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EprToRIAL

In response to the growing intensity of quantifica-
tion in all domains of linguistics, we propose a new

series, called Quantitative Linguistics to be brought

out at least 3 times a year at irregular intervals.
This form has the advantage over a journal in that
both articles and monographs can be published and that
the interested reader can buy single volumes without
having to subscribe to the total series.

The publication languages will be English, German

and French. Authors, however, are asked, to use the
first language mentioned, if possible.
The aims of the series are manifold. First, the

series is intended to inform the reader about activi-

ties in all domains of linguistics. To this end, a

rubric, Current Bibliography {(of quantitative lin-

guistics), will be established and brought out regu-
larly. The authors publishing in the field of quanti-
tative linguistics are invited to send the Editor
bibliographical references about or coples of their

most recent work. Special bibliographies concerning

a particular linguistic discipline or results in a
particular country, etc. are welcome. Further, re-
search reports concerning the developments of a parti-
cular method, in a particular discipline, in a partic-
ular country, etc. will also be published.

Second, the amount of quantitative data available
from languages does not seem at present to be adequate.

Therefore, data cellections in which uninterpreted

results are simply presented with a short commentary
will also be accepted. In the articles the raw data
should always be presented rather than percentages.

In frequency dictionaries, which could be published

in separate volumes, the frequencies of all segmen-
tally different forms should be given.

Third, in order to propagate quantitative methodo-
logy we plan the publication of textbooks on different
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mathematical disciplines such as probability theory,

stochastic processes, information theory, statistics,

special statistical methads (such as nonparametric
statistics, multivariate statistics, path analysis,

analysis of variance etc.), differential and diffe-

system theory., enumerative graph
guch textbooks should address

rence equations,
theory, curve fitting.
themselves particularly to linguistic applications.
Fourth, current evaluation of linguistic data, which
will no doubt be contained in the majority of contri-

should proceed with the aid of guantitative

butions, .
methods; therefore neither pure algebraic nor pure

camputer linguistics will be accepted. currently these

disciplines have enough publication organs of their
own. It is our aim to stimulate the use of quantita-
hods, which is best done when a method 1is
ticle. Well

but reference

tive met
included and explained directly in the ar

known methodologies need not be repeated,

to sources where they can be found 1is gssential.

Greatest attention will be paid to the development

of new gquantitative models not yet available in other

mathematized sciences.
Fifth, since the ultimate goal of al
we will give preferred status

1 gcience is the

building of theories,
to theoretical work concerning the latent mecha
tneeoreticaz *-_" %

of language. The time seems right to investigate the
he level of

nisms

deeper layers of language lying below t
1t is our belief that on the one hand, language
stem and on the other,

rules.
conceived as a self-regulating sy

the psychological (cognitive) mechanisms of language

production and language use can be grasped scientifi-

cally in the same manner as is done say 1n physics.

The laws of language can be discovered neither by
petent speaker alone nor by analyzing
They must be derived theoreti-
lizations

observing a com
a particular language.

cally. However, preliminary empirical genera

made on the basis of many languages can suggest the

form of a future law. Therefore both attempts at first

o on
approximations to laws based on empirical observation,

IIT

as well as theoretical derivations and their corrobo-
ration on the basis of a particular human language or
experimentation in the psycholegical laboratory will
be welcome. Several results in this direction have
been published already, particularly in Russian. We
intend to translate such works provided a satisfactory
solution to copyright problems can be achieved.

Sixth, articles on the methodology of quantitative
linguistics, its epistemological state, its position
in the science and its development will be given in-
terested consideration.

Finally, the series is intended to fulfill an gdu-

cational function. Therefore, the authors should

keep in mind that they are not only addressing spe-
cialists in their own areas of research but also in-
terested "laymen”, i.e. colleagues of other branches
of linguistics. Hence authors should take pains to
present their topic in a manner that is accessible to

"newcomers” in their area.

The series will consist of three kinds of publi-
cations:
(1) Mixed omnibus volumes, called GLOTTOMETRIKA,

containing articles from all disciplines of lingu-

istics. Contributions can be submitted any time.

(2) Monothematic omnibus volumes on specified

subjects. Volumes devoted to the following themes are
presently in preparation (here not in chronological

order; the addresses of the editars are in brackets):

(a) Arapov, M.V., Brainerd, B. (Eds.), Historical
Linguistics. (M.V. Arapov, VINITI AN SSSR, Otdel
semiotideskich problem informatiki, ul. Baltijskaja,
14, Moskva 125219, USSR; B. Brainerd, Dept. of Mathe-
matics, University of Toronto, Toronto 5, Canada.)

(b) Arapov, M.V., Guiter, H. (Eds.), Studies on

Zipf's Laws. (Arapov as above; H. Guiter, Universite
P. Valéry, B.P. 5043, 34032 Montpellier, Cedex, France.)




v

(¢) Frank, H. (Ed.), Interlinguistik als Ausgangs-

punkt einer Reform des Fremdsprachenunterrichts nach

kybernetisch-pédagogischen Gesichtspunkten. (H. Frank,
Postfach 1567, 4790 Paderborn, West Germany.)

(d) Matthdus, W. (Ed.), Psycholinguistics. (W.
Matthius, Psychologisches Institut, Ruhr-Universitéat
Bochum, Postfach 102148, 4630 Bochum 1, West-Germany.)

(g) Klein, W. (Ed.), Language Variation. (W. Klein,
Max-Planck-Gesellschaft, Berg en Dalseweg 79, Nijmegen,

Netherlands.)

(f) Rieger, B. (Ed.), Semantics. (B. Rieger, MESY,
Heerlener Str. 30, 5100 Aachen, West Germany or Inst.
voor algemeene Literatuurwetenschap, Herengracht 256,
Amsterdam 1001, Netherlands)

(g) Altmann, G., Grotjahn R. (Eds.), Hexameter.
(R. Grotjahn, Seminar fir Sprachlehrforschung, Ruhr-
Universitéat Bochum, Postfach 102148, 4630 Bochum,
West Germany.)

(h) Altmann, G. (Ed.), The law of Menzerath.

(i) Lehfeldt, W. (Ed.), Quantitative Linguistics
in Eastern Europe. (W. Lehfeldt, Fachbereich Sprach-

wissenschaft, Universit&t, 7750 Konstanz, West Ger-

many.)

(j) Sambor, J. Hérault, D. (Eds.), Morphology.
(J. Sambor, ul. Rembielinska 5, m. 126, 03-343 Warszawa,
Polandia; D. Hérault, Université de Paris VI, 391910
Saint Sulpice de Favieres, Paris, France.)

(k) Goebl, H. (Ed.], Dialectology. (H. Goebl, Roma -
nisches Seminar der Universitét Regensburg, Universi-

titsstr. 31, 8400 Regensburg, West Germany.)

Interested scholars and potential contributors

should contact the editors of individual volumes.

(3) Monographs including textbooks and frequency

dictionaries. In preparation are:

(a) Alekseev, P3M., Statistical lexicography.
(b) Andreev, N.D., Structural-probabilistic analy-

sis of language.

(c) Andreeva, L.D., Dominantenanalyse in synchroner
und diachroner Sprachforschung.

. (d) Arapov, M.V., Kherc, M.M., Mathematical models
in historical linguistics.

(e) Boy, J., Phonetische Dechiffrierung von Buch-
staben.

(f) Lesokhin, M.M., Piotrowski, R.G., Mathematical
models in quantitative linguistics.

(g) Moskowich, W., Semantics and statistics.
(h) Moskowich, W., Quantitative linguistics in the
Soviet-Union.

(i) Piotrowski, R.G., Texts, machines, men.

(j) Piotrowski, R.G., Bektajev, K., Piotrowskaja, A.
Mathematical linguistics.

(k) Skorokhodko, E.E., Semantische Relationen im
Lexikon und in Texten.

(1) Valkhov, G., Geometrical methods for scientific
modelling.

The series strives for interdisciplinarity and in-

ternational cooperation. The members of the editorial
board are linguists, mathematicians, physicists and
psychologists.

Contributions and suggestions can be sent to any
member of the editorial board or directly to the
Editor G. Altmann, Sprachwissenschaftliches Institut,

Ruhr-Universitdt Bochum, Postfach 102148, 4630 Bochum
West Germany.

The Editorial Board
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TOWARDS A THEORY OF LANGUAGE

G. Altmann, Bochum

1. The development of linguistics since the 19th century shows
three major paradigms: the first concentrating on historical pro-
blems, the second, in which attention was concentrated aon ontolo-
gical and descriptive problems, and the recent one in which Chomsky
aroused interest in simulation problems.

The historians of language observed changes in entities which
they had, however, merely vaguely defined. They focused on gras-
ping and describing the evolutionary processes. as well as their
conditions.

Since de Saussure linguistics has strived for a more precise
determination of such vague entities (linguistic units) as well
as on the formation of systems of concepts. One might say that
the job at hand was to get the ontology "in order”: it had to be
determined exactly which units were present in language and which
part these units played in individual languages. Linguistics in
that period aimed at describing and classifying all linguistic
units and their mutual rule-governed relations. Almost all text-
books of modern structural linguistics are written in the follo-
wing way: the contain in the main lists of comprehensively ex-
plicated concepts which are only in extremely rare cases connec-
ted to one another by means of law-like statements (hypotheses].

Since Chomsky, a new ontology has been created and linguists
have tried to simulate the process of language production. It has
been said that many entities constructed by structuralists have
no relevance for the new ontology. New entities have therefore

been defined which fit better into the new descriptive mechanisms

than the old ones. Linguists involved in such endeavours tend to




maintain that they are constructing a theory. On closer inspec-
tion it can be seen that the term "theory” is being used with at
least two differenﬁ meanings.

First, the term is used to designate the mathematical appara-
tus by means of which the description, the analysis and the syn-
thesis of linguistic entities can be accomplished; this is in
other words the so-called theoretical linguistics which main-
tains the descriptive tools and may be considered a sort of sub-
discipline of mathematics or logic.

A second interpretation of the term "theory” might be that it
is a system of statements about the production and understanding
of utterances. This interpretation is the one underlying the
formulation of TARTAGLIA (1972: 16) who says that "the goal of a
theory of natural language is the explication of the mechanism
by which fluent speakers of a language are able to produce and
understand the meaningful utterances of a given language". It is
not unfair to call this conception the "official” view of the
generativists. It is clear that the "theory of language” refers
here actually to a kind of "theory of language behaviour”. No
matter what our attitude towards such a theory is, it should be
evident that it cannot replace a theory of language conceived
as a set of law-like statements about the connections and dyna-
mics of the entities of language.

2. When one constructs a theory it is because among other
things with the aid of this theory one wants to explain specific
phenomena (for other purposes of a theory cf. e.g. SPINNER 1974:
120-123). These explanations, which are the common concern of
all sciences, are the answer to a why-guestion. Reading the re-
levant literature on the philosophy of science it becomes evident

that there are many kinds of such answers (cf. NAGEL, 1961;

HEMPEL 1965; STEGMULLER 1968 etc.).

As far as language is concerned, one can pursue the explana-
tory efforts into very remote times. To show only a few examples:
in myths one finds numerocus answers to the question as to why
there are several languages rather than only one; Plato attempts
to explain in his Kratylos why words have a specified phonetic
form; in recent times historical linguistics has tried to explore
the causes of sound change; areal linguistics attempts to explain
the evolutionary tendencies in one language with reference to the
neighbouring languages; typology tries to grasp the whole mecha-
nism of the construction, functioning and evolution of language
and results automatically in the construction of a theory of lan-
guage. Descriptive linguistics (often equated with linguistics

per_se) focuses in the main upon answering of how-questions and

for this reason it is less successful in formulating explanatory
hypotheses.

3. If one wants to construct a theory of language in the above
mentioned sense, one must establish in advance some specifications
and limitations. The main part of a theory consists of a system
of hypotheses. Some of them are empirical (= tenable), i.e. they
are corrohbhorated by data; others are theoretical or (deductive-
ly) valid, i.e. they are derived from the axioms or theorems of
a (not necessarily identical) theory with the aid of permitted
operations. A scientific theory is a system in which some valid
hypotheses are tenable and (almost) no hypotheses untenable
(cf. GALTUNG 18967: 453). Evidently a theory is the better the
more of its valid hypotheses are tenable. A theory generating

deductively many untenable hypotheses can by no means be con-

sidered ideal.




- 4 =

Further the explanatary entities must be determined. In the
majority of sciences these entities are laws. In linguistics one
operates in addition with rules. We have shown previously (cf.
ALTMANN 1977) that rules do not supply us with explanations of
language phenomena; they merely represent concepts which enable
us to describe certain language phenomena in idealized form. In
any future theory of language one should therefore operate ex-
clusively with laws, no matter whether deterministic or stochas-
tic ones. To put it in a nutshell: no laws, no science (BUNGE
1867, I: 318).

The concepts with which one operates in a theory need not be
cither fruitful or exact at first. Their fruitfullness appears
in the process of research and their exactness can be reduced to
decidability. Besides, vague concepts are indeed the usual in
linguistics (cf. e.g- TLP 2, 1966, ALTMANN 1872b). One must ei-
ther eliminate them, make them exact, or introduce decision pro-
cedures for the determination of concept boundaries (cf. BELLMAN,
ZADEH 1870).

The claims laid to a theory, the desiderata, the criteria of
its quality (cf. BUNGE 1967, II: 346-361) are actually compara-
tive and valuative criteria which, indeed, should serve to orient
the user. At the beginning of research, however, one must deal
with them cautiously. At the start one usually has merely a quite
nebulous idea of how the properties of a theory will develop in
the course of its elaboration. One does not know in advance how
simple it will be, whether all its hypotheses will be testable,
how many isolated domains it will join, how deep it will be, to
what extent it will be able to stimulate further research, etc.

Even contradictions can be tolerated at the beginning, a state of

affairs which is for instance tolerated in physics, as well.
4. When canstructing a theory of language we proceed on the

basic assumption that language is a self-regulating system all

of whose entities and properties are hrought into line with one
another in some way or other. In spite of constant disturbances
originating from inner change or outer influences, language must
remain in a balance that insures its communicative efficiency.
The disturbances may not always disappear but will always be com-
pensated in order to meet the requiremenfs made on language by
the speaker. This basic assumption determines partially the path
that should be taken in constructing a theory of language. Under
different assumptions the theory would probably take a quite dif-
ferent shape.

The assumption of the general coordination of language pheno-
mena with one another specifies the form of the explanative enti-
ties and of the desired explanation. The explanative entities

should be laws of the form
Y = {(xq,xz,....xn). (1)

Here Y is a certain property and X1’X2""‘Xn symbolize thase
properties with which Y is connected in some way; F(x1.x2,...,xn]
represents a not yet defined function that expresses the rela-
tions of Xi (i = 1,2,...,n) to Y. The properties of language must
be measurable, even when cases may arise where the scale contalns
only two values, 0 and 1 (i.e. a dichotomic scale with "yes-no-
decisions"). The question as to why in a given language the exa-

mined property Y attains a given magnitude, can be answered by

means of the Hempel-Oppenheim scheme with reference to all pro-

perties with which Y is connected as well as to the law (1). The




explanation takes the (simplified) form

TR AR
y o= F(XgsXgseaeax_)
12 . (2)
y_ = ¢
where x.L(i = 1,2,... n) are the antecedence conditions, i.e. the
i

measured values of the property X1 to Xn in the given language L.
wWhen these measured values are substituted in the second line of
(2) then the value of the property YL' nameley y, = ¢ results.

We say that a phenomenon is explained if we derive it with the
aid of laws from the antecedence conditions which are relevant
for these laws.

5. The course we pursue will lead us to results through a
combined causal, functional and teleological analysis. (For good
surveys of these kinds of analysis cf. e.g. NAGEL 1961; HEMPEL
1965; STEGMULLER 1969; ESSER, KLENOVITS, ZEHNPFENNIG 1977 etc.)

There is a causal caonnection between two entities if it can

be shown that one of them gives rise to the another, influences

it, causes its change etc. The presence of a strong dynamic accent,
for example, leads to the weakening of vowels in unstressed syl-
lables and in extreme cases - when vowels disappear completely -

to the increase of consonant clusters (cf. KOPPELMANN 1935: B85f.).
Here ane should speak of determination rather than about what is
generally understood as causality (cf. BUNGE 1859).

One speaks of a functional explanation of a phenomenon if one

succeeds in showing the function of the phenomenon in language:

e.g. one can explain the degree of inflection in language either

causally by referring to word length (see below) or by reference

to its function in language. The latter method has the disadvan-
tage that in language it is possible that all functions can be
fulfilled by different means. If one wants to hold fast to the
functional explanation then one must show with a set of addi-
tional statements about the load of all other means of language
why precisely the one in question assumed the particular func-
tion. These reflections demonstrate by the way certain problems
connected with the predicting of changes. Linguistics is never-
theless in this regard in a better position than the social
sciences, since the numer of means of expression available in
language is limited.

If the overall status to which language ostensibly tends is
to be said to account for the status of a particular phenomenaon

then one is dealing with a teleclogical explanation. Teleological

explanations are at work for example when one explains the con-
stitution of and the changes in a phoneme system by referring to
the trend to symmetry, maximal discrimination, "pattern con-
gruity” etc. (cf. MARTINET 1955; MOULTON 1962). Teleolaogical
gexplanations without a good theoretical background raise great
difficulties, since the status to which language tends can be
determined only vaguely. Success with teleological argument can
be attained in the case of self-regulating systems. One can also
replace teleclogical explanations by functional argumentations.
We shall discuss these problems in another publication; here we
restrict ourselves to the linguistic problems of the causal

analysis. We want to demonstrate this problem programmatically

in a simplified form and with roughly formulated hypotheses by
means of an example and want to show that the main objective of

language typology and quantitative linguistics (cf. ALTMANN,
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LEHFELDT 1973, ALTMANN 1972a) is identical with the pbuilding of
a theory of language.

Linguistic hypotheses can be obtained for example by means of
the following consideration: every language possesses a certain
vocabulary in order to express different contents. The expres-
sion part of words consists of chains of phonemes, whose combi-
nations are subjected to certain distributional restrictions.

The following assumption seems to be plausible: the smaller the
number of phonemes in the inventory of a language and the more
stringent the distributional restrictions, the longer must be

the words in order to avoid excessive homonymy (cf. HOCKETT 1958;
SAPORTA 1966: 70, 72 note 15). However, language can protect
itself ageinst homonymy by using -tones or accents. Therefore one
can hypothetically maintain that there is some relation between
the number, the distribution of phonemes, tones, accents, word
length and homonymy. Further, one can conjecture that word length
necessarily affects the degres of synthetism of a language: the
longer the ward the more morphemes it contains. But according to
the "law of Menzerath” (cf. MENZERATH 1954) the longer the word
the shorter its syllables. On the other hand the degree of syn-
thetism influences the stringency of word order, the building of
subordinate clauses, the compound words (cf. SKALIEKA 1866) and
the sentence length which in turn correlates with the word length.

There are nowadays a large number of hypotheses of this kind

(cf. USPENSKIJ 1965; VARDUL' 1989; GREENBERG 19663 SKALIEKA 1966) .
For our example it is sufficient to present the above-mentioned
connections in a graph (cf. Fig. 1). It is easy to see that these
connections were presented above alternatively in causal or

functional or teleological formulations.

- g =
Phoneme Phoneme
Tane number distribution
Accent
—|Isy11ab1g Word
length

/
Clause building|

Synthetism

lSentence lengtHF—4F”uese lengfﬂ

order

Fig. 1. Some caonnections between

language phenomena

In Fig. 1 the relations of selected language properties are
presented as an undirected graph. The direction of the influence
has been left open. To each property an arc without the second
vertex has been added which symbolizes all unmentioned or still
unknown factors ihfluecing it. We see that every property of
language is connected with at least one other property; that
there is a connection among all levels (e.g. number of phonemes:
word order), even if it is indirect; that the arcs or sequences
of arcs represent the conjectured laws of language; that these
relations are mostly latent and only few of them can be ascer-
tained by means of a single language.However, as soon as the laws
have been formulated in form (1) they can be tested on any
language.

Linguistics should attempt to discover all such connections
in order to be able to build a comprehensive theory of language,

i.e. a theory of the structure, of the functioning and of the

change of language. The example of the natural sciences shows

us how to proceed.
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building a theory of language we encounter several diffi- This is, however, not the only possible way; they are usually
When buildin
. n . s low: in 1 tbiliti £ tificati : . .
culties and problems which will be briefly discussed below ‘ several possibilities of guantification (for several examples
bl of concepts, quantification and measurement; in § 7 cf. ALTMANN, LEHFELDT 1873: 78-91). The decision as to which of

§ 6 problems ,

h t lementary quantitative models and in § 8 we shall the possible quantifications is to be considered as better de-
we show two e

try to point out the necessity of a teamwork. We restrict our- pends on saveral circumstances. Dne must for example ask whethar

selves, as it were, to the most acute problems and leave most of the index has mathematically "good” propsrtiss, whether it ex-

the methodological problems of theory building aside (for an in- presses what we aimed to express, whether it has a good intep-

troduction cf. BUNGE 1967; GALTUNG 1367; ACHINSTEIN 1968; DUBIN pretability, whether it is prolific etc. It is T

1969, OPP 1967; KONIG 1974 etc.). a general prescription for good quantifications: the problems are
. e of a very manifold nature. A principle that seems to be more or
§. The vertices of the graph in Fig. 1 represent linguistic

p less serviceable in the beginning - when working with several
. s . ms
concepts. In linguistics there are various dictionaries of ter

a fin y th ario ngul tic sc ools. Whe buildi a d cose that index out o ose po sible which
g s =1 h
s defined b e v ious 11 g ] f th

shows the most and highest correlations with others but this,
theory of language we need not restrict ourselves to a particu-

AT too, is a somewhat circular and laborious procedure.
lar school, however, it is important that the concepts fit into

Quantification itself does not say anything about the pre-
a given frame, i.e. that they are connected in one way or another

sence, beginning, end etc. of the entity that should be counted
ith the other concepts of the theory and do not remain isolated. g g
wi

: or measured. Quantification is a rather abstract activity which
Nature, society and language do not consist either of quali-

. is not identical with measurement. Measurement is a concrete
ties or quantities, it is merely the concepts with which we try

( v (SUCh are
t litative o qua titative CT. we identi y he entit
to grasp reallty wnic are qua t T n ies

the usual methods of linguistics), count them and substitute
ESSLER 1871: 65). Of course the vertices of the graph represent

ifi the numbers in the quantifying formula, i.e. ascribe numbers to
‘ qualitative concepts which can, however, be readily quantified.

them. The result of quantification is a definition, a formula;

Indeed they must be quantified if they are to be accepted in a

the result of measurement is a number. Repeated measurements
I theory of this kind.

. for example on different parts of a text or on different texts
Quantification is a prescription or definition, according to
! Suantificerion

( of a ]ang age s . N .
whilc one assigns some nu bers to a co CBpt. e 1 lectio 1) g a easurement is subject to osci ations

so that in practice we are confronted with the situation as pre-
of a language can be quantified e.g. as

sented in Fig. 2.

i d
Fl: = Number of inflected words in & text (3)

Number of all words




Theoretical con-

A sl
cepts, e.g. 1n
flection
A1 A A Quantification,
\ N Indices, e.g. (3)
\ X \
\\ / \ \\
\
ay a4, aqm asg 355 aZm a1 a2 2am Results of mea-

surements
Fig. 2

In this situation one must find a way to make the results of mea-
surement reliable and valid (for a survey cf. SCHEUCH, ZEHN-

PFENNIG 1974).

7. Notably the greatest difficulty for a linguist is to obtain
a formula of form (1) or a whole system of such equalities re-
presenting hundreds of connections as suggested in Fig. 1. The
difficulties increase as the number of variables in the net of
connections increases.

Mathematics supplies us nowadays with sufficient means to
enable us to begin constructing such a theory of language. These
means include above all differential and difference equations,
stochastic processes and statistical techniques working with
several variables (path analysis, canonical analysis, multiple
regression, factor analysis etc.). In the beginning the simplest
way may well be the use of linear systems used frequently in the
social sciences (cf. OPP, SCHMIDT 1976; HOLM 1877 HUMMELL,
ZIEGLER 1976). They can help us to discover and describe the
so-called causal structures.

In § 7.1 we sketch the empirical, "quasiinductive” process -

a step-by-step setting up of hypotheses which cannot at first be

derived from a set of axioms. They will, however, be immediately
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tested and in case of a positive result they will be retained.
That means that in this way the theory will at first be built

up exclusively of tenable hypotheses. This is a quite customary
process in research where the (preliminarily) best hypothesis is
usually arrived at by a trial-and-error procedure. The axioma-
tization and the deducation of hypotheses from the axioms can be
accomplished at a later date. When setting up hypotheses one
naturally depends upon a background knowledge of immature theo-
ries (cf. POPPER 1873: passim). At the beginning only the ratio-*
nal axioms are present implicitly or explicitly, i.e. those

which delimit the universe of discourse and determine the assump-
tions, the requirements and the restrictions. The structural
axioms that describe the propertie$ and the dynamics of the uni-
verse of discourse can be set up later on.

In § 7.2 we present an example of an elementary (gquasi-) de-
ductive procedure beginning with an assumption which will Ee
formulated mathematically and thereafter tested for generality
on particular cases. This is the more elegant procedure. Here,
too, we depend upon some existing empirical findings which en-
courage us to venture the hypothesis. The difference to the
linear approximation in § 7.1, which can hardly become part of
an axiomatized theory, is that the result attained in § 7.2
has a greater chance to be derived later on from higher level

hypotheses.

7.1 Here we shall show as an example how different factors
act upon the formation of homonymy. First of all explicit hypo-
theses must be set up; here we must be content with the assump-
tion that the number of phonemes in a phonemic inventory has an

effect both upon phaneme associativity (distribution) and word
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length and that these two properties influence the building of
homonyms. The directions of the effect left aside in Fig. 1 will
be here indicated by arrows (dirscted arcs). In this way we

obtain Fig. 3.

Phoneme

/ distribution

Phoneme Homonym
number

\ Word 18ngth

Fig. 3 A model of homonymy

¥

Now we can set up a "causal model” as follows. Let

X, = number of phonemes

X2 = distribution of phonemes
X, = word length

X4 = homonymy

X = unknown factors

bij path coefficients.

(Capital letters symbolize properties or variables, small letters
symbolize éheir values.)

The scheme corresponding to Fig. 3 is shown in Fig. 4. This

scheme represents a recursive linear model which can be expres-

sed formally as

Xy = b21x1 + bZaXa (4.1)
xg = b31x1 + b3bxb (4.2)
Xg = bgoxy + bygxg * by Xo. @)

_15..

The model implies several presuppositions which will not be dis-

cussed here (cf. the literature above). The process of finding the

X
c

X
2
b4c
bs2
1 Xy
gy //;f/////g::////a
X3

Fig. 4

coefficients bij is wearisome but not (always) difficult. One
should bear in mind that X4 represents not one but many numerical
results of measurements from different languages. We standarize

them to normal variahles by means of the transformation

where x is the mean of all measurements and s is the standard
deviation of Xi' The path coefFipients bij can be replaced, too,

by the standarized path coefficients, Bij’ so that instead of




(4.1) we write

5 = 621u1 + BZaXa . (4.1")

We as
sume that Xa and X1 are not correlated and multiply (4,1'")

with the variable U1. i.e.

U u

) 2
291 = Boqul + By ox u, .

Summing and dividing by n on both sides yields

n
n
17 y
naly Y2i%s T By g Iowd e 1]
i=1 bRy T T R0, Xat
i.e.
r -
21 7 By +Byry, = By,
. ]
since = 1 ( i ]
— variance of u1J and Tl =0 according to our

assumption.” Here r i i
i; is the correlation coefficient.

In the same way w i = i
y we obtain 623 = Ty, if we multiply (4.1') with

X.,,» sum and divide b i
A Yy n. Since g Gannot be computed directly

from the data - x
a

is unknown -, we multiply (4.1') with U sum
9

and divide with n and obtain

B25 b i1 B 621'

The path ¢ ici il
p coefficients Bij show the influence, the effect of a

.Variable upon an ot Z
p other one. Here 621 represents the explained

varia :
nce of X2 and BZa the unexplained ane.

In the same way one

can compute th
pu e other Bijs and bijs and put them into (4.1)

. -
i1l (4.3). These equalities have already the form (1) and may

b - .
€ used as preliminary lawlike statements in the construction

of explanations and predictions.

We :
are aware of the fact that these procedures entail several

difficulties:

(a) first of all mathematical problems connected

with such systems of equations. They can be found in the litera-
ture (cf. e.g. DUNCAN 1875; FISHER 1966; HUMMELL, ZIEGLER 1976).
Unfortunately, we shall need even more complicated systems at
any higher level of research. (b) Linguistic problems will be
apparent as soon as we begin to use these procedures. It could
for instance be plausibly assumed that not only the number of
phonemes in the inventory but also the size of particular pho-
neme classes act upon their distribution; that the word length
acts upon the distribution, too; that one can expect immense
difficulties in the domain of semantics, etc. We shall be forced
to set up, to test and to reject a great number of different
hypotheses. (c) Methodological difficulties are not to be under-
estimated. The above method seems to represent a purely induc-
tive, phenomenclogical approach, as if we were merely setting up
empirical generalizations which are not suitable for theory buil-
ding. There are several objections to this view. First, we are

concerned here with the discovery of latent mechanisms of lan-

guage not with mere characterization or description of a parti-
cular surface property such as distribution of word length,
grammar etc. Latent mechanisms cannot be discovered by gmpirical
generalizations; they must be conjectured or grasped with hypo-
theses. The hypotheses do not follow from data but are our ten-
tative creations. They are grounded in our linguistic background
knowledge and must be empirically validated. Second, "in the
first round” the relations between language properties will be
approximated by means of linear additive hypotheses which have

a number of weak points. Their rejection stimulates us to build
new hypotheses; their acceptance is always only preliminary, so

that sooner or later they will be replaced by more complicated
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hypotheses. A scientific hypothesis must be always correctable, Later we can consider psychology, sociology, biology, etc. as

otherwise it becomes a dogma and hinders progress. Third, these well. We are interested not only in ascertaining correlations,

procedures help us to search for support in other existing though even such elementary findings represent progress in

theories, to build hypotheses about connections by analogy and linguistics, but also in their explanations, in the detection

to join in the considerable mathematization which has taken place of (theoretical) laws which bring them about

in other sciences. Fourth, a linguistic "path model” carries a

7.2 T i i . .
great deal of information which will be continuously complemen- his EEHEciEive, prRecedune 1S,n0 doubt more difficult but it

h ) .
ted by our searching for unknown factors. Such a model has a as several advantages. It enables us to set up (theoretically)

good and wide testahility and goes beyond the directly obser- valid hypotheses which can be incorporated into a theory, but

testi ‘s . N :
vable phenomena of language (such as phonetics, grammar). The esting them empirically is laborious, since they have always

unknown factors force us to search for new factors; low path many different interpretations. We shall illustrate the proce-

coefficients force us to conjecture better hypotheses. This is dure of setting up a non-linear hypothesis by means of a simple

why these procedures have a great heuristic power (cf. BUNGE example of the "Menzerath's law” which can be generally formu-

1987, I: 506-515). On the other hand path coafficients have the lated as follows: "The langer a linguistic unit (constitute) the

disadvantage of having a low linguistic interpretability which shorter its companents (constituents)”. This lawlike statement

prevents such linear models from being incorporated into a high can be mathematically formulated in several ways. One can assume

level theory. Therefore even in the very beginning one should e.g. that the decrease rate of the constituent (L1) is constant,

set up more complicated hypotheses which contain few coefficients. i.e. Lj/Ly = -a or, in other words, the decrease of the consti-

Further, there is the danger that these models often yield only L (L1) with respect to the constitute (LZ) iE propostiionsi

incomplete explanations (cf. MEMPEL 1965: 415-424). So one will to the length of the constituent, i.e.

pe forced to search for further factors and sometimes to decide dL

which part of the variance must be explained by a factor in dL B -aL1 (5)

order to be considered relevant. Fortunately the number of pos-

sible factors is not infinite in language; on the contrary, it where a is the coefficient of proportionality. This simple

is very limited so that the situation is not hopeless. differential equation can be solved by means of separation of

The detection of the interlacing of language phenomena and of variables, i.e.

their mutual influence affords us relatively deep explanations dL1 )
— = -3] dL =

which, however, can by no means be considered as final. In the L1 /’ 2

first stage only linguistic possiblities will be (exhaustively) WRadh ek

examined, i.e. we restrict ourselves to the form of the language. in L, = -alL. + ¢

N T n L I D |
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and finally.
L= e-aL2 + C
1
or
Ly - be 22 (8)
where b = e®. Since linguistic units are almost always discrete,

the use of a difference equation would have been perhaps better
here. This theoretically derived formula has a number of inter-
pretations according to the determination of Li as sound length,
syllable length, morpheme length, word length, phrase length,
clause length, sentence length, etc. A definite confirmation of
this universal hypothesis is not possible; one can, however, step
by step reach better degrees of confirmation. To this end all
possible units in all languages at our disposal must be examined.
Qur hypothesis is in agreement with the principle of least effort
and can be brought in connection with some future theory of
balance and/or optimality in language. The coefficients a and b
may be determined empirically for a given case, but their theo-
retical determination is possible, too.

These two examples have we hope shown our conception of a
future theory of language. Such a theory does not consist of a
set of rules (low level hypotheses) prescribing how to build
sounds, words, sentences (the domain of the "competent” speaker)
but of a set of laws (high level hypotheses) apout the latent
dependencies in language. At the same time it seems evident that
it is the quantitative part of mathematics that warrants progress
along this line. Last but not least, a theory of this kind is

the highest aim of typology (cf. ALTMANN, LEHFELDT 1973: 15).

8. Latent mechanisms cannot be detected when analyzing a
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single language. The variables Xi in § 7.1 have (in the ideal
case) only a single value for a single language from which no
correlations between Xi and Xj can be computed. One must examine
many languages. The (competent) speaker can neither pass judge-
ments on latent dependencies nor can he detect them intuitively,
since in a particular language they appear merely as corrobora-
tions of the corresponding stochastic laws. However, once detec-
ted, they can be used for predictions as well as explanations

in a particular language; what is more, one can even hope that
some kinds of rules in individual languages can be roughly
derived or predicted from them.

The main obstacle (in this kind of theory building) lies in
the circumstances that a single linguist can contribute measure-
ments from few languages only - especially when the number of
the variables increases - so that the task of setting up a
theory of this kind can only be performed by a team of linguists.
The basic prerequisites are already known: the "standard lin-
guists” since de Saussure have defined a great number aof con-
cepts, the universalists and historical linguists have set up a
number of hypotheses, the "guantitative linguists” have per-
formed some quantifications and measurements, the mathematicians
have supplied us with models and the philosophers have elaborated
the problems of methodology, so that there is nothing to hinder

the carrying out of a synthesis by a team.

9. Though it is possible for linguists to join the methodo-
logy of natural sciences (so that it is not necessary to build
a separate one), one will be obliged to pay a greater attention

to methodological problems, especially those of causality,

functional analysis and laws, from the linguistic point of view.




Any such project must proceed in two ways: first, step-by-step
empirical generalizations and their statistical systematization
will lead to increasing configurations of properties (as in § 7.1),
and second, dependencies of small numbers of variables will be
derived deductively from hypothetical assumptions (as in § 7.2).
Later on, one must strive to choose a small number of axioms and
to derive the existing laws from them deductively. One will be
obliged to use very general principles such as that of least
effort, that of balance between redundancy and effectivity of
information transmission by means of language, that of balance
between notionality and emotionality of expressive means, further
the capacity of man's memory, binary coding etc. For the ela-
boration and formalization of such a theory the cooperation of
psychologists, hiologists, physicists, engineers and mathema-
ticians will be necessary.

The explanative and predictive capacity of a theory of this
kind would be extremely important both for synchronic and dia-
chronic linguistics. Psycholinguistics would with such a theory
be able to enlarge its stock of hypotheses, the areal linguistics
would ohtain a more secure base, typology and universalism could
be unified, even artificial world languages would obtain a more
concrete comparative basis, etc. It is not possible to foresee
all the applications and consequences of any new theory; never-
theless, we are positive that the final effect of the endeavour
here described would surely be the establishment of a very

comprehensive theory of language.

e
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sprache verknlpft gewesen,
ZUR MESSUNG DER PHONETISCHEN LAUTDIFFERENZ

EINE BEGRIFFSKRITISCHE UNTERSUCHUNG

Die wichtige Rolle, die unter den Mitteln einer Wissenschaft
die Begriffe spielen, macht einsichtig, daB die Uberprifung
Werner Lehfeldt, Konstanz dieser Mittel die Begriffskritik einschlieBen muB. In der vor-
liegenden Arbeit wollen wir eine solche Begriffskritik an sprach-

Eine wissenschaftliche Disziplin, wissenschaftlichen Beispielen veranschaulichen. Bevor wir uns

die bestrebt ist, in ihren

Gegenstandshereich immer tiefer einzudringen, diesen Beispielen zuwenden, erscheint es zweckmdBig, etwas pra-

muB fortlaufend

die von ihr gebrauchten Mittel, d.h. ihre Methoden, Modelle ziser darzulegen, welche Aufgaben die Begriffskritik erfillen

Instrumente usw., tberprifen und, muB. Wir wollen drei Punkte ndher betrachten:

falls n8tig, verdndern. Wenn

Wir von einer "Vertiefung” der Einsichten tiber einen Objekt- 1. Die erste Aufgabe besteht darin, festzustellen, welcher
b i : .
ereich sprechen, so soll mit diesem Ausdruck zweierlei bezeich- Art die von einer Disziplin jeweils gebrauchten Begriffe sind:

net : .
WEEEl Handelt es sich um klassifikatorische (qualitative), um kompara-

eine immer vollst&ndigere und prazisere Erfassung der tive (topologische) oder um guantitative Begriffe? (Vgl. STEG-

untersuchten Gegenstande; MULLER 1970, 19-109). Der Versuch, auf diese Frage eine Antwort

di .
ie Verbesserung der Aussagen lber regelhafte Zusammen- zu finden, flhrt nicht selten zu der Einsicht, daB den Wissen-

b . .
ange zwischen Eigenschaften der untersuchten Gegenstande schaftlern nicht klar ist, mit was flr einer Art von Begriffen

und di " . .
die Entdeckung neuer Zusammenh&nge dieser Art, die sie umgehen. In derartigen F&llen ist es notwendig, eine Begriffs-

es .
gestatten sollen, hekannte Erscheinungen besser als rekonstruktion zu versuchen, d.h. herauszufinden, um was flr

bish 5 : . . . . .o . . N
sher zu erkldren und neue Erscheinungen mit gréRerer eine Begriffsart es sich méglicherweise handeln k&nnte (fir Be-

. .
uverléssigkeit vorherzusagen. griffe der Sprachtypologie vgl. LEHFELDT, ALTMANN 1975). Finden

Zu den Mitt i i . . . .
itteln einer Wissenschaft, die standlg zu prifen sind, wir beispielsweise in einer typologischen Untersuchung die Aus-

gehdren auch die j i :
1e Jeweils gebrauchten Systeme von Begriffen, mit sage, eine Sprache x sei agglutinierender als eine Sprache y,

denen Aussagen f i i .
gen formuliert werden. Die Antwort auf die Frage, so kdnnte man vermuten, daB dieser Aussage die Anwendung eines

wie genau und wi indi : :
g nd wie vollsténdig die Beschreibung der Gegenstinde komparativen Begriffes zugrundeliegt. Es handelt sich zundchst
ist, und welch IR . .
en Grad der Zuverldssigkeit Erkl&rungen und Voraus- wirklich um nicht mehr als eine Vermutung, da der Gebrauch eines

sagen aufweisen, h3j i B
n. hangt zu einem guten Teil davon ab, welche Art grammatischen Komparativs nicht mit der Verwendung eines kompara-

von B i i {
egriffen eine Wissenschaft verwendet und wie sie ihre tiven Begriffes verwechselt werden darf.

Begriffe verw i i : . i
- SR Dipe st diis SESSREED FdEr Wissenschaften 2. Wenn die erste Frage beantwortet bzw. wenn eine entsprechende

mit hinreichender Deutlichkeit. So sind die Erfolge der Physik

Vermutung ausgesprochen ist, dann ist zu fragen, ob die Begriffe

unmittelbar mit der Einflhrung einer quantitativen Begriffs-

immer korrekt angewendet worden sind, das soll heiBen, in einer

T e, - R—————————mee——E
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Weise, die sich mit den jeweiligen Addquatheitsbedingungen ver-

einbaren 1&Bt. Verdeutlichen wir dies an dem einfachsten denk-
baren Fall: Wenn in einer sprachtypologischen Abhandlung alle
betrachteten Sprachen als entweder flektierend oder agglutinierend
oder amorph eingestuft werden, dann haben wir es offensichtlich
mit klassifikatorischen Begriffen zu tun, und wir miissen daher
fragen, ob die Addquatheitsbedingungen fiir klassifikatorische
Begriffe erfillt sind. Wir haben zu prifen, ob diese Begriffe
eine erschipfende und disjunkte Klassifizierung der bis zu dem
Zeitpunkt der Arbeit bekannten natiirlichen Sprachen gestatten.
Die in dem letzten Satz enthaltene zeitliche Einschrédnkung ist
nicht unwesentlich, da, wie alle anderen Begriffe, so auch die
klassifikatorischen Begriffe, sofern sie unabhéngig voneinander
definiert sind, auf empirischen Hypothesen beruhen, die mdg-
licherweise in der Zukunft widerlegt werden. Fiir das von uns
herangezogene Beispiel 1&Rt sich ohne Schwierigkeiten zeigen,
daB zumindest die zweite Ad&quatheitsbedingung, nach der die
Klasseneinteilung disjunkt sein muB, nicht erfiillt ist, da es
zahlreiche Sprachen gibt, die sowohl Flexion wie Agglutination
kennen (vgl. SAPIR 1921, 116).

Wie wir sehen, erfillt die Begriffskritik die Aufgabe, die
Wissenschaftler zur korrekten Konstruktion und zum korrekten
Gebrauch der Begriffe zu veranlassen. Wie wichtig diese Aufgabe
ist, kann man sich am besten klarmachen, wenn man sich vor
Augen h&lt, warum im einzelnen auf einen korrekten Begriffsge-
brauch so groBer Wert gelegt werden muB. Erliutern wir diesen

Punkt zun&chst am Beispiel der quantitativen Begriffe

bDie Einflhrung quantitativer Begriffe in einen Gegenstands-

beréich ist gleichbedeutend der Metrisierung dieses Bereiches

_29_

wWenn eine Metrisierung geglickt ist, dann kann man Messungen
vornehmen, d.h. man kann ein empirisches Relationensystem
strukturgetreu in ein numerisches Relationensystem abbilden.

Die Messungen ergeben Zahlen, auf die bestimmte mathematische
Operationen angewendet werden kdnnen, deren Ergebnisse wiederum
in Aussagen Uber das interessierende empirische Relationensystem
rickibersetzt werden sollen. Natlirlich sind die mathematischen
Operationen nur dann empirisch belangvoll, kdnnen nur dann zu
zutreffenden Erkldrungen und/oder Voraussagen flhren, wenn die
Messungen korrekt waren. Die Korrektheit der Messungen héngt
ihrerseits in starkem MaBe von der Korrektheit der Metrisierung
ab. Leider wird diesem Umstand oft nicht die ihm gebiihrende
Aufmerksamkeit geschenkt. Man muB sich ganz klarmachen, daB
mathematische Modelle, mdgen sie auch noch so kompliziert und
elegant aussehen, und mdgen sie dem "nichteingeweihten” Leser
auch noch so imponieren, empirisch vollkommen uninteressant sind,
falls sie auf inkorrekten Messungen beruhen.

Was hier Uber die quantitativen Begriffe gesagt wurde, gilt
zu einem guten Teil auch von den komparativen Begriffen, nicht
zuletzt deshalb, weil man bei der Einflihrung vieler wichtiger
quantitativer Begriffe an bereits vorhandene komparative Begriffe
ankniipft. Auch komparative Begriffe erlauben es, empirische
Relationensysteme in numerische abzubilden. Uber die Struktur
dieser Abbildung muB man prizise Vorstellungen haben, um in der
Lage zu sein, die erlaubten mathematischen Operationen auszu-

wihlen. Wir kommen auf die in diesem Abschnitt genannten Punkte

noch im einzelnen zurick.

3, SchlieBlich hat die Begriffskritik auch noch die Frage zu

untersuchen, ob die wissenschaftlichen Begriffe fruchtbar sind,




d.h. ob sie es gestatten, Gesetzm&Bigkeiten zu erkennen. Auch
dieser Punkt wird oft nicht hinreichend erkannt. So werden bei-
spielsweise oftmals Klassifizierungen vorgenommen, ohne daB man
sich fragt, wozu solche Einteilungen gut sein sollen. In letzter
Zeit 18Bt sich aber doch becbachten, daR bei der Konstruktion

linguistischer Klassifikationen Fruchtbarkeitserwégungen stdrker

als bisher eine Rolle spielen (vgl. CARVELL, SVARTVIK 1889, 34F.),

Solche Erwdgungen kbénnen u.U. auch dazu anregen, Begriffe primi-
tiver Struktur durch komplizierte zu ersetzen.

Nach diesen allgemeinen Erérterungen wollen wir uns der
Kritik einiger in der Linguistik gebrauchter Begriffe zuwenden
und dabei insbesondere die unter den Punkten 1 und 2 genannten
Aufgaben der Begriffskritik im Auge behalten. Wir werden im
einzelnen zwei Vorschlige betrachten, die artikulatorische
Differenz von je zwei Lautsegmenten zu bestimmen und in einer
Zahl auszudriicken. Diese Vorschldge stammen von PETERSON und
HARARY (1961) sowie GERéIf (1871). Besonders der Vorschlag von
PETERSON und HARARY ist in der Linguistik recht bekannt geworden
und soll daher am ausfihrlichsten analysiert werden.

Bei der Bestimmung der artikulatorischen Differenz von zwei
Lautsegmenten handelt es sich um eine abgeleitete oder sekunddre
Bestimmung (der Ausdruck "Messung” wird hier absichtlich ver-
mieden), sie ist eine Funktion mehrerer zugrundeliegender funda-
mentaler oder primirer Begriffe, die sich auf diejenigen ein-
zelnen artikulatorischen Merkmale beziehen, die bei der Diffe-
renzbestimmung nach dem Willen des Sprachwissenschaftlers berick-
sichtigt werden sollen. Je groBer die Zahl der Merkmale ist,
die wir an einem Segment untersuchen und beziiglich derer wir

zwel Segmente vergleichen, ein um so besseres DifferenzmaB

werden wir konstruieren kdnnen.

Ein praktisch recht befriedigendes

MaB wiirde sich beispielsweise aufstellen lassen, wenn es gelédnge,
alle die von PIKE (1943) angegebenen und beschriebenen Laut-
parameter zu erfassen.

Die artikulatorische Differenz von Lautsegmenten kann selbst-
verstdndlich nur dann korrekt bestimmt werden, wenn die zugrunde-
gelegten fundamentalen Begriffe korrekt konstruiert sind und
korrekt angewandt werden. Eben die Struktur dieser Begriffe ist
es, die wir in den von uns ausgewdhlten Beispielsf&llen im
einzelnen prUFeﬁ wollen.

Bis heute ist es nicht gelungen, artikulatorische Lautmerk-
male in hinreichender Zahl und in hinreichendem MaBe zu metri-
sieren, d.h. zu quantifizieren, es sind ja auch "nicht einmal
in Ans&dtzen MeBmethoden entwickelt worden, die eine Bestimmung
der fir eine addquate Beschreibung der Artikulationsbasis er-
forderlichen Elemente im physiologischen Bereich ermdglichen
kbnnten” (KELZ 1974, 217). Damit entfdllt eine wichtige Voraus-
setzung flr die Messung der artikulatorischen Differenz von
Lautsegmenten.

Man kann aber bereits auf der Grundlage einer Ordinalskala
zu einer approximativen Bestimmung der artikulatorischen Diffe-
renz gelangen, und wir wollen sehen, ob das Differenzmal von
PETERSON und HARARY und das von GERéIé méglicherweise auf
solchen Skalen beruhen. Zu diesem Zweck sei zundchst der Vor-
schlag von PETERSON und HARARY ausflhrlicher beschrieben.

PETERSON und HARARY (1961) haben ein MaB der phonetischen,
genauer der artikulatorischen Differenz zwischen zwel Laut-
segmenten entwickelt. Jedes Segment wird mit Ricksicht auf finf

Merkmale beschrieben, die hier Parameterklassen heiBen. Drei

Parameterklassen, "secondary articulation”, "laryngeal action
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und "air direction”, sind Vokalen und Konsonanten gemeinsam,
zwei Parameterklassen, "tongue hump relative to pharynx"” und

"tongue height”, dienen der Charakterisierung nur der Vokale,

zwei andere, "place of articulation” und "manner of articula-

tion”, der Charakterisierung nur der Konsonanten. Daraus wird

ersichtlich, daB mit dem MaB von PETERSON und HARARY die phone-

tische Differenz zwischen einem Vokal und einem Konsonanten nicht

erfaBt werden kann.

Die Parameterklassen heschreiben Jjedes Segment im Hinblick
auf die physiolagischen Mechanismen und Prozesse, die an der

Erzeugung von Lauten beteiligt sind. Sie sind hierarchisch ge-

stuft, da bestimmten Parameterklassen eine gréBere Bedeutung fiir

die Bildung eines Vokals oder sines Konsonanten beigemessen wird

als anderen. Wie diese Hiefarchiebildung begrindet wird, soll

uns noch beéché?tigen.
Jede Parameterklasse ist unterteilt in verschiedene Rénge, die

hier Parameter heiBen. Die Zahl der Parameter kann von Klasse zu

Klasse schwanken. Sie betrdgt 10 in der Klasse "place of arti-

culation” und 2 beispielsweise in der Klasse "air direction”.

Jedem Parameter wird eine Zahl zugeschrieben, wobei eine Rang-

ordnung angestreht wird, wie die Autoren selbst einige Male

andeuten. Auch auf die Begrindung fir die Rangordnungen inner-

halb der einzelnen Parameterklassen werden wir unten ausfihr-

licher eingehen.

Die Parameterklassen und die einzelnen Parameter werden von

PETERSON und HARARY wie folgt spezifiziert:

V o
1

N~ O

N U AW

B ow N - O

.0
1
2
.3
.4

«5
.6

kale

Secondary articulation

w
w
]

nsonanten

- | X
-
o

Spread

Rounded

Rilled (curled)
Lateralized
Retroflexed
Velarized
Nasalized

Faucalized

Laryngeal action

Whispered
Breathy
Clear

Laryngealized

Air direction
Alr direction
Egressive

Ingressive

Tongue hump relative
to _pharynx
Front

Front central
Central

Back central
Back

Tongue height
Highest

High
High-mid
Mid
Low-mid
Low
Lowest

® w o m b N O

.0
.1

Do N®d s WN O

.0
1
2
+3
4

Secondary articulation

Spread
Labialized
Palatalized
Rilled (curled)
Lateralized
Retroflexed
Velarized
Nasalized

Faucalized

Laryngeal action

Voiceless

Voiced

Air direction
Egressive

Ingressive

Place of articulation

Bilabial
Labio-dental
Dental

Alveolar
Alveolo-palatal
Palatal

Velar

Uvular
Pharyngeal
Glottal

Manner of articulation

Nasal

Liquid

Fricative (sibilant)
Trill (flap)

Plosive




Jedes Segment wird aufgefaBt als Menge von Vaokal- bzw. Konso-
nantenparametern. Jeder Parameter wird durch eine Dezimalzahl
dargestellt, wobei die erste Zahl die betreffende Klasse, die

zweite die betreffende Ausprdgung bezeichnet.

Beispiel: Dem Lautsegment [p] entspricht folgende
Parametermenge: [p] = {secondary articulation: spread;
laryngeal action: voiceless;
air direction: egressive; place
of articulation: bilabial; manner
of articulation: plosive

Dem entspricht folgender Vektor:

[pl = [1.0; 2.0; 3.0; 4.0; 5.4])

Auf der Grundlage der skizzierten Voraussetzungen entwickeln
PETERSON und HARARY ein MaB der phonetischen Differenz, in dem

die folgenden Faktoren Bericksichtigung finden:

a. die Rangordnung der Parameterklassen;

b. die Zahl der Parameter, hinsichtlich derer sich zwei

Segmente in einer Parameterklasse unterscheiden;
die Rangunterschiede zwischen je zwei Segmenten inner-

halb einer Parameterklasse.

Das MaB der phonetischen Differenz zwischen zwei Sepmenten

und j bezlglich einer Parameterklasse k ist definiert als

n[Sk[ilﬁ Skfjl] |Sk(i)e Sk(le
Dk(i,j) = k(pk(i.j)+<~—-——,F[}————+6k(i.j) — g T T

10 Tkli,j)

Erléuterungen:

K=1,2,3, 4, 5 symbolisiert die Rangzahlen der einzelnen
Parameterklassen
Sk(i) = Menge der Parameter des Segments 1 in der k-ten

Parameterklasse

e ——
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Beispiel:

Sj(k') = {palatalized}
§,(t) = {voiceless}
Sy(m) = {egressive}
Sg(s) = {fricative}
B,(8) = {alveolar}

8, (k) = {plosivel,

"D wenn Sk(i) = Sk(j)

¢ (i,3) = {1 — Sk[i) F oS (d)

Beispiel:

ws(p,t) = 0,
weil Ss(p) = 55(t) = {plosive}.
‘D4(P,t) =1,

weil S4(p) = {bilabiall} # S4(t) = {alveolar!
@, (k',g) =1,
. _ i zed}.
weil S1(k')= {palatalizedl} # S1(g) {velarized}

j in der symmetrischen
n[Sk(iJQ SK(J)] = Anzahl der Parameter in de | y -
Differenz von Sk(i) und Sk(J), d.h. Za
Parameter, die fir i und j in der k-ten Klasse

unterschiedlich sind.

Beispiel:
nis,(p)@ S,(t)] =2
denn es ist

{bilabial}

54(p)
S,(t) = {alveolar}

54(9)9 S4(t) = {bilabial, alveolar}.
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0 wenn S (i) = @ od S, (3) =
6 (1,3) = { . °r § () - @

4 wenn Sk(iJ £ 0 oder Sk(j) . Beispiel: Zu berechnen ist die totale phonetische

Differenz zwischen den Segmenten [t] und [m].

Beispiel: D1(t,m) =1x0 + O + O =0
84(p,t) =1, D, (t,m) = 2x1 +1% + 1?%?% =2+ 0.2 + 0.01 = 2.21
weil S,(p) = {bilabial) # @ und S,(t) = {alveolar}# g. D,(t,m) = 3%0 + O + 17527 =0
D, (t,m) = 4x1 + 35+ 1783 = 4 + 0.2 + 0.03 = 4.23
15, (1) 65, (J)| = absoluter Wert des Unterschiedes zwischen allen Dg(t,m) = 5x1 + %6 * 113;? =5+0.2+0.04 = bezd
Paaren der Dezimalindizes der Parameter von 1 D (t,m) = 11.68

und j in der k-ten Parameterklasse; d.h., dieser

Ausdruck symholisiert den Rangunterschied zwischan Wir wollen nun die Voraussetzungen des DifferenzmaBes von

i und j in der k-ten Klasse. PETERSON und HARARY eingehender betrachten.

Die phonetische Differenz wird mit RUcksicht auf Merkmale

Beispiel: . Lo .
("Parameterklassen”) berechnet, die augenscheinlich auf einer
4( ) S4(k)I 14.0 4.6 = 0.6, Ordinalskala gemessen werden sollen (vgl. S. 144). Wenn wir uns

Tl Iy 2.B. die vierte Parameterklasse fir Konsonanten, "place of arti-
Kk » nl k(l) - Sk(J)]n[Sk(J) N Sk(l)]
Tk(i.j)

- culation”, anschauen, so kdnnen wir jeden einzelnen Parameter
symholisiert die Zahl der Glied i ) .
er in Isk(l)Q Sk(J)I' wie "hilabial"”, "labio-dental” usw. als Klassennamen aller der

Segmente auffassen, die hinsichtlich der Artikulationsstelle als

Beispiel:
T,(b,k) =1

gleich hetrachtet werden. Hierbei ist zu beachten, daB der Aus-

druck "gleich” nicht Identitdt bedeutet (vgl. S. 144). "Man gibt

denn es ist
sich mit einer Approximation zufrieden, das heiBt es héngt von

S4(h) - s4(k)

{bilabial -
} - n[S4(b) S4(k)] 1 der Feinheit der Differenzierung ab, 'wie gleich' sozusagen Ob-

S,(k) - s,(b)
4 {velar _
4 boooanls, (k) - s,(b)] = 1. jekte in einer Klasse sind” (SIXTL 1967, 5).

Die totale phanetische Differenz D(i,j) ist £ et EIEEmSTrme s Die Zahl der Klassen hdngt u.a. von dem Grad der Genauigkeit
e

phonetischen Differenzen zwischen i und j in allen Parameter- des MeBverfahrens ab und davon, welche Unterschiede man {iberhaupt

klassen: erfassen will. Wenn man wie PIKE (1943, 124) nur solche Unter-

5 schiede registrieren will, die oberhalb der Wahrnehmungsschwelle
D(i,3) = ! b (i,3) . . . . . ; g

. k liegen, dann wird die Klassenzahl voraussichtlich kleiner sein,

k=1
als wenn man verschiedenartige MeBgerdte einsetzt, mit denen sich

e
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feinere Schattierungen festhalten lassen,

Die einzelnen Klassen sind nicht nur voneinander verschieden,

sondern in bestimmter Weise geordnet, wie dies durch die Rang-

zahlen zum Ausdruck gebracht wird.

Es ist nun darauf zu achten, daB Jjede Ordinalskala auf einem

komparativen oder topologischen Begriff basiert, Wenngleich

dieser Begriff nicht immer explizit angegeben zu sein braucht,

S0 muB es doch jedesmal mdglich sein, ihn zu rekonstruieren. Sg

kénnen wir das Merkmal "place of articulation” als komparativen

Begriff auffassen, der durch die Relationen "weiter vorne arti-

kuliert als" ungd "an der gleichen Stelle artikuliert wig"” kon-

stituiert wird (vgl. auch LINDNER 1389, 175). Die MeBskala und

die durch sie erzeugte Rangordnung werden durch diesen Begriff

und nur durch ihn vollsténdig festgelegt. Bezogen auf unser Bei-

spiel: Ein dentales Lautsegment erhdlt deshalb und nur deshalb

einen niedrigeren Rang als beispielsweise ein velares, weil es

"weiter vorne als dieses" artikuliert wird, Die Bezeichnungen

wie "bilahial”, "labio-dental” Usw. sind also nur insofern von

Bedeutung, als sie je verschiedene Rénge bezeichnen. Oiese sind

logisch allein durch den genannten Begriff festgelegt. Selbst-
verstindlich mup empirisch gewshrleistet und mit Hilfe einer

empirischen Regel tUberprifbar sein, daB die einzelnen Klassen,

auf die die Namen hindeuten, ungd ihre Anordnung dem zugrunde -

liegenden komparativen Begrifs entsprechen. Bei der Parameter-

klasse "place of articulation” dirfte diese Bedingung erfiillt

sein.
Die Rangordnung der Parameter wird, wenn iberhaupt, so nur
in recht allgemeingn Ausdriicken begrindet, z.B.: "... there is a

contiguity between many of the adjacent parameters” (g, 144,

. I ——— .,

. et
SSs 18 a axima S
1 A W T ant paramete
ode \ el or conso ter cla f

i " (S, 144).
lated vowel or consonant parameters, respectively
rela

1 £ 1 erk Cc daI_\/ arti-
Etwas dher wird lediglic die Parameterklasse sSBeco

i i ich: "The
lation" begriindet, wie aus folgendem Zitat ersichtlic
culati :
lass aof
d af the individual categories under the parameter c
order
i iti the vocal
ondary articulation is according to position along
sec

(S. )- sind d a g » ie k P -
tract S 44 Wir aher darau a Bewlese d D ara

tiven Begriffe zu rekonstruieren.

Betrachte ir die arame asse r K ona en:
e W u te terkl u ans t

5. Manner of articulation
.0 Nasal
.1 Liquid
.2 Fricative (sibilant)
.3 Trill (flap)
.4 Plosive

e A L ’ i i it erkmals-
tore versuchne de 1le impliz VDPBUSgESEtZ e

e f A utu e u T ont fikatio
b durc de g be die k uierliche odifi
g

g zZu-
e es EXDlDSl\/ autes zu eine Vibra en usw. wenlgstens a

deute ) \Y N be caonti UOUSly gdified until it becomes
H A 0s1ive a

H
1 r Y e plEd
a f ap, whilc 1 L a o] loubled or t: o for a trill
ves
1 p or trill ay be conti DUSly aodified to or a ricative
a a

egree o} rr1ctio or a volce icative ay be can-
the d I a onst t ced ric

iquid i ; LP(S. 147).
tinuously relaxed until a liquid is formed; etc (

i i iber, in welcher
Bezeichnenderweise jedoch sagen sie nichts dartber,

. - . PRE) | .
ma eline asale Artikulatio als Igeb is der gdifikatio
Weise E

f » wlerter el
d A a assen kdnnte 1

1ines quJldB u

er rtikulatio e

3 i ”n htll.
N 1 ginem bLiquiden bezliglich der Artikulationsart "vorausge
asal e

] . . der
Auch die folgende Beobachtung ist geeignet, Zweifel an

: Wa d bei
Korrektheit der Ordinalskala aufkommen zu lassen: W&hren
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PETERSON und HARARY die Parameter "nasal” und "plosive” in d
er

R . .
angordnung die beiden extremen entgegengesetzten R&nge ein-

neh ie i
ehmen, 0 und 4, folgen sie in dem noch zu besprechenden Merk-

mal §1€
system von GERSIC (1971, 102) unmittelbar aufeinander: O plo-

sive, 1 nasale.

Zweifel kBnnen beispielsweise auch im Hinblick auf das Merk

al secoidaly aIthUlat]D erhohe werden. Die eginzelne ara-

eter dlESBF Kla P
sse solle a eordnet se accordir to 0sitTilo
4 1 g

alo "
ng the vocal tract” (3. 144). Aber es bleibht unklar, wieso

beispi i . g i
pielsweise "spread weiter vorne im Artikulationstrakt liegen

soll als "labialized”.
b . . .
enso wie jede einzelne Parameterklasse, die auf einer Ordi-

alskala emesse wird elne ko palatl e Begri OIEIUSSEtZt,
g ’ v g v

R . .
0 muB auch die rangméBige Ordnung der Merkmale selbst, wie si
s e
bei
ei PETERSON und HARARY zu finden ist, auf einem solchen Begriff

beru en. Die AUtDIE‘ u tBISC 1 oka nd (u) onant
1 eide flir Vv le u K S
e

Je finf Parameterklassen, die, wie unsere Aufstellung zeigt
1 gt,

hierarchisch geordnet sind.

A . . . .
llgemein wird diese Hierarchie mit dem Hinweis begriindet

a e 1 e mi a er o ert se e e e edr ere
dalB rk ale
, di t d e k rreli 1 > 1 1 1g

ang S dlese ugeo EbBaB.SO EltE’.SZB'DEg
Rra Se zugeordnet k]l 3 «Da: ree o

13 . ;
1p rounding is normally closely correlated with tongue height
ght;

+«» and roundi i
ding is shown as a secondary articulation "

(vgl. dazu GERSIC 1a71, 100f.).
Eine ausfirhlichere Begrindung fehlt Jjedoch. So sagen di
. ie

Autor tm ipti
en auf S. 146: "A description of the consonants according

t . . .
o their place of articulation and manner of articulation i
is

basic”. i (
ic Damit soll begriindet werden, warum die Parameterklass
en

n l L) 3 ”
pPlace of articulation” und "manner of articulation” hdhere

Rin I N
ge als die lbrigen Klassen einnehmen. Diese Begriindung k
ann

——NR  TEEEESSS————EEEEEEEEEER

erstens in sich angezweifelt werden, da z.B. die Auspragungen
des Merkmals "laryngeal action”, also "voiceless" und "voiced”,
mit den genannten h8her eingestuften Parameterklassen nicht
korreliert sind. AuBerdem bleibt auch unklar, warum "manner of
articulation” h&her rangiert als "place of articulation”.

Unser Versuch, die von PETERSON und HARARY vorausgesetzten
komparativen Begriffe zu rekonstruieren, hat also, aufs Ganze
gesehen, zu einem negativen Ergebnis geflhrt. Deshalb ist es uns
auch nicht méglich, mit dem PETERSON-HARARYschen MaB der phone-
tischen Differenz zu operieren.

Wenden wir uns nun noch dem Vorschlag von GERéIé (1971) zu,
die phonetische Differenz zwischen zwei Lauten zu berechen (vgl.
auch GERSIC 1872; DROMMEL et al. 1973). Hierbei werden wir uns
auf einige Punkte beschrinken, die uns wichtig erscheinen.

Ahnlich wie PETERSON und HARARY stellt GERéIé flir Vokale und
Konsonanten gesonderte Parameterklassen auf. Diese Entscheidung
wird durch reine ZweckmiBigkeitserwdgungen (die Vektoren wiirden
sonst zu kompliziert u.&.), also nicht phonetisch begrindet,
so wie das PETERSON und HARARY immerhin versucht haben.

Seine Parameterklassen betrachtet GERéIé als gleichwertig,
"um das Element subjektiver Entscheidungen zu eliminieren, das
bei der Bildung von Hierarchien bei PETERSON und HARARY zu
beobachten ist” (S. 101). Damit ist er der Notwendigkeit ent-
hoben, eine Rangfolge der Parameterklassen zu begrinden.

Jede Parameterklasse soll eine Ordinalskala darstellen. Dazu
heilt es bei BERéIé: "Diese Parameterklassen wurden in Stufen
unterteilt und den Stufen wurden in der Ublichen Weise ganze
positive Zahlen zugeordnet” (S. 102).

Bei einigen Parameterklassen ist es nicht weiter schwer, den
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jggis"peeeotatan tkomparstiyan Aegnifidl 2 rekenstruieren, z.B. bei Wie die Verbindungslinien in diesem Schema zeigen, stimmen
der Klasse "Dauer” von Vokalen

die beiden Stufungen nur in einem Rang Uberein. Die grdfte Dif-

0 kurz ferenz liegt bei den Plosiven vor: Bei GERSIC nehmen sie den

1 halblang niedrigsten, bei PETERSON und HARARY den hichsten Rang ein. Die-
2 lang ser Unterschied und all die anderen sind nicht ohne weiteres zu
3 Uberlang verstehen. Dies gilt um so mehr, als GER%I& die von PETERSON und

. . ARARY gewdhlte Rangordnung an keiner Stelle seines Buches kri-
Bei anderen ist es schwieri i :
sriger. Die Peramsterklssse "sekundére tisiert, obwohl er sich doch mit der Arbeit dieser Autoren mehr-

Artikulation"” fiir Konsonanten ist folgendermaBen unterteilt:

fach auseinandersetzt, ihren Ansatz weiterentwickeln will.
0 ohne sekundire Artikulation So k&nnen wir also auch das von GERSIC (1971, 114) vorge-

i palatalisiert schlagene MaB der phonetischen Differenz zwischen zwei Lauten

2 leicht aspi}igpt kaum akzeptieren.

3 stark aspipiept Uberlegen wir uns zum Schluf, welche Einsichten und Folge-

rungen aus unserer Untersuchung gezogen werden kdnnen. Wir haben

g
»
Es UatE begri det werde 1 welche Si e die alatallsu?lu g ge «

der Aspirierung "voraus o
eht”.
& abgeleitete Messung, die erst dann in zuverlé&ssiger Weise durch-

VE11li Bgli 3
lig unméglich ist es, herauszufinden, geflihrt werden kann, wenn die zugrundezulegenden direkten Mes-

welcher komparative

Begriff
g der Stufung der Parameterklasse "Art der Artikulation" sungen korrekt vorgenommen worden sind. Damit diese Bedingung

fir Ko .
nsonanten zugrundeliegen soll. erflillt werden kann, ist es zundchst ndtig, all die artikula-

Dies wird besonders deut-

lich, wenn man die Stufung von GERSIC und die von PETERSON und torischen Parameter, die den HBezugsrahmen abgeben sollen, zu
AARARY nebeneinanderhalt: metrisieren. Unsere Untersuchung hat sich kritisch mit zwei Var-
GERéIé schlégen beschdftigt, die in die Richtung einer solchen Metri-
PETERSON und HARARY sierung weisen. Die Kritik, die an diesen Vorschldgen gelibft wurde.
0 plosive 0 Nasal entwickelte sich aus dem Versuch, ihre begrifflichen Grundlagen
1 nasale 1 Liquid rekonstruierend zu kl&ren. Wir missen uns aber darlber klar sein,
2 laterale 2 Fricative (sibilant) daB wir es nicht mit eipem rein wissenschaftstheoretischen Pro-
3 vihbrante 3 Trill (flap) blem zu tun haben. Es miissen darlber hinaus MeBapparaturen ent-
4 frikative 4 Plosive wickelt werden, um quantitative Angaben Uber die ausgewdhlten

5 Kons
onantenverlust Parameter zu gewinnen. Gerade die LGsung dieser Frage stellt

. ..
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PIKE, K.L., Phonetics. Ann Arbor 1943.

die Phonetik vor nicht unbetrichtliche Schwierigkeiten (vgl. z.B.

1).
SAPIR, E Die Sprache. Minchen 1961 (zuerst engl. 1921)

HARDCASTLE 13874). Diese Schwierigkeiten sind erst zy einem Teil V. MeBmethoden der Psychologie. Theoretische Grundlagen
S

- . z.8B. L ei i .
geldst (vgl. z.B. SLIS 1977) ein Bezugssystem quanti izierter N o

artikulatorischer Parameter steht noch nicht zur Verflgung. P Articulatory measurement on voiced, voiceless and

i -210.
nasal consonants. Phonetica 21, 1970, 183-2

i - 1970.
STEGMULLER, W., Theorie und Erfahrung. Heidelberg-New York
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ON MEASUREMENT OF LEXICAL DIFFERENCES RY MEANS
oF FREQUENCY

Dirk Geens, Leuven

Within the framework aof a research project an the syntactic

properties of English dialogues, a corpus of theatrical English

was compiled at the Institute for Applied Linguistics of the

Catholic University at Leuven. This sample contains the texts

of 62 present-day (= 1966-1972) British plays*, which were se-

lected in such a way that the sample is homogenaous for syntac-
tic research and representative of the literary genre that pra-

vides the material (GEENS 1973, GEENS 1475),
Although the aim of this project is a syntactic study, it is
obhvious that some interesting by-products, such as studies on the

lexical level and stylistic investigations, can he obtained from

this corpus as well. The intention of our present study is to

propose some methods for guantitative analysis of language ma-

terial, particularly as regards the content of texts rather than

the form. To this end we selected the prohlem of comparing the

vocahulary of the theatre—corpus with a standard corpus of

written English: our immediate goal was to describe a numher of

properties that characterize the penre with regard to the voca-

bulary that is used. Central throughout our study were the fre-

quencies of the words; our attention was mainly focussed on
1) the individual frequency-differences of lexical entries,
2) and the frequency-differences that occur with word-cate-

gories.

*The texts were selected mainly on the basis of the

"naturalness"”
of the dialogues they contained.
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1T MAKES A DIFFERENCE

We did not work with the frequency-distributions of the voca-
pulary, as these seem to he.less suitahle for a description OT
content, due to the degree of abhstraction from the texts. During
the set-up of this study we took the line that the Frequency—.
differences between individual lexical entries had to be examined.
Consequently what mattered first of all was to define a way to
measure these differences in such a way that attributive des-
criptions in the fashion of ’'much’, 'l1ittle’, 'considerabhle’,
'minimal’ and the like could be avoided.

The argumentation developed in this section will bhe illustra-
ted with examples taken from the theatre-corpus., To this purpoie
the corpus was divided into two parts, Tj and Tk' with respective-
ly nj and n words such that n, = nj / 2 and, nj * Ny T MCarpus.
In the examples given below ¥ denotes the absolute frequency,

p the relative frequency, D the difference, and the indexes j and

k identify the two samples.

Absolute Difference

- as
Expressing the difference in terms of ahsolute numbers

can be done with the formula

2 = . size
- has the evident disadvantage that incongruities in sample
in
and coverage cannot be taken into account. In the following
i h
xample we compare the words coffee (120 occurrences in the
B ————

ir
theatre corpus) and house (650 occurrences) by means of thei

absolute freguencies.
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.F

5 Fk D
coffee 110 (. % %
s (.015%) 10 (.002%) 100
house 375 %
s (.053%) 275 (.078%) 100

I bot
the cases the ableUtB di erence 1s 10 » g

the case o CO ee the IelathB Ffere e s .013% whereas it
>

is -0.025% for the word house,

Relative Difference

To avoi ifi
void such falsified results one might decide to work ith
wi

relati i
ative frequencies; a possible formula is

Whe wWe examine t E exa ple 1 the precedi g sectio we see that

di ere e ee I ed out ow, alt aug di
c 1 sa plE’ Slze as b ul
N N 2 0
s 1 verage ve ot bee Ccou ed or ye ider
f rence T I a T n a D f t. Co S
the OllOWl g exa plE, where the words t e (39,405 occurrences i

the t eatIB‘CUI us and t )se 556 o urre S a >0 paled.
P ) 5 ( Cc ce ) e

f.
j i .
the 26,37
»372 %
A (3.767%) 13,033 (3.723%) .044%
those %
ks 540 (0.077%) 116 (0.033%) .044%

The i i i
relative difference 1s .044% in both cases Still w
. e can

o] proclai a di ETrence o .0 K =) e
t that f£f n + 44 1 1 same for an ite

that cover %
S some 3.8% of the corpus as for one that only covers

.06%. j
Therefore we reject relative differen

method as well.

Ce as a measurement

A Balanced Difference Coefficient

In fact what has to he measured is not only the value of the
difference, but also its intensity. To achieve this purpose we
have used the formula
ﬁ' _ﬁk

oc = -
Dj i ﬁk

which expresses the proportion relative difference/coverage.

This ratio accounts for sample size as well as for coverage.
1t produces a real numbher with values in between -1 and +], whose
absolute values express the intensity of the relative differences:;
the 'sign expresses the direction of those differences. For ﬁj =0

the value calculated is -1; for ﬁk = 0 the value is +1; and for

B.

; = ﬁk it is O.

For the same relative differences bhetween lexical items dif-
ferent coefficients are yielded according to the total coverage

of the lexical item in the corpora (DE KOCK, GEENS 1876).

Significance of a Difference

Since the difference coefficients do not correspond to a dis-
tribution they cannot have a predictive value; in other words we
are able to measure the intensity and the direction of a diffe-
rence, but we have no information concerning the significance of
a difference. This implies that the coefficient can be used to
make a categorization of lexical items, but also that we shall
have to consider that fact that important differences can be
insignificant because they are based on too few observations.

Therefore we helieve that a study which aims at describing the
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o o IS - -
p OpBPtIES =] tBXtS hy comparisa ] t e lBXICal ltETS T t b
us he

complemented
ed by a calculus of the significances of differences

v .
obser ed. ar owever co slderable a di erence ay b it
¥ ) e, 1 ca

be baSBd =] too small a umber o] OoCccurre ces., As a rule the

. I .
re lty (8] extrapolatio S decreases with e amou -
ap f T t \l nt of ohser

vations on which they are based

To measu i
e R —
e the significance of a difference we u th
se e

standardized variable

paramters (0,1).

Here
5. -
pj Y
J
"
k ny

n, = i
"k sample sizes

f.+f
P = RE ‘
s ﬂk
a=1-p

The . i1i
probability of z can easily be found in the tables of th
e

normal distribution,

c aIaCtEIlSthS (8] the theatre corpus i compariso wit a stan-

dard corpus of Elgllsl, or whic we ave used t e Well‘k OwWr

.
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corpus of present-day American English by H. KUCERA and W.N.

FRANCIS, referred to as Brown Corpus (KUCERA, PRANCIS 1967).

THE THEATRE CORPUS COMPARED WITH THE HROWN CORPUS

The Brown corpus contains 1,014,232 tokens, dispersed over
50,406 types, whereas the theatre corpus contains 5,035.472
tokens and 33,521 types.

As far as tokens are concerned they are both approximately the
same size, the difference being some 2%. However, if types are
compared the Hrown corpus is substantially bhigger, the difference
there being ahout 33%. The type-token ratios are for the Hrown
and the theatre corpus: 0.050 and 0.032 respectively, indeed a

difference that points to a more diversified vocabulary in the

Brown corpus. We have the impression that among the most impor-
tant reasons for that difference three are self-evident:

1) there is a structural reason in that the Brown corpus
contains 15 genres and consists of 500 samples; in fact,
as more different authors have contributed to the voca-
bulary we may assume that the sum of their vocahularies
taken individually is greater than that of the 62 contri-
huting authors in the theatre corpus;

2) thematically there is a greater variation in the texts
form which the Brown corpus was sampled; it covers such
genres as fiction, technical writing, scientific writing,”
newspaper articles, and so on. As a matter of fact the
theatre corpus consists of only one genre (one which was

not included in the Brown corpus);




3) for stylistic reasons the authors of the plays may vVery
well be expected to use deliberately a language repister

which is traditionally considered less varied in terms

of voecabulary;

proved) that in discourse the lexicon is less extended.

Together the Brown corpus and the theatre corpus contain

64,123 types, in 2,049,704 tokens. 0¢ these 30,602 types occur

only in the Brown corpus,

13,171 only in the theatre corpus, and

19,804 overlap. It is patural that our attention will be devoted

primarily to the types that overlap, for the outsiders are con-

sidered less interesting for the following reasons:

1) they contain different spelling-forms between American

and British English;
2) the bulk of pProper nouns occurs in those groups;

3) the content words in these categories are so strongly

topic-bound that their frequencies do not convey any

relevant information;

4) there is no real basis for a comparison, except for the

fact that they are outsiders in one of the corpora.

For the words that overlap we computed intensity-values, di-
rection and significance of the differences, as described above.

In order to distinguish the characteristics of both the corpora

@ multi-dimensional categorization was considered desirable: on

the one hand categorization should he based on our statistical

definitions of difference, whereas on the other hand syntactic

and semantic categorizations must be performed.

The syntactic categorization was done automatically by means

of a slightly adapted version of our automatic syntactic analysis

program (GEENS 1974). Insofar 8s words were grouped into semantic

;__—

it is a widespread assumption (though never

lasses this had to be done manually. Exactly because of the
:mount of manual work to be done we have up till now limited
ourselves to the function words (which are most suitable for
general ohservations concerning the structure of the corpus) and

h tent words at the extre ities o the di erential categDIl-
e con

zation.

Function Words
Function Words

i 456,051
The selection of function words we examined covers
f the
tokens of the Brown corpus (44%) and 541,428 tokens o

theatre corpus (52%). It comprises:

- the subject and object forms of personal pronouns,

- the possessive pronouns,

- the reflexive pronouns,

- the demonstratives,

- the articles,

- the indefinite pronouns,

- the conjunctions,

- the prepositions,

- the exclamations,

- the auxiliary verhbs,

- the interrcgative pronouns. | | .

For obvious reasons we were unable to distinguish betwee.
syntactically ambiguous forms; neither of the corpora contélns
syntactic information of the kind required for disambiguatlfn of
those forms. As a result, for the following forms a theoretical
frequency was calculated on the basis of their relative frequen-

cies in the classes they belong to:




- you and it

- his and its
- for and since.
Some other forms, 11
» like that, can, will
B , » May and might as well

as the 1 tezIogatlves ave retail ed t Blr alblgu;[ty'

as it was

impossible i
€ 1n those cases to calculate a theoretical freq
uency

( inl hel
al Y ecause ey elo g to t ree classes or helD g to ope

ClaSSES)- I the tahlES the ) taCthally ambi uous orms are

1t5110129d] t ose or wfriic ot eUIEthal reque Cy was calcu-

lated are given in brackets,

par thUlaI pxoble was pDSEd by the aU?(lllaIlBS- some o the

abeeVlatEd arms o aUXlllaIlES colncide d = ad a d would
(
)

'11 = sh.all = S o ’
and Wlll, I3 1s and a_). reover 1 the Browr

corpus the a )
bbreviated forms are recorded as one word-f
-rorm, to-

ge
t er with t eir su Ct, e as 1 the t eatre corp
bie W re us t ey are

38 a rule
recorded apart from their subject. For these
) cases again

a theoretical frequency was calculated

As t e rule applle to neasure t di ffer Bnce-coeff er
d .U e
e Cl ts

P <
pc = _Brown Corpus 5theatre corpus

p
Brown Corpus & ﬁtheatre corpus

it i cl =
t ga ve value wil po1 t a grea
S ear tha ne ti a S 1 Q to T ter asce

dale in the t eatre corpus pOSlt e lu will ¢ e po1 t to
P » 1v va es 1

preponderance in the Brown corpus

Tahles 1
to 5 show the function words arranged accordi t
the diff = ici o
erence-coefficients obtained by this computati W
lon. With

I’y s . .
IBSPBCt to the 51gni 1cance-coe 1101e| tS, we deCldEd to set t e

z val ini
ue to a minimum of 2.58, which corresponds to g 992

R R —

threshold value. For all the word-forms examined this value was
exceeded except for those forms marked by an asterisk in the
tables.

The difference-coefficients were also calculated for the syn-
tactic categories as a set of word-forms; in the tahles the area
in which the coefficients of these groups can he located will he
shaded.

The function words as a group can be regarded as a stable body;

indeed, by calculating the difference-coefficient on the basis of
all the words we examined no significant difference could be ob-

served (DC = 0.0).

The personal pronouns were marked by a high difference-coeffi-

cient, -0.5; indeed, this considerable difference confirms our
expectations, namely that the usage of personal pronouns (in par-
ticular the 1st and 2nd persons, whose coefficients were respec-
tively -0.7 and -0.8) is much more intense in dialogues - even

written discourses - than in prose. The possessive pronouns re-

ceived a coefficient of 0.0 (that is, no noticeable difference)
for attributive usage, though it was -0.4 for pronominal usage.

Again this is an important difference. With regard to the refle-

xive pronouns, the difference observed was -0.1. Some general

observations can be attached to the results of the comparison of

these categories, which all imply references within the same

stratum:
1) in every class the order in which the persons appear is the
same, 2nd person - 1st person - 3rd person;
2) the areas in which the different persons can be located
within the tahle are very different in size:

- the 2nd person forms occur in a very narrow area, ranging




from -0.6 to -0.8

’

the 1st
Persan covers a less narrow area, which ranges

from +0.7 to -0.4;

3

) P
3 withir the group o 3rd erso orms t ere 1s some si ila

I"lty it the i i
sequence ir which masculi e, emini e eutral
>

and plural forms appear: this order is

femind h
minine, masculine, plural, neutral for possessive and
reflexive pronouns,

- neutral, feminine, plural and masculine for personal

pronouns subject forms,

2 Foming
eminine, neutral, masculine and plural for personal
pronouns ohject forms;

4) f i

or the 1st person the difference ohserved was always
greater for the singular than for the plural forms;

5) t i ’

he group difference-coefficient tan always be located

within the area occupied by the fipst person

Th 5 ~ e
e difference-coefficients for indefinite pronouns rang
ind e

between . .
+0.5 and -0.5, the group difference is -0.1, which seems

o ] .
poeint to a slight preponderance in the theatre corpus. No
diffe . .
rence was made between pronominal and attributive usage f
or
the pronouns each, one, any, some and all

The interrogative pronouns range from +0.5 to -0.§

whereas

thei R, .
€1l group coefficient is -0.2. Again those forms seem to b
o be

are reque t i the e I >0T C shou e note a
a e orpus d d h t
8

word-for S 1 t is group ca actually unctio as 1 teIIDgat
ilve

pPronouns t T S c t
, rela ive pronouns and subordi ators 1 e e onl
. y

ot er o] a wWn1 18 s tactlcall a ous
PElathe pro u is t t ( c Y y blgU

a it tur -
=] u ) we were unable to co pUtB at EOIEthal requenc
y

here.
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subordinators and prepositions are characte-

The coordinatars,

rized by a greater usage in the Hrown corpus, (their difference-

coefficients are respectively +0.1, 0.0 and +0.7). The 0.0 coef-
ficient for subordinators may he explained by the very high fre-
quency of if (2199 and 3937). In the group of prepositions toward
and towards can be found at the extremes of the tahle; this seems
to point to regional differences in usage.

The articles and the demonstratives are preponderant in the
Brown corpus, with difference-coefficients of respectively +0.2
and +0.1. For the demonstratives two group coefficients have been
calculated: +0.1 for the group without that (which is highly am-
biguous), and 0.0 for the group including that.

The group coefficient for the auxiliary verbs is -0.2 and
thus the difference here is in favour of the theatre corpus. The
coefficients for the forms in this group range in between +0.4
and -0.8. For the individual present and past forms of the verbs
be, do and have the difference coefficients in the table are
listed with the word-faorm. In order to compare the usage aof the
tenses as well, the difference of the forms in sub-groups con-
taining the past and present tenses of those verbs was camputed.

These coefficients are represented under the heading 'present/past

tenses of .'. The total number of forms of those verbs is re-

presented under the heading 'forms of
As for the exclamations it could be expected that they are far
more frequent in the theatre corpus. Their difference-coefficient
is -0.B8; the values assigned to the forms in this class range
from +0.5 to -0.9.
These calcualtions lead to the following observations:

1) in discourse the first and second person of the personal




e

pronauns are prepanderant to the thipd person;

2) the usage of anaphoric forms exceeds the usage of deicti

c

farms in the theatre corpusy

3) th joini

e usage of conjoining (coordinators, subordinators and

prepositions) forms in the Brown corpus goes far beyond
the limited usage made of those forms in the theatre
carpus)

4
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as the latter forms help in constructing more complex sen-
tences, it can he extrapolated that syntactically the
dialogues are characterized by a less complex sentence
structure than the prose Brown corpus;

5) the function words. constitute a grammatical superclass

that i » T e
1s stable t roug out t e two corpora consideri g t

fact th g p
at as a grou they do not yield a significant diffe-

rence factor;

6) the theatre corpus shows more variety in the usage of auxi-
liary verbs, which as a rule indicates a morse diversified
picture of modality and aspect;

7) the exclamations evidently dominate in the theatre corpus;
besides the significantly higher number of occurrences of’

the o i
verlappings there are an important numher of outsiders

in this corpus.

Content Words

Cleally we ad to examine the co tent words i a di ere way:

the be on to open classes and it was Jossible so ar .0 aKke

a co plEtB semantic categor izatio a UEllly- 18 leadS us to t e
pPtio that an a aly is of t €lr represe tathES ir

assu t T 5 e

dlfFBl c a S t tee ld provid w some
e e cC tEng"lB a Xtremes shou v € us t

4——-_
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clues for further interpretation. Therefore we selecled the con-
tent words that have difference-coefficients between +0.9 and
+0.85, or -0.9 and -0.85. A categorization in meaning classes was
provided manually. In any case the significance test pointed to
highly significant differences.

In the theatre corpus the majority of the npouns points to

animate human beings, often referring to a human being by means

of synonyms, titles, indications cf relationships. Some examples:

mister, madam

(1) titles and vocatives: duchess, mum,
(2) synonyms: bloke, lads, chaps
(3) relationships: daddy, auntie, dad.

Sometims reference is made to a special characteristic or an

occupation. Examples of these classes are:

(4) characteristic: idiot, bastard, neighbours

(5) occupation: gunner, whore, constable, archbishop, gardner

Other nouns display an indirect relationship to human beings by

referring to names of food, clothes, parts of the body, utensils,

buildings, parts of houses, furniture and the like. Examples are:

(6)food: ale, tea, biscuit, marmelade

(7) clothes: jeans, stocking, jumper, trousers, waistcoat,

tunic

(8) parts of the body: moustache, snout

(9) utensils: briefcase, transistor, wig, handbag, torch

(10) buildings: dispensary, greenhouse, bungalow

(11) parts of houses: livingroom, doorbell, exit, curtain

(12) furniture: tabernacle, cupboard, armchair, sofa

In the Brown corpus fewer nouns point to human beings, and if so,

rather to professions and roles in political activity than to

proper identification names. Examples:
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(1 i
) professions: attorney, reporters, deale
s rs,

. archi
(2) political activity: o

candidates, mayer, voters, sheriff

The majorit
y of the nouns that are far more frequent in th
in e Brown

corpus however i
» refer to inanimate objects. They gen 11
. ‘ i 3 era d
with business, administration o
———— _—

science and technology:

(3) bUSl ES8S: co pany's unds tre ds owners p Stry
3 > »
;
(4) admi 1stIat101: co ission, allot ent co erence
’
(5] Scilence: )dIOgE 2 S)Ste S, reque CY, tec lques

exhausti =) f e uns T rpr Bc in a e b
u ve 11 [s] n 1 erpre 1s b
A .

It should be not
ed that the worg i
8 with a difference i
e in favour

of the Brown co
rpus tend to Be derj
erived from Latin root
s, whereas

those favoured i
in the theatre co
rpus have more An
glo-Saxon roots

1is eature akes t oca ary of t BIOWI corpus sound lear-
k e v bul e
-
ed, w ereas e t eatre corpus vocabula
ed and educat t 'y sounds

"ordinary” and rath
8T resembles the vocah
ulary of every-
y-day

language.

In the th
eatre corpus most verbs in these classes
actions that require an o

ani j
mate subject; as a rule they indicate

acti i
10ns that involve some physical activity

' sometimes th
actions that involve mental act o

ivity:

(1) physical activity:

StEPES, laug s, k BElS, llftS. shouts
2) enta : r T, l§ ’ rly |
1 act1v1ty. exXamilnes, drea t imagini g b B

The verbs f i
reguent in the Brown Corpus are of a mo b
re abstract

nature
and breathe an atmosphere of busines
S,

— Science and tech-

3 P
lncrease anufacturi g, 1 te sified, IEgIEtBIEd antici d
» 1 ate

As with th
€ nouns, the verhs in the theatre Corpus relat
elate to

people, and have Anglo-Saxon roots

N 7 whereas thosg of the Brown
ate to objects and derive from Latin root
oots,
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An exhaustive list of the verbs examined is given in table 7.

The adjectives of the theatre picture characteristics of human

beings or things related to human beings:

tidy, naughty, horrid, unfaithful, dearest, jealous, silly;

the Brown corpus adjectives again 1ie within the sphere of busi-

ness and science:

fundamental, urban, experimental, optical, bronchial, nuclear.

Similarly, the same interpretation holds true for the adjec-
tives. A complete list ist given in table 8.

As to the adverbs, no clues of any importance were adduced
by the differential categorization to enable them to be mapped out
distinctly in semantic strata as cpuld be done for the nouns,
verbs and adjectives. In fact only’a few adverbs yielded a diffe-
rence coefficient of 10.6| or more, so that it may be expected
that they constitute a relatively stahle category within the two
corpora.

To recapitulate, we ohserved the following differences hetween

the Brown corpus and the theatre corpus:

(1) the Brown corpus contains more different words, and con-
sequently makes a mare diversified impression than the
theatre corpus; the 'richness’' of the Brown corpus has its
origin in the structure of the corpus, the themes that
were employed and the style of the language it was sampled
from;

(2) although the function words seem to constitute a stahle
body in the comparison of the two corpora, the anaphoric
function words prevail in the theatre corpus, whereas the
connectors prevail in the Brown corpus; for this reason

the Brown corpus can be assumed to contain more complex

syntactic structures than the theatre corpus;

B
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(3) semantically the content words related to Business, admi-
nistration, science and technology dominate jin the Brown
corpus, whersas the theatre €orpus counts more words
related to human beings;

(4) at the same time this accounts for the fact that among the
words examined those from the Brown corpus derive mainly
from Latin roots and seund learned op educated, whereas
those from the theatre corpus teng to derive from Anglo-
Saxon roots and sound "ordinary”, as if reflecting every-

day life,

To summarize, our study of a technique to compare two totally

independent vacahularies led to the following conclusions:

(1) the methad we used confirmed our intuitive hypotheses
and proved to he reliahle;

(2) our study contains enough evidence for the fact that
frequency can be used to analyze vocabularies, and even
the content of samples;

(3) there are significant differences between the Brown and
the theatre corpus, but to proclaim that these are due to
the opposition British/American English or to the oppo-~
sition discourse/writing would be very rash; probably both
these oppositions, together with other - structural -
reasons, play their part;

(4) if two large text collections display such divergencies,
it should be clear that freguency-lists have to be handled
with care when used as resourcer; no ahsolute pPronounce-
ments ahout a language can safely be made when based on

frequency only.

4————_
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Tahle 1. Difference Coefficients for personal pronouns.,
possessive pronouns and reflexive pronouns.
DC |Personal Pronouns |Possessive Pronouns |Reflexive Pronouns
Subject |Ohject Attributive|Prono-
minal
+0.8
+0.8
+0.7 ITs
+0.6
+0.5 178 ITSELF
+0.4 THEIR
+0.3 THEMSELVES
+0.2 HIS THEIRS*
+0.1 HIMSELF
0.0|HE HER ///////
SR S L
10170077
-0.1|THEY*-  |THEM HIS HERSELF* ///////////
urseLves+ 7717
-0.2|SHE HIM
-0.3|1IT IT HERS#*
OURS*
i LER 11111117
=05 /1117010717177
-0.6 My MINE MYSELF
THINE YOURSELVES
-0.7|1 ME YOUR YOURS YOURSELF
-0.8|Y0U You
-0.8

* An asterisk in the tables indicates the words that yielded a z value
below the threshold level (2.58).

* Shaded areas in the tables mark the difference coefficient level for
the class of words as a group.

Table 2.
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Difference Coefficients for indefinite pronouns

and interrogative pronouns.

o] Indefinite Pronouns Interrogative Pronouns
+0.9
+0.8
+0.7
+0.6
+0.5 SOMEWHAT WHICH
+0.4 SUCH WHOSE
+0.3 EACH
+0.2 SELF WHOM
OTHER
BOTH
+0.1 OTHERS
0.0 ANOTHER WHEN
ONE
ONES
ONE'S
EVERY
ANY
SOME
-0.1 NONE* //////////7//7/////
-0.2 WHERE ////////////////1]
WHENCE ////////1/111///7/
-0.3 ALL
EVERYBODY
SOMEBODY
ANYONE
EVERYONE
0.4 NOBODY How
ANYBODY
NOTHING
EVERYTHING
SOMETHING
-0.5 ANYTHING
SOMEONE
-0.6 WHAT
WHY
0.7
~0.8
-0.9




Table 3.
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Difference Coefficients for Coordinators, Sub-

ordinators, and Prepositions,

DC

Coordinators

Subordinators

Preposistions

*0,
+0.
+0.

~N @ o

+0.6

+0.5

0.3

| ho.2

+0.1

T
o

@ = a s = =

ooNOUh

OR
UNLIKE
THAN

NEITHER

ELTHER ///////
AND ///// 1111/
NOR ///////1//

FOR
BU

ALTHOUGH

WHEREAS

LEST*

WHILE
WHETHER
SINCE

UNLESS /////////
THOUGH ////////
BECAUSE ////////
s

IF

/| WITHOUT

TOWARD

CONCERNING
PER

DURING
WITHIN

VIA

BETWEEN
AMONG
CONSIDERING
BY

BEYDND

UPQON

SINCE

OF

ABOVE

UNTIL

UNDER
THROUGH
FROM
BENEATH

IN

ONTO
AGAINST
AROUND
ACROSS /// /1111 LLL 1L
)
L1117 111700117711177771]
EXCEPT
TO

INTO
OVER

AT
OUTSIDE
AFTER
WITH

ON
INSIDE
BEHIND®
BESIDE®
ABOUT
ouT

uP

DOWN

TOWARDS
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Table 4. Difference Coefficients for articles,

demonstratives and auxiliary wverbs.

pDc Articles Demonstratives Auxiliary Verbs
+0.9
+0.8
+0.7
+0.6
+0.5
+0.4 WERE
DARED
(MAY)
+0.3 THESE WAS
past of BE
+0.2 AN /177717 USED
THE //////]
+0.1 THOSE /////////// WOULD
0.0 [A THIS ///////////) WUST
(THAT) //////////] COULD
LILIALLAL /A (MIGHT)
LI L71 7 (f///] forms of BE
[I1000177/7/7///] forms of HAVE
-0.1 ARE
HAS
SHOULD
-0.2 IS /111101010000
(WILL) /Z//L0 00110
CCANY J//LLIE A L LY
0ID LI
present of BE L1011
present of HAVE L1007
-0.3 HAVE
HAD
LET
-0.4 DUGHT
DOES
-0.5 DARE
forms of DO
-0.6 SHALL
Do
present of DO
-0.7
-0.8 AM
-0.9




Table 5.

Difference Coefficients

for exclamations,

DC

Exclamations

+0.9
+0.8
+0.7
+0.6
+0.5
+0.4
+0.3
+0.2
+0.1

0.0

-0.1
-0.2
-0.3

GODDAMN*

GODDAM*

WHOA*
ALAS*
MM*

GOSH*
AHEM*
NO-0#*

Al
0000*
HI*
OOPS*
BAH*
MMMM*
HUH
SHH*  J//// /]
YEAH ////1//
MM S
UGH ////// 1/
HMM

AH

OH

YA

AYE

HA
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Table 6. Difference Coefficients for nouns.

+0.9

+0.85

attorney, candidates, mayor, reporters, allies,
dealers, sitter, president’'s, dealer, giants,
manufacturers, architect, reader, listeners,

merchant, sheriff, voters, salesmen

associations, formula, barn, fabrics, magnitude,
proposals, solutions, stem, judgement, limitations,
publication, company’'s, prevention, aids, bridges,
concerts, frames, tangent, conviction, rates, clay,
cents, composition, coverage, exhibit, exploration,
stadium, materials, diffusion, narrative, utopia,
construction, funds, sections, decade, equivalent,
losses, craft, crystal, refrigerator, interference,
graowth, sources, capabilities, chart, complement,
conversion, merger, mode, replacement, trends,
billion, anniversary, commission, allotment, nations,
emphasis, temperature, conference, region, onset,
completion, dictionary, corporate, span, frequency,
supervision, timber, gulf, meanings, obhligations,
ownership, planets, sphere, successes, teams, areas,
hydrogen, budget, transportation, stress, industry,
aspects, goal, distribution, certainty, alliance,
jazz, maximum, procedure, tax, earnings, entries,
participation, removal, shore, addition, features,
negotiations, curves, data, congres, products, firms,
techniques, dollars, radiation, league, organizations,
systems, railroad, wagon, measurements, factors,
characteristics, states, institute, motors, assemhly,
acceptance, structures, missile, trend, avenue,
diameter, medium, developments, investment, route,
marketing, oxygen, technology, downtown, limits,
highway, axis, regions, treasury, districts, skills,
faculty, core, objective, columns, industries, ratio,
accuracy, unity, cooperation, roles, measurement,
countries, campus, pathology, performances, stems,

minimum, markets, administration, effectiveness, era,
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Table 6. (continuation)

emission, plastics, awareness, organization, location,
considerations, dates, density, dimensions, flux,
instances, occurrence

mum, duchess, hloke, daddy, mister, madam, holiness,
gunners, majesty, lads, chaps, lunatic, lordship, dad,
nuns, sod, neighbours, sir, darling, divider, feller,
ma'am, buggers, maitre, idiot, whore, queen's, blokes,
lad, highness, chap, constable, constables, majesty's,
hlacks, auntie, mug, nun, undertaker, vice-chancellor,
bastard, earl, archhishop, eminencs, gardner, abbot,
colonel’s

pigeons, roach, goldfish, rats, parrot

wig, jumper, stocking, troners, tunic, drapes,

jeans, handbag, walstcoat, sword, moustache, snout,
biscuit, marmelade, hash, ale, tea, cask, puh,
shillings, livingroom, pause, dispensary, honour,
sofa, shit, tabernacle, heaven's, favour, briefcase,
humour, cupboard, disgust, defence, transistor,
greenhouse, fortnight, parcel, behaviour, torch,
judgement, clap, doorbell, packet, armchair, dune,
madness, anthem, exit, rubbish, kettle, bhackside,
char, bungalow, dusthin, fancies, pram, wills, ale,

blackout, vase, bugle, curtain, vocation, banner

Table 7. Difference Coefficients for verhs.

+0.9

+0.85

operating, located, increased, varying, estimate,
corresponding, resulted, coating, determining,
promote, sponsored, grinned, measuring, furnish,
representing, obtained, expanding, paused,
provides, operated, determine, desired, viewed,
increase, insure, increases, manufacturing, slid,
suhjected, intensified, foams, registered,
anticipated, listed, sampling, sighed, indicated,
stated, varied, hesitated, regarding, enforced,
emphasize, gains, expanded, included, glued

stares, sits, nods, laughs, picks, pours, kneels,
crosses, piss, leans, watches, exits, soh, snuts,
lifts, sighs, jumps, kisses, shrugs, giggling,
taps, smashing, throws, giggle, nicked, flicks,
screams, shouts, cheers, listens, shakes, clears,
dials, fuck, climbs, catches, collapses, knitting,
sneer, straightens, undressed, wanders, grabs,
pushes, rushes, gazes, smiles, opens, tosses, pulls,
knows, closes, claps, turns, chuckles, dial, frown,
groan, mumbling, seizing, stumbling, tidying, goes,
moves, waits, walks, fetch, rises, bagged, creeps,
bends, glances, sleeps, looks, wears, hesitates,
examines, dream, fainted, disgusting, imagining,
reacts, please, apologize, boring, fade, stops,
puts, pauses, rings, cheating, oblige, stinking,

shun, starve, finishes, disappears, shone




Table 8. Difference Coefficients for adjectives.

+0.9

+0.85

characteristic, dominant, additional, evident,
largest, fundamental, external, urban, visual,
long-range, experimental, variahle, pacific,
widespread, republican, bronchial, oral, democratic,
economic, minimal, current, flexible, availahle,
technical, nuclear, civic, notable, governmental,
residential, effective, significant, intermediate,

industrial, newer, primary, organic, optical

bloody, subaltern, tidy, rotten, naughty, horrid,
unfaithful, dearest, backwards, cosy, dear, jolly,

Jjealous, creepy, crafty, disgraceful, sarcastic,
silly

Some FormaL Aspects oF Dynamics oF DIALOGUES

Maria Nowakowska, Warsaw

1. Introduction

This paper presents an application of the general theory of
actions (see NOWAKOWSKA 1873, 1975) to a construction of theory
of dialogues. The approach suggested here is different than that
given in an earlier paper on the same subject (see NOWAKOWSKA
1976). Roughly, the central idea may be described as follows:
instead of building the semantics of dialogues in a traditional
way (i.e. by designing more and more elaborate formal schemes
for expressing the meanings of sentences in their contexts,
situations, etc.; for the most refined system of this type see
PETOFI 1976), one could try to approach the subject by expli-
cating the formal structure of various effects of semantic
constraints operating in a dialogue. This approach is, in some
sense, similar to that used in propositional calculus, where
one pretends that the problem of the truth of simple proposi-
tions has already been solved, and proceeds to explicate the

conditions for truth of more complex propositions.

2. The basic formal scheme

Let L stand for the natural language under consideration;
thus,L is a class of strings of words of a given vocabulary.
The elements of L, denoted generally by u,v,... with or without
subscripts, will be referred to as speech units, such as sen-

tences, gquestions, exclamations, etc. Further, let

L(n) = 1 A : @ = UgUseenUs Uy €L, 1 =1,...,n }
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be the class of all strings, each consisting of n speech units

from L. Finally, let

be the set of all finite strings of speech units from L.

If a € L®, then lal will denote the numher of speech units
in a.

Let now K = {1:---Lk} denote the set of persons participating
in the dialogue.

Let D* he the set of all pairs (a,f), where a€ L™ and f:
{1,..., lal} -+ K is a function which assigns elements of K to
integers between 1 and lal.

The intended interpretation here is such that o 1is the string
of consecutive speech units uttered, whil f is a function which
contains information as to who uttered which speech unit. If
O = UgUseeou (so that lal = K), and f(i) = j, then vy is
uttered by j-th memher of the set K.

Naturally, not every pair (a,f) can be treated as an admissible I
dialogue. Thus (similarly as in formal linguistics), a set 1
D € D* will be distinguished as a primitive of the system, and
its elements (a,f) interpreted as dialogues. .

It seems natural to make the following two assumptions.

Assumption 1. k > 1, i.e. the set K of participants in a dia-

logue consists of more than one element.

Assumption 2. If (a,f) €D, then
(V] €K)(3ie {1.....|a|}J= £i) = 5.

The meaning of the second assumption is such that if (a,f) is
a dialogue between persons in K, then every person utters at

least one speech unit. Thus, assumption 2 rules out persons who
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remain silent throughout the dialogue.

As an immediate consequcne of assumption 2, let us record the

following

Proposition. If (o,f) €D, then lal 2 k.

3. Various types of moments in a dialogue

To express further notions, let us introduce the following

notation. For n = 1,2,... let

" = {(u.f) €D: |lal > n}

be the class of all dialegues which contain more than n speech

units.

i = lows that
Let now (a,f) €0" and a = py with 1Bl =n. It follow

the string vy is not empty (since the dialogue does not end at

n-th speech unit).

Definition 1. n is a possible termination epoch of the

dialogue (a,f), if (B, f')€D, where f' is the function f restric-

1

ted to the set of arguments {1,...,nJ.

Definition 2. n is a regeneration epoch of the dialogue

(a,f) if (y,T'')eD, where £ ()= F(G+n), J = 1,2, 000

Intuitively, n is a possible termination epoch if the dia-

logue (a,f) truncated to the first n speech units is also a

dialogue. Similarly, n is a regeneration epoch if the subsequent

part of the dialogue (following n-th speech unit) is also a

dialogue.

It follows from the above definitions that the intended inter-

pretation is such that a dialogue must constitute a self-con-

tained whole, soc that not every fragment of a dialogue 1s a




continuation of the dialogue.
The most common example of r-connectedness is 1-connectedness,
where Ue is simply a reply to a direct questiaon up, (s0 that the

string B' is empty). For instance, consider the speech units:

u, = "Have you ever been to Rome?"

Uper = "No, I haven't".

If u_ were replaced by a unit such as u'n = "Do you think it
will rain tomorrow?” (provided it is admissible in view of the
preceding part of the dialogue), then Ut would not be admissible
as an answer to u' .

Naturally, an utterance in the dialogue may be r-connected for
various values of r, i.e. it mayadepend on different preceding

speech units., This suggests introducing the following two numbers

which would characterize to some extent the internal ties in a

dialogue.
Let a = Uplgeewu u ye.. and let (a,f)eD.
Put A(unlu,f] = number of indieces r such

that u is r-connected

and
B(U Ia, ] = ax r: u 18 r-co ected;.
1 }

Then A(unlu.F) shows how strongly the speech unit up, is re-
lated to the preceding speech units in the dialogue, while
B(unla,F) shows how far back into the conversation reaches the

connection of u
n

The functions A and B may be related to the previous concepts,

and they may also be used for formulating some general hypotheses

about the dialogues.
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Firstly, one can canjecture that if m is a regeneration epoch
of the dialogue (a,f), then for all n > m ane has B(unlu.F]> n-m.
This means that if m is regeneration epoch, then all subsequent

speech units are not connected with speech units occurring before

epoch m.
An important feature of some dialcgues is that they concern

some principal topic, and - except for digressions - the dialogue
"returns” to the speech unit (or units) in which this topic was
posed (formulated, stated, etec.).

One may say that m is an anchor point aof the dialogue if
there is a set of epochs NysNosess with m < n, <n, < ...+8uch
that u is (ni—m)—connected. In other words, the speech units
un1, un;,... are all connected with the speech unit U In-
tuitively, the discussion returns to the theme stated in the
speech unit U

This property, despite its strong intuitive appeal, is diffi-
cult to express in formal definition, since one would have to
specify how long the sequence nj ,n,... should be in order for m
to be an anchoring epoch.

Finally, the function A shows the strength of the relation-
ships in the dialogue. The extreme case would be a dialogue with
A(unlu.F) = 1 for all n (since if A(unla.F) = 0 for all n, «a
consists of a string of disconnected speech units, and hence is
not a dialogue). If A(unlu,?) = 1 and B(unla,F) = 1 for all n,
then the dialogue a is such that each speech unit depends only
on the directly preceding séeech unit, and not on any other
units. Such dialogues are simply more or less random chattering.
On the other extreme, one may expect that in scientific dialogues,

both A(unla,f) and B(unla.F) will be large for all (or most) of

the speech units u_




_BD_

It would perhaps be of some interest to make a statistical
study of various types of dialogues (e.g. plays) in order to see
whether the properties of processes {A(unlq,F]} and {B[un|q,F)}
(n = 1,2,...) are significantly different for various authors,

types of scenes, etc.

5. Eristic dialogues

In this section, the considerations will concern a special
category of dialogues, namely eristic dialogues. They are
characterized by the fact that the partners (assume for simpli-
city that there are two of them) try to convince one another
about some issue, regarding which they initially differ.

The considerations will necessitate enriching the initial

set of basic concepts. To introduce convenient formalisms, let
K = {1,2}. i.e. let there be aonly two speakers, and let (a,f)
€0. Let VyrVos e denote the consecutive stretches of speech

units uttered alternatingly by 1 and 2, i.e. a = VaVoVge .

where vy = t,]tz...tn1 with (1) = ... = F[n1) = 1,v2 =
t ot with f(n,+1) = ... = f(n,) = 2, and so on.
n, 1 2

The first new concepts which will now be introduced are those

n1+1"'

of the fuzzy set G and the membership function g. The set G will
consist of those speech units in which partners in the dialogue
"state one's position”, and g will be a function which to every
speech unit t assigns the grade g(t) of membership in the set G.
Fixing now an arbitrary level ¢, one can distinguish the set
of all speech units tj in o for which g(th > g. lhese are
therefore units which contain information about the positions
of the speakers.

Consider, for example, the following fragment of a dialogue

between two scientists:

vy = "Did you hear about results of Peter's experiments?

They confirm his theory rather nicely”.

<
I

5 = "Yes, I know his results. However, I have doubts
about their validity, and moreover, I am naot guite
certain that they confirm his theory. Don't you
think they could be explained by another hypo-

thesis?"

Here all speech units in vy and Vs have high grade of member-
ship in G, since they reveal the attitudes of both speakers to

Peter's results. However, if the reply to v, were:

v'2 ="No, I haven't heard about them. What are his

results?”,

then g(v’z] would be rather small.

The next concept needed for describing eristic dialogues is
designed to reflect the differences of opinions between the
speakers. These differences may concern many aspects; to forma-
lize this, one may proceed as follows. Let S denote the class
of all strings of speech units with degree of membership in G
at least €, i.e. the set of all possible ways of "stating one's
position” sufficiently clearly. Let now A be the set of binary
relations &c S x S. The symbol ubv means that the points of view
represented by strings of speech units u and v "differ"” by 6.

It is natural to require that relations &€A are symmetric,
and that for all u,v there is at least one relation 6 holding

between u and v. Formally, these requirements may be stated as:

(1) if usv, then v8u;

(2) Y u,v 36€EA : ubv.
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Next, the relations & of "differences of opinions" are
ordered (at least partially); one also has to take into account
the fact that for any given u, the utterance v need not crncern
all aspects covered by u. The formal representation of the
latter fact requires introducing ancther ordering relation on A .
Thus, it will be assumed that there are two relations, < and <,
on A, such that

(3) 84 6 (reflexivity of £);

(4) 8 < & (reflexivity of <),

(5) if 6 £ 6" and &' £ &6'', then 6<s&""’ (transitivity
of £ );

(6) if 6< 6" and 6" < 6'', then 6 < 6°° (transitivity

of < ),

(7) if 8 <6 , then 6 £ 6" and 6° < &

=

Conditions (3) - (6) require no comments. Condition (7) asserts
that comparisons < can be made only between relations & and &'

which are equivalent in the sense of the equivalence relation ~

induced by £ (i.e. 6 ~ &'

=S

if and only if 84 6° and 8° £ 6 ).
The intended interpretation is such that & < 8" means that

every issue covePFd by & 1is also covered by &°. For 6 ~ &' ,

assume that 6 < &', and ubv, u&'v'. This means that both v and

, .
v' concern the same set of issues as u, and v expresses point

of view closer to u than v'.

Moreaver, one can assume that in each equivalence class of
the relation ~ there is the minimal element D6 , representing
the complete concensus on all aspects covered by 6.

The most natural interpretation here is when the elements &

are vectors, each coordinate referring to a different semantic

[ ]

_63-

field (i.e. a set of interrelated semantic descriptors). Then

& 4 &' would mean that &’ contains all coordinates of &, while
(for & and &' containing the same coordinates) &6 € 6’ would mean
that all coordinates in & are less or equal to those in §&°.

To use an obvious example, one of the semantic fields, corres-
donding to one (or perhaps several) coordinates, is the class of
all modal frames with which the sentence may be uttered. Imagine,
for instance, that one person says "I am absolutely certain that
p", to which the other replies "I doubt it”, or "I believe it,
too”. Letting B, B' and B'' Be the semantic representations of
"I am absolutely certain”, "I doubt” and "I believe”, the meaning
of these utterances may he symbolically represented as B[pj,
B'[p] and B''[p], where [p] is the semantic representation of p.
In this case, B[p]lB'Ip]l and Blplg'B’''[p]l, where 6 = (61,...,6m)
and §' = (65....,6%) with 51 > 63 and the remaining co-
ordinates equal, so that 6 > &', since the degree of disagreement
between "absolutely certain” and "doubt” is more than between
"absolutely certain” and "believe”.

To illustrate the possible interpretation of other components
of &, let us start from a general scheme of an utterance in which
the speaker presents his point of view.

One of the possihle schematic representations of such sen-

tences (strings of sentences) may he of the form

[MF] [D/E] [m(a,P)] [Arg]

where [MF] is the modal frame, [D/E] is the deontic or epistemic
intention, [m(a,P)] is a schematic representation of an action-
sentence "make a to he P", and [Arg] is the argumentation.

As an example, one can think of a sentences such as




"I think that you should test the hypothesis H again

L v / [& v J v ]
[MF] [D/E] [m(a,P)]
because the results up to now are not conclusive”.
L U -y
[Arg]

In the above representation, [MF] and [D/E] stand for one of
the functors about which it is assumed that they form a lin-
guistic representation of motivation (see NOWAKOWSKA 13973a).
This assumption is based on observations of functors appearing
in sentences used for justifications, evaluations, explanations
etc. of made or planned decisions.

Even a very superficial analysis of such sentences allows us
to distinguish the subclasses, such¢as epistemic functors (I know,
I am sure, I doubt, ...), emotional functors (I am glad that,
««+), proper motivational functors (I want, I prefer, ...) and
deontic functors (I ought to, I must, ...).

The functors of particular subclasses are assumed to form
representations of different psychological continua, which are
used for evaluations in decision situations.

For instance, the class of epistemic functors may be assumed
to constitute a linguistic representation of the scale of sub-
Jective probability, i.e. different functors reflect various
degrees of subjective probability.

Similarly, the class of proper motivational functors con-
stitutes a representation of utility scale.

Some scales are "degenerate”, e.g. the one referred to by
"I ought to", having basically only two values, namely "I ought
to” and "I must”, and their synonymes.

Considerations of the scales of motivation leads to intro-

ducing the concept of motivational space. One can then assume
that each alternative in a decision situation is evaluated on
these scales. It may be conjectured that in some dialogues the
persons display some "motivational consistency”, understood as
domination of one type of scales (e.g. always referring to what
ought to be done, or referring to what the person likes, or
wants, etc.).

Referring now to the third category in representation of sen-
tences in eristic dialogues, the most useful in categorization
seems to be that into approach and avoidance types. Generally,
two "approach” actions or two "avoidance” actions, will be
considered closer to one another than the actions of "opposite
signs", the closeness heing reflected in coordinates of 6.

Similarly, in cases of hoth objects and predicates ane can
think of "distance” as expressible in terms of coordinates of
6 : for instance, two objects are close if they share many of
their attrihutes.

Finally, as regards the argument [Arg], of great interest is
the case when it has the form of an ethical, legal etc. rule.
The "distance" between rules may be defined in terms of their
level of generality, if one of these rules is a special case
of the other; two rules are close if one is directly contained
in the other.

It is clear that the idea sketched abave, to construct the
relations 6 by distinguishing their components, gives only a
crude approximation. In practice, one would have to use many
more categories (coordinates), hence a richer classification.
The most refined such classification suggested so far is the

ingenious and thorough categorization given by Petdfi (18976).




There is no need ta 1ist his categories in this paper; denoting

them by C1, 82,... (the ordering is arbitrary), one could assign

to every pair of speech units (or strings of speech units) the
set of categories which is relevant for them (i.e. establish the

equivalence class to which the relation & belongs), and then

assign the "distances” between opinions aon these categories, i.e.

determine that g = (Gi » 6

»e++) which holds between the pair
1

in question.

As mentioned at the beginning, the construction sketched above

refers only to those utterances in the eristic dialogue in which

the speakers state their opinions. In between there may naturally

occur other types of utterances, such as questions, paraphrasing

in order to check the intended meaning, and so on.

6. A geometric interpretation of eristic dialogue

A geometric interpretation suggests itself for the above for-

malism. The vectors & represent the "distances” between stand-

points in the discussion, and the object is to reduce these

distances to zeroy if this isg achieved, the dialogue is resolved.

The consecutive distances may be changed by changing the stand-

points of one or both of the partners; one can therefore visualize

this situation by imagining two points moving in space, their

distances decreasing or increasing, until possibly theymeet.

The case of a resolution hy compromise may he typified by

political dialogues, e.g. betwsen ministers of foreign affairs,

gradually adjusting their standpoints until they are ready to

sign a document specifying the common points of agreement. The

extreme case, when there is no compromise, but thg dialogue is

resolved with one of the partners not changing his initial
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standpoint at all, is typified by the argument in mathematics,
when one person explains the proof of a theorem to another: if
the dialogue is resolved at all, it may be only by one person
accepting the truth of the other's théopem.

The geometric interpretation rests heavily on the concept of
"distance”, 1.e. on the possibility of representing the degrees
of disagreement, given in form of the vector in terms of the
"overall distance”. )

This possibility, in turn, rests on the empirical problem as
to whether the relations & representing the differences with
respect to various semantic fields may be chosen so as to satisfy
the axioms of the so-called conjoint measurement (see, for in-
stance, KRANTZ et al. 1971). There is no need to go into the
details of axioms of conjoint measurement here;y it is enough
to say that they specify exactly what kind of "exchangeability"”
between the coordinates (i.e. distances within semantic fields)
is needed for the existence of an overall measure (weighted com-

bination of distances along coordinates).

7. A game-theoretic interpretation of eristic dialogue

Closely connected with the above geometric interpretation is
the interpretation of a dialogue as a game described as follows:
the game is played sequentially, the successive "moves” being
utterances. The "position” in the game is represented by a pair
of points in (semantic) space. The object of each player is to
move the point corresponding to his opponent into some set in
this space.

The strategy is then to use "arguments” ("moves") in such a

y as to bring the opponent’s point successively to regions in
wa




the space fr i it i i

" p om which it is easier tao "push” him into the desired
It may be dehatable whether the theory of semantics is suffi-

ciently developed as to permit the description which would enable

?ne to apply formal solutions of game theory. Nevertheless, there

is little doubt that the actual dialogue may be (at least in-

tuitively) viewed as such games, and that reviewing in one's

mind all possible arguments which might prove useful in some

circumstances amounts to determining the strategy of the dialogue

1 t ca \%
e ec 1 1 sense 1 Cc the te strateg =] 1
h t h which h rm 1 used

game theory.

8. Concluding remarks

Clearly, the formalism presented in this paper is far from
constituting an adequate theory of dialogues. It seems, hawever
that the line of research outlined may eventually prove fruitful

One could argue that the main issue to be resolved first |
before one attempts to build a theory of dialogues, is the con-
struction of an adequate formalism for semantics of simpler units
such as words, sentences, texts, etc., along the lines envisaged '
by, for instance, PETOFI (1974), since a complete theory of g
dialogues obviously presupposes a complete theory of semantics

However, even hefore such a theory is constructed, one may
analyse fruitfully some classes of dialogues which can be ex-
pected to have easily identifiable and formalizable issues
Tentative classes of such dialogues (apart from eristic ones)
may be political discussions, e-g. between ministers trying to
resolve some conflicts; examinatiaon and cross-examination of

» EBSpe ly 1 » e u
wit esses S cial n US courts N!lEIE t rules are laid
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down precisely and in great detail; scientific dialogues (not-

ably in form of sequences of articles instead of utterances),
and the like.

For any class of such dialogues cone may perhaps identify the
semantic field of relevance, and introduce the relations &,
characterizing the "distances” between the opponent’s opinions.

Finally, one may observe that the following formal analogy
between semantics and languages (as defined in mathematical
linguistics) may possibly be explored with some fruitful conse-
quences.

Assume that an appropriate semantic theory is constructed, in
the sense that every word or sentence has a representation of
its meaning in form of a string of symbols of some kind. This
would allow us to treat semantic representations in much the
same way as one treats sentences, namely as admissible strings
formed out of some "semantic vocabulary”, say B, consisting of
all semantic markers used in @ given symbolism. Every meaning
is then representable as a string of such markers, i.e. as an
element from B* (the class of all finite strings of elements
from B). The meaning need not be unigue, so that such a repre-
sentation establishes a relation between L® (the class of all
strings of speech units) and B* (or, which amounts to the same,
a function mapping L™ into ZB*, which to every weL” assigns a
set of elements in B*). The set of all elements in B* which
are related to some u€Lon forms a subset of B*, hence a language
in the technical sense of the term. In other words, the "seman-
tic language” would be defined as a subset of the monoid over
the vocabulary Df‘seﬁantic formalism, consisting of all those

strings which are well formed, and are representable by some
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strings of speech units. One can conjecture that the grammar of
such "semantic language”, even though this language may be con-
structed to some extent in an arbitrary way. will reflect the
structural regularities on the non-linguistic reality, i.e. that
there will exist some formal similarities between what is "spoken
about” and its formal representation.

In particular, since semantic components have various degrees
of generality, one can construct in this way a hierarchy of
semantic languages, and investigate the properties of the natural
language (as well as dialogues) through properties of embeddings

of these languages one into another.
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ZurR VERWENDUNG DER QUOTIENTE IN DER TEXTANALYSE

G. Altmann, Bochum

1. Zur Charakterisierung der Eigenschaften von Texten werden
allzuoft 1Indizes (Kenngr&Ben, MaBzahlen) aufgestellt, deren
Eigenschaften weiter nicht untersucht werden. Man Benutzt sie,
rechnet mit ihnen, zieht intuitive Schlisse aufgrund des opti-
schen Eindrucks ("ist die Zahl groB oder klein?”) und kommt zu
Resultaten, die den reellen Zustand vollkommen verzerren k&nnen.
Bedenkt man abher, daB das Messen, das Charakterisieren der Eigen-
schaften keineswegs ein Endziel ist, sondern lediglich eine Vor-
stufe flr Inferenzen, flr Ziehung von Schliissen, fiir Generali-
sierungen, flir Feststellung von Tendenzen, fiir Prifung von Ge-
setzen, so sieht man sofort ein, daR zu jedem Index eine Aus-
wertungsprozedur gehért, mit Hilfe deren man den gemessenen Wert
ohjektiv interpretieren kann.

Die Uhlichste "Silinde” in der Linguistik ist die Bildung von
irgendwelchen Quotienten ohne Riicksicht auf die linguistischen
und die mathematischen Aspekte des gegebenen Indexes. Vor allem
in den anfénglichen Stadien der quantitativen Forschung sind
solche Indizes hesonders beliebt. Zu dieser Sort gehort auch
der rechnerisch &uRerst einfache BUSEMANNsche Aktionsquotient,
mit dem man einen Aspekt der "Aktivit&t" oder der "Deskriptivi-
t&t"” eines Textes zu charakterisieren pflegt. Er wird definiert
als

Q=

o<

wobei v = Zahl der "aktiven" Verben

a = Zahl der Adjektive im Text ist.
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2. Dberfléchlich gesehen soll der Index angeben, oh ein Text
(Autor) "aktiv" oder "deskriptiv” ist. Findet man mehr Verben als
Adjektive, dann ist er aktiv und umgekehrt. Bei dieser Interpre-
tation ger&dt man sofort in mehrere Schwierigkeiten:

(a) Wenn im Text gleichzeitig sehr viele Verben und sehr viele
Adjektive vorkommen, d.h. Q@ ~ 1, dann ist der Text sowohl aktiv
als auch deskriptiv. Wenn umgekehrt gleichzeitig wenige Verben
und wenige Adjektive vorkommen, dann ist der Text weder aktiv

noch deskriptiv, aber Q =~ 1. Daher beschreibt der Index keine

Eigenschaft sondern einen Gleichgewichtzustand des Textes. Dabei
ist offensichtlich, daB® dieser Index nur einen einzigen Aspekt
der "Aktivitdt - Deskriptivitdt” des Textes ausdrickt. Andere
MaBe sind ehenfalls miglich.

(b) Der Index nimmt Werte im Intervall <0,®) an. Der Wert O
bedsutet "keine Aktivit&t", aber der Wert « ist philologisch
sinnlos. Er sagt nur, daB im Text keine Adjektive vorkamen. In
dem Fall bedeutet aber schon das Vorhandensein eines einzigen
Verbs eine "unendliche Aktivitat"”, die sich nicht &ndert, auch
wenn weitere Verhen im Text vofkommen.

(c) Die Entscheidung darlber, ob ein Text "aktiv" oder "des-
kriptiv"” ist, folgt aus dem Index selbst nicht. Um wieviel
grofer als 1 muB Q sein, damit man von "Aktivit&t" sprechen
kann, bzw. um wieviel kleiner als 1 muB Q sein, damit man van
"Deskriptivitdt” sprechen kann? £s besteht keine Symmetrie hier,
da bei "Deskriptivitat” @ €.<0,1) und bei "Aktivitdt” Q€(1,e).
Mit anderen Worten, die Zahlen haben keine klare Interpretation.

(d) Berechnet man den Index aus zwei Texten, so kann man
keine direkten Vergleiche durchfihren. Ein einfaches Beispiel

zeigt, wie trigerisch @ ist. Sei in einem Text T1

=
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vy 100 und a, 2, woraus 01 50

und im Text T2

P 100 und a, = 4, woraus 02 = 25.

Obwohl der Unterschied zwischen a, und a, nur 2 betragt, ist der
Unterschied zwischen 01 und 02 optisch "sehr groR”. Die Quotienten
sind nur dann direkt vergleichbar, wenn a, = a,, d.h. wenn man

a festsetzt. Wenn weiter 01 und Qz nicht gleich sind: wann kanﬁ
man sagen, daB nicht nur eine zuf#llige Schwankung in der Stich-
prohe vorliegt, sondern daB ein signifikanter, systematischer

Unterschied zwischen ihnen besteht?

3. Um diesen immerhin interessanten und inhaltsvollen Index
anwendbar zu machen und gleichzeit£g ginige Probleme zu zeigen,
die mit Indizes verbunden sind, werden wir einige Aspekte des
Aktionsquotienten untersuchen (fir einigé andere Eigenscha?ten
der Indizes vgl. GALTUNG 1967; SCHEUCH-ZEHNPFENNIG 1874).

Es ist immer ratsam, jedoch nicht unbedingt nitig, die Werte
gines Indexes auf das Intervall <0,1> zu beschrénken. Dies kann

man mit einer geeigneten Transformation durchflhren, z.8.

I' = I/(141)
I -1.
oder 1 g e MIN_
I -I
max ~min
oder I' = I/1

usw. je nach Umstadnden. Im Falle des Aktionsgquotienten wire eine

Méglichkeit
e
4 a+v
In diesem Fall wiirden wir a+v = n als die ganze Stichprobe be-
trachten und @' ware lediglich die Proportion von v, d.h. Q' = P .

v




Daher wirde sich Q' im Intervall <0,1> bewegen und man kdnnte

die ganze Statistik fir das Testen der Proportionen anwenden.

Q' miBt ebenso wie Q das "aktiv-deskriptive Gleichgewicht”, das Il

bei Q' = 0,5 vorhanden ist.

Folgende Hypothesen sind méglich:

| (a) Die Hypothese der "erh8hten Aktivitat”:

| HA: p > 0,5

| gegen die Nullhypothese, daB keine solche Tendenz
besteht:

| Hgt P = 0,5 oder H_: p< 0,5. ‘

In diesem Falle ist zu ber;chnen

n n
P(X > v) = (”) (1) :
. zVv Zy \x/:\Z (3)

Setzt man das Signifikanzniveau z.B. auf a = 0,05, so kann man

|
aus (3) folgende Schliisse ziehen: I

Wenn P(X 2v) <0,05, dann ist die Nullhypothese abzulehnen.

Man kann annehmen, daB signifikant erhShte Aktivitst vorliegt.

| Wenn P(X2v) > 0,05,

P

dann kann man nicht sinnvoll auf erhdhte

| Aktivitat schlieRen, d.h. man nimmt H_ an.
o ar

‘ (b) Hypothese der "erhdhten Deskriptivit&t”:

HD: p < 0,5

gegen die Nullhypothese, daB keine solche Tendenz
besteht:

HD: p = 0,5 oder HD: p > 0,5.

In diesem Falle ist zu berechnen

P(X<v) = £ ()(;) ; (a) ‘

X=0

Wenn P(X <v) <0,05, dann ist die Nullhypothese ahzulehnen.
Man kann annehmen, daB signifikant erhthte Deskriptivitét vor-

liegt.

Wenn P(X<v) > 0,05, dann kann man nicht sinnvoll auf erhBhte

Deskriptivitat schlieBen.

(c) Die Hypothesen (a) und (b) sind einseitig. Jedoch sind
einseitige Fragestellungen nur dann korrekt, wenn eine begriin-
dete Richtungshypothese vor der Datenerhehung aufgestellt werden
kann. Daher handelt es sich in den meisten F&llen um die

Hypothese des "aktiv-deskriptiven Ungleichgewichts”:

Hy: P # 0,5

gegen

Wenn Q' >0,5, d.h. wenn v > a, dann ist (3) zu berechnen und
wenn Q' < 0,5, d.h. wenn v < a, dann ist (4) zu berechnen.

Wenn nun P(X 2v) < 0,025 oder P(X< v) < 0,025, dann kann man
HD ablehnen und von einem signifikanten aktiv-deskriptiven Un-
gleichbewicht sprechen. Sonst nimmt man Gleichgewicht an.

Dies ist der Ubliche Binomialtest, wie man ihn in jedem Lehr-
buch der Statistik findet.

Beispiele. (i) Man vermutet in einem gegebenen Text erhdhte
Aktivit&t (in Bezug auf Verben und Adjektive). Die Z&hlung ergibt

v = 20, a = 10. Um die Hypothese zu testen, berechnet man

30 30 _
Pxaw - paz0) - 1 (03T T oo
x=20 .

Da 0,0494 < 0,05, lehnen wir HD ab und nehmen an, daB im Text
signifikant erh8hte Aktivit&t vorhanden ist.
(i1) In einem Text, fir den erhdhte Deskriptivit&t angenommen

wird, findet man v = 13 und a = 17. Um diese Hypothese zu testen,




berechnen wir

13 30 1\30
P(X<v) = P(X<13) = I ( )(7) = 0,2933.
x=0 x

Da 0,2933 > 0,05, nehmen wir die HD an, daB keine signifikant
erhthte Deskriptivit&t vorliegt.

(iii) In einem Text wurde v = 20, a = 10 gefunden. Man teste,
ob hier Ungleichgewicht vorhanden ist. In (i) haben wir festge-
stellt, daB P(X=20) = 0,0494. Da dieser Wert grdRer als 0,025
ist, nebmen wir die HO an, d.h. es besteht kein Ungleichgewicht.
An diesem Beispiel sieht man, daB sich bei der Unkenntnis der

Richtung des Ungleichgewichts das Signifikanzniveau halbiert.

4, Die folgende Uberlegung zeig}, daB bei ziemlich einfach
aussehenden Indizes wie § die Ableitung eines Tests nicht ganz
einfach ist: Manchmal, wenn wir Gllick haben, 1&Rt sich die ganze
Prozedur betrdchtlich vereinfachen.

Sei v die Zahl der Verben in einem gegebenen Text, a die Zahl
der Adjektive und r die Zahl aller restlichen Wortarten. Weiter
sei die (unhekannte) Wahrscheinlichkeit des Vorkommens von
Verben Py die von Adjektiven Pa und die der restlichen Wort-
arten Pre Es gilt

- v+a+r-=n
pv+pa+pr=‘]. (5)
Philologisch gesehen, stellen wir die Frage, ob im Text ein

Gleichgewicht besteht. Ubersetzt in die Sprache der Statistik,

testen wir die Hypothese

gegen H

=
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Zu diesem Zweck stellen wir das sogenannte Likelihood-Ratio

auf, wohei L(w) die Maximum-Likelihood Punktion mit den Sché&tzern
ﬁv und ﬁa ven p, und Pa unter der Nullhypothese, und L(Q) die
Maximum-Likelihood Punktion mit den Sch&tzern ﬁv und ﬁa von p,,
und p_ im ganzen Parameterraum (unter der Menge der Alternativ-
hypothesen)ist. Die Wahrscheinlichkeit, daB wir bei der Unter-
suchung eines gegebenen Texgs genau v Verben, a Adjektive und r

restliche Wortarten in der gegebenen Reihenfolge vorfinden, ist

L v.ar

= p,PPL ¢ (86)

Mit der Nullhypothese "pV = p"_ folgt daraus

a
L = pz+ap£ . (7)

Da laut (5) Pr = 1—pv—pa, so wird aus (7)

L= pl*@01-2p )7 . (8)

Zur Bestimmung eines "besten Schatzers" ﬁv von p, geht man von
dem Bestreben aus, ﬁv so zu bestimmen, daB die in der Stichprobe
vorgefundene Wertekonstellation (hier: a, v, r) die wahrschein-
lichste ist. Dies ist gerade dann der Fall, wenn L beziiglich Py

gin Maximum annimmt, was mit der {blichen Extremalaufgabe %% =0

v

zu ldsen ist. Es ist jedoch einfacher, statt dessen mit

%%EL = 0 zu rechnen, was erlaubt ist, da der Logarithmus seine
9 :

Extrema an denselben Stellen wie die Funktion hat:
1nL = (v+a)h1pv+r 1ﬂ(1-2pvl

3lnL _ v+a _ _2r
ap,, p 1-2p

v v
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0 = Y*a _ 2r
ﬁv 1-2 v’
woraus
v+a
p, = S (9)

folgt. Dasselbe gilt auch fir ﬁa' wenn man in (7) statt P, tber-

all Pa schreibt und die Sch&tzung berechnet.
Setzt man (9) in (8) ein, so kann man schreiben

v+a

r
Liw) = (VZ*na) (1 : "*Ta) ) (10)

Die Sch&tzung von P, und Pa unter Annahme der Alternativ-

hypothesen finden wir auf dieselbe Weise. Durch Logarithmieren

von (6) bekommen wir

In L

v 1n p,*a I'n Pg*+r 1n p_

= v 1ln p,+a in Pa*r 1n(1—pv—pa].

Die Ableitung nach Py bzw. Pa ergibt
8ln Lgv o T _ gy .. L
o5 Py 17PyP, Py p_°
r
bzw.
ln L _a _ _r _a _r
P, Pa 1Py P4 Pa Pr

Setzt man diese Ausdrlcke gleich 0, so erhdlt man laut (5)

vp

- T
By = & (1)

bzw. ap
zv B, = — - (12)

Addiert man (11) und (12), so bekommt man

B, + B, =1 - P = (vta)B

- ' (13)

woraus 1
-1, (14)
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Setzt man (14) in (11) und (12) ein, so wird

.V
By = m (15)

und a
ﬁa " (16)

Daraus folgt nach Einsetzung von (15) und (16) in (B)
v a r )
L(Q) = (X) (ﬂ) (1 - 3-15) . (17)
n n n
Aus (10) und (17) bilden wir das Likelihood-Ratio als

V43 r V43
A = Hal 1 - . N2 . (18)

(%)v(%)a@ _ %)r G

Die Funktion -2 1ln A ist ungefdhrt wie Chiquadrat, hier mit 1

Freiheitsgrad verteilt (vgl. KENDALL, STUART 1967, II: 240f.),
d.h.

-2 InA=2vlnv + 2a lna- 2v In ¥§E - 2a 1n 153

2x 2
T = X[1), X = a,V. (19)

2 § x 1n

Diese Funktion kann bereits flir Testzwecke verwendet werden, da
2x 1n x tabelliert ist (vgl. KULLBACK, KUPPERMAN, KU 1962).

Setzt man jedoch

x‘V-pa
2 - 5
V+a
Z
so ist

X
v 1+ 6
-

d.h. (19) wird zu

2%x 1In(1+8).

Entwickelt man 1ln(1+6) in eine Taylorreihe und nimmt man nur die
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ersten zweil Glieder, so bekommt man

2 x 1n (1+86)

2
2 £ x(6 - %T)

2
2x 0 - Ry, 228y (5 - &),

woraus unter der Bedingung, daB v und a groB sind, folgt

2
X[q) = Z B X = a,v. (20)
X

Entwickelt man das Binom und filihrt die Summation durch, so er-

gibt sich schlieBlich

XZ _ (v—a)2
(1) v+a ° (21)

Dieses einfachie Kriterium ist fir einen zweiseitigen Test hei

groBen Stichproben leicht zu verwenden.

Beispiel. Wenn v = 20 und a = 10, so ergibt sich nach (21)

2
2 _ (20-100° _
& 20+70 - 333
Der kritische Wert _2 = 3,84. Da das berechnete X2 kleiner
Xp, 055 (1)

als 3,84 ist, nehmen wir die Hypothese des "aktiv-deskriptiven
Gleichgewichts” an.

Man merke, daB wir den Test ohne die Bildung des Quotienten
durchgeflhrt haben. Will man jedoch den Quotienten Q' bilden und
dann testen, so kann man bei groBen Stichproben auch folgen-
dermaBen verfahren: Da Q' = p, so ist E(ﬁ'] = p und V(ﬁ’) = pqg/n.
Transformiert man 6' auf eine Normalvariable, dann ergibt sich
 -EW@) 0 -5p

Da unter der Nullhypothese p = 0,5, so bekommt man

z =

- 101 =
005 L oofr -V -z (22)
vO.S(D,S]
n
was mit der Wurzel von (21) identisch ist, wenn man ﬁ' = V%E und

n = v+a einsetzt.

Beispiel. Sei wieder v = 20 und a = 10, so wird laut (22]

20 _
[2(ﬁ> - 1]\[30 - 1,83,
ein nichtsignifikantes Resultat. Es ist leicht nachzupriifen, daf
(1.83)2 = 3,33 = X2 , was wegen z2 = 2 Ubereinstimmen muB.
ik X(1)

Bei diesem kleinen Stichprobhenumfang ist jedoch die berechnete

Wahrscheinlichkeit vom exakten Wert hetr&chtlich abweichend.

5. Eines der oft aufgegriffenen Probleme bei der Textanalyse
ist der Vergleich zweier Indizes. Die einfache Feststellung, daB
beispielsweise bei einem Verfasser 61 = 6,75 und beil einem
anderen 62 = 7,05 ist, reicht nicht aus, um den zweiten Verfasser
als "aktiver” einzustufen. Ein statistischer Test ist hier un-
entbehrlich. Wiederum zeigen wir, wie man in diesem einfachen
Fall verfahren kann.

Ohne einen Index zu bilden, bewerten wir die Proportionen von
Verben in zwei Stichproben. Wir wissen aus § 3, daB das Vorkommen
von Verben einer Binominalverteilung folgt. Unsere Nullhypothese
lautet

H0 i Pqy T Py
wobei PR3 den Parameter der Binominalverteilung im Text Ti dar-
stellt. Es kann wiederum drei sinnvolle Alternativhypothesen
(wie oben) geben, und zur Entscheidung kann man z.B. mit Hilfe
des Fisherschen exakten Tests gelangen (vgl. z.B. SIEGEL 1956:

96).
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Bei groBen Stichprohen ergibt der Vergleich zweier Propor-

einfach

= = (v1n2 - v2n1) Vn1+ n,

V n1n2(v1 + vz](a1 + a2)

A A
tionen, d.h. von 0'1 und 012

(23)

1* Nz = Vy+a,. Formel (23) folgt aus

durch Einsetzung von Qi = ﬁi = vi/(vi+ai] und

0r-0ry = 5. = aacl .
V(Q,] Qz] = V(ﬁ,] p2) = pq(a-i-g ]

wo f = (v1+v2)/(n1+n2).

Henutzt der Philologe jedoch Q und testet direkt die Diffe-
renz aq - 62. so0 muf er vorsichtig verfahren. Will man bei groBen

Stichproben auf die Normalverteilung Ubergehen und unter

der
Nullhypothese das Kriterium
~ a
Ei=;=£§== = 2 (24)
Wva@,-a,y
verwenden, so muB er den mittleren Fehler einsetzen, der mit

VV(ﬁa—ﬁéJ nicht identisch ist.

Es ist
~ ~

v, - 9, - V@ + v,

V(Q) leitet man durch Linearisierung in der Umgebung des Erwar-
tupgswerts E als

2 )
) = vy = (3D oy s 20 Y, 30 Gm),
Vil = v - (3 o ) o 35 )ZEV(a]+ 2(§9) (& | “Caviv.a) (25)

ab, wenn man nur die ersten Glieder der Entwicklung benutzt.
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Greift man zuriick auf die urspringliche Multinomialverteilung,

wo
E(v) = np,,s E(a) = np,
Viv) = np,,q, V(a) = np_a,
Covlv,a) = - np P,

so wird (25) zu 2 2

- 2 2n“p“p
A] 1 2 e +r np,, o ____135
I R e
WAL e (np,)
= 02 L 1—) (26)
N \Py Pa
a = = ein, so be-
Setzt man hier die Sch&tzung ﬁv = v/n und ﬁa a/n
kommt man
0 2 (1, (27)
v(@) = @ (v-+g> .
Daraus ergibt sich
§,-0.) - 2y apddv (28)
V(Q1_Q2) N D1(v,| +a1) 9 v, a,

= i iben wir
Da unter der Nullhypothese 01 = QZ ist, schrei

FEN 2.1 1 1 1

- = (—+—+—+—),
Vo, 02] 8 vy Ta, vy A,
so daB (24) zu
Uy= 0y (29)
S =
117 1 1
MN—+=—+ —+ —
VV1 a8y Vy H

wird. Q selbst kann man als das geometrische Mittel beider

Quotienten absch&tzen, d.h. als

0 - V©162 2

so daB schlieBlich
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. % - 9
Vﬁﬁz VL+L+1 = . (30)
1.1
V,] a,] V2 132

Beispiel. (i) Sei i . =
P el im Text T1 vy 60, a, = 40 und in T2 Vo =

50, a, = 50. Daraus ergeh i 8 q
: > geben sich 01 = 60/40 = 1,5 und 02 = 50/50

= 1. Laut (23) ergibt sich

- = [60(100) - 50(100)] V 200
\,100(100]110(90)

= 1,42

und laut (30)

) 1,5 - 1
z v —— = 1,43,
1,501 V-— ==yl
) Veg+ o*sgtsn

T . P wors
m Falle einer zweliseitigen Hypothese wire die Gleichheit

. A
beider Qi anzunehmen, da 1 - P(-1,42 <z < 1,42) = 2¢(-1,42) =
0,15560.
(ii) Setzt man jed =
b : Jedoch v, 40, a, = 60, vy = a, = 50, so
ek = = A
ommt man 01 40/60 = 0,67, 02 = 50/50 = 1 und

~

19, - 0,1 = 0,33,

d . . ” s ” L)
h optisch” einen anderen Unterschied als im Beispiel (i), wo

19, - - : j
1 Qzl 0,5 war. Berechnet man Jedoch z, so bekommt man genau

dasselbe Resultat wie im Beispiel (i).
5. Di N
Diese Uberlegungen sollten zeigen, daRB das Charakterisieren

ein i i
es Textes mit einem Index erst dann sinnvoll und weiterfiihrend

ist, wenn

(a) ; i i i i
der Index eine eindeutige philoleogische Interpretation hat

d.h. i i
wenn man weiB, was die Zahlen aussagen.

'__‘E‘
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(b) Die philologische Interpretation ist aber nichts anderes -
als die Ubersetzung der statistischen Interpretation in die
Sprache des Philologen. Die statistische Interpretation ist le-
diglich die Uberprlfung des Gewichts eines Indexes z.H. in Wahr-

scheinlichkeitsbegriffen. Daher gehért zu jedem Index eine sta-

tistische Prozedur, mit deren Hilfe man den Index testet und

iber ihn Aussagen macht.

Anhand dieses sehr einfachen Falles wollten wir vor einer
allzu leichtfertigen Berechnung irgendwelcher MaRzahlen warnen.
Ein Index an sich sagt nichts, er stellt nur eine Verschlisse-
lung einer von uns angesetzten Qualit&dt dar. In der Textanalyse
braucht man letzten Endes keine zahlenmaBige Charakteristiken,
sondern objektive, exakte Aussagen lber die Eigenschaften des
Textes. Die exaktesten Aussagen kann man jedoch eben mit Zahlen
machen, die die feinsten Abstufungen zulassen, in ein mathema-
tisches Modell einsetzbar sind und die maximal erreichbare Ob-

jektivitdt gewdhrleisten.
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DISTRIBUTIVE-STATISTICAL TEXT ANALYSIS:
A New TooL FOR SEMANTIC AND STYLISTIC
RESEARCH

Wolf Moskovich, Ruth Caplan, Jerusalem

INTRODUCTION

During the last fifty years a strong and definite tendency
has developed in text linguistics, semantics, stylistics and
related fields - the huilding of a theory of text based on the
notion of co-occurrence of text units.

In 1931 the great Russian linguist L.V. éEERBA called for
the creation of a new type of syntactic description that takes
into consideration "not only the rules of syntax, but what is
more important, the rules of meaning combinations that produce
not just sums of meaning But new meanings, rules that are regret-
fully very little studied by scholars though they are intuitively
known to all good stylists" (1, p. 131).

In the structural syntax of A. DE GROOT a clear dividing line
is drawn between two independent structures - the sequence of
words and syntax. The same point of view that distinguishes be-
tween the structural order of text units and their linear order
is shared by L. TESNIERE. This distinction is clearly expressed
in the works of the London School of structural linguistics.

J.R. FIRTH writes about colligation - juxtaposition of mutually
connected grammatical categories and collocation - context of
concrete words. The notion of collocation was defined by FIRTH

rather vaguely and was subsequently more exactly defined in
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quantitative terms by M,A.K., HALLIDAY as "the syntagmatic asso

ciation of lexical items, quantifiahle, textually, as the pro-
bability that there will occur at n removes (a distance of n

lexical items) from an item x, the items a, B, c

e (2).

In the school of American descriptive linguistics the need to
use co-occurrences of text elements as a major source of infor-
mation about covert connections between these elements was
clearly realized and became the basis of the whole philosaphy

of thi i
is school. During the 30s and 40s American descriptivists

devel i
eloped and applied more or less effective procedures for

identification and classification of text elements. Hut th
. ese

P es sed as i ornfatio [a] ly the act o CD-aoccurrence
rocedur u L or
[a] co-
nor o-occurrence o eleme ts in a text and ot data o t
e

.F -
requency of co-occurrence, Though in theory American descri
ip-

tivists understood the necessity to extract data on co
-accurren-
ces out of a large corpus of texts, in practice they relied
) upan

the linguistic intuition of the researcher

In the theory of text grammars much attention was given to
the analysis of the linear structure of text, as opposed to its
hierarchical structure (3).But only recently did the notion of co-
occurrence and corresponding statistical procedures start to be
introduced into the theory of text grammars (a).

It is the theory of distributive-statistical analysis (DSA)
that provides the most suitahle framework and effective tech-
nigques for the systematic study of co-occurrences of text ele-
ments. This type of text analysis consists of algorithmic proce-

dures wi i
with a wide use of statistics and is based only on quanti-

tati i i j
ive information on objectively delimited text elements

_—7
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The results of the application of DSA apen new vistas for vari-
ous fields of literary studies and linguistics, and especially

for semantics and stylistics.

MILESTONE IN THE HISTORY OF DISTRIBUTIVE-STATISTICAL ANALYSIS

DSA by nature is a deciphering procedure. The type of guest-
ions DSA may help to solve may be characterized in a way sug-
gested by J.G. MEUNIER (5):

Given the linguistic hypothesis of the dependence of a lexi-
cal form on its immediate context for the structuring of its
meaning;

Given also the linguistic hypothesis of the organic nature
of a text, i.e. of the dependence of a lexical form of the text
as a whole for the structuring of its meanings

How can we:

1) Discover cantextual and textual dependencies that are

pertinent for the meaning of a given lexical form;

2) Characterize its various contextual dependencies in a way

that reveals the taxonomy of certain semantic dimensions:

3) Represent in an arbitrary form the meaning of a lexeme in

a text, either by indicating its semantic constituents or

the semantic field to which it belongs?

DSA was used as a basis for deciphering messages long before
it was used for other research purposes. It is difficult to
access the level of its development and the scope of its use in
cryptography as the corresponding data are rarely published.

In search of the first publications on the use of OSA for

scholarly purposes we discovered that apparently the paper by
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A.L. BALDWYN, an American peychologist, puBlished in 1942, marks
the beginning of scientific publicatfons in this area(s).BALDWYN
used the values af co-occurrence of words in the letters written
by a female patient as indicators of corresponding connections
among ideas in her mind.

The introduction ot computers in the early 50s produced an

increased interest tn Co-occurrence analysis,

USA.

especially in the
In 1955 an electric network of associative links Between
words and documents was exhifited in the USA. The network was
built as a result of analysis of co-occurrences of 250 terms

in 100 documents (7).This network EDIAC (The electronic display of
indexing association and content) was built by a private firm

on contract for the information service of the U.S. Air Force.
Very soon the importance of Co-occurrence analysis for informa-
tion retrieval purposes bBecame clear and various groups of re-
searchers started working on the improvement of the techniques

of co-occurrence analysis. L.B. DOYLE has done many co-occurrence
counts on the material of various samples of text. He studied
co-occurrence of words belonging to different parts of speech
and situated at different distances from one another in the

text (8).Special techniques for transition from the discovery of

syntagmatic links among co-occurring words to paradigmatic links

between them were developed by H.E. STILES (q).

Starting in 13957 intensive research on co-occurrence analysis
has been conducted in Great Britain, at the CAMBRIDGE LANGUAGE
RESEARCH UNIT (10).In these studies co-occurrence of words in on-
ly one interval of text - the text as a whole - is analysed.

The mathematical apparatus used in these studies is based aon

techniques suggested by T.T. TANIMOTO (11) .
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Since 1960 the numher of papers on DOSA has increased rapide-
1y. Publications came almost exclusively from three countries
- the USA, the USSR and Great Britian. In the period 1960-18965
DSA was enriched by the introduction of the procedures of factor
analysis and latent class analysis (12,13). -

Most of the research done In this period was concerned with
investigating the feasibility of the use of DSA for the building
of automatic term structures of the thesaurus type for infor-
mation retrieval purposes. The results obtained by different
research teams seemed to he promising, though it became cléar
that huge financial expenses are connected both with the inpuz
of large bodies of texts into the computer and with subsequen
machine co-occurrence analysis, which frightened off many re-
searchers. After 1965 the number of papers on DSA decreases.
Some fundamental research projects based on large samples of
texts were carried out in the period between 1965 and 1970 (14,15
16,17,18).

In their review of research on automatic term structures
carried out in this period K.S. JONES and M. KAY canclude the
following: "From the linguistic viewpoint, the interesting

SpBCt StatlstICal assocl ti s 18 e characte [a] -
a ] a [n] t 1 acter f the de

s ed ist o classes compar d wit thos pic f anu lly
1 es., P e 1 e ty igcal o a
1v 3

e together
organized vocabularies. In general ... words brought tog

- i 1 tic re-
b statistical criteria are linked by very varied semantil
y

lations and sets o a ually aSSDClBth words are ot usually
T . »

d dent on single or well-defined meaning relationships.
epen

i igh , that is,
Further, many of these relationships are highly local

collection specific” (19,pp. 168-170).
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Though most of efforts in the development and application ot

DSA in Western countries was concetrated in information retrie-

val, extremely important research in the period 1965-1970 was

also done in linguistics proper. In one such study synonymous

word pairs were successfully distinguished from non-synonymous
pairs by their patterns of Co-occurrence with other words (20).
In other studies Co-occurrences of syntactically connected words
in the text were analysed and sets of words with common con-
textual properties exhibited a fair degree of correspondence
with intuitively delimited semantic fields (21,22,23). K. HARPER
counted the co-occurrence of nouns with their governing and

subordinate words in sentences in a sample of 120,000 words of

Russian text an physics., Semantic distance betwesn any two

nouns was defined as the ratio of the quantity of gaverning and
subordinate words common for both of them to the product of the

frequencies of these nouns in the text. Semantic groups of

nouns were discovered which showed a good approximation to in-

tuitively felt groups of semantically related words. In some

recent studies, to-occurrence of nouns with the same verbs as

subjects (or objects) was used as a measure by which nouns and

verbs were grouped into ctlasses. These classes largely corres-

ponded to semantic classes derived manually (24,25).
The development of DSA as a8 purely linguistic method is

characteristic for the research conducted in the USSR. For

different reasons that we shall not discuss in this paper a
pragmatic approach to automatic term classification was not

followed in the USSR from the very beginning and has begun only

recently. Instead only theoretical linguistic research was

conducted. In 1959 N.D. ANDREEY suggested and tested several
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statistical procedures for measuring the syntagmatic and para-
digmatic proximity of linguistic units (26).Afterwards ANDREEV's
ideas were developed mainly in the direction of DSA of morphology.
The very term "distributive-statistical analysis” was coined
by A.J. SAJKEVIC in 1963 and since thatvtime has heen.widely A
accepted in Soviet linguistics. SAJKEVIC's first studies on OS
started in the early 60s with experiments on the discovery of .
semantic fields of language on the basis of statistical analysis
of co-occurrence of words in text (27).This work was of great
methodological importance as the high level of its subsiquent
citation in Soviet linguistic literature shows. SAJKEVIC and
other Soviet linguists widely used DSA for lexico-semantic and
stylistic studies (28,29,30,31,32,33,34,35). Twa findings se%m to
be important results of these studies: 1) the most effective
distributive-statistical procedure is one that is based not only
on data on the frequency of co-occurrence of text elements but
on the measurement of the degrees of deviation of observed co-
cccurence fram theoretically expected co-occurrence of text .
elements; 2) with the widening of the interval of text in WhTCh
co-occurrence data are registered the character of the linguis-
tic facts being discovered changes in a certain direction.
Though the development of DSA is an international achi?ve—
ment, it was in the USSR that the experiments and supporting
theoretical work were carried out as a purely linguistic enter-
rise.
p Since the early 70s a similar tendency has heen chservable
in Western countries. In France it was the research group at the
Ecole Normale Supérieure de Saint Cloud that started to use DSA

Tti ' 7). A
for the analysis of the contents of political texts (36,37)




- 14 -

distributive-statistical procedure connected with the theoreti-
cal framework of FIRTH's ideas on collocation was developed by

G.L.M. BERRY-ROGGHE in Great Britain(3s). In Canada two teams of

researchers are working on the analysis of philosophical texts

with the help of DSA (5,39,40). In Germany B. RIEGER has applied

the theory of fuzzy sets to the interpretation of semantic

networks obtained as a result of DSA (4).

In contrast to the USSR, where due to the efforts of §AJKEVIE,
ANDREEV and other linguists DSA is being developed as a strict
and coherent linguistic theory, research done in the West is
more heterogeneous and is still often regarded as a simple ex-

tension of experiments in artificial intelligence and informa-

tion retrieval.

THE STANDARD DISTRIBUTIVE-STATISTICAL PROCEDURE

The information about text elements and their distribution
in the text may he divided into two categories:

1) information on the distribution of elements relative to
the text itself and its parts (textual distribution of
elements);

2) information on the distribution of an element relative to
another element (reciprocal distribution of elements]).

In order %o analyse the textual distribution of elements the
text is divided into a number of segments. The frequency of a
given text element is counted for every segment. Then the number
of segments in which this element appeared 0, 1, 2, 3, ...,n
times is estahlished (during this operation the original se-
quence of text segments is Broken). Generally the most hasic

parameters of the distribution (such as the mean and dispersion)
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suffice for a classification of text elements. For example, in
the texts of U.S. patent formulas published in the hulletin
"Official Gazette” (sample I, 262,925 words) among the most
frequent words two classes are discovered, The first class is
characterized by a high dispersion and includes names of various
objects: machines and apparatus (pump, etc.), their parts and

details (axis, walls, cylinder, port, etc.), physical phenomena

and functions (combustion, pressure, etc.), substances (air, fuel].

The second class consists of words with a low dispersian. Almost
all of them are grammatical words: articles, prepositions, co-
pulas, caonjunctions.

Some specific form-words characteristic for the language of

patent claims fall into the same category: words indicating the

reciprocal position of details (connected, disposed, opposite),

0 [ - ]
their movement (movement, rotation), specific patent 'pro forms

(means, device, etec.).

Patent texts have a highly peculiar grammar that is based not
only on regular morphological expression, hut on semantic proper-
ties of some specific patent form-words as well (33).

In W. Shakespeare's comedies (sample II, 276,000 words) on
the other hand the picture of the distribution of the most fre-
quent words is guite different. In the group of words with a

i ans
high dispersion we find articles, pronouns, names of pers

(father, wife, daughter, son) and almost all names of characters

with the exception of characters to whom all of the other cha-
racters of a comedy often refer (e.g. Angelo in 'Measure for

Measure' of Falstaff in 'The Merry Wives of Windsor').




S —

- 116 -

In order to check the possthility of delimiting names of
persons in a text of belles lettres words of high frequency and
high dispersion were analyzed in some of A. Pushkin's poems
In "Evgeny Onegin' the words ya ("I'), on ('he’), ona (;she:)
Tatyana, Olga, Lensky and in 'Ruslan and Ludmila’ ;;; wogda lé
on, ona, Ruslan, knyaz' 'prince’, Naina, Kn!aZna ’a princess’,
xan 'khan', karla 'dwarf’, golova 'head' have a high dispersion.
But the names of the central heroes of the poems have a low
dispersion - Evgeny, Onegin, Ludmila. Thus this method of deli-
miting semantic groups of words seems to he rather weak and it
allows one to divide the whole list of words into only two
Broups (35).

‘Another way of analyzing the textual distribution of elements
is based on the counts of occurrences of elements in certain
positions in a text. This way of analysis may he called 'posi-
tional’ analysis. In the text some evident segments are esta-
blished (the beginning or the end of a segment). The frequencies
of occurrence of elements in these positions are established which
are then compared to their mathematical expectation (in other
words the conditional probability of occurrence of an element in
a certain position is compared to the independent probability of
its occurrence in this position).

This method of analysis is widely used by ANDREEV to discover
morphological classes in Russian and other languages(26).Four
statistical-combinatorial classes of words were discovered in
Russian: 1) substantives and cardinal numerals; 2) declinable
adjectives, participles and those pronouns that have different
forms for the three genders; 3) verbs, verbal adverhs, predica-

tive adjectives and participles; 4) invariable words
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These parts of speech estahlished by DSA show a striking
similarity to the traditional classification of parts of speech
by Russian grammarians.

Positional analysis is successful in text segments that have
a clear structure (e.g. in sentences). In larger texts the se-
mantic structure is not as evident and the results are not as
good (35).

For example, in Shakespeare’s comedies {sample II), two posi-
tions - the beginning of a comedy (the first thousand words) and
the end of the comedy (the last thousand words) were checked.

The beginning of the play, where the exposition is given and

the main heroes and place of action are introduced are charac-
terized by the following words: father 20 (10), brother 14 (8B),
there 35 (22), in 134 (118) (the first figure indicates the
average frequency of a word per 10 thousand words in the be-
ginning of a play and the second - in parenthesis - its freguency
in the whole text). In the beginning of plays there is sometimes

a story about preceding events told by the heroes which explains

ours - 108 (67).

the high frequency of pronouns we, Uus,
The end of Shakespears's comedies is more dynamic than their

beginning. Dialogue here prevails over monologue, and this is
reflected in the high incidence of the pronouns you, your, your-
self - 323 (286). The most characteristic feature of Shakespeare's
comedies - one that is connected with comedies in general - is
the concentration of words connected with weddings: husband 10
(5), wife 17 (6), hand 16 (7), ring 23 (4), (where the first
figure refers to the average frequency of a word per 10 thousand

words at the end of a play and the second to the frequency in

the whole text). Though positional analysis produces results
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: 1 __ah q = 1
where n is the number pf intervals, p n2

. o n tahle
This is the usual transformation of a binomial varia
m_, -
ab

- p and
interesting for stylistics and semantics, the analysis of mutual

distribution of text elements is much more promising a procedure. np = {f e v
iable (on the use o orm
The standard procedure of DSA used in most of the Soviet to the standard normal var

i s see 36, 38).
. . g8 ted b E 5 8 L er ibutiwve statistical studie
| | y SAJK VIC (35) ome West distr u A

can safely use
Since n is usually great and p very small, one
Semantic associations between words in a text are discovered

n a 1 and
occurrence ( the ols8so distributio wnilic is the 1i it o the binomia
y 3 eal que 2 of he «

e extreme value
a} ti | ute the pIObablllty s} the observed or a OT
v 1 tlcal expecta on o comp

] . . f x as
their co-occurrence in the same interval, Mathematical expec- o ab

© m e_mab
tation is computed with the assumption of independence of the P (XZ‘Xab) = xéx — !
words in question 2
m e fa Fb (1) where e is the known mathematical constant with the approximate
- . value of 2,71828. Cbution mey
D S 1 utl
where Fa' Fh - Frequenc{es of words a and b, and n - the number At small values of m tables of the P0153?n dlStP; isson
of intervals into which the text is divided. The relation of be used. If m is great, say m>»30, then, agalni E:B hOImeans of
X (real co-occurrence) to M. p Makes it possible to measure the variable can be transformed to the normal variable by
strength of connection between two words. There may be different the formula
quantitative expressions of this connection. It is simpler to S ZEE‘:_TEE_ (I1I)
measure the strength of the connection by the relation x/m. But Mab

such an index is inconvenient because under smail values of m

The probabilities of some values of z are as follows
the relation x/m may be large even if no statistical significance

exists between x and m - it is the same when x = 700, m = 200

z 1 - @lz) =P
and when x = 7 and m = 2, though in the first case the difference 0.1587
1 ’
| between x and m is very large and in the second it is statisti-
2 0,0228
I cally negligible. That is why usually not the strength of the
3 0,00135
connection hut the statistical significance of such a connection
4 0,000032
is tak int t.
1s taken into accoun . 0,00000029
| The excess of x over m is expressed by

isi tion
We choose the following arbritary decisions for the connec
V * (II) .
e between a and h:

1 i
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Interval Connection
1< z<?2 very weak
2<z<3 weak
3 z< 4 medium
4 <z<5 strong
z 25 very strong

Let [1 - ®(z2)1/2 = 1 - N =
1 F(xab 1) = P(X2 Xap)» where g(z) is the
cumulative distribution function of the normal variable and F

that 0] the :01550 variable. e or exa []18 at . ]
’ X
’ ab ’

« N .
ah and z are connected approximately in the following way

< I *ab

1 3

2 4

3 B

4 8

5 10
This means that when we expect M™ip = 1.0 but come accross xab=1D,
the connection is very straong. At Mg = 100 to receive the same

strength of ¢ i 2 i
onnectiaon Xab had to be higher than 150. Fopr example,

in Shakespeare’'s comedies the frequency of burn is 41, of fir
, e

- 88, = i
of hot 37, aof light - 117 and n - 370000. If the interval

is the line then we have

_ 41(88)
mburn.fire ~ 37000 = 0,10.
Since the real Co-occurrence is x. = 5 then

burn, fire

P(Xz5) = 0,0000000767 = [1-®(z)1/2

= 121 =
from which z =~ 5,12, i.e. these words are statistically very
strongly connectedFor the two other pairs we find: Mourn, hot -
2, zex 33 m = 0,13, Xﬁurn.light = 3,

0,04, Xpurn,hot - Burn, light

z ~ 3, the strength of these connections is medium,
Two text elements are connected paradigmatically if both aof
them are syntagmatically connected with some third text elements.
It is reasonable to assume that the strength of a paradigmatic
connection increases with the rise of the number and intensity
of common syntagmatic connections of the two text elements under
consideration.

The transition from syntagmatic to paradigmatic connectians

may he achieved in a number of alternative ways. One of the for-

mulas successfully tested so far is the following:

Tab = Zan * z 1g(zac.'zbc.] e
i i =

where a and b are the text elements (morphemes, words of fixed
word combinations) whose paradigmatic connection is measured and
o; - the text elements with which Both a and B are connected
syntagmatically.

It was established experimentally that for the text intervals
between 2 and 50 words the first member of the right side of this

equation may be omitted and the following variant of the formula

may he used (33):
T . 5 lg(zac..zhci) (IVa)

ah
1 1

Two limitations for the use of formula IV are suggested:

(zac "Zpo 1> 1 and the number of common syntagmatic connections
i i
between a and b should he more than two, i.e. ng > 2 (33).
i

B S — — -




- 122 -

Let us illustrate the use of this formula on the following
example. For the words lower and upper the list of common words
s (in the interval of 2 words in technological texts) includes:
edge, end, ends, plate, portion, surface, wall,

The values of z,. and Zpo for the strength of syntagmatic

i i
connections of each of these words with the words lower (a) and

upper (b) are the following:

lower  upper
edge 8,5 4,1
end 10 10
ends s 759 10
plate 4,1 3,4
portion 10 10
surface 6,3 3,6
wall 4,7 4,1

Then, Tab is 11,2. The derivation and a more detailed discussion
of the formula IV may be found in (33).

The first stage of DSA produces the so-called first-generation
profiles of text elements reflecting both syntagmatic and para-
digmatic connections between them. The second stage produces the
so-called second-generation profiles where only paradigmatic
connections hetween text elements are retained.

The strength of association between the text elements a and b
has heen measured in several other ways P. JONES and R. CURTICE
(41) have shown that almost all (if not all) of the corresponding

formulas are based on the single theoretical foundation offered

by the 2 x 2 contingency table.
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"The argument behind a typical association measure, when
developed along statistical or theoretical lines, offers little
or no basis for distinguishing among them. The reasoning suggests
comparing the number of observed co-occurrences with the calcu-
lated number of expected co-occurrences. Given two farmulas, it
will generally he found that subhstantially the same supporting
rationale is preferred for bothy there are many ways of measuring
statistical surprise or the unexpectedness of an observation,
and a large number of the available formulas can responsihly
claim to do so” (41, p. 153).

According to P. JONES and R. CURTICE the following formulas

are mutually reversible:

= (V)
Aab *ab
£_f,
. ..ah (VI)
e = Xab n
" _ fafb
A . ab n (VII)
ab
\fafh
“n

n
(Inxab—Fanl- jl'n

; (VIII)

Aab 19810 F_F (n-F_)(n 7,

A - ab (IX)
ab Fa +Fb = Xap

These formulas are discussed in detail in (41). The derivation
of VIII is given in (9). The formula IX represents the numher

of co-occurrences of two text elements normalized by the number of

occurrences where each of these two elements appears separately(41).
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The results-of calculatians af the strength of connection

according to these farmulas of the term Rocket Mator Case with

other terms in a sample of 100 thousand documents are shown in

Tahle 1.

Table 1, 15 terms the most closely connected with the term
Rocket Motor Case according to different evaluations,
—n= TPLor Lase

No. Formula Vv  Formula Iy Formula VIT Formula VIII Formula IX
1 Case Case Case Case Case
2 Motor Motor Motor Motor Motor
3 Rocket Rocket Winding Winding Winding
4 Rocket Rocket Filament Rocket Filament
Engine Engine Winding Winding
5 Solid Solid Deep Draw Filament Filament
Winding
6 Propellant Propellant Rocket Stretch Closure
Forming
7 Steel Steel Stretch Deep Draw Fiberglass
Forming
8 Fabri- Fahri- Hydrotest Hydrotest Glass Fiber
cation cation
9 Winding Winding Filament Filament Stretch Forming
10 Filament Filament Rocket Rocket Stretch
Engine Engine
11 Solid Prop. Solid Prop. Closure Closure Solid Prop.
12 Filament Filament Fiberglass Fiberglass Rocket Engine
Winding Winding
13 Titanium Titanium Stretch Stretch Reinforced Plastie|
14 Fiber Fiber Spiral Wrap Steel High Strength
15 Glass Glass Steel Fabrication Fabrication

The table shows 15 terms most closely connected with the

term Rocket Motor Case that are ranked according to the order

of their strength of connection with this term calculated with
the help of different formulas. It is obvious that different

formulas provide similar results - the lists of terms are very
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A tentative list of optimal intervals contains the following:

1) the microinterval;

2) the minimal interval,
3) the small interval;
4) the medium interval;
5) the large interval,

6) the maximum interval (cf. 47)

The microinterval coincides with a word in a text, and the

maximum interval - with the text itself as a whole.

two intervals tentative arbitrary divisions are made: minimal
interval: 2 - g5 words on a text, small interval: 5 - s5qg words,

medium interval: 5Qg - 500 words, large interval: 500 - 2000

words. If the text element chosen for analysis is a graphic word,

then in the.microinterval we obtain morphological information,

on the minimal interval - mainly syntactical and phraseological

informatian, in the small inteprval - lexico-semantic informa-

tion, in the medium interval - lexico-semantic and thematic

information, on the large and maximal interval - thematic and

stylistic information,

The algorithm of the distributive-statistical analysis is

iterative:.once the information on a larger interval is obtained,

the algorithm returns to a smaller interval and the results

obtained there are checked and corrected after comparison with

the results ohtained on a larger interval. The iteration is

finished only then when it cteases to give new information.

Usually it is one to two iterations. For example, in the micro-

interval tentative paradigms are formed on the basis of analysis

of inner strings of letters in words, then distrihutive classes

of words are studied on the minimal interval;

and after that the

Between these
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for estahlishing syntactic classes and syntactic cannections. In
some cases the text intended for analysis is first subjected to
pre-computer text marking. Three types of markings are used:

1) dividing lines between morphemes; 2) grammatical and semantic
indicators of word formsy 3) indicators of syntactic roles and
relations. On the hasis of such preliminary markings (syntactic
class, suhclass, governing word, the type of syntactic connec-
tion betwsen words) an automatic grammar for English texts was
bBuild (45).In one af a number of similar studies, researchers tried
to clarify the following question: do the semantics of the com-
panents and the type of syntactic links hetween them condition
the morphological structure of noun comhinations in modern
Ukrainian? For the configuration N Nominative case plus N Geni-
tive case, when the governing component designates various appli-
ances and is characterized by suffixes - -gé or -tor, the follow-
ing syntactic-semantic links between components are predicted:

1) 'to have as an object of action' - 70%; 2) 'to he a part’

- 20%; 3) 'to bBe an instrument’ - 10%(46). The use of pre-computer
text marking hroadens the possihilities of DSA and links it to
other linguistic techniques. But the introduction of preliminary
marking into the text to Be subjected to DSA contradicts the very
nature of DSA as a discovery procedure and shifts more work from
the computer to the researcher. That is why in cases where there
are no limitations on computer processing time DSA is used as a
diécovery procedure on an unmarked text and the results of the
procedure are subsequently subjected to interpretation and eva-
luation in terms of this or another grammatical classification.

In the minimal interval mostly syntagmatic links between words

are discovered. For example, in modern English prose the

——"v_—i
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adjective Black significantly co-occurs with such nouns as gyes,
hair, smoke, etc. and the adjective EEEX."ith nouns hair, beard,
mousta;;;T_etc. On the basis of this information second-genera-
tion profiles reflecting paradigmatic links hetween words can he
successfully discovered(30).In the case of black and grey a strong
paradigmatic relation is established reflecting a marked overlap
between the lists of nouns with which each of these adjectives
CO-0CCUrs.

" In the small interval paradigmatic links are alrgady dis-
covered regularly in first-generation profiles. Complex macro-
semantic maps can be huilt and the structure of the lexicon as a
whole and its individual semantic fields in particular studied.
Let us analyze a macrosemantic map of English adjectives built
as a result of DSA in the interval 'a line of text’ on a sample
of English poetry and drama (Sample III). This sample of English
texts has a length of 2 million words (more than 250 thousand

lines) and includes words of Chaucer, Spenser, Shakespeare,

ts
Milton, Wordsworth, Shelley, Arnold and Marlowe. In these tex

co-occurrences of adjectives with an absolute frequency of 15

and higher are studies on the condition that at least two auth?rs

use this adjective. Out of 1078 adjectives subjected to analysis

442 were discovered to have some semantic links with other ad-

jectives. In general 763 semantic links were discovered (27).
Before analyzing this material the influence of outside fac-

tors that may introduce a certain degree of distortion should be

eliminated. In the Sample III such a factor is alliteration.

In order to eliminate the influence of alliteration, the figures

of co-occurrences of adjectives in which first letters are the

same were reduced by 1/4. After the introduction of this
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correction the number of adjectives having some kind of semantic
links was reduced to 426 (with 715 semantic links). The more
frequent an adjective is, the more semantic links with other
adjectives it has. If we divide the whole list of adjectives
into three parts: a) with a frequency of 100 and more; b) with
a frequency of 40 to 100, c¢) with a frequency of 15 to 40, we
discover that the number of adjectives having semantic 1links in
the first group is 248 out of 324 (er 77 %), in the second
group - 120 out of 297 (or 40 %) and in the third - 60 out of
411 (or 15 %). The number of words having semantic links in in-
dividual authors is smaller than in the unified list (Wordsworth
and Shelley - each 197, Spenser - 213, Shakespeare - 272), while
in the unified list of .eight authors the numher is 42§,

Only a small part of the macrosemantic map is organised into

absolutely isolated pairs and groups of words; cheerful - cheer-

less; Christian - pagan; female - male, fleshly - ghostly; in-

ward - outward; Greek - Lating almighty - vengeful, etc. Most of

the map represents semantic groups of words having strong con-
nections hetween elements of the group and weak connections out-
side the group. Some examples of the semantic groups are: 1) se-
mantic field of LIFE with central words dead and alive; 2) HIGH-
NESS with central words high and lows; 3) ¢ENERAL SIZE with cen-
tral words great, huge and small; 4) rarwness: thin, thick and
subtle; 5) PRIDE: proud and humble; 6) IMMORTALITY: mortal and
immortal; 7) STUBBORNNESS and SULLENNESS : sullen; 8) DUMBNESS:

dumb, mute, deaf; 9) vorLums: deep, hollow, wide, broad, large;

10) HEAVINESS: dull, heavy, light, slow, swift; 11) TEMPERATURE:
and DAMPNESS: cold, hot, dry, wet, moist; 12) WEAKNESS: faint,

feeble, weary, sick, whole, tedious; 13) sorFrTNESS: tender, sharp,

softs; 14) coLour: blue, white, black, red, yellow, green, grey,
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ft, 14) coLoUr: blue, white, black, ped. ellow, green, grey,
softy Y g grey

a2

prown, Eale Eurgle.

In the small interval all the essential paradigmatic connec-

tions between words are easily discovered: synonymy (dumb - mute;
i

weak - faint - feebles vile - base - mean) foul - filthy - loath-

some; gentle - mild), antonymy (mortal - immortal; new - old;

g i g - hains of words
reat - small; dead - alivejy stron weak) and chai

with related meaning (green - fresh - new, lofty - divine -

ic - - able -
earthly - heavenly - sacred; heroic brave honour

nohle).

The semantic network of 442 words is divided into 53 groups
and 33 pairs of words. The division of the network into indivi-
dual semantic fields is connected with considerable difficulties
as the techniques of processing such complex graphs are not yet
satisfactorily developed. Nevertheless the criterion for the
delimitation of semantic fields always remains the same: the
gquantity and the combined strength of links inside the group must
be greater than the quantity and the combined strength of out-
ward links. A common semantic denominator cannot be found for
all semantic fields though semantic links among these words may
be intuitively justified.In the Sample I of technological texts
these results were fully corroborated. In the small interval a
number of semantic fields were discovered: 1) a group of adver-

bial geometrical indicators: axially, radially, transversely,

vertically, horizontally, circumferentially, laterally, longi-

tudinally, angularly, forwardly, respectively, rearwardly;

2) a group of adjective geometrical indicators: angular, axial,

radial, lateral, longitudinal, pivotal, relational; 3) desig-

; i . t,
nators of degree and measure: predetermined, laow, high, constan
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ambient; 4) 5 group of movement and position:

displacement,

position, side, axis, rotation,

motion, plane;
air, gas, fluid, liquid, fuel, water;
'openings and passages':

5) a group of 'matter’:
6) a group of chamber, line, opening,

conduit, aperture, bore, passage, Passageway, port, nozzle, duct,

etc. 312 words out of 2468 words in this sample are connected by

strong paradigmatic links (the general number of second-genera-

tion paradigmatic links is 527) (33).

Because the limits of the small interval (5 - 5p words) appa-

rently coincide with the length of the most natural unit for the

study of Co-occurrence of words - the sentence, this interval has

been tested experimentally much more thoroughly than any other

intervals. Since all the syntagmatic and most of the paradigma-~

tic relations between words are actualized within the sentence it
is to he expected that the small interval provides the main part

of all the Go-occurrence information which can be extracted from
a text.

The medium interval gives the same kind of information as the

small interval But its first-generation word profiles reveal more

vividly and fully paradigmatic links between words. As the limits

of this interval correspond to those of a paragraph or an ahs-

tract the So-called thematic informatiaon connected with the sub-

Jject of texts is discovered in some detail(32).

The large and maximum intervals provide information of thema-

tic and stylistic character and will be analyzed in the following

section of this paper.

0SA discovers classes of linguistic units that may be called

(following B.L. WHORF) "covert” linguistic classes. But what is

the guality of such classes discovered by OSA and to what reality

movement, direction,
——2=1k, direction

]
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adjectives dark, hlack

> yellow, golden.

of this field in English. And at the same time each of them isg

specific and isg linked to the subject of the analyzed text,

A deeper analysis of thig problem may hbe found in (47)

. Here
it is necessary to repeat the main conclusion of this analysis
OSA gives results similar to results ohtained by intuitive grou-

pings of words, hut often discovers important semantic links

rarely thought of during logicovintuitive analysis.

An important problem is the interpretation of semantic grou-~

pings discovered by DSA. This area still remains g field of im-

pressionistic exercise as it ig extremely difficult to disen-

tangle and interpret multiple multidirectional Connections, cycles

impasses and loops in the labyrinths of words.,

it is nNecessary to haveg criteria for the delimination of smaller
groups of units that correspond to semantic fields, Usually the
following Procedure is ysed: words are added to one another in

such a way that the addition of BVEry new word should not in-

Crease the sum ot outward links of the group of words formed,
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The third group includes 24 words (with the combined frequency

of 1500): golden, happy, bright, heavenly, hlessed, sacred, pure,

free, famous, learned, perfect, silver, virtuous, chaste, red,

earthly, celestial, pleasing, warm, etc. This group represents

the ’'elevated’ component of sense. The fourth group embraces 40

words (with the combined frequency of 3000): noble, warlike,

Hoody, cruel, proud, royal, brave, mightly, princely, gracious,
deadly, worthy, base, glorious, valiant, dreadful, fatal, etc.

This group of words corresponds to the 'civil’ or 'military -

feudal’ component of sense.
The fifth group has 51 words (with the combined frequency of

2600): peor, foul, sad, Black, cruel, wicked, heavy, vain, mortal,

wretched, low, hitter, .weary, woeful, etc. The semantic component

represented here is connected with melancholy. It may be called
an 'elegiac’ component.

The proportion of the comhined frequency of words of each
group in the combined general freguency of all the groups may be
considered as a measure of this component for each individual
text. This provides a possibility for classification of texts
according to the interrelation of separate components. A group
of texts where the expository component is predominant includes
words by Francis Hacon, The King James translation of the New
Testament, constitutional documents.

The predominance of the "lyrical’ component is noticeable in
John Lyly's 'Love's Metamorphosis’, 'Endymion', in Shakespeare’s
"Sonnets’, 'A Midsummer Night's Dream', and 'As You Like It’,

and in Thomas Dekker's 'The Shoemaker's Holiday’.

The 'elevated’ component is characteristic for such works as

‘The Hymna' by Edmund Spenser, 'The Holy Sonnets' hy John Donne,

- 137 -

'Measure for Measure' and "King Lear’ hy Shakespeare, and 'An-
tonion and Mellida' by John Marston. N

The 'ecivil' component has a high frequency in 'Poly-Olbion
by Michael Drayton, "Catilina’ by Ben Johnson, 'Philaster, or
Love Lies A-Bleeding' by Francis Beaumont and John Fletcher,
'Richard III’, 'Henry V', 'Anthony and Cleopatra', 'Julius Cae-
sar’' and 'Macbeth'. ‘

For some texts a combination of several components is charac-
teristic. For example in Shakespeare's 'Venus and Adonis’' and J.
Fletcher's 'The Faithful Shepherdess' all the 'emotional' compo-
nents (the 'lyrical', 'elevated’ and 'elegiac’) are well re-
presented. |

A comparison of the coefficients of correlation among diffe-
rent components reveals that the 'expository’ component is ne-
gatively correlated with all the rest, while the latter ones are
practically independent of each other with correlation coeffi-
cients being positive but negligible. The 'expositary' component
has a thematic character while other components are indicators
of stylistic tonality.

In the large interval wards are interrelated in a different
way than in the small interval. For example, in the small inter-
val the adjectives of colour are interconnected forming the
semantic field of colour. In the large interval these words are
connected with components, golden and red - with the 'elevated’
component, black - with the 'melancholy’ one. The words fair and

foul, in the small interval representing a connected pair,
;;II into separate groups in the large interval: '"lyrical’ and

'elegiac’'. In the large interval considerably less antonymic
ele .
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pairs of words are discovered than in the small interval;: 4 %

of all links versus 13 % of all links,

The maximum interval that embraces entire long texts still
——2-m interval

remains largely unexplored. A few experiments conducted in this

interval however brought extremely interesting results. In the

sample IV semantic information of two kinds was discovered: for

belles lettres it has a mixed subject-oriented and stylistic

character and for texts of other genres - a pure thematic

character. 233 texts of this sample are interconnected by 1124

links (an average of 9,6 links per text). For example, Shake-

Speare’s 'Romeo and Juliet’ ist strongly connected with 'The

Comedy of Errors’', 'Henry IV', 'The Taming of the Shrew',

'Richard II', ang 'Verius and Adonis’ by the same author as well

as with 'The Sad Shepherd’ by Ben Jonson.

On the bais of these links three major groups of texts may

be isolated: A) poetic texts and some dramatic texts (by Th.

Kyd, Chr. Marlowe, W. Shakespeare and 3. Marston); B) dramatic

texts, mainly comedies and J. Lyly's 'Euphues: The Anatomy of

Wit' and 'Eupheus and His England’; C) factual expository (words

by F. Bacon, 6 descriptions of vVoyages, constitutional docy-

ments, etc.),

On the hasis of this tentative stylistic classification of
texts the delimination of the most characteristic diagnostic

features of each style can be made. Among adjectives the most

characteristic positive diagnostic features of the group of

texts A are the words hloodx, cruel, deadly, fair, foul, goodly,

heavy, lovely, mighty, Erohd, warlike, weary, of the group B -

dear, excellent,

fine, gentle, good, honest, il1, mad, noble,
own, poaor, pretty, sweet, young, and of the group C -

old,
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The set of positive and negative features for texts of the
roup A is called index A, for B - index B and for C - index C.
i very conventional semantic interpretation of these indices.
may look as follows: A - index of 'poetics', B - index of 'dia-
logue', C - index of 'expository’' style. ‘ o

The study of these indices may cast some light on the de -
lopment of the system of styles in written English of the perio
under consideration. This period may be divided into three
parts: 1) hefore 1590; 2) 159D0-1610; 3) after 1610. Far each
of these periods 24 representative texts are chosen (8 texts for
gach of the groups A, B and C) and the rank correlation coef-
B and C is calculated according to

ficient between indices A,

the formula:

n
5 3 o
i=1
o = ] - n3 — (X)
- the

’ s
where is the umber o pairs o texts co paIed d
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texts r

1 ces A, . ] f£f T T W o
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Table 2.
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Table 2. Coefficients of rank correlation between different the indices are shown in Table 3.

stylistic indices for three parts of the Elisahethan

The coefficient of association is defined by
and early Stuart period of English literature.

g - i (XI)
(AB) (ap) + (AB) (aB)
hefore 15490 1590 - 161710 after 1610

A -8 + 0,46 + 0,16 + 0,20 e

where &6 = (AB) N
A-C - 0,89 - 0,67 - 0,47 | )

The capitals A, B in this formula denote corresponding attri

B-C (-0,60 - 0,51 =

. fy-
butes (each of the #£ive components and each of the three sty

s take palIWlSB or the BVa].UatlD o their ngIEB
v velop o e Sty e of the

1istic indice

(A), (B) - numerical values of A and B, (AR)
dialogue and in connection with this changes in the hierarchy f

of association);

g styles. I the eriod before 1590 . .
nur ] AB b ] e possessl 2 at the
! ai EIlCal value > 1.Ba the u er texts 0SS

the
i isti of the component A and
opposition was that between A and C, with the upcoming B being same time both the characteristics -
i ) - tf E of the attributes A, Bj
still close to A, and having very few features common with C. stylistic index B; a,B the absence d (.B) _
i ical values: (aB), (AB) an al
In the final period after 1610 the interrelation of styles is (@) (B) - corresponding numerica

H - the
ons att ibutes: N
1 values or these co binati of ttr

numerical

i deri-
i ion; (the formula and its
is maximally distant from style C (a detailed analysis of the texts under consideration

number of

corresponding findings is given in (48)). Jation are given in (49, p. 30).

| i i be drawn from the figures in
DSA in the maximum interval shows that statistical indices A very important conclusion can

component coincides with the functional
of occurrence of words and other language elements vary more in

Table 3: the 'expository’

texts of different styles than in texts of different authors style C (the 'expository’ style). This component is a style n
eioneing o the cene Styles. That means that statistical stu- differentiating means. All the rest of the component? are proveF
dies of the individual style of an author, the establishment of to be separate entities, though there exists a certain degrez 5]
the authorship, etc. should be preceded by the quantitative correlation hetween style B ('dialogue’) and the components

iac’ between style A ('poe-
S e (*lyrical') and 5 ('elegiac ) as well as be

! iac’ de-
. ! ! nd 5 ('elegiac') f(a
It would be interesting to compare the five components of tic') and the components 3 I clevated') a

. I is given in (34)).
text classification: 1) "expository’, 2) 'lyrical’, 3) 'eleva- tailed interpretation of these findings 15 g
ted’, 4) 'civil', 5) 'elegiac' discovered in the large interval

with the three stylistic indieces obtained in the maximum inter-
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Table 3. Coefficients of association hetween stylistic components
and indices of functional styles for the English wri-
tings of the Elisahethan and early Stuart period.

Components A R [
1 - 0,87 - 0,63 + 0,90
2 + 0,27 + 0,61 - 0,73
S| + 0,48 + 0,01 - 0,44
4 + 0,59 + 0,30 - 0,45
5 + 0,44 + 0,54 - 0,51

Analysis of the results of DSA obtained in various intervals

of text shows the qualitative differences in the kind of infor-

mation obhtained in every interval. For example, in the minimal

interval the adjective huge entered the field of 'size' being

connected with the adjectives great and small. In the large in-

terval it entered the component 'elegiac’', while great and small

entered the component 'expository'. The semantic field of 'pride’

discovered in the small interval fell apart in the large inter-

val: the adjective proud entered the "expository’ component and

the adjective humble - the 'elegiac' component. The semantic

field of 'moral and esthetical judgement’ was split between three

components at the large interval: fair belongs to the "lyrical’

component, foul - to the 'elegiac’ one and base to the 'exposi-

tory' one (34).

Experiments with the use of DSA in various intervals of text

has produced significant results. Macrosemantic maps for texts

of various authors were created and interesting tendencies of
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This is a sign of a considerable semantic-stylistic
appBaP.

i i he poetic
a decrease of semantic contrast in a line of t p

th th _
18 cen
text. If at the centre of the poetry of the 16 to

change:

turies was man and the traditional symbolism of colour, iT'Roma?-
tic poetry the semantic field of colour mingles with the semantic
field of light. This is apparently due to the turning of the -
Romantics towards descriptions of nature as a gateway to mystlca.
awareness; for as William James pointed out inm 'VYarieties of Reli-
gious Experience’, a sudden sense of light is common to many who
enter a state of mystic experience. 1

The examples given above leave no doubht as to the extremely
important potential value of DSA for stylistic studies. It pro-
vides the style researcher with a powerful discovery proced?re .
revealing new aspects of stylistic features of text and Taking i
possible to replace the vague notions of functional stylistics
with a more exact set of notions of stylistic components based
on statistical characteristics of texts.DSA is a useful toel for
analyzing the style of individual authors and the chafges in %he
manner of writing and the ideas of an author during his creative
lifetime. It is especially valuable in the analysis of Titerature
of the past. Its most obvious advantage is that it permits the
of much larger quantities of text that can be

It

thorough searching

r'sS.
retained in the mind of at least most human researche
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facilitates the weighing of discordant and conflicting evidence
and reveals the complex nature of the phenomenon under investi-
gation showing the multiple links of a notion with other notions
in a semantic network. It is also able to indicate the extent

to which particular elements within the complex are due to one
source or another (39).

Long before the introduction of DSA, Andrei BELYJ in his
famous book on Gogol'(50) explained the change in Gogol's Welt-
anschauung and hence built the periodization of his creative work
on the basis of the changes of frequencies of colour words (the
fall in the frequency of use of the designations of red and the
rise of the designations for yellow) (50). DSA might have yielded
much more evidence as itrshows not only the changes in the fre-
quencies OFIindividual words but at the same time - changes in
their semantic links with other words,

The immense potentials of DSA in this area were shown in A.
McKINNON's works on S.A. Kierkegaard and G.W.F. Hegel. Having
subjected texts written by these philosophers during various
periods of their life to DSA, McKINNON revealed and interpreted
changes in their philosophies during their lifetimes. One of
McKINNON's findings was that contrary to the standard 'melancholy
Dane' tradition in Kierkegaard scholarship the frequency of eight
standard images for hope, including the word for hope is almost
double of that for various images of despair. This was the case
except for a relatively brief period around the year 1843 when
the situation is almost exactly the reverse. The same study
attempted to determine with the help of DSA whether Kierkegaard

had ever resolved what was once a contlict in his mind between

the conception of Christ as Model and Christ als Redeemer. DSA
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tended to support a conclusion that hy around 1850 Kierkegaard
had come to see this distinction itself as untenable (51).

The number of serious studies in the application of the
distributive-statistical method in stylistic research is still
1imited. The global description of the vocabulary of language
carried out with the help of this method necessitates the de-
velopment of new theoretical ideas on the ontology of semantic
space in language. The interrelations of semantic units appear
to be more varied and multidirectional than was hitherto assumed.

The interpretation of semantic netwarks is an extremely com-
plicated task. A useful notion that may help to find explana-
tions for the features of individual semantic networks may be
the notion of semantic centres. Semantic centres are clusters
of keywords most characteristic for an analyzed text. Certain
parts of a semantic network produced as a result of DSA may be
isolated as semantic centres. Semantic networks are differen-
tiated from each other on the basis of their semantic centres
and of the configuration and intensity of links within semantic
centres and among them. The notion of semantic centres helps to
interpret semantic networks in terms of generalized semantic
groups and not just concrete keywords.

It is in the evaluation of semantic networks for individual
authors and literary movements that the notion of semantic cen-
tres of keywords is highly applicable. For example, for the
poetry of the French Romantics (V. Hugo, A. de Musset, Th.
Gauthier, M. Desbordes-Valmore, G. de Nerval, A. de Vigny) three
semantic centres are characteristic: 1) motion; 2) motivation of
motion (attempt, aim, possibility, cause, discovery, etc.);

3) faith and destiny. In contrast to the poetry of the Romantics
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the poetry of the Parnasian movement (Leconte de Lisle, J.M. de
Heredia, S. Prudhomme, C. Mendds, F. Coppgée, L. Dierx) concen-
trates on other semantic centres; 1) war; 2) forces; 3) the
historical past. In the verses of French Symhbolists (S. Mallarme,
A. Rimbaud, P. Verlaine, Ch. Baudelaire, P, Valery, P. Claudel)
there is a vast variety of semantic centres reflecting hoth the
wide scope of symholist vocabulary and the main feature of this
movement - the expression of various sensations: 1) water; 2)
planets and stars, 3) sensations; 4) thought; 5) indefiniteness;
6) the body; 7) cleanliness; B) wines 9) holiday; 10) size (52).
The semantic worlds of individual authors reflect similar fea-
tures. In the poetry of 6. de Nerval the main feature of Roman-
tic verse-contrast in description of events, the celebration of
their darker, more somber aspect - is reflected in a highly spe-
cific manner. For his works the opposition of heat and cold,
light and dark, of the cycle of the year's seasons and of repe-
tition is characteristic. For A. Rimbaud the wide use of prosaic
words in poetry as a protest against the traditional poetic voca-
bulary is highly indicative. His verses are unmatched both in the
richness and the frequency of the prosaic stratum of the vocabu-
lary (52).

It appears that by using comparatively simple distrihutive-
statistical techniques, valuable materials for stylistic studies
may be produced. Such techniques provide an objective picture of
the distribution of semantic units in texts and lay a foundation
for an objective approach to the study of stylistic phenomena.
Statistical discovery procedures of this type require as their
basis exhaustive and exact data on the frequency and distribu-

tion of text elements. Thié necessitates a further effort in
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ompilation of concordances to texts of the most important au-
c ]

thors of different literary periods. For the material contained
in a concordance is a sine qua non for further distributive-

i

tatistical evaluation of the statistical significance of indi-
s

vidual collocations.

CONCLUSTION
CONCLUSION

At first glance the results obtained by DSA cannot be equal in
quality with semantic descriptions and thesauri built by experts.
one cannot expect that computers could immediately provide any-
thing that could replace the work and intuition of a scholar
(whose intuition is needed all the same for the selection of

units for analysis and interpretation of the results of OSA).

But hopefully DSA may reveal groups of words which remained pre-
viously unnoticed, but which are potentially useful.

Associative maps of text elements provided by DSA have some
characteristics that make them absolutely indispensable for the
kind of objective text study that modern semantics and stylistics
purport to strive for:

1) they are obtained directly from the text and are not
creations of a subjective judgement; they include only
elements found in the text and no other elements that might
be taken from other sources;

2) they are generated by an algorithmic procedure than can be
repeated by a computer on any new corpus of texts;

3) they reveal various factes of the meaning of a word in a

given body of texts;

4) they detect not only semantic links between text elements

—

but statistical links as well; the latter are more
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varied and cannpt be detected by any other method.
Difficulties that stand in the way of a wider application of
the DSA are threefold:

1) the comparative novelty of the method and the need for

further development and testing of its techniques;
the high cast of input and computer processing of large
text corpora;

3) the psychological difficulty for users involved in the

use of any new technique.

In view of the complexity of the field and the need for an

immense outlay of human and financial resources involved in the
application of DSA to analysis of large samples of text, closer
{nternational Eooperatioh in the field remains a priority. Work
on DSA is still scattered throughout many disciplines (artificial
intelligence, computational linguistics, psychology, philosophy,

information retrieval, literary studies) and there is little

knowlegde of work done in various countries and a very negligible

exchange of ideas.

We hope that this paper will draw more attention to the scope

and potential of the field.
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0BERLEGUNGEN ZUR INTERPRETATION DES Z1PFSCHEN
GESETZES AM BEISPIEL DER FRUHEN KINDERSPRACHE

Wolfgang Marx und Elisabeth Schiirer-Necker,

Minchen

ZUSAMMENFASSUNG

Das ZIPFsche Gesetz 1&Bt prinzipiell zwei verschiedene Inter-

pretationsstrategien zu:

1) Die beobachtete GesetzmiBigkeit ist das Ergebnis eines
Optimierungsprozesses und damit einer Entwicklung, die
gesteuert wird durch ein 8konomisches Prinzip.

2) Die beobachtete Gesetzm&Bigkeit ist die notwendige Konse-

quenz der Wahrscheinlichkeitsgesetze.

Die vorliegende Arbeit soll eine Entscheidung zwischen diesen
beiden Erkldrungs-Modellen an Hand von theoretischen Erwdgungen
und empirischen Daten herbeifiihren. An Hand der empirischen
Daten, die aus dem Bereich der frlihen Kindersprache gewonnen
worden sind, ergab sich eine eindeutige Verwerfung des statis-

tischen Modells zugunsten des Skonomischen Modells.

1. FRAGESTELLUNG

Das.ZIPFsche Gesetz beinhaltet zunZchst nicht viel mehr als
eine Aussage Uber die Verteilung von Worth&ufigkeiten im System
konkreter Sprachen. Ordnet man die einzelnen Worter nach der
H&ufigkeit ihrer Verwendung (pn) in eine Reihe mit den Rang-
pldtzen n (wobei der Kkleinste Rang der gréBten Haufigkeit zuge-

ordnet wird), so gilt die Beziehung

P, xn=c,

= 155 =

d.h. das Produkt von Freqeunz und Rangplatz eines Wortes ist
jeweils eine konstante GriBe.

Zur graphischen Veranschaulichung des CGesetzes tragt man die
H&ufigkeiten der einzelnen Worter Uber ihren R&ngen auf, wobei
man {iblicherweise das von ZIPF bevorzugte doppelt logarithmische
Koordinatensystem verwendet. Man erhdlt auf diese Weise eine

Gerade mit der Steigung von a = - 1.

Frequenz pp,

"

» 00 1000 10000

Rangordnung n

ABBILDUNG 1. Die Ranghiufigkeit der Worter.
A : James JOYCE "Ulysses"; B: amerikanisches
Zeitungsenglisch; c: hypothetische Ideal-
ggrade. Aus C.K., ZIPF, 1949, s. 25

Eine Reihe von empirischen Z&hlungen, die an unterschiedlichem
Material verschiedener Sprachen durchgeflhrt wurde, ergab, daB
die von ZIPF gefundene Formulierung in der Regel eine brauchbare
Ann&herung an die vorgefundenen H&ufigkeitsverhaltnisse dar-
stellt. Dieses Faktum wird heute auch von den Kritikern ZIPFs
nicht bestritten, ungeachtet der Tatsache, daB es im Detail
Anderungsvorschldge gibt. Strittig hingegen ist die Interpreta-

tion seiner Befunde. In diesem Zusammenhang bieten sich grund-
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sdtzlich zwei verschiedene Interpretationsstrategien an:

1) Die beobachteten Regelm&Bigkeiten sind das Ergebnis
eines Optimierungsprozesses und damit einer Entwicklung,
die gesteuert wird durch ein Bkonomisches Prinzip.

2) Die beobachteten RegelmdBigkeiten sind die notwendige

Konsequenz der Wahrscheinlichkeitsgesetze.

ZIPF selber argumentierte im Sinne der ersten Hypothese.
Seiner Ansicht nach wdre das Sprechen vom Standpunkt des Spre-
chers aus dann am einfachsten, wenn die Sprache nur aus einem
Wort bestidnde. Aus der Sicht des Hirer wire dagegen die Sprache
dann am rationellsten, wenn fir jede zu unterscheidende Bedeu-

tung auch ein eigenes Wort vorhanden ware. Es stehen sich hier
also zwel gegenl3ufige Ten;enzen gegenldber: die Tendenz nach
"unification”, die in die Richtung zielt, die Zahl der ver-
schiedenen Worter auf 1 zu vermindern, wihrend die Haufigkeit
dieses Wortes auf 100 % anwdchst. Umgekehrt zielt die Tendenz
nach "diversification” in die Richtung, die Zahl der verschie-
denen Worter zu erhdhen, wihrend die durchschnittliche Auf-
tretensh&ufigkeit gegen 1 absinkt. Die gefundene Beziehung drickt
nun das Gleichgewicht der beiden entgegengesetzten Krifte aus.
Dieses Gleichgewicht ist das Ergebnis eines Optimierungsprozesses,
der nach dem Prinzip des geringsten Aufwandes ("least effort”)
erfolgt.

MANDELBROT (zitiert nach CHERRY 1963: 145f.), der die Sprache
mehr aus informationstheoretischer Sicht betrachtet, kommt auf-
grund rein mathematischer Uberlegungen zu &hnlichen Schliissen.

Er geht dabei vom Begriff der Kosten aus. Alle Elemente verur-
sachen dem Sender einen gewissen Aufwand. Es 1Bt sich nun

zeigen, daB man den Zeichensequenzen ("Wdrtern”) eines beliebigen
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Sprach-Systems Auftretenswahrscheinlichkeiten se zuordnen kann,
daB die Gesamtkosten im Mittel ein Minimum annehmen, wobei ihr
mittlerer Informationsgehalt invariant bleibt. Dabei zeigte

sich, daB die sich ergebende Beziehung zwischen den Auftretens-
wahrscheinlichkeiten und den R&ngen der Worter dem ZIPFschen
Gesetz entspricht. Dieses beschreibt also auch in informations-
theoretischer Sicht ein dkonomisches Optimum. (Eine analoge Uber-
legung findet sich auch bei HURMANN 1970: 92.)

Andere Wissenschaftler, z.B. GUIRAUD (1963) und MILLER (18865},
haben im Sinne der 2. Hypothese argumentiert. Es 1&Bt sich zei-
gen, daB bei einer rein zuf&lligen Verteilung ven Leerzeichen
(bzw. "Wortbegrenzungsmarken”) lber einen aus zuf&llig gezogenen
Zeichenfolgen ("Worter”) hestehenden Text Verteilungen von Wort-
h&dufigkeiten entstehen, die der empirisch gefundenen ZIPF-Ver-
teilung &hnlich sehen. Alle diese Verteilungen lassen sich.durch

folgende allgemeine Gleichung darstellen:

lg P, < b -algn (2)
mit a und b als Konstanten und a & 1.

Die fir das ZIPFsche Gesetz relevante GrRe in dieser Gleichung
ist die Konstante a, die den Anstieg der Geraden bestimmt. Der
Ausprdgungsgrad dieser Konstanten wiederum ist bestimmt durch
die Grdfle der Parameter Py fiir die Auftretenswahrscheinlichkeiten
des Leerzeichens und der Zeichen ("Buchstaben”) des Systems.
Dahei gilt folgende allgemeine Beziehung:

Je gréBer der Wert Py fiir die Auftretenswahrscheinlichkeit
des Leerzeichens, desto steiler verl&uft die Gerade. Beim Grenz-
wert Py = 1.00 ergibt sich eine Senkrechte. Umgekehrt wird der

Verlauf der Geraden flacher, je kleiner Py fiir das Leerzeichen
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wird. Etwa von der GriRenordnung Py = % an ist die Anndherung
an den anderen Extremverlauf, n3mlich eine Gerade mit dem An-
stieg von a = -1, praktisch erreicht.

Nun liegen tats&chlich in den europ&ischen Sprachen die Wahr-
scheinlichkeiten fir die Wortzwischenrdume in der GrdBenordnung,
die Verteilungen von Worthdufigkeiten erwarten lassen, die sich
der ZIPFschen CGerade stark anndhern. Fiir die deutsche Sprache
beispielsweise ist dieser Wert gut ; (.152). Was liegt also
néher, als anzunehmen, daB ein rein statistisches Modell zur
Erkl&rung der ZIPFschen Befunde ausreicht?

Modellrechnungen auf der Basis dieser Uberlegungen fiihren in
der Tat zu den erwarteten Ergebnissen, wobei allerdings anzu-
merken ist, daB diese BerecHnungen in der Regel von dem fir sie
glinstigsten-Fall der Gleichwahrscheinlichkeit der Zeichen aus-
gehen. (Bei einer gleichhleibenden Anzahl von Elementen und
konstanter Wahrscheinlichkeit fir das leerzeichen wird der Ver-
lauf der Geraden ni&mlich dann am flachsten und das heiBt: nihert
sich der idealen Geraden mit a = -1 am meisten an, wenn alle
Elemente gleich wahrscheinlich sind.)

Eine empirische Entscheidung zwischen den heiden Interpreta-
tions-Ansdtzen herheizuflhren, setzt voraus, daB es gelingt, unter
bestimmten Bedingungen aufgrund der verschiedenen Modelle zu ver-
schiedenen Vorhersagen zu kommen und zu prifen, welche Vorher-
sage sich als zutreffender erweist. Wir haben fir eine solche
Oberprifung das Beispiel der frihen Kindersprache gewdhlt, weil
sich flr diesen Bereich in der Tat aufgrund der unterschiedlichen
Modelle unterschiedliche Erwartungen formulieren lassen.

Vorausgesetzt, das statistische Modell ist zutreffend, ist zu

erwarten, daB sich das ZIPFsche Gesetz auch im Bereich der
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Kindersprache nachweisen 1&Bt. Wenn man davon ausgeht, daB der
Parameter Py flir die Auftretenswahrscheinlichkeit des Wort-
zwischenraums wahrscheinlich gréBer ist als bei der Erwachsenen-
sprache, schlichter formuliert, daB die durchschnittliche Wort-
ldnge in der Kindersprache kleiner ist als bei der Erwachsenen-
sprache, ist zu erwarten, daB die Gerade eher etwas steiler aus-
fallt als bei der Erwachsenensprache.

Dieselbe Erwartung miRte man Ubrigens auch von dgr ZIPFschen
Theorie her formulieren, wenn man bedenkt, daB ein steilerer
Verlauf als Ausdruck eines Uberwiegens der Tendenz zur "uni-
fication” und damit einer gewissen "Egozentrizit&t" der Kinder-
sprache gewertet werden kann. Informationstheoretisch gesehen
wirde das bedeuten, daB die Kindersprache redundanter ist als
die Erwachsenensprache, was von HOFSTATTER (1857: 278) auch
liber die Frihphase der Phylogenese der Sprachentwicklung ver-
mutet wird.

Im Rahmen unserer Arbeit mdchten wir jedoch von einer anderen
Hypothese ausgehen, und zwar aufgrund folgender Uberlegungen.
Informationstheoretisch gesehen sind Entwicklungsprozessein
der Regel durch Abnahme von Entropie gekennzeichnet. Wenn das
- wie wir erwarten - auch fir die Sprachentwicklung zutrifft,
dann sollte die Kindersprache nicht redundanter, sondern umge-
kehrt gerade weniger redundant sein als die Erwachsenensprache.
Das wiederum bedeutet, daB wir erwarten, daB die Kurven bei der
Kindersprache systematisch picht steiler, sondern flacher ver-
laufen als bei der Erwachsenensprache.

Zum Verstdndnis dieser Uberlegungen mdge man sich verdeut-
lichen, daB die Entropie bzw. der mittlere Informationsgehalt

einer Sprache dann ein Maximum erreicht, wenn alle m Wérter
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die gleiche Auftretenswahrscheinlichkeit haben, n&mlich p = 1/m.
In diesem Falle wiirde die ZIPFsche Kurve genau waagerecht ver-
laufen. Ein Minimum wiirde die Entropie einer Sprache dann auf-
weisen, wenn nur 1 Wort die Auftretenswahrscheinlichkeit p = 100
hé&tte. In diesem Falle wiirde die ZIPFsche Kurve genau senkrecht
verlaufen.lDie empirisch ermittelte Steigung von a = -1 stellt
- wie oben ausgeflhrt - nun das optimale Gleichgewicht zwischen
vermittelter Information und verursachtem Aufwand dar.

Wenn nun in friheren Stadien der Sprachentwicklung - wie wir
vermuten - mehr Entropie besteht als im Endstadium, so bedeutet

das, daB im Verh&ltnis zur vermittelten Information der ge-

leistete Aufwand in diesen friilheren Stadien h&her ist als spiter.

Ein solches Zuviel an Aufwand (beispielsweise an Krafteinsatz)
im Verhéltn%s zum Ergebnis heobachten wir auch bei anderen Ent-
wicklungsprozessen, beispielsweise bei der Entwicklung von fein-
motorischen Fertigkeiten wie dem Schreibenlernen. Hier denke

man etwa an den extrem hohen Schreibdruck der Erstkléssler.

Wenn wir diese Uberlegungen auf unser Skonomisches Modell
zurilickbeziehen, kommen wir zu der Annahme, daB das ZIPFsche
Gesetz das Ergebnis eines Optimierungsprozesses und damit einer
Entwicklung ist. Wir vermuten, daB dieser ausgezeichnete Zustand
nicht von allem Anfang an besteht, sondern erst am Ende des
Prozesses erreicht wird. Daraus 1Bt sich die Erwartung ableiten,
daR das ZIPFsche Gesetz in der frihen Kindersprache noch nicht
gliltig ist, sondern daB wir hier einen Zustand vorfinden, der
von dem Endzustand noch deutlich abweicht.

Wahrend nun das statistische Modell zu der Erwartung fiihrt,

daB der Verlauf der Geraden fir die Kindersprache eher steiler

sein sollte als bei der Erwachsenensprache, erwarten wir aufgrund
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unserer Uherlegungen genau das Gegenteil, ndmlich daB der Ver-
lauf der Geraden flacher wird als bei der Erwachsenensprache.
Sollte sich unsere Erwartung best&tigen, wdre das statistische
Modell eindeutig widerlegt, da - wie auch immer die Parameter
Py fiir die Auftretenswahrscheinlichkeiten des Zwischenraumes
und der Zeichen gewdhlt werden - in keinem Falle der Wert von a

griBer als -1 werden kann.

2. DURCHFUHRUNG DES EXPERIMENTS

Da das ZIPFsche Gesetz universell giiltig sein soll, ist die
einzige Bedingung, die wir heachten missen, eine gewisse Mindest-
groRe der Sprach-Stichproben einzuhalten. Was die Vpn anbetrifft,
so beschrédnken wir uns auf Kinder, die sich nach der klassischen
Terminologie im Stadium des "Zweiwortsatzes” befinden. Die Zu-
ordnung der Kinder zu dieser Kategorie er%olgte an Hand eines
Vortestes, bei dem die MLU-Werte (mean length of utterance) der
Kinder bestimmt wurden. Kinder, die ein MLU21,2 und £ 2,5 Mor-
phemen pro AuBerung aufwiesen, wurden in die Stichproben aufge-
nommen. Insgesamt wurden 14 Kinder untersucht, 8 Jungen und
6 Midchen, deren Lebensalter zwischen 1,87 und 5,25 lag.

Wenn man die Faustregel anwendet, daB ein Kind als sprach-
lich retardiert gelten kann, wenn sein Alter gréBer ist als
sein 1 1/2-faches MLU, kann man genau 7 der Kinder als sprach-
lich normal entwickelt einstufen und 7 der Kinder als sprachlich
retardiert.

Mit jedem Kind wurden 3 Sitzungen durchgefihrt. Die 1. Sitzung
fand bald nach dem Vortest statt und dauerte 45 Minuten. Die
2. und 3. Sitzung wurden ca. 6 Wochen spdter aufgenommen und

dauerten je 30 Minuten. Die Kinder befanden sich dabei mit
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ihrer Bezugsperson in einem Raum, wo sie an einem Tisch mit einer
Reihe von Spielsachen spielen konnten. Alle Kinder hatten die
gleichen Spielsachen zur Verfligung. Um das Sprachverhalten mig-
lichst wenig zu beeinflussen, wuBten wedkr die Kinder, noch die
Bezugspersonen, daB es bei der Untersuchung um Sprache ging. Den
Bezugspersonen wurde mitgeteilt, daB das Spielverhalten des

Kindes beobachtet wiirde. Sie bekamen folgende Instruktion:

"Spielen Sie mit dem Kind, was Sie wollen, aber
nur mit den Sachen in der Kiste. Wir wollen nur

beobachten, wie sich das Kind beim Spiel verhdlt."

Alle Sitzungen wurden mit Videorecorder bzw. Kasettenrecorder
aufgenommen. Die B&nder wurden anschlieBend von je 2 unabhangigen
Auswertern abgehdrt und - mﬁgiichst lautgetreu - transkribiert.
FiUr nicht verstandene AuBerungen wurde ein Querstrich geschrie-
ben, AuBerungen, die unmittelbar wiederholt wurden, wurden mit
"W" klassifiziert, Imitationen mit "I". Als Imitation galt, wenn
das Kind eine AuBerung der Bezugsperson nachsprach und dabei
die gleiche Reihenfolge der Worter beibehielt, nichts hinzuflgte
oder ver&nderte. Die Imitation muBte aber nicht vollst&dndig sein.

Nachdem die Sitzung von beiden Auswertern abgeh&rt worden war,
wurde eine Liste des gemeinsam Gehdrten erstellt, wobei fir
nichtverstandene oder unterschiedlich verstandene AuBerungen
Zeilen freigelassen wurden. AnschlieBend wurden die B#nder
erneut von beiden Auswertern abgeh8rt. Dabei wurde das gemein-
sam Gehfrte nochmals kontrolliert, und es wurde versucht, die
leeren Stellen zu ergdnzen. Danach wurden die beiden neuen
Protokolle verglichen; gleich Verstandenes wurde hinzugeflgt,
unterschiedlich Verstandenes z&hlte als nicht verstanden. Diese

Listen, die nur aus dem gemeinsam Verstandenen (durchschnittlich
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78,7 % der AuBerungen der Kindery Variationsweite 70,7 - 88,6 %
pro Kind) bestanden, waren das endgliltige Material der weiteren
Auswertung.

Bei den Auszdhlungen der Listen der einzelnen Sitzungen gingen
wir von ZIPFs Einheit aus, nimlich der Wortform. Dabei werden
bekanntlich gebeugte Formen desselben Wortes als getrennte Ereig-
nisse gewertet. Im Gegensatz zu ZIPF haben wir jedoch Homonyme
als unterschiedliche Ereignisse betrachtet, da sie ja unterschied-
liche Bedeutungen haben und sicher als eigene Wiérter gelernt
werden missen.

Die Imitationen des Kindes wurden beim Auszdhlen nicht be-
rlicksichtigt, weil es uns sinnvoll erschien, nur das zu werten,
was das Kind spontan #uBerte. Wiederholungen, Ausrufe und para-
linguistische Ausdriicke haben wir hingegen - entsprechend der
Praxis ZIPFs - mitgewertet.

Von jeder Sitzung eines Kindes wurde dann eine graphische
Darstellung der Verteilung der Worth&ufigkeiten {ber den R&ngen
angefertigt. Dabei wurde entsprechend der ZIPFschen Methode ein
doppelt logarithmisches Koordinatensystem verwendet. Als beste
Anpassung einer Geraden an die empirischen Punkte wurde die
Regressionsgerade berechnet. Ihre Steigung socll im Idealfall
genau a = -1 sein.

Tatsichlich wird dieser Wert in den allermeisten F&llen nicht
exakt erreicht, was bei empirischen MeBwerten auch nich weiter
verwunderlich ist. Die Berechnung der Anstiegswerte flr unsere
42 Geraden (14 Kinder x 3 Sitzungen) ergab eine Variationsweite
von a = -1,12 his a = -0,652 mit einem Mittelwert von a = -0,679.
An Hand der Abbildungen 2 und 3 kann abgesch&tzt werden, in wel-

chem AusmaB die empirischen Verl&ufe sich den theoretisch erwar-
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teten Geraden anpassen- Abhildung 2 zeigt eine relativ gute,
Abbildung 3 eine relativ schlechte Anpassung. -
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ABBILDUNG 2. Empirischer und theoretischer Verlauf fur die
Vp U.E. Beispiel filir eine relativ gute Anpassung.
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ABBILDUNG 3. Emprischer und theoretischer Verlauf fir die

Vp S.P. Beispiel fir eine relativ schlechte Anpassung.

A
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Ein sehr einfacher statistischer Test unserer Hypothese 148t
sich nun aufgrund folgender Uberlegungen ableiten: Wenn die
beobachteten Abweichungen lediglich zuf&lliger Natur sind, dann
sollten wir etwa gleich h&ufig Abweichungen nach oben wie nach
unten feststellen, d.h. es sollten etwa gleich viele Geraden
steiler bzw. flacher verlaufen als die Idealgerade.

Die Auszahlung bei unseren 42 Geraden ergab jedoch ein Ver-
haltnis von 36 (flacher) : 6 (steiler). Die Wahrscheinlichkeit
dafiir, ein solches Verhdltnis durch reinen Zufall zu finden,

15Bt sich an Hand des Binomialtests auf
p = .000007 < p = .01

berechnen. (Bei zweiseitiger Fragestellung.)

Entsprechende Ausz&hlungen fir die Untergruppen Jungen und
Midchen, sowie normale und retardierte Sprachentwicklung er-
gaben in allen F&llen dasselbe Ergebnis: ein hochsignifikantes
Uberwiegén des flacheren Geradenverlaufs. In dieser Hinsicht
gibt es zwischen den genannten Gruppen keine Unterschiede.

Bereits diese einfache statistische Analyse zeigt, daB bei

unseren Daten eine statistisch signifikante systematische Abwei-

chung von der Idealgerade vorliegt; und zwar geht diese Ab-

weichung eindeutig in Richtung auf einen flacheren Verlauf. Das

System der frihen Kindersprache weist also mehr Entropie auf als

das System der Erwachsenensprache. Entwicklung bedeutet also
auch im Bereich der Sprachentwicklung Abnahme von Entropie. Das
wiederum bedeutet entsprechend unserer Uberlegungen, daB ein
Bkonomisch betrachtet unglinstiges Verh&ltnis zwischen Aufwand
und Ergebnis (hier: der vermittelten Information) besteht. Auch
dieses ein typisches Charakteristikum von Entwicklungsprozessen

im Frlhstadium.
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Djeses Ergebnis impliziert nun die Verwerfung einer rein
statistischen Interpretation des ZIPFschen Gesetzes, da - wie
wir bereits ausgeflhrt haben - bei reiner Zufallsbedingtheit
der Anstieg der Geraden in keinem Falle flacher als a = -1 sein
kann. Wir halten es daher flr sinnvoller, die beobachtete Regel-
maBigkeit als Ergebnis eines auf Optimierung hinzielenden Ent-
wicklungsprozesses zu betrachten, wobei unseres Erachtens die
rein auf informationstheoretischen Uberlegungen basierende Ana-
lyse von MANDELBROT den bisher Uberzeugendsten Beitrag in dieser
Richtung darstellt.

Die Deutung ZIPFs hingegen erscheint nach unseren Ergebnissen
eher weniger Uberzeugend. Der gefundene flachere Verlauf der
Geraden wiirde namlich im Sinne der ZIPﬁschen Terminologie darauf
schlieBen lassen, daB in der Kindersprache die Tendenz zur
"diversification” Uberwiegt, was eine besondere Berlcksichtigung
der Bedlrfnisse des HOrers bedeutet. Das erscheint nach allem,
was wir lUber friihkindliches Sprachverhalten wissen, wenig
wahrscheinlich.

AbschlieBend kann noch angemerkt werden, daf die Daten, die
ZIPF selber zur frihen Kindersprache vorgelegt hat (ZIPF: 19483)
ebenfalls einen Mittelwert fir a aufweisen, der gréBer als -1
ist, wenn auch die Abweichung nicht so deutlich ist wie bei
unseren Daten. Immerhin verlaufen jedoch auch rund 39 % seiner
Geraden flacher als die Idealgerade. Auch diese Daten sprechen

also gegen die Beibehaltung des statistischen Modells, das ja

nur Variablitdt in Richtung auf einen steileren Verlauf zuldBt.
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DISKUSSION
W. Matthdus:

Der Befund, daB die Worth&ufigkeits-Verteilung hei Kindern
systematisch vom ZIPFschen Gesetz abweicht, ist interessant und
verlangt nach Interpretationen. M.E. ist aber der Stand der Ein-
sicht noch nicht so weit entwickelt, daB man das Spektrum még-
licher Interpretationen auf die Entscheidungsalternative "sta-
tistisch vs. Bkonomisch"” einengen kénnte. Es gibt zundchst einige

begriffliche Schwierigkeiten mit dieser Alternative.

1. Die Tatsache, daB der Variationsbereich des Anstiegs-
koeffizienten a erst bei +1 beginnt, ist nicht eine Konsequenz
der Wahrscheinlichkeitsgesetze Uberhaupt, sondern eines speziell
konstruierten Zufallsmodells.

Die Konstruktion dieses Modells miiBte Gbrigens dem Leser zu-
gédnglich gemacht werden, wenn er die Argumentation beurteilen
soll. Eine gute Quelle ist MILLER/CHOMSKY (1965: 456-464). Dort
findet man auch die Formel, aus der die von MARX beschriebene
Abhingigkeit des Koeffizienten a von 2 Faktoren hervorgeht,
und zwar vollst3ndig und verstdndlich abgeleitet. In dieses
Modell nun gehen sehr spezielle Annahmen ein (Wdrter aufgebaut
nach demselbhen Mechanismus wie strings einer Zufallsziffern-
tafel). Es gibt aber andere stochastische Modelle fir Wort-
h&dufigkeits-Verteilungen, in denen der Anstiegskoeffizient
zwischen 0 und 1 liegen kann, z.B. das von H.A. SIMON (19586)
entworfene mit seinen Varianten, das nicht auf einer Optimierung,

sondern eher auf einer Durchschnittsbildung beruht.

Also "a kleiner als 1" ist kein Beweis gegen einen Zufalls-

prozeB, sondern gegen den speziell von MILLER/CHOMSKY konzi-
pierten.

2. Das 8kanomische Modell ist im Grunde ja selbst ein Zufalls-
modell. Die Okonomie hesteht doch darin, daB ein statistisches
MaB des Aufwandes flr die Information eines Zufallsprozesses
(Redundanz) optimiert wird. SchlieBlieh ist ja das MILLER/

CHOMSKY~Zufallsmodell einem optimalen Kode (im Sinne von minimum

redundancy) &quivalent (M/C: 462).

ﬁ
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Die Gegeniiberstellung von "statistisch” und "8konomisch” ist

auch deswegen nicht ganz Uberzeugend.

3, Die Beziehung "Aufwand - Entropie - Redundanz” bleibt
etwas unklar. Wieso bedeutet steigende Redundanz (mit der Ent-
wicklung) abnehmenden Aufwand bei der Informationsibertragung?
Ist nicht Redundanz eigentlich der dberfliissige Aufwand, den man
sich bei der Kodierung zu minimieren bemlht (soweit "noise” das
zulsBt) 7

4, Zum Ansatz insgesamt m&chte ich bemerken:
Auf dem Abstraktionsniveau, auf das man sich begeben muB, um die
Rangh&ufigkeits-Funktion zu untersuchen, kann man identische
"Phanotypen” von durchaus verschiedenen "Genotypen” (Mechanismen,
Erzeugungsprozessen) erhalten. M/Cs Warnung vor spekultativen
Kurzschliissen (S. 462) erscheint mir nicht dberholt: Zwar sind
minimum-redundancy cade und natiirliche Sprache durchs ZIPFsche
Gesetz zu beschreiben, doch ist die natlrliche Sprache nach
M/Cs Meinung weit von minimaler Redundanz entfernt.

Hieran m8chte ich die Frage anschlieBen: Ist das statistische
InformationsmaB flr natiirliche Sprachen so relevant, daB seine
Optimierung den Inhalt eines psychologischen Entwicklungspro-
zesses bilden kBnnte? M.E. sind Alternativerkl&rungen, die die
Entwicklung zum ZIPFschen Gesetz hin als Nehenprodukt erscheinen
lassen, plausibler.

Zum empirischen Vorgehen beim Entscheidungsversuch:
Alternativerkladrungen des flacheren Anstiegs miBten ausge-
schlossen werden, ehe man sich an tiefere theoretische Diskus-
sionen gibt. Mir fallen auf Anhieb zwei ein (vielleicht nur in
Unkenntnis dessen, daB sie l&ngst erledigt sind):

a) Sind vielleicht die Wdrter auf dem untersuchten Entwick-
lungsstand der Sprache noch keine abgegrenzten oder wenigstens
stabilen Einheiten, so daB die aus der Erwachsenensprache Uber-
nommene Segmentierung den in der Kindersprache zu zdhlenden
Gebilden nicht entspricht?

b) MANDELBROT (1965) weist auf Anomalien bei den ganz hdufi-
gen und den ganz seltenen Wortern hin. Bei allen Kurven auf
S. 555, 557 und 558 ist der Oberteil der Funktion abgeflacht.
Man miBte die Erkldrung ausschalten, daB die Abflachung bei den
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Kindern daher riihrt, daB nur die 70 "hdufigsten” Rangplitze
der Ublichen 5000 his 1000 besetzt sind.

W. Marx, E. Schiirer-Necker:

Ad. 1: Tats&chlich ist es durchaus denkbar, stochastische
Modelle zu entwickeln, die einen flacheren Geraden-Verlauf als
a = -1 ermdglichen. Jedoch ist dieses im Grunde gar nicht der
springende Punkt unserer Untersuchung. Was gegen die Annahme von
nur auf Zufallsprozessen aufhauenden Modellen spricht, ist das

Faktum, daB sich die Verteilung flir die Kindersprache systema-

tisch von der Verteilung flr die Erwachsenensprache unterscheidet.

Wenn tatsdchlich nur Zufallsprozesse flr diese Worthdufigkeits-
verteilungen verantwortlich wiren, ist nicht einzusehen, warum
es zu einem solchen Unterschied und gerade in dieser Richtung
(auf einen flacheren Verlauf der Kindersprache hin) kommen
sollte. Dieses Ergebnis kann auf der Basis eines rein stochasti-
schen Modells weder Vorhergeqagt noch erklédrt werden.

Man kénnte sich jetzt darauf zurilickziehen, daB fiir die Kinder-
sprache und die Erwachsenensprache eben unterschiedliche Parameter
gelten. Das ware jedoch nur eine andere Beschreibung des empi-
rischen Befundes, keine Erkldrung dafir. Gerade um solche unter-
schiedlichen Parameter zu erkl&ren, wird es unseres Erachtens
notwendig, Modellannahmen zu machen, die Uber das bloBe Wirken
eines Zufallsgenerators hinausgehen. Damit sind wir jedoch
bereits beim nachsten Punkt angelangt.

Ad. 2: Richtig ist sicher, daR in beiden Modellklassen Zu-
fallsprozesse eine grundlegende Rolle spielen. Das von uns als
"8konomisch” bezeichnete Modell verfligt jedoch nicht nur Uber
einen Zufallsgenerator, sondern dariber hinaus liber einen Se-
lektionsmechanismus, der nun gerade nicht zuf&llig selegiert,
sondern nach ganz bestimmten Prinzipien, in diesem Falle nach
dem Prinzip der Optimierung des Aufwandes flir den Benutzer der
Sprache.

Es geht dabei - wenn man den Benutzer der Sprache in den
Kalkiil miteinbezieht - tats&chlich um effektiven Aufwand, um

Kosten (im Sinne von Speicherkapazitit und Energieaufwand der
Zeichenproduktiaon].

Der Einwand, daB beide Modelle sich in ihren Vorhersage-

bzwi in ihren Erklarungsmbglichkeiten nicht unterscheiden, gilt
nicht mehr nach unseren Befunden.
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Ad 3: Der Aufwand des Benutzers der Sprache (im Sinne der
unter 2 genannten effektiven Kosten) steht - wie die Studie von
MANDELBROT (1954) gezeigt hat - in keiner linearen Beziehung zur
Entropie des verwendeten Sprachsystems. In den Extrembereichen
sehr hoher und sehr niedriger Entropie besteht ein unglinstigeres
Verh&ltnis veon Aufwand zu vermittelter Information als im Mittel-
bereich.

Im Sinne dieser Analyse besteht der Mehraufwand der Kinder-
sprache darin, daB sich die Auftretenshdufigkeiten von kurzen
und langen Wortern nicht so stark unterscheiden wie bei der
Erwachsenensprache. Anders formuliert, Kinder benltzen lange
(und damit relativ aufwendige) Worter relativ hadufiger als Er-
wachsene. Dadurch wird der Informationsgehalt dieser Worter beil

gleichbleihenden Kosten fiir den Sender reduziert.

Ad 4: Prinzipiell besteht das genannte Problem in der Tat
sehr oft, zwischen verschiedenen Modellen zu unterscheiden, die
zu gleichen oder doch &hnlichen Vorhersagen fihren. In dieser
Situation empfiehlt es sich, nach Bedingungen zu suchen, unter
denen unterschiedliche Erwartungen formuliert werden kénnen,
die zumindest eine Alternative ausschlieBen. Genau diesen Weg
haben wir in unserer Arbeit zu gehen versucht.

Das schlieBt natiirlich nicht aus, daB noch andere Alternativ-
Hypothesen gefunden werden, die unsere Ergebnisse auch erkldren
kénnen. In diesem Falle muB dann erneut nach Differenzierungs-
méglichkeiten gesucht werden. Bevor wir auf die beiden hier vor-
gelegten Alternativerkldrungen eingehen, mdchten wir noch kurz
bemerken, daB wir die Optimierung des Energieaufwandes fir die
Benutzer von Sprachen in der Tat fir so wichtig erachten, daB
wir die Annahme eines Entwicklungsprozesses, der auf diese

Optimierung abzielt, filir sehr wahrscheinlich halten.

Ad 4a: DaP die Wortbegrenzungsmarken von Anfang an stabil
sind, erscheint anhand der Beobachtung des konkreten Sprachver-
haltens von Kindern sehr wahrscheinlich. €in Kind des hier unter-
suchten Stadiums, das in der Lage ist, "Mamma Ball” zu sagen,
wird niemals "Mamm ABall" oder "Mammab All" sagen. Die Worter

sind schon sehr frith eindeutig ahgegrenzte Einheiten.
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Ad 4b: Tatsdchlich ist es so, daB in dem hier untersuchten
Stadium des Zweiwortsatzes gerade die normalerweise haufigsten
Worter nicht vorkommen, also die Artikel, Konjunktionen und
8hnliche Formwdrter. Dieser besonders flache Kurvenanteil ent-
£311t also bei unserer Sprachstichprobe. Die geduBerte Vermutung

erweist sich also als nicht stichhaltig.
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THE INFLUENCE OF DEMOGRAPHIC YARIABLES

oN LINGUISTIC PERFORMANCE*

Ora Rodrigue-Schwarzwald, Ramat Gan

Foreword

Considerable research has been devoted in recent years to the
different languages used by different social classes. There is a
wide divergence among social dialects, reminiscent at times of
the disparities among dialects of different geographic areas, but
without the differentiation of registers that one finds in the
speech of one person in different circumstances (HASAN 1973).

Tt is this area of social dialects.which will be our prime con-
cern in the present paper. We shall describe the language used
by the advantaged classes, as opposed to the disadvantaged,
taking into consideration demographic variables of age and com-
paring the language of various age-groups - children vs. older
groups.

Most of the studies examining language between advantaged and
disadvantaged children were based on an analysis of vocabulary
and syntactic structures (BALGUR 1974, BERNSTEIN 1971, CAIS 1977,
LAWTON 1968, MINKOVITZ 1969, NIR 1974, STAHL 1977). Very little
work has been done in connection with the morpholegical and pho-
nological aspects of grammar. While some studies in developmental
psychology have dealt with the phonetic side of acguiring an
inventory of phonemes as manifested in different social groups
(IRWIN 1948, TEMPLIN 1957), none has extended to general descrip-
tions of these phenomena. Moreover, many of the descriptions
have been limited to written language, without reference to

spoken, uttered language. Insofar as they dealt with spoken
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language, this was purely for the sake of syntactic and lexical
analysis. The study described in the present paper includes a
linguistic analysis from the standpoint of phonology and morpho-
logy, based on utterances of advantaged and disadvantaged stu-
dents of various ages as they read out lists of sentences. Its
vantage point has been linguistic rather than educational or
sociological (cf. papers by CAIS 1977, DAVIS 1978, STAHL 1877),
its many implications for these areas notwithstanding.

Much has been written about the differences hetween the lan-
guage of the advantaged and the disadvantaged with respect to
syntax and vocabulary. The present study will not try to deter-
mine whether the language of the disadvantaged is inferior or
the language of the advantaged superior (BEREITER 1965) nor will
it concern itself with the position whereby each of the two is
a separate entity which cannot be compared with the other so that
there can be no question of preference or superiority of one over
the other (LABOV 1970). Whatever the vantage point, it is clear
that the two languages - of the advantaged and the disadvantaged -
do differ. Our study too revealed differences and we shall ela-
borate on these below. For lack of any other criteria, we have
resorted to the accepted morphological standards and have used
them as a yardstick for determining the degree of deviation in
each of the two populations. Without studying each of the lan-
guages separately, we compared the two, using a single tool for
our comparison. This is not to say that we have shown a prefe-
rence for the linguistic norm which we chose to use. We shall try
to explain the derivation of the differences and to characterize

the deviations.

The study focused on an examination of the verb - a closed,

A
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structured morphological category. We have examined the following
questions:

a) wWhat is the difference between the advantaged and the
disadvantaged populations in the performance of verbs?

b) What are the differences between the performance of un-
common and common verbs?

c) Are there any differences among age-groups in the perfor-
mance of verhs?

The study assumed differences between the populations and
petween the performance of common and uncommon verbs. It yill be
seen that the performance of both populations is better in the
case of the common verbs than the qncommnn ones and the dis-
parity in the perfaormance of the two populations is smaller in
the case of the common verbs than the uncommon ones. Further-
more, the number of errors will be seen to decrease with aée.
i.e., the youngem subjects will commit more errors than the

older ones.

Description of the Study

Three hundred and twenty suhjects took part in the study,
taken from both populations, with four age-groups from each:
10-11, 13-14, 17-18 and 20+ . The two populations were advan-
taged and disadvantaged. The samplings of the advantaged popu-
lation were chosen from among fifth and eighth graders in ad-
vantaged schools (as defined by the Ministry of Education),
twelfth graders from regular high schools and university stu-
dents. The sample groups of the disadvantaged population were
taken from among fifth and eighth graders at disadvantaged schoals

(as defined by the Ministry of Education), working youths who

study one day a week in a school for apprentices (aged 17-18)
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and students in adult education classes at night school, in the

process of completing their elementary or high school education

(aged 20+ ). There was a total of eight BrOUps, each consisting

of forty subjects. Two lists of 120 sentences were drawn up for

the purposes of the study and each student was asked to read one

of the lists out loud. He was told that the aim of the study was

to verify whether partially vocalized texts facilitate reading1.

The reading was recorded on tape. Half of the subjects in each

group read one list and half read the other. The sentences were

brief, consisting of 3-4 words. Each contained a Hebrew.verb

conjugated in the third person singular past, present or future.

All of the words in the sentences were partially vocalized, so as

to facilitate their identification.

As we have stated, we limited our study to the verhs. In order

\ , . . 2h |
to examine the Spirantization rule® in Modern Hebrew, we chose

only those verbs which lend themselves to spirantization. Namely,

we selected from the Hebrew dictionaries all the verbs which in-

clude orthographic <p>, <b> or <k> as first and/or second radi-

cal. These amount to 3635 verbs, multipled by the three tenses

to a total of 10,905 verbal forms. Three hundred and thirty-four

verbs were common (with a frequency of no less than 5 in a random

sampling of 200,000 words). The other 3301 verbs were uncommon.

This ratio of common (10%) and uncommon (30%) verbs was retained

in the construction of the lists. Twenty-four verbs out of the

240 verhs (12 in each list) were common ;

216 verbs were uncommon3

There were 124 verbs with first radical <p, b, k> and 134 verbs

with second radical <p, b, k>4. Seventy-four verbs occured in the

past tense, B3 in the present, and 83 in the future tense. The

common verbs were randomly scattered among the uncommon verbs.
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The other words in the sentences were designed only to provide
the context for the verbs and they were selected in keeping with
the content of the given wverh,

It will be recalled that most of the verbs were uncommon and
that only the essential wvocalization was added to them. This
rendered the linguistic stimulus somewhat vague since, although
the letters are familiar and the relevant vocalization is pro-
vided, the word is not part of the vocabulary of most of the
speakers and its meaning is therefore not familiar to them. A
speaker who has been exposed to vague linguistic stimuli is
bound to try to clarify them; i.e., to shape them in accordance
with those inner linguistic processes which he possesses.” He
will apply the linguistic rules and the vocabulary at his dis-
posal in order to minimize the vagueness of the stimuli. Thus
his performance will shed light on his linguistic sets. The per-
formance of the uncommon vs. the common elements, in which the
linguistic stimulus is assumed to be more familiar, will be

described below.

Methodological problems

The act of reading out loud is an artificial form of speech.
Free conversation is more conducive to revealing the natural
phonological and morphological phenomena of language. The draw-
back of free conversation is its very randomness. The researcher
has no control over the utterances. While he may be able to exer-
cise some control over the content of the conversation, the
researcher has no way of ensuring the subjects' use of those
grammatical forms which he wishes to examine and describe. General
phonetic and other random grammatical phenomena can be described

on the hasis of free conversation but they are not controlled by
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the researcher. Qur study was controlled in the sense that it
examined the verbal aspect. The researcher exerted control over
the data by virtue of the fact that each subject was reguired
to use the verbs on his list of sentences. The errors in these
verbs do not detract from the validity of the test, since such
errors are just as apt to occur in free speech.

A test based on reading may be said to have another drawback.
One might argue that the experiment tests reading ability rather
than linguistic performance. A gap between age-groups might

| therefore be attributed to the fact that the younger subjects
do not yet read well while the older ones are proficient at
reading. The same may be said of the difference between the ad-
vantaged and the disadvantaged pgpulations. Here too the gap is

due to a disparity in reading ability and not in language

The advantaged read well whereas the disadvantaged do not. This
argument is not entirely well-founded either. First, the sub-
jects in the study were fifth graders long past the age at which
children first learn to read. Secondly, all of the subjects cho-
sen for th experiment - including those of the disadvantaged
population - were proficient readers, capable of forming letters
into units of meaning. Third, insofar as the experiment tested
reading, it did so to the same extent for both the advantaged and
the disadvantaged populations, bearing in mind that 80% of the
verbs wers uncommon. Furthermore, the pronounciation revealed
clear morphological and phonological tendencies. There were very
few complaints about explicit difficulties in reading and these
few occurred to almost the same extent in all of the groups.

The conditions of the experiment were artificial in another
respect as well. The subjects were forewarned that they might not

understand some of the words they would be reading. Such a
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situation is reminiscent of an exam and may give rise to some
nervousness which, in turn, is liable to affect performance. Since
this factor was shared by all of the subjects, its influence was
uniform and may be ignored. Moreover, although it is well-known
that there is an influence of the exam situation on its results,
I doubt if there is conclusive evidence concerning the dependence
between population class and anxiety level on exams. Furthermore,
in this study the experiments explained that this was not an exam,
aﬁd that the results would be given only to the investigators.
Another problem which needs consideration bears upon generali-
zation. Can the findings be replicated if one applies different
language material, or samples other subjects from the same popu-
lation? In reference to this issue it should be emphasized that
similar significant results were obtained in other linguistic
studies on independent grounds (SCHWARZWALD 1978a, 1978c). Exam-
ples drawn fram free conversation as well as planned techniques
demonstrated the same linguistic phenomena discussed below. Se-
condly, one must keep in mind that in the present study two in-
dependent lists were read by different subjects, and in spite of
that, similar results were found. This can be seen as a double-

cross validation which enhances the validilty of our study.

Findings

The recordings were analysed and the results were drawn up in
writing. This analysis set out to determine whether there was any
deviation from the performance regarded as normative. Normative
performance is the formal pronunciation and morphophonemic forma-
tion considered correct by the Hebrew Language Academy and taught
in grammar lessons at Israeli schools.

The average errors in each graup are given in table 1.




- 180 - - 181 -

Tahle 1: Average errors in common and uncommon verhs by age
Table 3: Analysis of variance for the numbher of errors with

. 7
and population class repeated measures on common and uncommon verbs.

Source Ss daf MS F
Age
Between subjects
Verb type Population 10-11 13-14 17-18 20 Age (R) 161.16 3 53.72 14.77
Population class (B) 772.21 1 772,21 212.31
Gommon Advantaged 1.18 0.90 1.10 0.55 AxB 6.95 3 3.32 <1.00
Disadvantaged 3.30 | 3.32 | 2.38 | 2.32 Subjects within groups | 1134.82 | 312 3.64
advantaged 4.38 3.50 2.58 2.50 Within subjects
Uncommon
Disadvantaged 6.45 6.05 5.85 4.58 Verb type (C) 1084.21 1 1084.21 549.84
AxcC 23.99 3 7.99 4.05
BxC 14.10 1 14.10 7.15
. AxBxC 26.99 3 8.99 4.56
The errors were also calculated in terms of percentages for each
C x subjects within 615.22 312 1.92
group of verbs, common vs. uncommon, in each age-group and in groups

each type of population (Table 2).
Several conclusions emerge from the results presented in these

Table 2: Average percentage of errors in common and uncommon =5 BT

verbs by age and type of population. a) The incidence of errors in the uncommon verbs (M=37,4%) is

Average by| Average by significantly higher (F (1,312)=549.84, p<.001) than that of the
Age Population Verbs

common verbs (M=15.7%).
verb type | Population i0-11 13-14 17-18 20

i b) The disparity among age groups is also significant [F (3,312)

cormion Advantaged 9.8 7.5 9.2 4.6 7.8 ' SoGl 14.77,p<.001]. As the age increases, the average of errors de-

Disadvantaged | 27.5 27.7 19.8 19.4 23.6

creases. The highest incidence of errors occurs among the fifth

Uncommon Bdvantaged 3.5 29.2 2.5 2.8 R 37.4 graders (M=31.9%), declining steadily and reaching its lowest

Disadvantaged | 53.8 50.4 48.8 38.1 47.8

point at the age of 20+ (average 20,7%).

Overall Average by Age [31.9 28.7 24.8 20.7 ¢) The difference between populations is significant [F (1,312)

=212.31, p<.0011, with that of the disadvantaged population

A three-way analysis of variance with repeated measures of the (M=23.6% for the common and 47.8% for the uncommon verbs) being
dependent variables was then conducted. The results are presen-

higher than that of the advantaged population (7,8% average for
ted in Table 3.

the common and 27.0% for the uncommon verbs.)

d) There is a significant three-way interaction between common
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and uncommon verbs, age groups, and population types [F(3,12)=
4,46, p<.01] . It is attributable to both of the factors enumera-
ted below.

e) There is a significant interaction between the common and
the uncommon verbs and between population types [F(1,312)=7.15,
p<.001], owing to the fact that the discrepancy between disad-
vantaged and advantaged populations is higher for the uncommon
than for the common verbs (see Fig. 1). The discrepancy is smaller
for the common verbs (average discrepancy of 15.8%) than for the
uncommon ones (average discrepancy of 20.8%). The interaction al-
so results from the differences between the very similar averages
of the advantaged population (ranging from 9.8% to 4.6%) for the
common verhs, versus the gradua1 decreases of averages (ranging
from 36.5% to 20.8%) for the uncommon verbs. The disadvantaged
population shows constant decrease of errors in both types of
verbs (ranging from 27.5% to 19.4% for the commaon verbs and 53.8%
to 38.1% for the uncommon verbs), although the rate of decrease
varies among the age groups.

f) There is also some interaction between verb types and age-
groups [F(1,312)=4.05, p<.01], deriving from the fact that the
average of errors in the uncommon verbs gradually declines with
age (see Fig. 1 and the discussion below) while the average of
errors for the common verbs in the advantaged group increases (M=
9.2%) in the twelfth grade after declining in the eighth (M=7.5%)
and declines once again at the age of 20 + (M=4.6%). In the dis-
advantaged population, on the other hand, the incidence or errors
declines significantly at the age of 17-18 (from M=27.5%, 27.7%
to M=19.8%).

Discuasion
Ltk kol
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Fig.1. Average percentage of errors in common and
uncommon verbs by age and type of population

The above findings support the assumptions of the study: less
errors in morphophonemic performance of common verbs than of
uncommon ones for both populations; differences between the two
populaticns, with a higher incidence of errors in the disadvan-
taged than in the advantaged population; differences among age
groups, with the fifth graders accounting for the highest inci-
dence of errors and the adults for the lowest.

Every child is born with the ability to generate language by

constructing the rules of grammar. The child has some inner,
general conceptions about language. When he encounters data from
a language he is able to formalize the rules and generate the
correct sentences of the language. The mistakes he commits are

a result of a false generalization regarding the rules of grammar.

After facing new data, he re-constructs the rules and generates
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the sentences properly (CHOMSKY 19649, CHOMSKY 1965, CHOMSKY &
HALLE 1968). The child is capable of generating an enormous va-
riety of sounds and syllables; yet being exposed to a limited
number of phones in his language, he learns to use only these.
Some of the universal, innate concepts of language are extinct
due to a lack of active use.

Any child masters the spoken language before he gets to ele-
mentary school. He needs no study of all the basic rules of the
language. The task of the language teacher is mainly a stylistic
one. He exposes the students to other possible syntactic struc-
tures, morphemes, and words, and thus he enables them to enlarge
their generative ability. Therefore the more educated the spea-
ker the wider his language confrol.

The linguistic difference between an advantagsd and a dis-
advantaged population is due to differences in education. Both
groups start elementary school at unmatched levels. The advantaged
child often hears formal and educated language at home. He is
exposed to books, and his vocabulary is larger than that of the
disadvantaged child (BALGUR 1974, LAWTON 1968). The latter is not
so frequently talked to: in the main, the only utterances he hears
are brief commands, and the vocabulary which he hears is very
poor (STAHL 1977). With students at such varied levels, the lan-
guage teacher has entirely different tasks for each populetion.
With the advanced population he can broaden the linguistic know-
ledge which already exists in the students. With the disadvantaged
population he must first of all teach the basic rules of grammar
and try to widen the students’ vocabulary.

This problem is especially acute in Israel. Hebrew is the

official language spoken in Israel; however, many of the speakers

are of a foreign origin, so that even advantaged chilren may hear
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wrong forms of Hebrew at home.‘Moreover, the norms for the pre-
sent grammar are anchored in the past, especially in the morpho-
phonemics of Bibhlical Hebrew. The students learn the basic mor-
phophonemic rules of the old language, and this of course does
not necessarily reflect their own language.

Therefore there are two issues in language competence: aone
has its sources in the general difference between the populations,
the other derives from the special state of Hebrew, which has not
yet acquired new norms.

The performance shown in the results presented in this paper
strongly reflects these issues, particularly because the mis-
takes were measured according to the grammatical norms taught in
schools. There is no doubt that the ability to generate the rules
for the obscure verbs increases with education. Many of the rules
required for the formation of the verbs are not internalized in
early childhood. They need much practice befure they are mastered
by those who complete a formal education. The number of mistakes
prove this point. The disadvantaged students acquire less rules;
therefore, their rate of errors is high. Furthermore, the size
of the vocabulary plays an important role in the morphophonemic
perfaormance. The advantaged population masters a larger vocabu-
lary, including verbs. The advantaged have already been exposed
to many verbs in various verbal patterns, and therefore they
generate the forms better. Contrarily, the disadvantaged, whose
vocabulary is very poor and do not use many verbal patterns,
commit very many normative mistakes. It is worth noting that ad-
vanced students of the third and fourth age groups (17-18 and
20+ years old) make almost the same rate of mistakes in the

uncommon verbs as do their disadvantaged mates in the caomman verbs.




= 186 =

verhs having deviant and unusual marphalogical conjugations

(e.g., [hofia, mexin] 'appeared, prepare’') (of the weak verh
category), their formation was readily mastered by virtue of
their frequency. The uncommon forms were not familiar to the
speakers, who used varicus ways of clarifying the vague stimuli
at their disposal. The average of errors, even for the uncommon
verbs was less than 50%. In other words, there was a tendency

to pronounce them according to normative rules, but the impact
of knowledge and learning was evident. The incidence of errors
was lower in the advantaged population with its greater exposure
to a large vocabulary and to formal learning of the rules of
grammar, than in the disadvantaged group, but was still relative-
ly high. The average incidencg of errors in the performance of
uncommon verbs in the advantaged groups was even higher than the
average of errors in the performance of the common verbs by

the disadvantaged groups.

The disparity between the advantaged and the disadvantaged
populations was manifested in the performance of both types of
verbs but, as we have seen, it ‘was smaller in the case of the
common verbs. The maximal disparity in the case of the common
verbs was found at the eighth grade level (M=7.5% vs. 27.7%;
i.e., a disparity of 20.2%) and the minimal disparity was found
in the 17-18 age-group (M=9.2% vs. 19.8%; i.e., a disparity of
10.6%). On the other hand, the maximal disparity in the case of un-
common verbs was found in the 17-18 age-group (M=21.5% vs. 48.8%;
i.e., a disparity of 27.3%) and the minimal disparity occurred
among the fifth graders (M=36.5% vs. 53.8%; 1l.e., a disparity of
17.3%). This is a significant difference. The common verbs were
familiar to all the subjects, for which reason the incidence of

errors was low in Both populations. The uncommon verhs were un-

familiar and it was here that the disparity between the two popu-
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It is worth noting that errors occurred in the morphophonemic
performance of both the common and the uncomman verhs in all of
the groups. While the incidence of errors in the common verbs was
low, there were nonetheless some common verbs with a relatively
high incidence of errors; namely, [yizaxer] 'will be recalled’,
[yimaxer] 'will be sold’, [yexave] 'will be hidden’. It is no
mere coincidence that all three of these verbs are in the nifSal
conjugation, future tense. While all three - [nizkar, nimkar and
nexba] -’was recalled, sold, hidden’ are common verbs, their
usage has not been examined in all tenses. They are mcre frequent-
ly used in the basic forms (past and present tenses) than in the
future tense, which involves forms that are less common. Moreover,
other examinations conducted as part of our study revealed that,
on the whole, performance of the future tense was poorer than
that of the past and present tenses. It was also found indepen-
dently that the future is less frequently used, which accounts
for the rather high incidence of errors in these verbs in all of
the groups in the study. A very high incidence of errors (appro-
ximately 50%) occurred in the disadvantaged population in the
case of the verbs [yitbal] 'will drown' and [yacape] 'will expect'
as well, both of them in the future tense. The verb [yitba] was
most often pronounced [yitva], by analogy with the past and pre-
sent forms [tava, toveal. The performance of [yacape] involved
changes of conjugation, primarily to the kal conjugation (i.e.,
[yicpe]) or a spirantization, of the stop [yacafe]. It would
appear that this word is not in common use among the disadvan-
taged, possibly because of its somewhat abstract meaning.

There was a low average of errors in the common verbs because

of their familiarity and frequent occurrence. Even in the case of

e
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lations was mast marked. In the case of the common verbs, the ave-
rage of errars was very low in the advantaged population. The dif-
ferences among the various age-groups in this population were very
slight and insignificant. In the disadvantaged population, there
was an immaterial difference in performance between the fifth and
the eighth graders and between the 17-18 and 20 age-groups. The

marked decline in the number of errors occurred between the ages
of 13-14 and 17-18.

A different pattern was found to exist in the case of the un-
commaon verhs. The decline in the incidence of errors in the ad-
vantaged population occurred until the age of 17-18. There was
almost no difference between the 17-18 age-group and the 20 +
group in the perFormance.oF uncommon verhs, whereas in the dis-
advantaged population the decline in the incidence of errors was
very slight until the age of 17-18, increasing only between the
ages of 17-18 and 20+ (see Fig. 1). It is worth noting that the
disparity between the 10-11 age-group and the 20+ group was the
same for both populations (M=36.5% vs. 20.8% in the advantaged
population and 53.8% vs. 3B.1% in the disadvantaged population;
i.e., a disparity of 15.7% in hoth.)

The decline in the incidence of errors in uncommon verbs in
the advantaged population may be attributed to the following
factors: the students acquire a formal education and an extensive
knowledge of grammar until the twelfth grade of high school. They
acquire a large vocabulary and are aware of the formal and norma-
tive rules, so that they commit progressively fewer errors until
the age of 17-18. This incidence then remains stable and is not
significantly different at the age of 20+, unlike the case in
the disadvantaged population where the vocabulary of the subjects

didlnot increase to the same extent. Namely, in the case of the

r
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disadvantaged population, most of the uncomman words remained

vague at a later age. One must bear in mind that the subjects
as

in tHe 17-18 age-group were working youths, enrolled in programs

of compulsory schooling one day a week. They had not made a free

choice to study any of the subjects being taught in the program,

including language and grammar and that accounts for the high

incidence of errors. This situation changes at the age of 20+,

as youths who had previously dropped out of school for various

reasons resume their studies in an attempt to complete their

. i d
education. In a process centered on self-learning, they expan

their vocabulary and acquire a somewhat greater knowledge of

formal grammar, SO that the incidence of errors in their per-
formance declines. Nonetheless, the incidence of errors in the
20+ group of the disadvantaged population remains slightly higher

than that of the fifth graders in the advantaged population - a

noteworthy result.

As stated above, there were no significant differences among
the age groups in the advantaged population performing the
common verbs. In the disadvantaged group too the improved per-
formance of common verbs occurred at the age of 17-18, in con-
trast to the pattern for the uncommon verbs. These results appa-
rently reflect the poor reading ability of the fifth and eighth
graders in this population, which is manifested in the case of
the uncommon verbs as well. However, while a knowledge of grammar
is of no help in the performance of uncomman verbs by the 17-18
group, the performance of tﬂe common verbs is more correct by

virtue of their familiarity.

Linguistic Phenomena Revealed in the Study

Both the numerical results and the graph reveal several in-

teresting points with respect to the differences among popula-
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tions, among verhs and among age-graups., Also worth noting are

the types of errors and the manner of their occurrence in the
subjects' performance. In the present section, we shall focus
on some of the findings which emerge from the examination of
the performance of verbs, so as to learn more about their use

in practice:

A. Phonology:

1. Verbs containing pharyngeal and guttural consonants acted
as weak verbsa. indicating that the consonants [h ?4] have he-
come weaker. On the other hand, verhbs containing the letters
<?> [?] or <k> [k,x] were treated entirely as pharyngeai verbs)
e.g., [macbia] instead of of [machi] 'recruit', [maxalim] instead
of [maxlim] 'insult'. The guttural sounds of modern Hebrew have
been weakened. The confusion ;n the performance of these sounds
may be attributed to a growing ambiguity with regard to the ex-
plicit phonetic conditions required for observamce of the rules
of pharyngeal pronunciatian.

2. There was a difference between the first and the second
radicals in the application of the spirantization rule (SCHWARZ-
WALD 1978b), the first being more productive than the second.

In the first radical, it was pronounced as a stop word initially
and in the-hitga‘el conjugation, while in all of the remaining
cases it was a fricative. In the second radical, it was generally
performed as a stop. lts pronunciation as a fricative was most
often found in the kal conjugation (past and present), in deno-
minative verbs and in verbs whose third radical is fricative.

3. There were many instances of metatheses. In metathesis,
there is a transposition of the consonants in the verb., The pre-

valent tendency was to replace an uncommon verb with a common

one; e.g., [?uépar] 'was finished' became [?uféar] 'was made
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possible’ and [nivlas] 'was investigated' hecame [nilbas] 'was
worn' .

4. In some conjugations of the verh (present kal and future

niffal conjugations and all tenses of the pifel and the hitpaSel),

the vowel of the second radical sometimes hecame [a] or [3]
rather than [e] - a morphophonemic tendency which merits special
attention. It could be explained in two ways: a. The influence
of other forms, since the vowel of the second radical is [a] in
the other conjugation, or b. perhaps the vowel of the second
radical throughout the verbal system is a mid-central vowel /3/
and all its actualizations are phonetically close, namely,' [2].
[al, or [e]l. This tendency requires separate study in free
conversation.

5. From the standpoint of phonetics, both assimilation and
dissimilation were found to occur, depending on the circumstances:
in guadrilateral and geminate verbs, the identical consonants
were performed in the same manner (both as fricatives or bath as
stops). On the other hand, in homorganic roots, in which the
first and second radicals are the same, there was a tendency
towards dissimilation: consonants were replaced with other con-
sonants or else their phonetic gquality as stops or fricatives

was altered.

B. Morphology:

1. The incidence of errors in verbs conjugated in the passive
conjugation was higher than'in the different types of active
conjugations (SCHWARZWALD 1978¢). This finding reinforces the
observation whereby the uses of the passive are less common,
which in turn accounts for their lower frequency and the higher

incidence of errors in their performance (cf. LAWTON 1968: 109,
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BERNSTEIN 1971: 118).

2. 0f all the tenses, the future was marked by the highest in-
cidence of errors. As argued above, the future tense is less of-
ten used. The incidence of errors in its use may, however, also
he due to its spelling. The spelling <ypSl> is typical of five
different conjugations (yifSal, yipaSel, yafacel. y;¥u‘a1,
yuféal). The partial vocalization notwithstanding, a certain
amount of confusion occurred with respect to these different
forms.

3. There were many instances of conjugations being inter-
changed, especially when the given spelling may be accored se-
veral meanings, in spite of the partial vocalization. The pre-
valent tendency was to replace & less common verhal conjugation
with a more_ common one of the same root. There were relatively

few replacements of the hitpaSel and hif%il, since the spelling

of these is unegquivocal. The niffal and the hitpaSel were inter-
changed on several occasions, perhaps because of their semantic
affinity as conjugations which express reflexiveness and reci-
procity.

4. There were some instances of weak verbs being interchanged;
i.e., a verb in one weak pattern behaves as though it belongs to
a different weak verh pattern. This is consistent with other
findings (SCHWARZWALD 1878a) of the interchange of patterns.
Especially interesting is the fact that replacements were found
to occur in other weak verb patterns as well.

These findings appeared in the speech of all subjects in the
experiment, occurring with greater frequency in the disadvantaged

population with its smaller vocabulary and its lack of exposure

to the standardized formal learning of grammatical rules. The
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phenomena observed here are general ones which alsg figure in the

subjects’' free conversation.

Summary

In our study, we found significant differences between the
types of verbs (common and uncommon), types of population (ad-
vantaged and disadvantaged) and age-groups (from fifth graders
tq adults). The demographic variahles of age and social status
influence the speaker's linguistic performance, not directly hut
as a by-product of the learning factors. The younger speakers
were less conscious of the formal grammatical rules of the
language, which accounts for the higher incidence of errors in
their speech. The adults are exposed to these rules, for which
reason the incidence of errors in their case declines steadily.
The differences between the advantaged and the disadvantaged po-
pulations are also attributable to the influence of schooling.
The disadvantaged do not complete their formal linguistic edu-
cation and have a high incidence of errors, while in the case of
the advantaged population, which continues to study, the inci-
dence of errors declines.

The types of errors appear to indicate that the most conspi-

cuous linguistic tendency manifested here is that of simplifi-

cation., The term simplification is used in its linguistic meaning.
On the one hand, simplification is the process of changing gram-
matical, marked forms into unmarked and simple ones hy means of
analogy, e.g., morphological attraction, paradigmatic regularity
or lexical resemblance (BLOOMPIELD 1933, de SAUSSURE 1853, KING
1969). On the other hand, simplification is referred to in con-

nection with enonomy and generality: the more economy involved
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in the morphophonemio system, in its feature system, phonemic

inventory or in the rules, the more simplification takes place.

i f
Furthermore, the more the speaker can generalize the rules ©

grammar, the simpler the grammar is (HARMS 19868, HYMAN 1975).

.y ; : -
A1l the linguistic phenomena described above prominently exhibi

g
i in i . ga-
the realization of simplification 1n its two senses The sp

kers simplify the rather vague stimuli at their disposal and

transform them into simpler ones from the standpoint of their

h
phonetic and morphological structure and common ones from the

standpoint of usage. This process is especially marked in the

Thus, we find that while

case of the disadvantaged population.

the high incidence of errors in the disadvantaged group does

point to deviations from the formal norm, it also indicates a

i - ich is
tendency towards simplification in the processes one whic

inherent to language itself.
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Footnotes

* This study was sponsored in part by the Israel Commission for
Basic Research and the Research Department of Har Ilan University.
A preliminary version of the paper was read at the Seventh World

Congress of Jewish Studies in Jerusalem, in August 1977.

Hebrew spelling is predominantly conscnantal. There are several
vowel letters hut they do not provide all variations of the va-
wels. These are provided hy the additional vocalization signs
benegath and above the letters.

2 The rule which alters the stops k, b, p into fricatives x, v,

f, respectively, under certain circumstances.

3 They were sampled at random.

4 The sum of 124+134 does not equal 240 because some verbhs in-

cluded both first and second radical <p, b, k>.

2 This is in fact a general psychological phenomenon related to

the manner of grasping and responding to a vague stimulus. Ror-

schach inkhlots are an example of this.

6 It is worth adding here that half of the experimenters res-
ponsible for recording the subjects were of Sephardic origin and
half of Ashkenazi origin, and that all worked with subjects from
both populations. The origin of the person in charge of the re-

cording had no bearing on the subjects' scores.

g In order to make the comparison possible, the number of average

errors for each subject was devided by 9 for the uncommon verhbs,

since the number of the common and uncommon verbs was not equal.

Verbs with wy? or a historical initial § are conjugated some-
what differently than the strong verbs, which retain all of the
radical consonants in all parts of the conjugation.

d Detailed discussion of the processes and their impact on lin-

guistic performance will be included in my book, Form and Forma-
tion in the Hebrew Verh.

e —— g
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BIBLIOGRAPHY OF QUANTITATIVE LINGUISTICS IN POLAND

Irena Kaminhska, Wroc#aw

This bibliography, which extends up to 1977, includes
work which has been published by Polish authors inside and
outside Poland, as well as works of foreign authors which
appeared in Poland. It contains only publications on Lingu-
istics in which theory of probability or mathematical stat-
istics were used. We have not included publications in which
merely numerical data about isolated linguistic elements are
found. An exception to this is a small number of works of an

innovative nature.
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