimension, a suitable one now can be
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z! 2nd dimension (rotated)

Fig. 5 ¢

Fig. 5 Range of content categories in NMDS structure (a) Cate-

P i vi
gories i, ii, and iv, (b) Category iii, (c) Categories v and vi

TR
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proposed: the price (or rent that has to be paid, or Tathey th
e

pPrice as estimated by the subiects.
Establishing qualifying categories and/or dimensions,

then,
is a useful technigue to make discussion easier and give

2 con-
ceptual determination of the associative meaning sStructure, This

is additional, but not at all contrary, to the fact that the
visually pregnant shape of 'ecircular structure' is more adequate
to the psychologically relevant aspects of the structure (per-
taining, e.g. to memorizing and word association tasks). 1t may
be summarized that the associative meaning structure containing
the said 12 stimulus words, with Tespect to the tested student
population, has @ roughly circular shape and may further be

specified by two meaningful dimensions, oblique to one another,

viz. subjective evaluation (or preference), and expensiveness.

Part IV: TWO VALIDATION STUDIES

Does NMDS yield an associative structure proper?

Mediation theories have been discussed in considerable
length in part I of this paper, and have been applied to the
word association task. So the reader may rightly ask for em-
pirical evidence stressing such a relationship. In other words,
the nature of the NMDS structure has to be proven to be an
associative one. Now what criteria would be useful to decide
this issue?

If the circular structure yielded by the NMDS procedure is
an associative one indeed, the distances between the 12 points
(standing for the 12 stimulus words) should covary with the
probability of direct associations between the words, i.e. with
associative strength between stimuli. Unfortunately, however,
this criterion is not at all useful, direct associations being
rare (remember that Deese went over to coefficients on just
these grounds). But whiie we are perfectly assured that the
point distances in our NMDS structure correlate with associa-
tive overlap simply for technical reasons, we have rather to
face the question concerning the reldtionship between associa-
tive overlap and associative (habit-) strength.
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| There is clearly need of an indirect criterion measure.
Some simple considerations about consequences of association Table 6 Results of serial learning
strength for serial learning provide the necessary cue (cf.
“ DEESE 1961). For instance, an experiment by WEINGARTNER (1963) a) Means and std.-deviations of number of trials
showed that serial learning of lists of words is greatly
facilitated when the sequence of words conforms to the asso- Series . T I
ciative structure between the words. We may now turn this re- . 1
sult upside down and claim that our list of stimulus words, Assoziationsreihe 8.2 3.01
given in the 'right' sequence (i.e., along the circle) in a Praferenzreihe 13.9 3.21
serial learning task, should be learned more easily than any Zufallsreihe 14.3 | © 2.75
other, e.g. random or dimensionally ordered, sequence, if the
NMDS 'circle' actually represents an associative structure.
The experiment was done with three lists, shown in Table 5 b] Analysis of variance (level of significance =
under the headings of 'asssociative list', 'random list', and = e = 1%)
'‘preference list'. The 'associative list' was constructed by
cutting up the circular NMDS structure between the most dis~ SOURCE OF VARIANCE sS af MS F
tant of neighbored points, ?.e. between BAU and BUN, pro- association vs. random
ceeding along the 'circle’ and leaving out SOZ in order to & preference series 232.07 L 232.07 25.81 signif.,
prevent any cross-cut associations like NEU-SOZ (omission of preference vs. random s. 0.80 : . B
NEU would have had the same effect). g
between groups 232.87 2 116.43 12.96 signif.
Table 5 Word lists given in the serial learning task e EEegES 242.604, 27 a9
ASSOCIATIVE LIST RANDOMIZED LIST PREFERENCE LIST foral l e Zgl_
7. BUNGALOW 1. APPARTEMENT 1. BAUERNHAUS ‘
2. APPARTEMENT 2+ WOHNGEME NS AR 2. BUNGALOW The lists were presented to ten subijects each (students t
Z. iigiggﬂAUs 2‘ gﬁziizow z‘ :igzisMEINSCHAFT having participated in the main exPeril-nent) on a memory drur:o
) : : at a speed of 2 sec per word. After one tri -
Z' ;ZEEE?EEK 2' ig;HHAUS 5. APPARTEMENT | ticipate the following word. Easiness oftaizi;n;Z:tSw::dmzzsin
. 1 5
. e - UNTEQEIETE s: SzégiEHAUS | ufed by number of trials necessary for complete mastery of the
il el g - o SeTmEy | list. The Ss l?arning the preference list were subsequently
9. WOHNGEMEINSCHAFT | 9. STUDENTENHEIM 9. WOHNBLOCK ‘ tested for their personal preference; the latter usually con-
. L formed to the list's sequence, and one S, whose preference
IO ALTBAU 10. REIHENHAUS 10. HOCHHAUS ' grossly differed from the rest, had to be éxcluded.
11. BAUERNHAUS 171. WOHNBLOCK 11. UNTERMIETE Table 6 shows the results. Clearly, the NMDS SenuENeE 18 gie
nificantly easier to learn than either of the other lists, the
preference list (reflecting a dimensional ordering of the words)
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not differing significantly from a random order. We may there-

fore conclude that
1. the geometric structure resulting from NMDS processing

of overlap coefficients is an associative structure indeed, and
2. dimensional interpretations may lack relationship to the

relevant psychological variables even when based on external

criteria.

Associative structure and Osgood's semantic space.

It is an interesting question whether Osgood's semantic
differentiation technique results in a semantic structure comparab-
le to an associative structure. Osgood, of course, does not
claim to assess all the various aspects of meaning, as the
title of his original publication might suggest (OSGOOD et
al., 1957: "The measurement of meaning"). He restricts the
scope of semantic differentiation to the assessment of con-
notations, i.e. the affective components of meaning. Es-
tablished by carefully cross-validated factor analysis ( see
0SGOOD, 1962, for example), there emerges a three-dimen-
sional (and, because of factor analysis, FEuclidean) semantic
space comprising E (evaluation), P (potency), and A (activ-
ity) as its basic vectors, of which E is usually the most
important one.

Since it must be assumed that associative processes re-
flect denotative as well as connotative aspects of meaning,
an intricate rather than simple relationship should be ex-
pected between the results of 0Osgood's technique and our
associative one. There should also be some identification
possible between EPA-structures and the associative structure,
yet in a way that the associative one covers more aspects than
the former, notably denotative ones.

The reader is assumed to be familiar with semantic differ-
entiation ( a thorough introduction give 0SGOOD et al., 1957).
Therefore, we may proceed by describing the results of our

assessment of the 12 stimulus words, now serving as 'concepts',

- 191 -

with the quite usually constructed semantic differential

shown in Table 7.

Table 7 The semantic differential

gut 3 2 1 0 1 2 3 schlecht
hdplich 3 2 1 0 1 2 3 schdn
human 32 1 0 1 2 3 inhuman
angenehm 3 2 1 0 1 2 3 unangenehm
bitter 32 1. 0 1 2 3 suR
heiter 32 1 o0 1 2 3 traurig
schwer 32 1 0 1 2 3 leicht
aktiv 32 1 o 1 2 3 passiv
schwingend 32 1 0o 1 2 3 ruhend
monoton 32 1 o 1 2 3 abwechslungsreich
weich 3 2 1 0 1 2 3 hart
stark 32 1 o0 1 2 3 schwach
langsam 3 2 1 o0 1 2 3 schnell
aufregend 32 1 0 1 2 3 beruhigend
freundlich 32 1 0 1 2 3 unfreundlich
einsam 32 1 o0 1 2 3 gesellig
befreiend 32 1 o0 1 2 3 bedrickend

The 17 items included 6 referring to E, 3 to P, and 4 to A,
as well as another 4 items of unknown EPA reference supposed
to cover important aspects of the concepts assessed. Complete
judgments were obtained from all 79 subjects participating in
the main experiment.

The usual kind of factor analysis (modified Hotelling pro-
cedure and Varimax rotation, program FACTOR of the SPSS series)
produced, oddly enough, a series of factor eigenvalues of
8.21, 1.09, and 0.42. This is very nearly the kind of distor-
ted solution Osgood himself has often described, e.g.: "The
greater the emotional or attitudinal loading of the set of con-

cepts to be judged, the greater the tendency of the semantic

framework to collapse into a single combined dimension.'
(OSGOOD, 1962: 25).
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Indeed the first factor, explaining 48 percent of the
total variance, clearly represents Evaluation, while the
much lesser second factor is rather one of Activity (though
without containing "active-passive" itself). The P items
partly merged with E, having rather low communality even in an
attempt at a three-factor solution. Tables 8 and 9 show, re-
spectively, factor loadings of the 17 items, and factor scores
for the 12 concepts in the two-factor solution. (For a more
detailed discussion, see STRUBE, 1977: ch. v).

Table 8 Factor loadings of semantic differential scales

SCALE £.1 £.2 n?
1. gut-schlecht .789 -.037 .623
2. hdBlich-schén -.799 .041 .641
3. human-inhuman .807 -.051 .653
4. angenehm-unangenehm .849 -.074 .727
5. bitter-sin -.802 .066 .648
6. heiter-traurig .877 117 .783
7. schwer-leicht -.618 -.086 .389
8. aktiv-passiv .729 .321 .643
9. schwingend-ruhend .350 .557 433
10. monoton-abwechslungsreich| -.755 -.224 .621
11. weich-hart .637 -.069 .410
12. stark-schwach .471 .098 .231
13. langsam-schnell -.054 ~.589 .350
14. aufregend-beruhigend -.247 .496 .307
15. freundlich-unfreundlich .843 .014 .710
16. einsam-gesellig -.655 -.174 .460
17. befreiend-bedriickend .819 .079 .677
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Table 9 Factor scores of the 12 stimulus words on semantic
differential factors

STIMULUS £. 1 £. 2
Neubau .544 -.203
Untermiete .729 .054
Bauernhaus -1.216 .527
Appartement . 101 -.071
Sozialwohnung .489 . 208
Bungalow ~-.813 . 195
Wohngemeinschaft -.915 -.921
Hochhaus 1.151 -.107
Wohnblock .721 142
Altbau -.684 .740
Reihenhaus -.066 .348
Studentenheim -.040 -.912

The important first factor, Evaluation, correlates nearly
perfectly with the preference scale ( r = -.92 uncorrected!),
and reasonably high with the first NMDS dimension ( r = -.77).
We are therefore entitled to assume that the result of Osgood's
technique indeed represents the connotative aspect contained
in the associative structure. Regarding their respective theo-
retical claims, it may be concluded that both these techniques,
both based on mediation theory, have been found to produce
converging results. Notably the method of analyzing associ-
ative responses, which has been proposed in this paper, has re-
sulted in greater differentiation of structure as well as encom-

passing both denotative and connotative aspects of meaning.




SUMMARY

Theoretical views on meaning as conzeptualizedlin association
theory and earlier experimental work in this field are re-
viewed. A method for the analysis of associatively relét?d
word fields is described, using modified overlap coefflclenzf
computed from word association data as input for a ﬁMDS (zo
metric multi-dimensional scaling)} program. An experlme?ta
example is given, and problems of interpretation are dis-
cussed. Finally, two validation studies on the method are

provided.
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