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Second Language, Metaphor and Idiom Comprehension 

perceived pieces of infoanation are not integrated within the reader's mind? 
Conventional factorial modeling does not allow a rejectable test of such a 
conclusion (for more details, see Wolf and Walters, 1988). 

With regard to prevailing 'interactive' approaches (Anderson, 1981; Kintsch, 
1988; Kintsch and van Dijk, 1978; Laberge and Samuels, 1974; Lesgold and 
Perfetti, 1981; Rumelllart, 1977; Rumelhart, McClelland and the PDPResearch 
Group, 1986), a potentially clear distinction can be drawn between an attempt 
to account for the mechanism of language use and an attempt to induce the rules 
that govem processing. The former case provides a mechanism for a dynamic 
and detailed description of the way infonnation is processed, like design speci­
fications on an electrical circuit board. lt is not a coincidence that such models 
go hand in hand with neural research into processing. In a rules-induction 
approach to processing, the interest is in formal specification of the nature of the 
process. 

Our choice between these two alternatives was motivated by an apparent need 
in the field of SL comprehension to identify focal cognitive units which may play 
a role in that process. Information Integration Theory (Anderson, 1981) seems 
to fill this need. Information Integration Theory (IIT) is based on the assumption 
that ".,..an thought and behavior has multiple causes, being integrated resultants 
of multiple sources of sti.mulus information" (Anderson, 1981:4). 

IlT has been applied to a nwnber of problems in psycholinguistics (e.g., Ander­
son, 1981; Greuneich, 1982; Leon, 1982; Oden and Anderson 1974; Oden 1977, 
1978; Walters and Wolf, 1988; Wolf, Walters, and Holzman, 1989). Much of this 
psycholinguistic research with IIT has attempted to examine the relationshlp 
between various parts of sentences. One study in particular has shown how 
different pieces of semantic infonnation can be integrated into a single judgment 
(see Oden and Anderson, 1974). 

Tue paradigm presents the reader with sentences, each of whlch contains a 
combination of a particular level of one source of infonnation with a particular 
level of a second source. The reader responds to these sentences consecutively 
on a rating scale. The complete design is factorial, i.e. it includes all combinations 
of the levels of each source of infonnation. The data are submitted to both 
de criptive and inferential statistical analyses in an attempt to clarify the impor­
tance assigned during the SL comprebension process to the different pieces of 
infoanation and the rule of integration which relates these weighted percepts to 
each other. 
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The stimulus information experimented with has generally included different 
bi-factorial combinations of a person's sociableness, interestingness, trustful­
ness, dependableness, gregariousness and pleasantness (Oden and Anderson, 
1974 ). lt has also included work on the integration of intentions with consequen­
ces and regrets (Grueneich, 1982; Leon, 1982); relative truthfulness of premises 
mvolving category membersbip (Oden, 1977); and relative sensibleness of the 
readings of ambiguous sentences (Oden, 1978). 

The results from studies conducted within the IlT paradigm points to the 
multifaceted nature of the processes under investigation. Regarding the type of 
integration rule, multiplicative rules have been documented in experimentS on 
attribution and person perception, wbile additivity was the finding in studies 
involving sensibleness evaluation. 

Functional Measurement (FM), the methodological counterpart of IlT, is intro­
duced by Anderson (1981:12) as a reversal of ITaditional practice, making 
"measurement theory an organic component of substantive investigation." Ac­
cording to the guidelines of functional measurement, the measures and sampling 
procedures are valid only if the observed functions follow a predictable ITend 
wbich can be fonnulated in algebraic terrns. An example ofFM is presented here 
for illustrative purposes. 

In Oden and Anderson (1974) subjects were shown sentences whlch factorially 
manipulated agent-verb and verb-recipient constraints. One of the target senteu­
ce.s read as follows: 'Mr. Xis very sociable; how likely is it that he will socialize 
with very sociable people?' Tue sentence here consists of two sources of 
infonnation, one about the agent and one regarding the recipient. Four levels of 
each source of information yielded a total of 16 trial sentences. For each trial a 
different combination of agent and recipient infonnation was presented, the 
subject making judgments of likelihood on a 20-point rating scale. The example 
above is expected to elicit a high likelihood of sociableness. The following 
sentence, whlch contains a weak complex of infonnation, ought to elicit a low 
likclihood: 'Mr. Xis very unsociable; how likely is it that he will socialize With 
very unsociable people?' A third trial from among the 16 included a high level 
of agent sociableness along with a low level of recipient sociableness, as follows: 
'Mr. Xis very sociable; how likely is it that he will socialize with very unsociable 
people?' In a trial of this sort, if the subject takes into account the sociableness 
ofboth agent and recipient infonnation ( as he did in Oden and Anderson 's study ), 
he gives a likelihood rating somewhere in the middle of the rating scale. 
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The entire sct of trials was composed of all the factorial combinations of 
agent-verb and verb-recipient information, as follows: 'Mr. X is very sociable 
(or moderately sociable, moderately unsociable, very unsociable); how likely is 
it that he will socialize with very sociable (or moderately sociable, moderately 
unsociable, very unsociable) people? The agent-verb constraint in this sentence 
is represented by the noun-adjective combination (Mr. Xis very sociable, etc.) 
and the verb (socialize), while the verb-recipient constraint is based on a 
combination of the same verb and thti adjective-noun complex describing a 
second cbaracter (very sociable people, etc.). 

The graph in Figure 3.1, taken from Oden and Anderson's (1974) findings, 
illustrates the different kinds questions FM is capable of handling. 

very un mod III a11e & mod very quite dis somewhal ds a11e &mod very 

SOCIABLENESS OF AGENT TRlBI'FULNESS OF AGENT 

Figure 3.1. Mean judgements of likelihood that agent will socialize with 

recipient{from Oden and Anderson, 1974:140). 

A survey of the slope of the curves in Figure 3.1 from the lower-left to the 
upper-right-hand comer of the graphs reflects the impact of the 'recipient' 
inforniation, while the distances between the various curves indicates the impact 
of the 'agent' information. The fan-shaped pattem in the left panel represents a 
differential weighting valuation strategy. A Jeft to right survey of the curves 
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indicates that, for any Jevel of agent sociableness, the distance of mean judged 
likelihood related to the corresponding level of recipient sociableness is greater. 
'Jbus, the i.ncrease in judged likelihood as a function of both agent and recipient 
inf ormation is greater than the simple summation of them. 

FM is proposed as a possible technique for examining questions about compre­
hension processes in a second language and other situations of partial linguistic 
uncertainty such as understanding of metaphors and idioms. Application of FM 
requires consttuction of SL sentences or texts such that both PL and SL infor­
mation can be manipulated. In this manner, the general question to be addressed 
is whether PL information is integrated with SL information during the SL 
comprehension process? 
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to the task and was excluded from the sample. The target sentence, including
four levels of topic and four levels of vehicle information, was as follows: "The
love between (man and woman/father and son/brother and sister/boyfriend and
girlfriend) is as strong as (death/illness/a wound/a scratch).'' The four form.er
alternative social pairings represent different levels of an abstract topic, which
is the strength of the emotional bond, while the latter four vehicle terms portray
analogs of the strength of the topic. These tenns were combined in a complete,
4 X 4 = 16, factorial design. Subjects were asked to rate the strength of the love
expressed in the simile. The procedures, including the warm-up routines, the
rating scale and all other related aspects, were identical to those in Experiment
1.

Results and Discussion
Due to the homogeneity of the individual ratings, the data from all 9 subjects
were pooled and are presented in Figure 5.2.

Figure 5.2. 

20 

___ • man&'Mlfflan

__/ • ·--· falher & son

._,/_ brolher & sfsler 

·--�--""''"' '''"""'
• --• TO�IC 

scralch Y«>llld illness dealh 
VEHICLE 

Mean ratings of strength of love as a function of vehiclc and topic 

infonnation in 9 native speakers of Hebrew. 

Tue overall picture here is similar to the one observed in the previous experimenl
(see Figure 5.1). Vebicle and topic information were both relied upon, as can be
seen by the slope of the curves and the distance between them, respectively, both

52

Joel Walters, Yuval Wolf 

in the predicted direction. As was the case above, vehicle information captured
most of the subjects' valuative attention, F(3,8)=90.49, as compared with topic,
F=7.12 (p).
We again refer the reader to our cautious comment with regard to relative
weighting in the previous experiment. Rather than providing evidence of sub­
jective preference for vehicle information, the replication of the valuative
advantage of that vehicle information in this experiment should be related 10 as
a reflection of the total functional dependence of the topic's meaning on the
conveyed meaning of the vehicle. Careful examination of the marginal means
reveals that topic infonnation was collapsed into two categories, two lower levels
(boyfriend/girlfriend and brother/sister, 8.65 and 8.79, respectively) and two
upper levels (father/son and man/wife, 12.26 and 12.32, respectively). Again,
the valuation strategy was one of simple weighting, as implied by the parallelism
of the curves and the insignificance of the interaction term, F(9, 72)= 1.06.
By now there is an observed valuative invariance beyond syntactic and semantic
constraints such as the grammatical category and abstractness of the topic and
vehicle terms. On this basis a preliminary impression can be formed, namely,
linguistic differences may not account for integration processes in the meta­
linguistic comprehension of metaphor.

Experiment 3 
Comprehension of a Novel Metapbor Involving a Concrete 
Topic by Hebrew Native Speakers 

The metaphors in the previous experiments are rooted in the language and culture
of the s�bjects. Here, a novel metaphor was generated for experimental purposes .
lt co�s1sts o� a �oncrete noun topic and a vehicle with a noun phrase fonned by
a denved adJective and a head noun, as follows: "The politician entered the room,
and people whispered, 'Here comes the sewcr of words. '"

Methodological Specifications: Subjects, Materials, and Procedure
Bight college-educated, adult women, ages 32-34, all married with children and
native speakers of Hebrew, participated. The stimulus material consisted 'of a
lhetaphoric sentence with four alternative topic terms and four alternative vehicle
e�p�sions. The sentence with all stimulus alternatives was as follows: Tue
(politican/ journalist/teacher/writer) entered the room, and people whispered,
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• encyclopedia 
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· dictionary 
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copper iron snver 
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gold 

Mean ratings of v.aluableness of the reading material as a function of 
vehicle and topic infonnation in 7 teacher trainees, all native speakers 
ofHebrew. 

Anderson andLopes (1974), in discussing judgments of occupational proficien­
cy of a graceful/mathematicaVreligious dancer/statistical clerk, for example, 
state that "the occupation neun itself defmes the dimension of judgment. Value 
and weight of the adjective are defined along that dimension, and an inference 
is requrired to determine them. Clearly the adjective and the noun cannot be 
integrated as equivalent quantities" (p. 68). The authers presumably studied 
direct comprehension of how good a person perfermed his job in response to the 
adjective-noun stimulus combinations. In metalinguistic judgments of metapher, 
adjective-noun combinatiens seem to conform to the same analysis, i.e. the 
adjective and noun cannot be integrated as equivalent quantities. lt is either the 
neun which defines the dimension of judgment or, in the case of metaphor, the 
adjectival element which defines that dimension. 

Differential weighting can be interpreted as a reflection of an ad hoc, spontaneous 
way of assigning importance to the relevant pieces of information embedded in 
the metaphoric sentence. Put more simply, the interpretive process in this case 
is assumed to assign importance to the topic information en the background of 
what is already perceived with regard to the vehicle information, or vice versa. 
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In this way, anytime the vehicle term (e.g., copper) is degraded in value, the 
corresponding topic tean is degraded accordingly. This can be seen clearly in 
Pigure 5.5 above: The least spread among the four points in the graph depicting 

tepic inforrnation is found at the lewer left hand comer of the graph where the 

vehicle infennatien (cepper) is degraded These four points gradually diverge as 
a functien of the valuative strength of the vehicle . 

In contrast, parallelism reflects a valuation schema ef erthegenality between the 

relevant sources of information. If we consider ad hoc valuatien as reflecting an 
opportunistic strategy, then a simple weighting strategy can be viewed as 

metivated by a predetennined rule, independent of trial-based experience. Fol­

Jowing the speculation above, our teacher trainee subjects are natural candidates 
for the application of a differential weighting strategy, which was the fincling 
above. Our comparison graduate student greup adepted a predetermined strategy 
involving simple weighting. 

These findings are compatible with Anderson's (1981:2) suggestion regardiog 
the sensitivity of valuation parameters to individual differences. A look back at 
Experiment 3, however, shows that the college-educated population tended to 
utilize a differential weighting strategy like the teacher trainees did here. This 
leaves us as yet unable to decide upon the individual characteristics or the 
particular linguistic feature goveming the valuation strategy. Further systematic 
empirical purification to unravel possible confeunding of personal and linguistic 
facters may help clarify this issue. 

Experiment 5 
Comprebension of Metaphors with Bilingual Stimulus 
Combinations by Hebrew and English Native Speakers 

This experiment replicates the semantic and pragmatic elements of the previous 
study for the metaphor involving valuableness of different sorts of reading 
material. Here the stimulus material was bilingual, either an English topic 
appearing with a Hebrew vehicle or a Hebrew tepic with an English vehicle. 

Methodological Specifications: Subjects, Materialsand Procedure 

Twenty native speakers of Hebrew and twenty native speakers of English 
participated. Ten from each group were exposed to sentences with an English 
topic and a Hebrew vehiclc, and ten from each group received stimuli with a 
Hebrew topic and an English vehicle. All subjects were cellege-educated, above 
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weighting or conjunctive strategy on the part of Hebrew native speakers in the 
two stimulus conditions. 

With regard to the two groups of Englisb native speakers the visible grapbic 
parallelism is reflected in non-sjgnificant interaction terms, F(9,63)=1.25 for the 
Hebrew vehicle condition an.d F(8,72)=1.99 for the English vehicle condition 
(p0.05), implying a simple weighting strategy. 

Beyond differences in stimulus combinations, Hebrew native speakers applied 
a strategy of differential weighting in the metalinguistic comprehension of 
metaphor. Tbe fact that the gold mine metaphor is rooted in the American English 
vemacular m.ight be related to the consistent language,,related differences. For 
English native speakers thls metaphor is weU-ingrained and accomodated into 
their usage patterns. lt is plausible to transform the language of simple weighting 
or orthogonal valuation into the more mundane term.inology of an a priori 
subjective valuation of each source of information. Such a strategy is reflected 
in our case in the constant weight assigned to all levels of vehicle and topic 
information. 

An English native speaker presumably has pragrnatic expectations whenever he 
is primed with even a slight signal belonging to the familiar metaphoric pattem 
which is assumed to serve as a peg for retrieving the entire complex of this 
specific linguistic gestalt In this way he is supposed to operate in a top-down 
mode; the weighting of a specific source of infonnation applies to all possible 
substitutes of the original elements of the fam.iliar metaphor, whether vehicle or 
topic, as long as they are not too far from the source material. This reasoning 
accowits for the simple weighting applied by the English native speakers in the 
valuation of a fam.iliar metaphor. 

The Hebrew native speaker, following the above reasoning, is assumed to have 
adopted an ad hoc, bonom-up way of coping with the task of comprehending 
uncertain (SL) metaphoric material. lt implies that, not having a good grasp of 
the material, the subject re-evaluates any stimulus combination, degrading one 
source as the other is perceived to be less sensible. If thls assumption is valid, 
then establishing conditions which are lex.ically and pragmatically more integra­
tive (as compared to the relatively artifical stimulus combination used in this 
experiment) should lead to the use of an a priori, top-down strategy. 
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Experiment 6 
A Further Test of an A Priori Strategy in Comprehending an En­
glish Metaphor by English Native Speakers 

In order to generate more lexically-Wlified sentence components, we constructed 
8 metaphoric expression where topic and vehicle belong to a strongly associated 
lexical network drawn from the context of colloquial speech. This afforded the 
Ianguage user with more familiar and natural stimulus material. The target 
sentence read: 'The opera singer had a creamy butter voice.' To provide even 
mote natural flavor to the comprehension task, subjects were instructed this time 
to make ratings of a direct comprehension question, i.e. how pleasant the voice 
sounded. 

Methodological Specifications: Subjects, Materials and Procedure 

Eight native English speakers, all university gra�uates _above the age �f 25,
participated. Tue materials consisted of the followmg top1c terms: opera smger, 
adolescent boy, and heavy smoker. Tbey were factorially combined with the 
following vehicle tenns: creamy butter, nutty chocolate, and dry, bum.ed toast 
voice. The task and procedure were similar to those used in previous experiments. 

Results and Discussion 

Pooled data for the eight subjects are presented in Figure 5.7. 
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smoker boy slnger 

VEIDCLE 

Mean ratings of voice pleasantness as a function of vehiclc and topic 

infonnation in 8 native speakers of English. 

An inspection of Figure 5.7 indicates that both vehicle and topic tenns were 
found meaningful in the comprehension of the target metaphor, as can be seen 
by the slope of the curves and the well-spaced distance between them, 
F(2,7)=47.77 and 35.96, respectively (p). The insignificant interaction term, 
F(4,28)=2.24, p0.05, confinns the apparent parallelism in the graphic pattem. 
These findings provide more generality to our conclusion from the previous 
experiment that lexical material which is readily integrable lends itself to 
top-down valuation in the form of simple weighting. 

These findings may pave the way for a working hypothesis based on the notion 
that whether a top-down or bottom-up mode of processing is expected depends 
on the lexical/pragmatic cohesion of the metaphoric sentence. A metaphoric 
sentence with topic and vehicle phrases strongly associated with each other 
would prime or touch off simple weighting based on a priori or orthogonal 
assignment of importance to each of the relevant dimensions of information. lf, 
however, topic and vehicle do not have a strong lexical interconnectedness, 
differential weighting which reflects a bottom-up or coajunctive mode of pro­
cessing, is likely to be primed. 
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CHAPTER SIX: 
Jnvariance in the Integration of Primary and Se­
cond Language Lexical Hints 

'J'he present study shifts the focus of our search for integrative SL processing to 
the lexical level of analysis. In the previous chapter, topic and vehicle informa­
tion were manipulated at the sentence level of processing. Tue present study 
further constrains the comprehension process, examining metalinguistic 
judgments involving combinations of hints from a· speaker's primary language 
and secondary language. Another parameter investigated in this study distinguis­
hes betWeen individuals of different levels of proficiency in SL use. 

Experiment 1 
Metalinguistic Judgments of Heterogeneous and Homogeneous 
Hinting lnf ormation in Speakers of English as a Secood 
Language 

Methodological Specifications: Subjects, Materials, and Procedure 

All subjects were female undergraduates ranging in age from 18 to 25. Two 
groups of native Hebrew (PL) speakers, one proficient and one non-proficient, 
equated for relevant variables except English proficiency, participated in this 
experiment Bach group consisted of 24 students. Both groups were equally 
divided into three sub-groups, each of which was exposed to one of three different 
combinations of PL and SL hint words in a comprehension task described below. 

The materials for this experiment consisted of the following sentence: "Amedlar 
is like an apple." (A medlar is a fruit about the size of a fig with a slightly sour 
taste.) Tue target lexical item, 'medlar,' was deterrnined to be unfamiliar by a 
pretest in which subjects were asked to explain the meaning of the target 
scntence. With regard to the term 'apple,' there is no reason to expect less than 
complete familiarity as far as its lexical and functional properties are concemed. 
The term 'medlar,' due to the predicate 'like' which follows, gains a certain 
degree of familiarity through its association with apple. At the same time, the 
tenn 'like' implies only partial identity between medlar and apple. Thus, some 
degree of uncertainty remains. Food-like properties can be assumed to establish 
the similarity relation. In this way, the comprehension process is fully determined 

65 





�! dog CW pe2r 

�GLISH Ht\'TS 

Joel Walters, Yuval Wolf 

P,"'1 

.✓;;; / �NGLISH Hl�TS 

=�-

t.a»,ess dog oie pear 

HEBREW Hll'-"TS 

[J 

IIl 

� dog olle pea, 

HEBREW IDNTS 

Figure 6.1. Mcan cstimatcd hclp undcr conditions of hctcrogcneous and homo­
gcneous hiilt words for proficient (uppcr pancls) and non-proficicnt 
(lowcr pancls) speakcrs of Bnglish as a sccond languagc. 

Similar findings emerged in the case of simultaneous presentation of Hebrew 
and English hints, F=68.40 and 32.46, respectively, for the proficient students 
(panel 2) as weil as for the non-proficient ones (panel 5), for which the respective 
F values were 12.74 and 12.41. 

The same pattem holds for simultaneous presentation of two Hebrew hints for 
both proficient students (panel 3), F=65.07 and 52.06, and for non-proficient 
students (panel 6), F=15.23 and 26.10. All 12 p-values were far below the 0.01 
alpha criterion. 
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All six configurations in Figure 6.1 e:xhibit parallelism among the curves. The 
inSignificance of five of the six interaction tenns provides inferential support for 

this. The F(9,63) scores were 1.04, 1.43, 1.90,, , and 2.19, for conditions 1-6, 
respectively. 

In a general sense, the unity of the overall pattem of these findings is striking, 
and it may well be concluded that both SL and PL hints were relied upon to 
relatively the same extent Moreover, these results were replicated in both 
bomogeneous and heterogeneous combinations of hints and in proficient as well 
as non-proficient SL users. lt might be worth noting that the same integrative 
pattem of processing appeared even when the main effects were considerably 

wealcer (i.e., in the non-proficient subjects). Another invariant trend can be seen 

in the bipolar convergence of the curves as well as in their two-tiered shape. In

several cases there was even a complete overlap of the curves (see panels 2, 3, 
and 6) and a lack of difference within either the two lower or two upper points 
of the vertical dimension. This indicates a tendency to classify the hints into two 
general categories, one close to 'apple,' i.e. food, and one distant from it. 

Experiment 2 examines whether reliance on multi-source (in our case two) hints 
and an invariant integrative pattem of processing can be fowid in an inverse 
linguistic sample, namely, native English speakers who use Hebrew as a SL. 

Experiment 2 
Metalinguistic Judgments of Heterogeneous alid Homogeneous 
Hintlng Information in Speakers of Hebrew as a Second 
Language 

'Iwo groups (proficient/non-proficient) of native Hebrew speakers for whom 
English was a second language participated in this experiment. Each group 
consisted of 24 students in a design comparable to those in Experiment 1. Again, 
each group was equally divided into three sub-groups. Subjects were individually 
exposed to the same three combinations of PL and SL hint words and a 
comprehension task identical to that used in Experiment 1. The materials, the 
stimuli and the procedure were also identical to those used in Experiment 1 with 
one exception: A Hebrew sentence, whlch was an exact translation of the English 
target sentence used in Experiment 1, was presented for comprehension. 

Pigure 6.2 depicts the pooled findings of Experiment 2. 

69 



Joel Walters, Yuval Wolf

l!l 

I!) 

�do<j '" pflt 

� doQ a,1ca pear 

ENGLISH HIN'IS 

hap!:irel' 000 ca<e paar 

HEBREW HlNl'S BEBREWHINI'S

M timated help under conditions of heterogeneous and ho�o-
Figure 6.2. ean es . · 1 ) and non-profic1ent

geneous hint words for profic1ent (upper pane s 

(lower panels) speakers of Hebrew as a second language.

. . p· 6 2 that subjects' judgments of the
lt is evident from all s1.x panels 

m �� d in understanding the meaning of
degree to which the words o� the car 

�; �ts This was the case whether the
the target word indic�ted reli�ce on 

were495_59144o.38 for the proficient 

hint words were English/Bnghsh (F values . 
• ) E glishtllebrew (F. d l28 11/91 22 for the non-profic1ent subJects , n 

/H b 
:U:!:

ts

w:e 298.50/169.18 end 73.50:·�;• res:!
v
!!� ��

H

:i:: th: t�
(171.58/443.85 and 219.11/112.S0). p-v 

criterion. 

70 

Second Language, Metaphor and Idiom Comprehension 

As in Figure 6.1 (Experiment 1), the configurations in Figure 6.2 demonstrate
parallelism among the curves. The F(9,63) ratios for the interaction terms were 
7.16, 1.69, 6.65,, 1.76, and 1.15. for conditions 1-6, respectively. Evcn though 
two out of the six interaction terms attained statistical significance (the first and 
the third), the overall salient visual parallelism among the curves suggests that 
the significance of these two interaction terms is, rather, a by-product of inciden­
tally large inter-individual variance. 

These findings are similar to those of Experiment 1 and support the conclusions
drawn on the basis of that experiment: Both SL and PL hints were relied upon 
by users of two languages, English and Hebrew, regardless of which language 
serves as PL or SL, whether the combination of hints was heterogencous or 
homogeneous, and regardless of whether the language uscr was proficient or 
non-proficient in the SL. The bipolarity observed in the judgments of native 
English speakers (in Experiment 1), is not replicated here, liowever. A more 
clifferentiated trend is evident in the judgments of n�tive Hebrew speakers (this 
experiment) as compared to the native English speakers. This can be seen in the
tripolar spread of the responses to both sources of information and the merging
of only the two lower levels (see Figure 6.2). This difference betwecn native
English and native Hebrew speakers is consistent across all conditions within
each sample. 

While quite consistent evidence has been presented, the use of a single response 
measure does not yet permit a satisfactory generalization of the findings, espe­
cially since the comprehension task employed was indirect. In order to clarify 
this point, Experiment 3 replicates a portion of the previous design while
instructing the subjects to perform direct comprehension of an unfarniliar SL
lexical item. 

Experiment 3 
Likellhood Judgments of Heterogeneous Hinting Information

All eight subjects in this experiment were native speakers of English who bad
been in Israel for over three years and bad passed the Hebrew examination
requirements for an undergraduate degree at Bar-Ilan University. Their profi­
ciency in both languages was that of native speakers. Thus, they may be
considered to be fluent bilinguals. 

The stimuli were constructed from an English target sentence and pairs of hint
words identical to those used in Experiment 1. One hint word was always English
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One manipulati.on was synonomy/translati.on. A second consistcd of two diffe­
rent lexical contents. The full set of 16 stimulus pairs were as follows: 

Synonymy, Content A: exit, flee; la'azov (leave), livroax (escape) 
Synonymy, Content B: leave, escape; lacet (ex.lt), l'himalet (flee) 
Translation, Content A: exit, flee; lacet ( exit), l 'himalet (flee) 
Translation, ContentB: leave, escape; la'azov (leave), livroax (escape) 

These items were counterbalanced within and across the four manipulations. 

Subjects were tested in their classrooms, füst being instructed in the use of rating 
scale proccdures. Agraphie rating scale ranging from 1 to 20 with markings only 
at the endpoints was used. Subjects were told to mark an X at the point on the 
scale indicating the amount of help they feit the pair of hint itcms gave in 
understanding the idiom 'be off.' 

Figure 6.4 presents graphs for the experiments included in the overall design. 

In all eight graphs in Figure 6.4, a strong main effect for both English and Hebrew 
hints is evident, as portrayed by the slope of the curvcs and the distance between 
them, respectively. The respective inferential statistics displaycd in Table 6.1 
corroborate this finding. 
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Many foreign language teachers seem to adopt an approach consistent with thisthinking and promote it to a degree that gives it the aura of a myth. Followingtheir line, a foreign or second language leamer should ' suffer' in order to purifythe process of acquiring new linguistic structures. The most salient implicationof this approach is the instructional imperative to use only a unilingual dictionary. A SL student who, on the sly, uses a bilingual dictionary does so with the beliefthat he will pay a price for this practice at some point in the future.
A second approach assumes that during second language processing a personcannot ignore linguistic knowledge in PL, which is continually operative beforeand after SL use. In this light, Schachter's (1974) find.ing that Japanese learnersof English avoid use of relative clauses in their second language can be aocountedfor by the assumpti.on that avoidance of constructs in SL may be due to an inability to fluently transfer parallel constructs from PL. Relative clauses inJapanese present such a problem in the leaming of English. Trying to avoid thewhole linguistic system which a language user has acquired leaves him withoutan operative framework for language processing. A language user who followsthe diclactic imperative of the previous 'SL- only' approach might threaten bisoperative linguistic framework. In doing so, he gives up bis own basis withoutyet having another one. Associating an unfamiliar SL tenn or expression with asimilar PL linguistic unit can provide a reliable channel for processing newmaterial. A daily application of th.is approach is the use of a bilingual dictionaryin SL comprehension tasks. 
Common to these two approaches is the integrative nature of the comprehensionprocess. The unilingual approach assumes homogeneous, within-language inte­gration, while the bilingual approach entails more efficient SL processing viaheterogeneous, across-language integration. To decide empirically between the­se two alternatives, experimental competi.ti.on is called for. Our attempt to primeunilingual versus bilingual integrative processing by English-English and En­glish-Hebrew dictionaries respectively (see Chapter 6) can only serve as anexploratory beginning for operationalizati.on of th.is issue. Lack of meaningfuldifferences in comprehension responses following different modes of dictionaryuse do not imply failure to reject the null hypothesis. There is no reason as yetto doubt the priming effect. The widespread use of both bilingual and unilingualdictionaries attests to th.is. lt is the nature of the response to lexical priming whichmay deserve more careful consideration. 
Evaluative, or metalinguistic judgments, as used here, might be relativelyinse.nsitive to the specific state of mind induoed by lexical priming. lt may be
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research on bilingualism, a speaker who might be viewed as monolingual can be considered bilingual with regard to underlying psycholinguistic processing (see Paradis, 1980, and Gumperz, 1971, for a similar idea). 
One can trace his own switching episodes between languages that differ with regard to formality. At one pole there is a primary language with a well-structured and well-formulated set of syntactic and phonological rules and lex.ical entries. To describe the other pole we might refer to Vygotsky's (1962) discussion of inner speech and its currrent revival in reading research (see Massaro, 1984). Inner speech makes use of idiosyncratic lex.ical networks (associated with the mother tongue of the language user). The nodes of these networks are assumed to be connected by idiosyncratic syntax. Inner speech has many gaps in formality as compared to the mother tongue it is linked with. These gaps, rather than leading to processing problems, are actually a source of greater communicative 
efficiency, since they are indicators of subjectively redundant elements, whether semantic or syntactic. 
Tue compressed or reduced nature of inner speech is more efficient for fratemal or inner negotiation (i.e., thinking). When it comes to wider social negotiation, however, inner speech becomes inefficient in comparison to language based on more formal linguistic routines. For instance, a partially formal language which might be considered closest to inner speech is the talk of twins. A just noticeably wider social circle in terms of formality of language is the nuclear family. Next along this discrete range comes the criminal example presented above. 
To what extent is a switch between formal English and criminal English like a switch between formal Spanish and formal English? For primary languages, like Spanish and English, formality and structure serve as guarantees of objectivity, i.e. they ensure equality of meaning for all those who share a particular linguisticcode. An analysis of a switch between primary languages often indicates frictionpoints in the phonology, syntax, and lex.is. What we have called friction pointsrevolves around notions such as word order and agreement and dependencyrelations. Nevertheless, primary languages frequently share notions of subjectand object, or in structural terms, noun phrase and verb phrase.
A less formal language, e.g. criminal English, would not share this orderly structure with its primary or host language. Rather, it is elliptical, often leaving out major structural components. Taking this at face value, such a language does not have a logical syntax. lt does not operate according to the definitional and functional basis of the formal logic that is fundamental to any primary language. 
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OJ'. to e specifics of the new language.A switch between primary and second Jan 
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r!!:/�obecause there . are n:1any moreJust proposed is unquestionably Spe<:ulative suffi �dary. The analys1S we havemany untested assumptions and en:·o . • enng o� the on� band from thecoefficient. CT Ylllg at tbe same tune a high provocative 

lt is easy to derive a series of workio h most appealing aspect of which can b;ill:;:::t �o:;1 th� a bov� analysis, the of some primruy language E lish . as . o ows. Cons1der a speakerdirections, one from anoth;r e.!m ng l ' bemg prun� for switching in twoEnglish to a secondary Iangua: Si anguage_ to Enghsh and the other frome. uc l a companson would reveal whether there
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Evaluating the adequacy of regression 

models: Some potential pitfalls· 

Rüdiger Grotjahn 

1. Introduction

lt is characteristic of quantitative and especially of synergetic linguistics 
that quantitative models are used for both theory building and the 
description, prediction and explanation of data. More specifically, the 
following purposes may be involved in the use of quantitative models 
(cf. Daniel, Wood 1980: 5; Rayner, Best 1989: 4): 

- summarizing a mass of data, for example for the purpose of predic-
tion or control

- confirming or rejectiug a theoretical relationship

- shedding light on the mechanisms geueratiug the data

- comparing several sets of data in terms of the constants of the fi.tted
models

- helping to choose a theoretical model

- providing a model which can be used in parametric inferential statis-
tics.

Quantitative models may be derived in two ways. In the first ap­
proach, which is methodologically preferahle and which is prevalent 
in synergetic linguistics, one tries to derive the model from a theory 
for example by using differential or difference equa.tions. The model 
deriv d i then tested hy .fitting it to data that are relevant to the prop­
erty to be modelled. The second approach is largely atheoretical. One 

• I am grateful to Gabriel Altmann (Bochum) and Manfred Lösch
(Bochum) for their helpful comments on an earlier version of this article.
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3. The Coefficient of Determination

As has been shown in Section 2, the F test becomes significant when 
the sample size increases and is thus not an appropriate measure of 
the adequacy of regression models. The measure of goodness of fit and 
predictive power most often used for regression models is the coeffi.cient 
of determination R2• There are, however, various problems connected 
to this coeffi.cient, some of which seem to be almost completely ignored 
in quantitative linguistics and even in many publications on regression 
analysis. A number of problems dealt with in the literature will now 
be briefl.y discussed. 

3.1 Some Alternative Statistics 
As has been pointed out by K valseth (1985), the following expressions 
for R2 are found in the literature: 

R� =1 - L(Yi - y,)2 
/ L(Yi - y)2 (31) 

R� = LWi - y)2 
/ L(Yi - y)2 (32) 

R� = L(Yi - y)
2 / L(Yi - y)2 (33) 

R� =1 - L(e; - e)2 
/ L(Y; - y)2 , e; = y; - i;; (34) 

R� =squared multiple correlation coeffi.cient 
between the regressand and the regressors 

R� =squared correlation coeffi.cient between y and i) 
2 " 2/ '°' 2 

R7 =1 - L..,(Yi - Yi) L.., Yi 

R� = L il;/Ly; 2 

(35) 
(36) 

(37) 

(38) 

In the above expressions all summations are from i = 1 to i = n. y 
and y denote the arithmetic mean of Yi a.nd f;;, respectively. Note that 
t�e definition of Rr and R� is directly based on equations (8) and (7) 
above. 
When we choose an appropriate R2, we have to take into account (a) 
the type of model being fitted, (b) the fitting technique used, and ( c) 
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the properties of R2 considered to be desirable for a given purpose ( cf. 
Kvalseth 1985: 280). 
The choice is relatively unproblematic when a linear model as defined in 
equation (1) is used and when the parameters axe estimated by means 
of the ordinary least squares method. In this case R� = R� = · · · = R� 
(cf. Draper, Smith 1981, chaps. 1-2). 
However the value for these ix statistics is gen rally different from 
the values for R� and Ri w hich have been recommended by some au­
thors for tbe case of linear no-intercept models, that is, for ßo = 0 in 
equation (1) (cf., e.g., Montgomery, Peck, ·1982: 38-43). In the case of 
no-intercept models, R� = R�, whereas all other R2 statistics gener­
ally yield diffi rent values (cf. Kvalseth 1985 and Judge, Griffi.ths, Hili, 
Lütkepohl, Lee 1985; the latter also discuss the calculation and i.nter­
pretation of R2 in models with correlated or heteroskedastic errors). 
Furthermor , as has been pointed out by Heiland (1987) R2 whidt 
he defines as � can be interpreted as an estimate of the population 
parameter ouly when the predictor variables are stochastic. However, 
even in the latter case, th sample coefficient of determination may be 
considerably above the highest approxi.mate confiden e limit for the 
population coeffi.cient of determination as given by Helland (1987: 65). 
SimiJarly, Ass nmacher (1984: 118) argues tha.t although the coefficient 
of determiuation is formally equivalent to the squared coefficient of cor­
relatiou, it does not have the same inferential properties. Correlational 
a.ualysis is hased on the assumption that all observations are random
samples from a multivariate normal distribution. This assumption is
however, as a ru1e not valid in regression analysis.
Another problem arises when there are replicated responses. In this 
ase R2 caunot atta.in 1 no matter how weil the model fits the data. 

The problem of replicates will be discussed in some detail in Section 
3.5. 

Finally it should be noted that selection of a regression model from the 
data by procedures such as backward elimination, forward selection, 
stepwise selection or best subset regression leads to an inflation of R2 

aud to biased partial F and t values (cf. Diehr, Hoflin 1974; Draper, 
Smith 1981: 294-312· Rencher, Pun 1980). 
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be relatively small although the relationship between the regressand 
and the set of regressors might be quite strong. 

Similarly, iJ the assumption of homoskedasticity is not fulfilled, the 
iuterpretation of R2 i highly problematic. lf the regression is het­
eroskedasti , the amount of variance expla.ined is not constant for the 
whole range of the predictor variable: for one part of the responses, 
th prediction may be good, for another part quite poor. However, R2 

rneasures only the ave1·age amount of variation explained. Therefore, 
the value obtained may be quite misleading for part of the observations 
(cf. Heil 1987: 208 for a similar argument). 

A problem, which is closely related to Kmenta's second point above, 
concerus the dependency of R2 on how reliably the variables are mea.­
sured. Suppose we want to compare the adequacy of one and the 
same model for different populations (e.g., different languages). If it 
is possible to measure the variables more reliably in one of the data 
sets investiga.ted for this purpose, the error variance in tllis sample is 
reduced and R2 is in r ased. This does not mea.rt however, that the in­
Hueuce of th incl pendent variable{s) on the dependent variable is also 
necessarily stronger in this particular sample compared to the other 
samples (cf. also Urban 1982: 54). 

Another problem has been pointed out by Barrett (1974) who argues 
that R2 can be viewed as a measure of both the goodness of fit in the 
sense of how clo e the data fit the regression surface, a,nd the steepness 
of the regression surface. lf the goodness of fit about the regression 
surface is takeu to be nxed, then witlt a steeper surface E7=L (y; - ii)2 

will b com larger and thus increase R2 
. Hence, predictions based on a 

regression equation with a large R2 a,nd a. steep regression sui:face might 
not be more precise and could even be less precise than the predictions 
based on an equation with a smaller R2 and with a less steep surface 
(cf. Barrett 1974, p. 19). 

Barrett (1974) illustrates this fact by rotating the regression surface 
about x and y from 0 to 90 degrees while holding constant the ver­
tical distances of the data points to the surface (i .. E.Z::

1 
(Yi - y)2 

• 

This results in a rapid increa.se of R2
, whereas the predictive precision 

remains constant ( except for a. slope of 0 degrees). 
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An illustrative example of some probleru involved in the interpreta.tion 
of R2 in the case of one predictor variable is given by Anscombe (1973). 
Anscombe presents four different data. sets, each onsisting of eleven 
( x, y) pairs and each yielding identical statistics ( regression coefficients 
residual sums of squares, R2

, etc.) when a straight line is fitted. For 
each data set, R2 = 0.67. However, it is only for the first data set that 
the assumptions of the linear model are fulfilled and R2 adequately 
describes the data. The second data. set shows a nonlinear relationship 
between x and y that would not have been detected by relying solely 011 
the 1a.rge valu of R2 . The r ma.ining two da.ta sets a.re, though in very 
different ways strongly affected by an outlier, and the corresponding 
regression line (being the same for both data sets) does not describe 
the bulk of th data very weil in spite of the large value of R2

• This is 
particula.rly true for the fourth data set (cf. also Urban 1982: 52-57). 

3.4. 2 Multiple Linear Regression 

In the case of multiple linear regression additional problems arise. If 
the predictor variables are uncorrelated with each other 

(40) 

However, when the predictor variables are intercorrelat d, R2 an be 
both les aud greater than r!z 1 

+ r!z1 
+ · · · + r�zJ. When th pre­

dictive power of a variable xi or set of variables {xi} is increased by 
he inclusion of a.nother predictor variable which is correlated with the 

variable xi or the set of variables {xi}, the included variable is called 
a suppressor variable. lt is a suppressor for those variahles whose re­
gression weights are iucreased (cf. Conger 1974: 36f.; Keeves 1988; 
Tzelgov Stern 1978). We are dealing with a classical suppression ef­
fect when in the case of two predictor variables one predictor has a 
correlation of zero with the criterion but has a signincant regression 
coefficient when the criterion is regressed on both predictor variables 
(cf. Hamilton 1987; Keeves 1988). 

In the case of several predictor variables it is thus as a rule very difficult 
to determine the contribution of each predictor variable to R2

• As 
has alr ady been pointed out in the discussion of multicollinearity in 
S ctio11 2.4.5, simply looking at the coefficients of correlation or at the 
plots of the Xj against y may be highly misleading. 
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lt has been argued in the pertinent literature that suppressor vari­
ables should be used to increase the predictive power of a regression 
model. This appears justified, whenever optimization of prediction is 
the main objective. In quantitative linguistics, however, the primary 
and ultimate aim is to develop explanatory models. In this situation it 
seems to be more adequate to include a suppressor variable in a regres­
sion equation only if the inclusion is strongly supported on theoretical 
grounds. 

Some of the problems just outlined are also discussed by Korn and 
Simon (1991). The authors distinguish between two different proper­
ties of a regression model: ( 1) the consistency of the model wi th the 
data - historically referred to as "goodness of fit", and (2) the ability 
of the predictor variables to distinguish different outcomes. The sec­
ond property is referred to by Korn and Simon (1991) as "explained 
risk" and defi.ned as the proportional decrease in risk obtained by us­
ing the precli tor variables. The explained risk is a population quantity 
which <lepends only on the model ancl the distribution of the predictor 
variables but not on the observed values of y.

Korn and Simon (1991) discuss various estimators of explained risk. 
One possible estimator is the coefficient of explained residual variation 
R2

• If the model is misspecified, the explained residual variation is 
a large-sample underestimate of the risk explained by the correctly
specified model.

3.4.3 Goodness of Fit vs. Explained Risk 

lt may happen that the fit of a model is perfect, while the explained risk 
is low (cf. Korn, Simon 1991: 201 for examples). This may be the case 
when there a.re replicated responses (cf. Section 3.5 below). However, 
if we view R2 as a measure of explained risk, it is not embarrassing 
that R2 is less than 1 even if the fit of the model is perfect: the value 
obtained simply means that the predictor variables have not explained 
all the risk (cf. Korn, Simon 1991: 205). 

In quantitative linguistics, the fact that R2 measures both goodness of 
fit and explained risk seems to be overlooked, for example, by Hammerl 
( 1990), who seems to interpret low values of R2 primarily as an indi­
cation that predictor variables which might contribute substantially to 
the explanation of the variance of the dependent variable have not been 
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included in the model ( cf. pp. 9f.). In the light of what has been said 
above, this interpretion appears to be quite simplistic. 

In view of the situa.tion described it seems to me to be also quite prob­
lematic to compare R2 with preestablished conventional boundaries as 
has been clone by Hammer! (1991: 160), who considers the fit of his 
models to be satisfactory if R2 � 0.9. 

3.5 Replicated Responses 
lt has been s�own by �raper. (1984) that R2 ( defined as Ri) ca.u bemade smaU simply by mcreasmg the number of replicate values of yat existing values of x altlwugh the fit of the model is at the sametime improved. Moreover, the achievable upper bound of R2 is below1.0 when there are replicated responses. A perfect fit thus does notcorre�pond to R2 

= 1. For these reasons, R2 is misleading as a measure.of fit m the presence of replicated responses ( cf. also Healy 1984).
!he lat�er fact can easily be proved on the basis of the results presentedm Section 2.7 (for the following cf. Chang, Afi.fi 1987). lt has beenshown tha.t SST = SSR + SSE and SSE = SSW + SSL. Hence

SST = SSW + SSL + SSR. ( 41) 
From ANOVA we know that S ST can also be partitioned as

SST = SSW + SSB, ( 42) 
where SSB = 'E�

1 
nk(ih - y) 2 is the sum of squares between meansof replicates. lt immediately follows that

SSB = SSL + SSR. ( 43) 

�quation �43) indicates that SSR S SSB. The most that any regres­
s10n equat10n can explain in the caee of replicated responses is thus the 
variation among the means of the replicates. 

Since SSW is not affected by the regression equation fitted to a given 
set of data, 

R2 = 1 _ SSE = _ SSL + SSW 
SST l SST ( 44) 
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within a single sarnple. As a consequence, the equation derived frorn 
a sample rnay overfit the data and poorly generalize to the popula­
tion. Yet in oi.-der for a model to be generally useful, it should have 
reasonably good extrapolation properties ( cf. in particular Snee 1977 
and Wainer 1978). For these reasons, correlating the predicted and the 
observed values as described . bove provides a rnore realistic rneasure 
than, for exarnple, the coefficient of determination R2 calculated on 
the basis of a single sample. 

One potential drawback of data splitting is that the variances of the 
coefficients calculated from a subsarnple will be larger than those frorn 
the total sample. However, since in quantitative linguistics the sample 
size is often very large, the variances of the estimates will be small 
enough, even if only half of the sample is used for estimation. I would 
suggest that cross-validation be used rnuch more often in quantitative 
linguistics. 

5. Conclusion

lt has been shown in this article that the use of the F test ( as well 
as other significance tests) in regression analysis involves a number of 
problems and that as a consequence an evaluation of the adequacy of 
a regression model solely by means of the F test is inappropriate. lt 
has beeu pointed out that the F test (and also other tests) may be 
significant solely because the sample size is lal'ge. Furthermore, it has 
been demonstrated that the F test is based on assumptions which are 
often not fulfilled in quantitative linguistics, and that it is in general 
not valid in the case of (intrinsically) nonlinear models as well as with 
replicate responses (at least in its ordinary form). 

lt has been suggested that the coefficient of determination R2 should 
be used as a measure of the consistency of the rnodel with the data 
and of the ability of the predictor variables to distinguish different 
outcomes. lt has been dernonstrated, however, that the use and inter­
pretation of R2 involves a number of potential pitfalls. For e?(ample, it 
has been shown that the value of R2 obtained for a specific sample de­
p'ends on various factors such as the kind of model fitted, the existence 
of replicated responses, the existence of outliers, the degree of multi­
collinearity, the steepness of the regression surface, and the nurnber of 
predictor variables as compared to the sample size. 

166 

Evaluating the Adequacy of Regression Models 

In sum, I would like to suggest that the evaluation of a regression model 
should be based on as much information as can be made available. The 
valuation may include carrying out an overall F test, and individual F 

tests or t tests for each parameter, construction of confidence regions 
computation of coefficients of multiple and (semi-}partial determina­
tion, analysis of residuals, checking of stability of the parameters over 
the sample space, comparison of results with theoretical model and 
simulated data, and last, but not least, sourid theoretical reasoning. 
For, as Draper and Smith (1981: 422) put it: "The use of multiple 
regressiou techniques is a powerful tool only if it is applied with intelli­
gence and caution." I think that the above suggestions can contribute 
to a further improvement of the construction of regression models in 
quantitative linguistics as well as in other empirical sciences. 
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From character to word monkey, and some 
interesting applications 

1

Jacques B.M. Guy 

Overview 

An algorithm for computing the character or word-entropy of texts to any order 
has been summarily described in Guy 1990:125-130. An implementation of it 
for the computation of word entropy is described here in some greater detail. The 
data structure uscd allows not only the  generation of tcxt, but also text retrieval, 
the production of concordances, and appears to providc a useful means of 
research into text compression and the segmentation of continuous text into its 
constituent mo:rphs. 

The original algorithm was discovered while attempting to optimize for speed a 
class of text-generating algorithms described by Shannon2• As I was implemen­
ting it in Turbo Pascal, it became evident that it could be made to function also 
as an on-screen concordance and a simple text-retrieval program with little 

1 The pcnnission of the Executive General Manager, Telecom (Australia) Research 
Laboratories, td publish this material is gratefully acknowlcdgcd. 

2 Dewdney (1989) reported a third-order word monkey opcrating on the same principle
("MARK V. SHANEY", a computer program cn:atcd by B. Ellis on an idea of D.P. 
Mitchell of the AT &T Bell Laboratories ): 
"Al; MARK V. SHANEY scans a text, it builds a frequency table for all words that follow 
all the word pairs in the tcxt. The program then procceds to babble probabilistically on 
the basis of the word frcquencies." A.K. Dewdney ( 1989:97) 
Al; Dewdney docs not elabo.rate on how the fn:quency table is built and storcd one can 
only conje� that it is held in memory pcrhaps as a sparse matrix (probably a B-trcc ), 
possibly with some recourse to disk sto1age. 
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additional effort. lt is as I was writing the necessary code that further expansions

to thc algorithm occurrcd to me. Consequently, it is probably �ost clcarly

presented through its development stages, starting from text generation. 

Text Generation 

Say we wish to build a nth-order word monkey to ape this text: "He does bis

best, he does, he does bis worst, he does".

Let n=3 (for instance). 

Appcnd n-1 null words (*) to the text, and numbcr its characters:

h d **" 

"He does bis best, he does, he does bis worst, e oes

1 2 3 4 5 

123456789012345678901234567890123456789012345678901234567

Draw up a list of all twelve three-word sequences contained in the text, refer-

enced by the position of their first lettcr3:

Pos. Pointing to: 

1 he does bis 

4 does bis best 

9 bis best he 

13 best he does 

19 he does he 

22 does he does 

28 he does bis 

31 does bis worst 

36 bis worst he 

40 worst he does 

47 he does * 

50 does * * 

3 lt ought to go without saying only that the input text and the P?inters t� the �tial 

characteIB of each of its wonis BIC stored. Tue text pointed to 1S only g1ven m the 
explanatory tables for the readers' convenicnce. 
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Sort them into alphabeticai order: 

Pos. Pointing to: 
13 best he does 
22 does he does 
4 does bis best 

31 does bis worst 
50 does * * 

19 he does he 
1 he does bis 

28 he does bis 
47 he does * 

9 bis best he 
36 bis worst he 
40 worst he does 

Apply Shannon 's algorithm restated for word approximations: 

"Let one select a sequencc of n words at random from a text file. This 
string is output and stored in a variable called the 'context'. The file is 
then accessed at random and read until a word sequence idendcal to the 
context is encountered. The succeeding word is then output; it is appcndcd 
to the context while the first word of the context is deleted. The füe is 
again accessed at random, scarched for this context and the succeeding 
word is output, etc." 

In order to optimize this algorithm for speed we usc precisely the same metltod 
as in the character-level text generator: record lhc frequency of occurrence of 
each contcxt in lhe table at its place of first occurrence, and rccord a negative 
offset to the first occurrence in the other cells. Where a context contains the null 
word (*) enter a frequency of 0. Thus: 
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A) Build two lis ts, one of it s word s and one of its pu nctuation strin g s:

Words: he does bis bellt wont <null> 

Punctualion: <space> <comma apace> <full &top>

B) Sort them into alphabetical order5
Rank: 0 

Wonls: <null> 

Punctualion: <none> 

2 3 

bellt doe& he 

<space> <comma apace> <full &top> 

4 5 

bis wont 

C) E ncode the input text as 3-tup les x:y: z in wbich x is the alphabetical rank
of the word, y of the pu nctuation, and z the word's capitalization (say for
in stance O for al l lowercase, 1 for uppercase initial, 2 for al l uppercase):

Position: 1 2 3 4 5 6 7 

Original: 
He does bis best, does,he 

he 

Trans lation: 3:1:1 2:1:0 4:1:0 1:2:0 3:1:0 2:2:0 3:1:0 

Position: 8 9 10 11 12 13 14 

Original: does his worst, he does <null> <null> 

Trans lation: 2:1:0 4:1:0 5:2:0 3:1:0 2:3:0 0:0:0 0:0:0 

5 Woros and punctuation strings are ranked herein incremcnts of l for simpllcity's sake.
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But readers who have used or seen the MONKBY program demonstrated will have 
noticed thal, in corcordance/text retrieval mode, it is capable of finding the closest 
approximation to a query containing a word that does not occur in the corpus. This is 
done very simply by ranking words in increments of 2. The words contalned in the text 
retrieval query are first located in the dictionary using a binary search. When a word is 
not found it is encoded by the rank in-between. Imagine for instance that "her best" is to
be retrieved from the text used in thc example. "Best" is found in the dictionary, and 
encoded by its rank: 2. But the binary search falls for "her", reruming the last two 
positions scarch.ed: "bis" and "he", of rank 8 and 6. "Her" is therefore encoded by 7, and 
the corpus searched for a sequence 7,2. 
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D) List al l sequences of n 3-tup les (here n=3):

E) 

Pos. Pointin g 
1 3:1:1 
2 2:1:0 
3 4:1:0 
4 1:2:0 
5 3:1:0 
6 2:2:0 
7 3:1:0 
8 2:2:0 
9 4:1:0 

10 5:2:0 
11 3:1:0 
12 2:3:0 

to 
2:1:0 
4:1:0 
1:2:0 
3:1:0 
2:2:0 
3:1:0 
2:2:0 
4:1:0 
5:2:0 
3:1:0 
2:3:0 
0:0:0 

4:1:0 
1:2:0 
3:1:0 
2:2:0 
3:1:0 
2:2:0 
4:1:0 
5:2:0 
3:1:0 
2:3:0 
0:0:0 
0:0:0 

(P lain text:) 
He doesbis 
does bis best, 
bis best, he 
best, he does, 
hedoes, he 
does, he does 
hedoes his 
does bis worst, 
bis worst, he 
worst, he does. 
he does.<nu l l> 
does.< null><nu l l> 

Sor� into alphabetical order and compute frequencies or offsets as exp lained 
earlier: 

Pos. Frequency 
(P lain 

Context 
text:) 

Word 
or offset 

4 1 best he does 
6 4 does he does 
2 -1 does bis best 
8 -2 does bis worst 

12 -3 does • • 

5 4 he does he 
1 -1 he does bis 
7 -2 he does bis 

11 -2 he does • 

3 2 bis best he 
9 -1 bis worst he 

10 1 worst he does 
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Given the above data structure, text generation, the computation of the word 
entropy to any order up to the length to which word sequences have been sorted, 
the production of concordances, and text retrieval are carried out essentially in 
the manner already described. 

Applications 

Almost 30 years ago Sukhotin proposed a number of algorithms for the automatic

analysis of written texts. He once suggested that the "infinite-order entropy" of

texts might provide a best objective function for such algorithms in general

(Sukhotin 1973)6. The present algorithm brings the solution to the computation

of the word entropy of texts to any arbitrary order, however high. As such it

provides the objective function sought by Sukhotin. 

The fact that the data structure at the basis of this algorithm is at the same time

a concordance and a fast text-rctrieval index, and that concordances are inval­

uable tools for semantic, syntactic and grammatical analysis, suggcsts to me that

this very data structure will provc useful in yct to be discovcrcd algorithms for

minimizing or maximizing objectivc functions of thc type discussed by Sukhotin.

Tretiakoff (1974) has produced evidence that, given two conflicting phonologi­
cal interpretations of a text, the correct one showed a greater differcnce betwcen 
its first and second-order character entropy. By analogy, we may surmise that, 

. given two conflicting morphological interpretations, the correct one would show 
a greater differcncc betwccn first and sccond-order word ( or, rather here, morph) 
entropy. 

A simple mental experiment lends credence to this conjecture. 

Considcr a text randomly segmented into pseudo-words.7 Thc dictionary of
pseudo-words will be vcry much largcr than that of thc words of thc samc text, 
correctly segmcnted. This means: 

6 "Infinite-order" must be a Lapsus calami or a translator's mistak:e since the nth-order 
entropy and beyond of a text 2n tokens long is necessarily zero. 

7 The random segmentation should be such that the number of pseudo-words is the same 
(or at least roughly the same) as in the con-ectly segmented text. 
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The zeroeth-order entropy of an incorrect segmentation is higher than that 
of a correct segmentation. 

Pseudo-words of an incorrect segmentation are predictablc from their con­
text to a far greater extent than is the case for a correct segmentation. 
Hence the nth-order entropy of an incorrectly segmented text will be far 
lcss than that of a correctly segmented one. 

Therefore, the quantity H(n)-H(n-1) (in which H(n) denotes the nth order 
entropy) ought tobe minimum in incorrect segmentations and maximum in 
correct segmcntations. 

That is predsely the phenomenon observed by Tretiakoff at the character tevel 
for �=2 when comparing conflicting phonological interpretations of texts where 
for lllStance, the sequence "ng" was either left as such (to represent two phone� 
mes) or replaccd by a single character (one phoneme). 

Apart fro� providing the objective funclion sought by Sukhotin in his attempts 
at developmg what he termed "decipherment algorithms", the computation of 
wo� entropy of texts to any or�er ought to be useful in stylistic analysis, since 
w�e th� zeroeth-order entropy 1s a measure of the richness of autbors' vocabu­
l3?es, hi�er-o�der values of the entropy measure their variety of expression as 
mmorcd m thctr combi.ning of words8• 

Rcade� will also have noticed that the encoding of the input text is likely to 
resul� m somc dcgree of text compression. In fact, it once occurred to me that a 
solutmn to the scgmentation of continuous text into its constituent morphs (a 
probte� tac:1ded by S�otin) sbould provide high ratios of text compression. 
To vcrify this hypothcsJS I carried out thc following experiment: 

1. Take a sample text- in this casc the first 1000 lines of Lcviticus Kin 
J�«:'8 's vcrsion, as widely avalliblc on diskette in the public dom� r!
SJZC IS 52,388 bytes. 

2. Com�rcss it u�ing LHARC, one of the more efficient standard data com­
prcss1on algonthms. The compressed file is 16,388 bytes Jong. 

8 Thus it II futile to si>eak: of "the word entropy of.English" per se (or of any other language 
for that matter). 
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3. Compute the first order word entropy of the original 1000 lines of text
using the MONKEY program with option Capitalize OFF and all printing
characters being declarcd as active letters. Tue text, with words thus de­
fined, contains 9657 words (1540 different words), and its first order word
entropy is 7.93756.

Therefore, using a static Huffman code, that text, as segmented, ought to be 
comp.ressible to 7.93756x9657 = 76,653 bits approximately, i.e. 9582 bytes9. 
Certainly, it can be argued that the list of the different words encountered, that 
is, the dictionary of the text, would have to be transmitted first. Nevertheless: 
1. The dictionary is sorted in alphabetical order, so that when two successive

words share n initial characters, the first n characters of lh:e second word
need not be transmitted, only the value of n.

2. If a frequency count of the characters of the words in the dictionary is car­
ried out first, it can be greatly compressed, again using static Huffman
encoding.

3. The definition of a word used in this experiment (any continuous string of
printable characters) is linguistically incorrect and quite sub-optimal. A
better definition, or the output from an algorithm capable of accurately
segmenting continuous text into its constituent morphs, ought to provide
better compression ratlos.

4. Finally, there is no reason why a protocol defining a set of default Huff­
man trees could not be developed. In which case it would suffice to trans­
mit a few bytes specifying the default tree used.

9 Approxlmately, since the lengths of the branches of a Huffman tree are necessarily
integer values. 
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No. Languagc K HK Hx HK upper limit lowcr limit 

17 Rwnanian 27 4.253960 4.173760 4.066850 4.937024 3.410496 

18 Spanish L 27 4.023920 4.173760 4.066850 4.937024 3.410496

19 HaussaL 27 3.922670 4.173760 4.066850 4.937024 3.410496

20 DutchL 28 4.048850 4.216580 4.048850 4.979844 3.453316

21 Scd>ocroatian L 29 4.287100 4.257730 4.224410 5.020994 3.494466 

22 Bulgarian L 29 4.219320 4.257730 4.224410 5.020994 3.494466

23 OcnnanL 29 4.172740 4.257730 4.224410 5.020994 3.494466

24 Indo.nesian 29 4.094240 4.257730 4.224410 5.020994 3.494466

25 Indoncsian L 29 4.348650 4.257730 4.224410 5.020994 3.494466 

26 OcnnanL 30 4.147520 4.297320 4.217357 5.060584 3.534056

27 Oujarati 30 4.497800 4.297320 4.217357 5.060584 3.534056

28 ltalian L 30 4.006750 4.297320 4.217357 5.060584 3.5340§6 

29 ltalian 31 4.251220 4.335480 4.416613 5.098744 3.572216 

30 Uk:rainian L .31 4.565020 4.335480 4.416613 5.098744 3.572216

31 RussianL 31 4.433600 4.335480 4.416613 5.098744 3.572216 

32 Amcrican F.nglish 32 4.487370 4.372290 4.481852 5.135554 3.609026 

33 Hungarian 32 4.508420 4.372290 4.481852 5.135554 3.609026 

34 Hungarian L 32 4.544990 4.372290 4.481852 5.135554 3.609026 

35 Khasi 32 4.468860 4.372290 4.481852 5.135554 3.609026 

36 Latvian L 32 4.428230 4.372290 4.481852 5.135554 3.609026 

37 RussianL 32 4.453240 4.372290 4.481852 5.135554 3.609026 

38 Oennan 33 4.443530 4.407860 4.363648 5.171124 3.644596 

No. Langu11gc K iix HK Hx uDDCr limit lowcr limit 
52 Prcnch 35 4.101790 4.475530 4.614872 5.238794 3.712266 
53 Marathi 38 4.514400 4.569420 4.688830 5.332684 3.806156
54 Bengali 38 4.863260 4.569420 4.688830 5.332684 3.806156 
55 Hungarian 39 4.602810 · 4.598910 4.582193 5.362174 3.835646 
56 Bnglish 39 4.709800 4.598910 4.582193 5.362174 3.835646
57 ArmcnianL 39 4.433970 4.598910 4.582193 5.362174 3.835646
58 Ocnnan (HU06) 40 4.755840 4.627570 4.759984 5.390834 3.864306 
59 Oennan (HUG7) 40 4.756760 4.627570 4.759984 5.390834 3.864306 
60 Ocnnan (HUO8) 40 4.767350 4.627570 4.759984 5.390834 3.864306 
61 Russian 41 4.825690 4.655480 4.825690 5.418744 3.892216
62 Polish 42 4.725240 4.682630 4.821635 5.445894 3.919366
63 Bnglish 42 4.918030 4.682630 4.821635 5.445894 3.919366
64 OujaratiL 43 4.664620 4.709090 4.664620 5.472354 3.945826
65 Bnglish 44 4.906420 4.734890 4.819125 5.498154 3.971626
66 Slovak 44 4.731830 4.734890 4.819125 5.498154 3.971626
67 Swedi.sh 45 4.840580 4.760050 4.840580 5.523314 3.996786
68 Uk:rainian 46 4.627950 4.784600 4.627950 5.547863 4.021336
69 Hindi 52 4.584600 4.920670 4.584600 5.683934 4.157406 
70 BurmcseL 68 5.230640 5.213390 5.230640 5.976654 4.450126
71 Vietnamese 74 5.160550 5.304330 5.160550 6.067594 4.541066

obs. var.: 0.019967 thcor. var.: 0.131681 

variancc in (5): 0.151648 

39 Ocorglan 33 4.293130 4.407860 4.363648 5.171124 3.644596 

40 Ocorgian 33 4.310650 4.407860 4.363648 5.171124 3.644596 

41 Ostyak 33 4.375790 4.407860 4.363648 5.171124 3.644596 
Tab.2. Entropies and confidence limits of 71 language samples (B = 0.61)

42 Ostyak 33 4.395140 4.407860 4.363648 5.171124 3.644596 

43 Ostyak 34 4.406490 4.442240 4.398715 5.205504 3.678976

44 Ostyak 34 4.390940 4.442240 4.398715 5.205504 3.678976

45 Fimch (HUOl) 35 4.647750 4.475530 4.614872 5.238794 3.712266 

46 Frcnch (HUO2) 35 4.648450 4.475530 4.614872 5.238794 3.712266 

47 Frcnch (HUO3) 35 4.679310 4.475530 4.614872 5.238794 3.712266 

48 French (HUG4) 35 4.708380 4.475530 4.614872 5.238794 3.712266 

49 Prcncb (HUG5) 35 4.709940 4.475530 4.614872 5.238794 3.712266 

so Czecb 35 4.700600 4.475530 4.614872 5.238794 3.712266

51 CzechL 35 4.722750 4.475530 4.614872 5.238794 3.712266

No. Langu11gc K Hx HK HK uppcr limit lowcr limit 
1 Hawailan 13 3.370800 3.320770 3.304655 2.545417 4.096123
2 HawailanL 13 3.238510 3.320770 3.304655 2.545417 4.096123
3 Samoan 15 3.475850 3.509490 3.475850 2.734137 4.284843
4 Hawailan 18 3.567110 3.743820 3.567110 2.968467 4.519173
s Philipino 21 3.820320 3.937150 3.842963 3.161797 4.712503
6 Philipino 21 3.725080 3.937150 3.842963 3.161797 4.712503
7 Kaiwa 21 3.947760 3.937150 3.842963 4.712503 3.161797 
8 Sea-Dayak:L 21 3.878690 3.937150 3.842963 4.712503 3.161797
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Towards an objective function for the 
automatic phonemicization of texts 

transcribed phonetically? 

Jacques B.M. Guy 

Overview 

Sukhotin (1962) has proposed an algorithm that, given a text in phonemic or 
near-phonemic transcription, very accurately classifies its syrnbols into vow-els 
and consonants (for later research on tlilis subject see Boy 1977). At about the 
same time Sukhotin had proposed a number of algorithms for the automatic 
analysis of natural-language texts, amongst which are of particular interest here: 

1. An algorithm for the segmentation of continuous text into its constituent
morphemes.

2. An algorithm for discovering the pronunciation of letters, given texts
transcribed in phonemic or near-phonemic writing systems.

Sukhotin candidly remarked that in some cases the results obtained were at first 
"incredibly bad", but that experimenting with diverse objective functions 
brought some improvements. Sukhotin 's work, alas, was completely hindered 
by the lack of computing and programming facilities at the time. Only his 
simplest algorithms were ever run on computers. Tue others, too complex to be 
programmed then, had to be tested by hand, an exceedingly time-consuming task 
that prevented proper experimenting and development. Apart from the topic of 
Boy's 1977 Ph.D. thesis, Sukhotin's works seem to have fallen into oblivion. 

Sukhotin 's 1962 original vowel-recognition algorithm is one of the few for which 
he does not define an objective function. 
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Many years later Tretiakoff (1976) produced evidence that the difference be­
tween first and second-order character entropy is maximized in texts where each 
letter has been correctly replaced by "C" (consonant) or "V" (vowel), thus 
unwittingly providing Sukhotin's missing objective function (Tretiakoff was not 
aware of Sukhotin's works). 

In the following article theoretical and experimental evidence is brought that the 
difference between first and second-order character entropy of texts transcribed 
phonemically provides a measure of the correctness of the phonemic analysis at 
the basis of the transcription system. 

Hypothesis 

Since 

1. a phonemic transcription of a text is essentially a_phonetic rendering
from which the redundant phonological features of the language have been ab­
stracted; 

2. phonemes are identified by exarnining the distribution and co-occurren­
ce restrictions of their putative allophones, that is, by exarnining their phone­
tic context; 

it follows that the difference between first and nth-order character entropy is a 
measure of the amount of redundancy removed when contexts of n-1 phonetic 
syrnbols are taken into account in the phonemic analysis of a sample text. 1 

Therefore, given several conflicting phonemic analyses of a language and a 
sample text in that language transcribed according to those conflicting analyses, 
we should expect the transcription with the greatest difference between first and 

1 The value chosen for n, however, should be kept quite low: first, allophonic variations 
are seldom conditioned by anything but the immediate phonetic environment; second,
the frequency distribution of strings of 4 characters and longer describes, et least for most
languages, lexical rather than phonological properties.
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second-order (and perbaps also betwecn first and third-order) character entropy 
to correspond to the most correct phonemic interpretation. 

Experiment 

The phonetic transcriptions of the first three fables ("P'ostrye ovtsy", "Or'ol i 
kury", and "Mor'ak") in l3oyanus 1967 werc input into a computer file.2 Six
phonemic and mock-phonemic versions of the original file ("RUS.O") were then 
produced, rcplacing every occurrence of selected cbaracters by another. 

File "RUS.l": The generally accepted interpretation of the vowel system of 
Russian: 

@ ([a:])➔ a 

9 ([a]) ➔ a 

1 ([I]) ➔ i 

w ([i]) ➔ i 

& ([e]) ➔e 

y ([ü]) ➔u 

2 Russian was chosen over &glish becausc:
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1. there .is general agrcement about its phonology. which there is not for Bnglisb,
2. the lnterpmtatlon of pal.atalization as either a vocalic or consonantal feature made

for an inteteSting cxperiment.
Phonetic symbols not available on the Standardcomputerkeyboard were represented as 
follows: 
[a:J=@ [e]=& [1]=1 (ä,)=w [il]=y 
[ 3 ]= 3 [ h= $ [ h= 4 [ tf ]= q [ ts J= c [ 9 ]= 9 
The entropy was computed using the algorithm described in Olottomelrika 12, with 
spaces disregarded (option "Spaces OPP"), lowercase letters left as such (Option 
"Capitalize OFF"), end the alphabet of active letters declared as: 
1234567890 

@$&' 
ab c defg h ijkl m nopqrs tu v wx yz 
ABCDBFOHDKLMNOPQRSTUVWXYZ 

Jacques B.M. Guy

File "RUS.2": An inco.rrect interpretation:

@{[a:]) ➔i 

9 ([eJ) ➔e 

1 ([11) ➔ a 

w ([iJ) ➔e 

& ([eJ) ➔u 

Y ([üJ) ➔ a 

File "RUS.3": A grossly inco.rrect interpretation:
@ ([a:J) ➔ t 

9 {[•]) ➔m 

1 ([I ]> ➔ p 

w ([i.J) ➔k 

& ([e]) ➔k 

y ([ü]) ➔ p

File "RUS.4": A slighdy inconect interpretation:
a ([aJ) ➔ o 

9 ([�]) ➔o 

1 ([IJ) ➔ i 

w ([lllr]) ➔ i 

& ([e]) ➔e 

Y ([ü]) ➔u 
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File "RUS.5'': Same as file "RUS. l", but with palatalization merged with vowels,
e.g.: 'a ➔ A, 'e ➔ E, etc.

fit "RUS 1„ but with palatalization merged withFile "RUS.6": Same as 1 e . , 
consonants, e.g.: b' ➔ B, d' ➔ D, etc.

. . ed in the table hereunder (higher-order val-�esTue results obtamed are summanz . . ' . of the entropy are given only for cunos1ty s sake). 

RUS.2 RUS.3 RUS.4 RUS.5 RUS.6 

RUS.0 RUS.l 

Different 
26 26 31 41 

characters 32 26 26 

Total 
3828 3828 3436 3333 

characters 3828 3828 3828 

4.70044 4.70044 4.70044 4.95420 5.35755

h0 5.00000 4.70044 
4.63200 

4.21989 4.28692 4.10642 4.51855 
hl 4.56352 4.22935 

3.60223 3.60367 
3.37287 3.49004 3.20176 

h2 3.47861 3.30374 
2.34389 2.27757 

2.45459 2.45253 2.42606 
h3 2.32221 2.39795 

0.86728
l.24882 1.19829 l.08839 l.35211 0.92995 

h4 l.00327 0.22178
0.42855 0.37950 0.52864 0.23627 

h5 0.34090 0.46598
0.18116 0.07273 0.06345

h6 0.lll26 0.15752 0.13328 0.11891 

0.84702 0.79688 0.90466 0.91632 l.02833 

hl-h2 l.08491 0.92561
l.68036 2.17366 2.35443

hl-h3 2.24131 l.83140 l.76530 l.83439

fi . lumns 2 to 5 (files "RUS.l'' to "RUS.4"), obtained on texts
��: :: s::�:nC:r of characters in their alpha�ets, and ofbethe sam� le��d. bl with one another. Tue difference tween U'S are stnctly compara e . · test (O 925613) for the correct transcrip-d-order cbaracter entropy 1s grea · • • · 
�::�file "RUS.l"), and least (0.79688) for tbe most aberr�t �anscn�t10�:
which some vowel symbols were replaced by conson:ts (File d �:!/diffe­sligbtly incorrect transcri:ption in file ''RUS.4" scor� . e secon of si nificance0 90466) There appears to be no known statist1cal tests g 

�Y::J::b��:1� :/� ::�:e::�;)�:�:�:�s�i:i ::e�/�����;:��1!:C�;
certain, that the diff erences observed in th1s expenment are s1gnificant. 
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Tue figures for files "RUS.5'' (palatalization as a vocalic feature) and ''RUS.6" (palatalization as a consonantal feature) are interesting: the difference between first and second-order character entropy happens to be greater for the text in which palatalization was transcribed as a consonantal feature {the generally accepted modern intetpret.ation). Those two texts, however, have different lengths (3436 vs 3333 cbaracters) and alphabets (31 vs 41 characters), so that, again in the absence of an adequate st.atistical test, no certa.in conclusion can be drawn in this case. 

Further Questions 

Although the absence of statistical tests of significance for values of the character entropy of texts prevents us from drawing fum conclusions, the results of the experiment indicate a strong possibility that the difference between first and second-order character entropy of texts transcribed phonemically provides a measure, i.e. an objective function, of the correctness of a phonemic analysis. ff it is indeed so, then there must exist an algorithm capable of rnaximizing this objective function, and, therefore, of automatically phonemicizing texts tran­scribed phonetically. 
Tretiakoff has produced evidence that the difference between first and second­order character entropy is also a measure of the correctness of the partition of an alphabet into vowels and consonants, and this may appear to prevent this measure from being also used as an estimator of phonemic correctness. 
But there is no incompatibility there. A phoneme is ultimately a set the members of which are its allophones (each often associated with one or several conditio­ning environments). A vowel (or a consonant) can likewise be con-strued as a set. Tue notion of phoneme as set is applicable to archiphonemes: an archlpho­neme is a set, the members of which are phonemes, each possibly associated with conclitioning environments. 
The one and only fundamental difference between the phonemicization process and Sukhotin 's vowel recognition algorithm is that the latter forces the partition of the alphabet of a text into exactly two subsets; the phonemicization process, 

201 







Peter Zörnig, Moisei Boroda

F(i) 
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0.5 '-----�------1.----L------_L.---_j
100 150 200 250 

0 50 

Fig. 1 
Frequency structure of the melodic units F-motifs
in the Prelude and Fugue WTC 1:20 of J.S. Bach.

i (rank)

in the right part there are mainly steps of length greater than one,
whereas the length increases with increasing rank. Such a subdivision
of the stairs into two parts has been possible for all (suffi.ciently large)
texts investigated up to now. As a consequence , the relations between 

the frequencies of units were considered here from two points of view
(cf. section 1 and Boroda/Zörnig 1990): 
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- Motivated by the strictly decreasing left part of the stairs, the 

rank i was assigned to the height of the steps, i.e. to the fre­
quency F;; we call this relation the frequency structure (FS). 

- As is suggested by the right part of the diagram, to each fre­
quency F the number VF of different text units occurring F

Zipf-Mandelbrot Law 

Table 1 

Models for the Frequency Distribution (FD)
:ormulae ;e listed for the number VF of different text units with

equency cf. 3 L := text length, V:= inventory size 
a) Waring-Herdan Model (�f. Herdan 1966):

VF+i = VF 
a + F - 1

x+F 
where

( V, 
)-1

Q= 1- � 
b) the Krallmann. Model (1966):

c) the Orlov Model (1982):

d) the Hajtun Model (1983):

where c represents the parameter in the ZM-Law and A � y
e) the Krylov Model (1987) (cf. Krylov 1987, Tuldava 1987): c 

VF = cF-2
e

bfF 

;here c and b are parameters dependent on the text length the 

equency of the most frequent unit and the vocab l . ' u ary s1ze. 
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i=l Fm•x V= L VF, F=l 
where L, V , F�ax denote the text length, the inventory size and themaximal frequency of text units, respectively. For the example above 
L = 26, V = 9, Frnax = 5. In the following we assume that the ZM-Law is valid for the FS of a given coherent text, i.e. that the i-th frequency Fi in (2) can be fitted by an expression of the form 

z Fi = (i+B)c i = l,.' .. , V, 

where B, C are constants and Z is a standardizing constant, i.e.

2. The Interrelations Between FS and FD

We start our considerations with equation ( 4). 

(4) 

Since the frequencies in ( 4) must be integral, we can round the right side off to the nearest integer, i.e. we can modify (4) to 
(5) 

where [x] denotes the greatest integer < x. Now VF in (3) is the cardinality of the set 
{ijF; = F}, 

i.e. 
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Vp = / {i/Fi = F} /.This implies using (5)

VF = {if [ (FTf) 1/C -B] < i $ [ (Jig)"
c 

-B]}/,since i is an integer. The last expression yields
. Vp = [(F�J/c-B]-[(FTf)

l

/C-B], (6) which can be used as an initial model for the FD Expression ( 6) represents a sim le en all .. Nn in Haight {1969: 22S e (l p. g er zation of the numbersdistribution and the harm' oruq:c di�)t V:bh1ct� were used to derive the ZetaS Il U !Oll. . In the following we derive an approximation fo h plicated ex{>ression (6) which . al · f h r t e relat1vely com-O . . 1s so o t e form (4) {cf also (ll)) . nuttmg the "integral operators" [ J in {6) . ld h. . .. mat1on yie s t e first approxi-
Vp ;::;:: (�) 1/C _ (�) 1/C 

F- 2 F+ !. 
2 Using the definition

(7) 
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Relationships in the Length, Age and 
Frequency of Classical Japanese Words 

Tatsuo Miyajima 

1. Frequency and lengtb of worcls

The exercise of a little common sense will enable us to realize that there is a close
relationship between the frcquency and the length of words, and that short words
are used more often. This was already proven by Zipf on the basis of data in
different languages (Zipf 1935). The pwpose of this report is to confüm a similar
result for the words used in Japanese classical works.
First! must explain the corpus (the classical works) and the frequency table used
here. "Koten taishö goihyö" (Miyajima 1971) is afrcquency table ofwords used
in the 14 most represcntative Japanese classics listed below.

Man-yöshü (Sc. anthology)
Taketori Monogatari (9c. romantic tale)
Ise Monogatari (9c. romantic tale)
Kokin Wakashü (19<:. anthology)
Tosa Nikki (10c. rravel diary)
Gosen Wakashü (10c. anthology)
Kageiö Nikki (10c. diary)
Makura no Soshi (llc. essay)
Genji Monogatari (llc. The tale of Genji)

different total numer
words of words
6505
1312
1692
1994
984

1923
3598
5246

11421

50070
5124
6931

10015
3496

11955
22398
32905

207792
219
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Problems of Maori Lexicology 

Viktor Krupa 

Maori, a member of the Polynesian group of the Austronesian language family, 
displays a variety of extreme typological characteristics that are shared by all 
Polynesian languages, with the possible exception of a few of the so-called 
Outliers. The latter, a result of secondary westward migrations from Polynesia 
proper into Melanesia, are spoken in several small islands scattered along the 
main islands and exposed to large-scale interference with the local non-Polyne­
sian languages. 

The stat.e of the Maori lexicon cannot be satisfactorily characterized without a 
brief recourse to social and political background of the language. The Maoris 
have inhabited New-Zealand since about thousand years and their language has 
been evolving in a complete isolation from other languages right until the end 
of the 18th century. The ever expanding contacts with the British immigrants and 
their civilization have resulted in a gradual and obviously irreversible retreat of 
the Maori language which may ultimately lead to its extinction in most functions 
with the most obvious exception of the ceremonial function. 

The only available dictionary has been used as a source for the present work, i.e., 
Herbert W. Williams' book titled "A Dictionary of the Maori Language" pub­
lished in many editions (6th edition printed in 1957 and the 7th edition published 
in 1971 and reprinted in in 1988). The dictionary contains some 15,000 entries. 
However, only original Maori words are listed by the compiler and borrowings 
(mainly from English) are given in Appendix, with the remark that it comprises 
some of the more important words adopted from non-Polynesian squrces. This 
solution sec.ms to be inadequate at the first glance but it is very hard to decide, 
at least nowadays, where is the boundary between assimilated borrowings and 
massive lexical int.erference in the speech of modern Maoris who are fully 
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bilingual in English and Maori - if they are fully compet.ent spe� 
·

. 
language at all. 

ers of the Maon 

The size of Maori vocabulary is moderate when compared to oth 1 
· 1 ded · th · hi h · d · er anguagesmc u m e proJect, w c 1s ue the historical circumstances ( b f d ed te hn l b f . . . 1 . a sence o 
a vanc c o ogy, a sence o wnting, tso ation, etc.) in pre-European d 
to a gradual abandonment of the Maori language in favour of English. 

era an 

The typolog�cal characteris�cs of the_ Maori language are thought to be relevant
f�r the _reactio? of_ the Mao.� population to the practical value of their language
v1s-_a-v1s Enghsh m the cn�cal conta�t situation. This reaction has obviously
dec1ded the fate of the Maon language m the füture. The most obvious structural 
consequences of the retreat of the language are a continuing simplification of its 
grammatical categories and an analogous development in its vocabulary. 

Information on Maori words is provided mainly in columns 1, 4, 5, 6, 7, 9, 14 
of the questionnaire of the project ''Language synergetics". 

A. The discussion of the typological peculiarities will be opened with phono­
logy because this is of immediate relevance to the transcription used in Column
1. The latter differs from the offlcial orthography of Maori only in two respects:
(1) the digraph ng has been replaced by g, (2) the digraph wh has
been replaced by f.

The phonological inventory of Maori is extremely meagre, comprising ten 
consonants (p, t, k, m, n, ng, w, r, h, wh) and five vowcls (a, e, i, o, u). All five 
vowels havc their long pendants (writtcn as either aa, ee, ii oo uu or 
i, e, T. o, ü). The digraph ng denotes a velar nasät sound close � En�lish ng 
in, e.g., going, and the phonctic realization of wl, varied a good deal geographi­
cally. Lately its pronunciation as English voiceless labiodental/ has prevailed 
over the morc archaic, likewise voiceless, bilabial pronunciation. 

B. The scarcity of Maori phonology is not restricted to its inventory of
phonemes but is likewise present in its combinatorics, in phonotactics. There are
very few types of syllables - V, VV, CV, CVV - which may be schematized as
(C)V(V). Tue syllabification rules have been summed up by P.W. Hohepa;
according to him, syllable boundaries occur at word space, before each conso­
nant, after identical vowels in close transition, before identical vowels preceded
by another vowel in close transition, and after every second vowel in a non-iden­
tical close transitiön sequence (Hohepa 1967: 9). Tue so-called Iong vowels are
regarded as sequences of two identical vowels, which makes the treatment of
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Maori syllabificati.on and stress much simpler (cf. Biggs 1961, Hohepa 1967).
The long vowels as sequences of two identical vowels have appeared as a
consequence of the loss of a consonant attested for Proto-Austronesian, e.g.,
Maori too "stem" from PAN *tebu, raa "sail" from PAN *layaR, hoo "give"
from PAN *beRay. Other Iong vowels have appeared on the joint of two 

morphemes, e.g. pana "drive away + -a "passive marker" = panaa "be driven
away". In accordance with this view, long vowels have been suggested by B.
Biggs to be written as aa, ee, ii, oo, uu.

Stress in Maori is positional and therefore cannot distinguish meaning. Major
stress falls on the first syllable containing a sequence of identi.cal vowels; if there
is none, it falls on the first syllable with a non-identical sequence of vowels, and,
finally, if there is no such sequence, it falls on the ftrst syllable . The final
unstressed syllable tends tobe devoiced (Hohepa 1967: 10).
C. Tue phonotactic rules do not admit any consonantal clusters at all. In the
speech flow, all syllables end in a vowel and each consonant must be followed
by a vowel. However, a morphemic analysis may lead to the discovery of a few
consonantal morphemes such as, e.g., t-, m-, and n- in possessive pronouns
(taana versus toona "his, hers", maana versus moona "for him, for her", naa11a
versus r1oona "by him, by her".
Unlike consonants, vowels may enter into a variety of clusters, some of them 

four, five, or even six vowels long, e.g. taaua "we (dual, inclusive)", tuuaaumu

"spell"; aeaeaa "panting".
D. Heavy phonotactic restrictions limit the number of syllables. There are only
55 syllables structured (C)V in Maori, including 4 syllables occurring only in
loanwords from English that are of a relatively late date (wo, wu, who, whu).

Besides, there are syllables of the type (C)VV; diphthongs ai, au, el, eu, ou occur
in the vocalic part of this syllable type, as weil as sequences of identical vowels(Krupa 1968: 21-28). 
The absence of consonantal clusters and the obligatory presence of a vowel after
each consonant have far-reaching consequences for the morpheme structure.
Another limitation is of a statistical nature : most morphemes contain two vowels.
Shorter morphemes are rare but very frequent while morphemes containing more 
than two vowels, are rare and infrequent. The stock of Maori morphemes ( to be
precise, of morphemic forms) follows a few basic pattems. Tue number of vowels
is the chief classificatory criterion. According to the latter, the morphemic forms
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are subdivided into mono-vocalic, bi-vocalic and 1 _ criterion to be introduced is the number and po' sitt' po Yf vocalic. An additionalth h . " on o the conso 'thine morp enuc 1orms. Now the stock of morphemi " . nants w1 ...,, 'd d. . c iorms m Ma . bewv! e mto mono-vocalic, bi-vocalic, and poly-vocalic and on may their turn be subdivided into füll (CV, CVCV CVCVCV: aU of them may ininitially (V, VCV, VCVCV, ... ), medially (CVV. CVVCV:' .. ).) 88 weu as reducedVVV, ... ). ' • ... or completely (VY,
Very strong phonotactic restrictions applied to a likewise restricted h inventory lead to a far-reaching consequence - the total m h p .onologicalM · · · od orp elll.lc stock ofaorus qwte m estlt consists of a few tens of rnono-vocalic morph . • f, resei:ved fo� grammatical func.tions (highly homonymous), of sever��;nnsof b1-vocalic forms (the upper theoretical limit is 3 025 but d furthedsb' to 'al . . , ue to erc�m ma n restncttons only 1,258 such forms are really admissible) and oiafairly small cate�ory of poly-vocalic forms; the morphemic fonns of the twolatter types function as roots of autosemantic words. 

The approximately 1,300 bi-vocalic morphemic fonns are the material of whichth� vas! bul.k: of the vocabulary of Maori is built up. This inevitabJy implies afairly high degree of homonymy. Upon the basis of a sample of 100 bi-vocali forms selected from the dictionary, it has been found out that they manifest 22;homon�ous semes. This means that the index of homonymy IH = 227 /100 =2:27 • � mdex of polysemy may be calculated in a similar way. Since the 227b1-vocahc morphemes display 593 various meanings, the index of polysemy1� = 2.6!· We could use the homonymy index to estimate the number of all�1-vocahc morphemes in Maori, which could be calculated as IH x 1,258 = 28551.e., less than 3,000 morphemes. 
�oly-v�ali�. m��h�mes �e. adjusted loanwords from English, e.g., roakutadoctor , pmm,a prune nuruster", but quite a few of them have been inheritedfrom proto-language, e.g., whenua "land, country", aroha "love, pity". 
�- Co!� 4 �ves th� word class characteristics of each word. Most gramma­tic� functions _m Maon are carried by special, usually proclitic markers calledParti�les of_which_ there �e �o basic classes, nominal and verbal. This explainsscarcity of inflective aff1xes m Maori. Neither are derivative affixes very com­mon. 
�e scarci� of inflective markers makes the defmition of word classes in Maoriquite comphcated and one has to rely more on the distribution than on the internalword structure. Some authors were inclined to defme word classes in Maori as
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kürliche bevorzugung einer der beiden syntaxen �1.2-und �1.3 über�aupt nicht 
gerechtfertigt werden, wenn man sich nicht zu mehr oder weniger traditions­
orientierten seh- oder sprechweisen verstehen will, die bei alleiniger heranzie­
hung der hier bisher betrachteten datentypen unmotiviert bleiben, etwa: "die 

konjunktionen en, maar, want (und z.t. echter) stehen vor dem zweiten kon­
junktionsglicd" oder "sie stehen nach" dem ersten. 

Neue daten, die hier betrachtet werden sollen, sind solche, die belegen, daß
imperativformen im praccedens aller vier zu untersuchenden morphologischen 

einheiten vorkommen können: 

(11) l&ef matig in alles. [= a9] ED..[= en] verander uw voeding, vandaag a1
[= a10], 
('Leben Sie in allem maßvoll. Und ändern Sie Thre emährung, schon
heute.')

(12) .Laatu niet in met liefde op het eerstc gezicht, [= au] l!iD1 [= wa] u
speclt met vuurl ·[= au]. 
('Lassen Sie sich nicht in eine liebe auf den ersten blick ein, denn Sie 

spielen mit dem feuert')

(13) Mut optimistische plannen met voldoende ruimte voor ontplooilng,
[= a13] JWW [= ma] blijf binnen uw eigen mogelijkhcden [= a14).
('Machen Sie optimistische pläne mit genügend raum für entspannung,
aber bleiben Sie innerhalb ihrer eigenen möglicbkeiten. ')

(14) Als u tot de mensen behoort die alles meteen kwijt moeten, � dan
onmiddelijk uw gedachten op papier. [= a1s] Verstuur deze brief [= a1ul 
� [= ec] nooit [=a16.2]. 
('Wenn Sie zu den menschen gehören, die alles auf einmal loswerden 

müssen, so bringen Sie lhre gcdanken unmittelbar zu papier. Schicken 

Sie diesen brief aber niemals ab.') 

Anders bei den subscquentia: Während sich in den subsequentia von en, maar
und echterimperativformen nachweisen lassen (15, 16, 17)- s. auch (11, 13, 14) 
-, fehlen belege mit imperativformen im subsequens von want.

(15) Verhoog de temperatuur (180' C) [= a11] m [= en] lü1 re [de kussentjes]
6 tot 7 minuten bakken [= a1s), 
('Erhöhe die temperatur (180' C) und laß sie [die karamelstückchen] 6
bis 7 minuten backen.')
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(16) Het zit er dik in dat u ditjaar uw hart zult verliezen. [= a19] MaaI [= ma]
� u, amoure�s en trouwhartig paardl [= a20]. 
( Es 1st sehr damit zu rechnen daß Sie in diesem J'ahr Thr h li , erz ver eren
werden. Aber hüten Sie sich, verliebtes und treuherziges pferdl ')

(17) �erwarm het frituurvet tot 190• C en leg de kussentjes er weer in: ze be­
gmnen nu te zwellen; [= a20] lllllt ze [= a21.1] � [= ec] nog niet 
kleuren [= a21.2].
<'.�lin?e das_ fritierfett auf 190' C und leg die karamelstückchen wieder
hinem: sie begmnen nun zu quellen; laß sie aber noch nicht bräunen.') 

Berücksichtigt man diese vorkommensbeschränkungen für· tt·-� 
b . · · impera normen im 

s� se�uens von_ want, so lieg! es nahe, die hier untersuchten morphologischen einhe1ten auf mmdestens zwei klassen zu verteilen, so daß die annahmen A 2 7 
A_ 3.�, A 3.3, A 3.6 und A 4 in die engere wahl kommen. Daher sind in di�e; hinsieht alle syntaxen, mit denen eine dieser annahmen formal ausgedrückt ist den syntaxen �1.1 und l:1,3 überlegen. ' 

�ie vertei�ung auf zwei oder mehr klassen kann zu einer vermehrung der 
rucht-tenrun�en symbole und zu einer vermehrung der regeln führen. Diese 
verme�g 1st aber davon abhängig, daß mit ihr vorkommensbeschränkun 
beschrieben werden können, die mit symbol- und regelänneren syntaxen Jc��
erfaßt werden. 

Die besonderen k?mbinatorischen eigenschaften, die want gegenüber en, maar
und e�hter auszeichnet, kann mindestens in zweierlei weisen in der syntax 
reflektiert werden: 

(a) want wir� e�er anderen klasse zugeordnet als en, maar und echter
und folglich m der syntax einem anderen symbol aus V n, 

(b) �as subseque� von want wird einer anderen klasse zugeordnet als
�e subsequentia von en, maar und echter und folglich in der syntax
emem anderen symbol als V 0• 

Nach �esen gesichtspunkten lassen sich etwa syntaxen wie :tz.1 1;2 2 und l: 
konstnueren: 

' · 2.3 
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PRINZIP 2: 

Syntaxen, in denen beobachtbare vorkommensbeschränkungen von aus­drucksstücken eine formale entsprechung finden, haben solchen gegenüber einen vorteil, in denen dies nicht der fall ist. 
Es wäre borniert, wollte ich behaupten, daß sich alle beobachtbaren vorkom­mensbeschränkungen einzig mit den mitteln kontextfreier syntaxen erfassen lassen. Es wäre aber ebenso borniert, wollte man - aus welchen gründen auch immer - darauf verzichten, vorkommensbeschränkungen mit diesen mitteln zu beschreiben, wenn sie sich mit ihnen ohne schwierigkeiten beschreiben Jassen. 6 

Man könnte gegen das prinzip 1 und die damit begründete bevorzugung der syntaxen l:2.1 und l:i,3 gegenüber den syntaxen .Eu und l:1.3 ins feld führen, daß .Eu bis l:1,3 die allgemeineren syntaxen sind und daß die beobachteten vorkom­mensbeschränkungen von imperativformen und wallt zwar nicht vernachlässigt, aber mit anderen formalen mitteln erfaßt werden sollm. Gerade dies zu tun habe ich mir jedoch versagt, weil ich nur syntaxen vom gleichen typ miteinander vergleichen will. 

4. Mit den bisher konsttuierten syntaxen können ausdrücken wie (18) bis(20) zwar strukturbeschreibungen zugeordnet werden, sofern die praecedentiaals a1, ... , a11 und die subsequentia als a1, ... , an bzw. bt, ... , bm symbolisiertwerden. Da in (18) bis (20) aber je. zwei elemente aus K bzw. wa mit einem element aus Kerne manifestiert sind. bleiben die mit r, 1 ausgezeichneten prae­cedentia von en, maar und echter mit want bzw. die mit L, J ausgezeichnetensubsequentia von want mit en, maar, echter durch die syntaxen uanalysiert.
(18) r Ontdooi bevroren groenten NIET voor het koken, [= eraecedens von

want] want [= wa] [hierdoor worden ze te waterachtig 1 [= pracedens von
en] en [= en] schorseneren zijn op hun best wanneer ze nog knappendzijn [= subsequens von en]J [= subsequens von want].('Taue tiefgefrorenes gemüse nicht vor dem kochen auf, denn hierdurchwird es zu wässrig, und schwarzwurzeln sind am besten wenn sie nochknackig sind.')

(19) f De beste periode is dus van half tot eind april, [= praecedens von want]Ldan staat alles op ziijn mooist,7 [= praecedens von maar] maar [= ma]
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bewertung von SJntaxendan is het op Keukenhof oatuurr 'k maa JJ [ b 1J ook het cfrukst [ , . r = su sequens von wamJ. = subsequens von( Die beste periode ist also von mitte b.am schönsten, aber dann ist in Keukenl: ;nde aprll, denn dann ist alleslos.') o natürlich auch am meisten
(20) f Het wondermiddel zou dus niets . . . w, t [ L rueuws ZJJn [- p ed an .= wa] ook u vindt dat de fiskus recht h� raec e� .v�n want]schenkingen.l [= praecedens von echter] rDe F ft op u_� vr1Jw1Uigeechter[= ec] rslechts indirekt m ransen ZIJn het d"'"'..,tr b ee eens12 [= subse ..... , � su sequens �on wam]. 

quens von echter]( Das wundenruttel dürfte somit nichts neues sein daß der fiskus ein recht auf Ihre fre' 'Ir · Denn auch Sie findenaber sind damit nur indirekt einvers:d:!� ,;pende hat. Die fnln7.()sen
Syntaxen, in denen analysierbare ausdrii k od unanalysierten gesamtheit eine formal c e er aus�cksstücke nur in ihrersolche, in denen die analysierten aus�:::��g finden, sind gröber alsfi_nden. Zwei syntaxen können sich also d . c . em� formale entsprechw1gdie andere gröber ist. ann unterscheiden, daß die eine feiner,

Dieser gedankengang führt zu:
PRINZIP 3:

Feinere syntaxen haben gegenüber gro"be . ren emen vorteil.Fein�re syntaxen können sich dadurch von .. . ternunalsymbole aufweisen als diese. Es k��en unterscheiden, daß sie mehrsyn�x A gegenüber einer syntax B der so der fall a�treten, daß einerternunalsymbole hat, und zwar derart daßvAo��g g�geben wud, weil A mehr, iemer 1st als B. 
5. Um ausdrücke wi (18) b' (2 nannte manko auftritt zu i:schr ·:C Ok�-angemessener, d.h. ohne daß das ge-l: .,.. .,.. , e1 n, onnte man syntaxen wie .E ..., 2.6, "'2.7, "'2.8, l:2.9 u.a. in erwägung ziehen: 2.4, -"2.5, 

259 







WolfThümmel 

Ersetzt man darüber hinaus lii.6 durch lii.6.l, indem man regel 5 aus lii.6 streicht, 
so erweist sich nicht nur das symbol E als überllüssig, sondern die gesamte regel 
5. 

Symbole und regeln, für die dies zutrifft, sollen entbehrlich heißen. Es ist 
offenkundig, daß entbehrliche symbole und regeln nicht dazu beitragen, eine 
syntax "besser" zu machen als eine andere. Schließt man nicht von vornherein 
aus, daß es fälle geben kann, in denen man entbehrliche symbole und regeln in 
kauf zu nehmen bereit ist, so führt diese überlegung zu einem weiteren prinzip: 

PRINZIP 5: 

Syntaxen mit weniger entbehrlichen symbolen und regeln haben gegen­
über solchen mit mehr entbehrlichen symbolen bzw. regeln einen vorteil. 

Dieses prinzip sollte man besser in zwei prinzipien zerlegen, weil die zahlen der 
symbole - anders als es bei 1:-i.4 gegenüber :Ez.s der fall ist - sich von denen der 
regeln unterscheiden können: 

PRINZIP 5a: 

Syntaxen mit weniger entbehrlichen symbolen haben gegenüber solchen 
mit mehr entbehrlichen symbolen einen vorteil. 

PRINZIP 5b: 

Syntaxen mit weniger entbehrlichen regeln haben gegenüber solchen mit 
mehr entbehrlichen regeln einen vorteil. 

7. An hand der syntaxen I:2.6, I:2.6.l, I:2.6.2 und I:2.6.3 können weitere be­
trachtungen angeschlossen werden. Man vergleiche die strukturbäume in 
(Fll) bis (Fl3). 
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0.2 

A 

0.3 

J\
B�B

A 

� E Kerne ß 
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}: 2,6 

A 

0.1 

A 

0.2 

A 

0.3 

}: 263 

A 

___-r---B Kerne B 

A 
� 

� 
B Wa 

A 
� F 0

� 
B Wa 

3.1 

3.2 

3.3 

. zwischen (0.1) und (0.2) durch das symbol C
Der zusammenhang, der _m (Fll) 

. ht aus edrilckt werden, wie (1 .1) und (l.2) 
hergestellt wird, k� mit la,6.1 ruc eJang zwischen(0.2) und (0.3) in (F12)
zeigen. Ebensowerug kann der zus� 

chenden strukturen sind (2.2) und 

mit 'E2.6.2 ausgedrückt ��rd;1i3 d)��- e�s{)r�0.2) und (0.3) gegenüber(3 . l), (3.2)
(2_3). Entsprechendes giltm ( ur · • 
und (3 .3). 
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Wenn es in einer kontextfreien syntax mindestens eine nicht t 
. , 1 'b · d 

· bol A v uf d 1· • emuruerende rege g1 t, m er em sym e· n a er inken seite vorkommt, h ißeA,. ..: l'nks ali . d' . . 1 . h so e 1-grawg 1 -gener s1er�n , wenn es 1 > ruc t-tenninierende regeln 'bt, in denen Aauf der rechten seile vorkommt gi 
Wenn es in einer kontextfreien syntax mindestens eine nicht-terminierend l gibt, in der ein symbol A e Vn auf der rechten seite vorkommt so h:;g� 'j-graclig rechts-generalisierend', wenn es j > 1 nicht-terminierend� regeln gibtin denen Aauf der linken seite vorkommt. 
Es ist nicht abwegig anzunehmen, daß die relative "güte" einer syntax nicht nurmit der zahl links- bzw. rechts-generalisierender symbole wachsen soll, sondernauch in abhängigkeit von der zahl i bzw. j jedes dieser symbole. - Man kann aufgrund dieser überlegung ein maß v der verbundenheit von syn-taxen konstru­ieren und ein weiteres prinzip aufstellen: 
PRINZIP 6: 

Syntaxen mit höherem wert für v haben gegenüber solchen mit niedrige­rem wert für v einen vorteil. 
Ein maß v werde ich in diesem artikel nicht entwickeln. Wie immer die hier skizzierte idee ausgeführt wird, l:2.6 ist aufgrund des prinzips 6 gegenüber allen bisherigen vergleichssyntaxen der vorzug zu geben. 

8. Mit l:2.6 kann man ausdrücken wie (21) zwar strukturbeschreibungenwie (F14) oder (Fl5) zuordnen, bei beiden strukturen bleibt allerdings ein aus­drucksstück unanalysiert, das in der je anderen struktur eine analyse erfährt. 
(21) 0m deze reden is het ook bijna onmogelijk een kant en klaar recept tegeven voor de konstruktie van een sensor, want iedereen heeft anderespullen in de rommeldoos liggen en bovendien is bij de keuze veelal hetuiterlijk van de tap van doorslaggevende aard. Speciaal dit laatse puntwordt echter door velen anders gewaardeerd, al naar gelang de persoon­lijke smaak.
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(' Aus diesen gründen ist es auch beinahe unmöglich, ein fix und fertiges
rezept für die konstruktion eines sensors zu geben, denn jeder hat andere
sachen in seiner schublade, und außerdem spielt bei der wahl meistens 
die äußere gestalt des stifts eine ausschlaggebende rolle. Besonders dieser
letzte punkt wird aber von vielen anders beurteilt, je nach dem persön-
lichen geschmack.') 

(F 14) 

A 
� 

--------=-=-E Kerne 
� 

-------
B Wa 

1 1 
b1 wa 

� ß 
Om deze reden 
is het ook bij­
na onmagelijk 
een kant en 
klaar recept 
te geven voor 
de konstruk­
tie van een 
sensor 
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want 

d1 

� 
iedereen heeft 
andere spullen 
in de rommel­
doos liggen 

en 

b. 
en 

b2 

� 
bovendien is 
bij de keuze 
veelal het ui­
terlijk van de 
top von door­
slaggevende aard. 
[ Speciaol dit 
laatste punt 
wordt echter 
door velen an­
ders gewaar­
deerd, al naar 
gelanf_ de per­
soonltjke smaak ]
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(F 15) 

A 

c-----
E-------- B 

� 
Kerne F D 

i j' 1
b1 wa ec b3 

� L 
9m deze reden 
ts het ook bij­
na onmoge/ijk 
een kant en 
klaar recept 

want iedereen hee/1 
<fndere spul/en 
in de rammel­
doos liggen 

./J 
echter 

� 

te geven voor 
de konstruk­
tie van een 
sensor 

1 en boven­
dien is bij de 
keuze veelal 
het uiJer-
lijk van de 
tap van daor­
slaggevende 
aard J 

speciaa/ dit 
laatste P.unt wordt [ ... J
door velen an­ders gewaar­
deerd, al naar gelang de per­
sonlijke smaak 

Nach dem prinzip 3 wäre gegenüber L der die feineren analysen e. fi 12.6 emer syntax der vorzug zu geben in
denkbaren syntaxen ist .I:2 

7 = d orm� e entsprechung finden. Von den vieien
1 l:2.1 I =( I = A 

• erartiges exemplar: 

{A, B, C, D, E, F, G, Wa, Kerne} 
{ b1, ... , bn; d1, ... , dm; wa, en, ma, ec }

R = {A ➔G

A ➔GF 
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PRINZIP 7: 

Syntaxen, in denen partielle übereinstimmungen von ausdrucksstücken 
eine formale entsprechung finden, haben gegenüber solchen, in denen sie keine formale entsprechung finden, einen vorteil. 

Prinzip 7 entspricht einer in der linguistik gängigen vorstellung. Es entspricht der annah.me von sog. endozentrischen konstruktionen (Bloomfield 1933/ 1962: 194). 

9. Die bisher betrachteten syntaxen haben gemein, daß sie ausdrücken wie (25) keine feine strukturbeschreibung zuzuordnen gestatten.
(25) Dat was het belangrijkste, want in de volgende dagen heeft hij niet veelmeer te vrezen, wa/1.t de katalaanse Week wordt minder moeilijk dan zegisteren en eergisteren was.('Das war das wichtigste, denn in den folgende� tagen bat er nicht mehrviel zu fürchten, denn die Katalanische Woche wird weniger beschwer­lich als sie gestern und vorgestern war.')
Es gibt gute gründe dafür, ausdrücke wie (25), ausdrücke also, in denen zwei stücke unmittelbar aufeinander folgen, die je dem symbol C von :ti.s zugeordnet 
werden sollen, nicht als mit sicherheit zur niederländischen Standardsprache (zum ABN) gehörig zu betrachten. Nicht nur die seltenheit solcher ausdrlicke spricht für diese annahme, sondern auch die korrekturbereitschaft, die ihnen gegenüber aktive benützer des ABN haben. Dem beleg (25) steht ein - nicht nur in bezug auf wa111 korrigierter - beleg aus einer anderen zeitung vom gleichen tage zur seite. 
(25) Dat was het belangrijkste, want in de volgende dagen heeft hij niet veelmeer te vrezen. De Katalaanse Week immers minder moelijk.
Sofern diese annahme als berechtigt gelten kann, ist jede syntax, die für die zur diskussion stehenden ausdrucksstückfolgen keine strukturbeschreibungen lie­fert., in dieser hinsieht solchen vorzuziehen, mit denen ihnen feine strukturbe­schreibungen zugeordnet werden können. 
Mag meine beurteilung von (25) auch strittig sein, so ist doch immerhin die annahme sinnvoll, daß es ausdrücke gibt, die nicht dem ABN angehören. In 
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bewertung von _..., -.,maxenbezug auf solche ausdrücke kann man f. 1 durch eine syntax festgelegten strukture: gendes Prinzip fonnur benden sprache entspricht, 'übers huß • denen kein aUSdru k teren, wobei die. C -Strukturen' h iße C der zu besc:Jue. 
PRINZIP 8:

e n soUen. •-

Syntaxen ohne überschuß-strukturen haben e schuß-struk:turen einen vorteil g genüber solchen nu·t "bc · u r-
Es ist klar, daß die anwendung des prinzi s 7 . . -voraussetzt, welche ausdrücke d a.....� p . hinreichende klarhe't d od · er zu u,;;,)chre1bende 1 arübcr er rucbt. - Je nach dem empirischen verfahre . n sprache angehören soll!::ZJt�we�:�•hund je �ach de� art der daten;;::: :�ke

be

a� syn1ax::n zc erweisen, zwischen zwei „ 

ar itung kann�terscheiden: (a) solche, die (noch) nicht::; von:berschuß..st:rukturen zu
:c:t:� guten �de� belegbarkeit angenommen ::;;n ::;:ten, von denenegbar smd, weil von ihnen aus guten ,,.,.;1"d . n ' (b) solche, die
erwartet werden kann. 6'..... en eme belegbarkeit gar nicht

IO. Wie das nebeneinander von be' · 1 licht, ist es denkbar, daß man - willkürli:::tn wie (25) 1;1lld (26) veranschau-a�sclrü�ke als verschiedenen sprachen an ehö: nach bestunmten kriterien -sie partte�e - etwa phonologisch beschreitbare ! :;er.ra�hte� kann, auch wennsen. Dabei kann es sich darum band In daß be�mstimm.ungen aufwei­pathologische sprachen oder eine (�e;me}u, man �e1 (oder meJ_u-ere) nicht­ner oder von mehreren pathologis h here) rucht-pathologtSche von ei­möglichen Willkür und der .. li ch en sprac en unterscheiden will. Um der · mog c en unzuv l" 'gke' terien zu steuern ist es sinnvoll . k e� ass, lt der verwendeten kri-das bewirken soll, daß "unnöti ' �m ompe�ierendes prinzip aufzustellen, ten", "dialekten" "registem") ge . unhtersche1dungen von sprachen ("varietä-. , we1tge end Vermieden werden.
PRINZIP 9: 

Eine syntax A hat gegenüber . stimm.ter ausdruckstyp durch �m�r sy= B emen vorteil, wenn ein be-durch B. eme 8 tmbeschreibung erhält, nicht aber
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Prinzip 3 kommt hauptsächlich in zwei fällen zum zuge. Eine feinere syntax I:r
wird man - bezogen auf eine gegebene gröbere syntax l:8 dann konstruieren
wollen, wenn

(a) mit I:t beobachtbare vorkommensbeschränkungen von ausdrucks­
stücken eine formale entsprechung finden, mit l:8 jedoch nicht;

(b) mit I:r partielle übereinstimmungen von ausdrucksstücken eine
formale entsprechung finden, mit l:8 jedoch nichL

Der fall (a) ist bereits durch prinzip 2, der fall (b) durch prinzip 7 abgedeckt.
Ob es fälle gibt, in denen das prinzip 3 aus anderen gründen als den unter (a) und
(b) genannten wirksam ist oder wirksam sein sollte, überblicke ich noch nicht.
Da das prinzip 3 bis auf derartige fälle, die ich im folgenden vernachlässige, von
den prinzipien 2 bzw. 7 abgedeckt ist, kann ich prinzip 3 bei den folgenden
überlegungen außerachtlassen.
Prinzip 4 ist eine spezialisierung des prinzips 2. Es wird jedoch nicht wie dieses
durch prinzip 8 abgedeckt. Vielmehr steht es in engem zusammenhang mit
prinzip 5 und vor allem mit prinzip 6. Einheitliche beschreibung von vorkom­
mensbeschränkungen wird dadurch erzielt, daß man eine syntax mit größerer
verbundenheit (höherem wert für v) konstruiert. Prinzip 4 erübrigt sich demnach
als eigenständiges prinzip.
Prinzip 5 lasse ich bei den folgenden überlegungen außer betracht, weil es nur
indirekt datenbezogen ist und sich als so plausibel aufdrängt, daß es in der reget
gar nicht dazu kommen dürfte, syntaxen in der prax.is des syntaxschreibens nach
diesem prinzip vergleichen zu müssen.
Wahrend durch das prinzip 9 eine "homogenisierung" derart zuwege gebracht
wird, daß man die beschreibungen unterschiedlicher ausdrücke oder aus-druck­
stypen in einer einzigen syntax zu vereinigen trachtet, sollen durch das prinzip
6 triviale fälle solcher homogenisierung ausgeschlossen werden. Prinzip 6 stellt
den zusammenhang zwischen den homogenisierten syntaktischen beschreibun­
gen her. Prinzip 7 ist ganz offensichtlich durch prinzip 6 abgedeckt: Die formale
entsprechung von partielien übereinstimmungen von ausdrucksstücken wird
erzielt durch ein und dasselbe element aus dem nicht-terminalen vokabular. Dies
l�uft auf eine verstärkung der links-generalisiertheit dieses symbols Wld somit
auf eine erhöhung des wertes von v hinaus. Außerdem wird dadurch auch die
zahl der entbehrlichen symbole sowie die zahl der entbehrlichen regeln (prinzip
5) verringert. 
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bewertung von ·""n• 
-J •axen

Wie kann man · be nun em wertungsmaß 0d konstruieren? fch wiU hier andeuten w . er. ein lllaß de mich dabei im wesentlichen an den ' . el��en weg ich für ·� relativen "göte"· h · • . · Pnnztp1en 8 suuwou haJ sic flgt ble1ben h1er dieprobleme die d'. und 9 Orienti te, und mit sich bringt ' 16 ann.alune syntaktisch 4;rcn. Unberuck­er Dleh:rdeutigkeitEs soll vorausgesetzt werden daß es für· • d ta · ' Je es paar zu �en mindestens einen ausdruckstyp gibt dem . . vergleicheJlder-syn nundestens eine strukturbeschre "b ' nut Jeder der beid , -t ung zugeordnet werden kann. en SJntaxen�a man nicht weiß, wie eine "beste" syntax all t.. die beschreib · bes • er "-0nkurrierend . ung emer linunten Sprache aussieht . . en synf81.en für?en paarweisen vergleich zu .konstruieren wobe. d' ist es smnvou, ein maß fürbesser als• transitivität gewährleistet ist.
' J arauf zu achten ist, daß für

�ußerdem muß gewährleistet sein daß es endlich <!ie verglichen werden. Es muß daher ein verfahre
e
n
mengen von Strukturen sind,ltche� formalen sprachen eine endliche teilm . geben, das auch bei unend­auszeichnet. Ich will ein solches verfam hi 

enge von Strukturen einheitlichbes�ten kriterien gebildete mengen so
e:usg:;i��ussetzen und nenne nachr.ypen . Jedem Strukturtyp soll ein 't zuko eter Strukturen 'stnJktur.smnvoll sein verschied mmen, z.b. 1 oder 2 oder O 5 Es kann• ene arten von stn,1n,,___ · · schieden zu bewerten. s --...... •.r .,.,n zu unterscheiden und ver-

Ausgehend von diesen werten soll f, J werden: en o gende weiteren werte berücksichtigt
Für zwei syntaxen 1:, und 1:/
1t{A.fJpfJ�)
Jl.(ev6�)

b(onus),:; 

m(alus);J

summe der 't-werte aller strukturtypen für di be • e es lege gibt,
1�umme der 't-werte aller strukturty .. . belege gibt, pen, fur die es keine
zahl der strukturtypen d'efü .I: bel nicht oder nur grob be�c:.ne:en 'wer�!��md, mit .I:j aber gar
zahl der strukturtypen die für .E b J nicht oder nur grob b ' hri b 

'i e egt sind, mit .I:; aber garesc e en werden. 

279


























	_195
	Anfang_171
	Anfang_69
	Anfang_49
	scan_2869_001
	scan_2870_001
	scan_2871_001

	scan_2872_001

	scan_2890_001
	scan_2891_001
	scan_2892_001
	scan_2893_001

	scan_2894_001
	scan_2895_001

	scan_2897_001
	scan_2898_001
	scan_2899_001



