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Glottometrika 14, 1993, 1-53

Graphemes and Context:
Statistical data on the graphology of
standard Finnish

Matti Pécikkénen, Oulu

1. Material

The principal material for this survey consists of the corpus of current standard
Finnish based on statistical sampling and compiled at the Department of Finnish
and Lappish, University of Oulu, in 1968 - 1970. It contains material from all
the mass media except for television, and a set of reference material consisting
of free speech. The main sources for the corpus comprise

1) Finnish language newspapers and magazines from 1967,

2) original Finnish literary and non-fictional writing from 1961 - 1967,

3) radio programmes produced over the period 29.9.1968 - 26.5.1969, and
4) 15 hours of free speech in standard Finnish recorded in 1968 and tran-
scribed for the purposes of the corpus.

No translated text is included. This initial material was then classified into 58
hypothetical context types, each represented by 100 randomly selected passages
of five sentefices and at least 60 words, i.e. by a total material of 500 sentences
and at least 6,000 graphological words. The whole material contains 425,332
graphological words with a total of 3,243,152 graphemes. After the exclusion of
any special signs and symbols, the material comprised 421,794 graphological
words of a mean length of 7.42 graphemes. The calculations for this part of the
material are thus based on a total of 3,130,382 graphemes. Classification and
random sampling was carried out according to the following principles':

! The material is presented in more detail in the publication “Oulu Corpus. Material for
research into standard Finnish in the 1960’s. Reports from the Department of Finnish
and Lappish at the University of Oulu 1. 1982.” Compiled by Pauli Saukkonen.
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1) 30 % of both the 222 newspapers and 969 magazines occurring in the various
lists available of these were chosen at random for classification. Every article
in each newspaper and magazine was classified (e.g. NEWS, CAUSERIES,
ADVERTISEMENTS), followed by random selection of the texts and the
points at which the samples should begin. The samples in this category contain
a total of 106 170 graphological words and 804,842 graphemes.

2) Literary and non-fictional writing was classified according to the UDK system
used in scientific libraries, and the works and samples to be included were
again decided at random. The samples of literary writing contain a total of
46,934 graphological words or 300,093 graphemes, the figures for non-fictio-
nal writing being 177,695 and 1,386,273 respectively.

3) The samples of radio language were selected from spoken programmes
originally produced for the radio, e.g. NEWS, RADIO PLAYS, FRAME
STORIES. One sample of a certain length was selected from each classified
programme in temporal order until the class was full. The Finnish Broad-
casting Company edited the sample tapes on the basis of random starting
points. The samples were transcribed by students according to the instructions
given, using a rough transcription. This means that sandhi assimilations and
post-aspiration were sometimes recorded, but mainly left out. The sample of
transcribed radio language contains 78,964 graphological words (567,944
graphemes).

4) The last class of texts, free speech, serves mainly as reference material. The
speakers of this class of language were chosen by selecting 14 persons living
in Helsinki at random from “Who’s Who in Finland" and 16 persons who have
passed the matriculation examination and are living in Oulu from the popula-
tion files of the Oulu Police Station. Each subject was interviewed for half an
hour, and the beginning of the sample to be taken was selected from the counter
on the tape recorder. The samples were transcribed according to the same
principles as those of radio language. It would seem that sandhi assimilation
and post-aspiration were marked more often in these texts than in the radio
language transcriptions, but still not regularly. The number of graphological
words in the sample thus totals 12,031 (71,230 graphemes).

The whole of this “Oulu corpus” was duplicated in 30 copies, punched onto cards
for computer processing and stored on magnetic tape. The material also exists
in the form of running text on microfiche and as Key Word in Context concor-
dances arranged in normal alphabetical order and reverse form (alphabetical
order of their last letters).

The material was classified into the following hypothetical sub-classes:

Graphemes and Context

Code Name Abbreviation No. of grapho-
no. logical words

Magazines MAG

01 Factual articles MAG FAC 6,663

02 News MAG NEW 6,602

03 Causeries MAG CAU 6,142

04 Devotional writings MAG DEV 5,892

05 Factual articles MAGYOU 5,538
for young people

06 Reviews on non- MAG NON 7,491
fictional literature

07 Art criticism MAG ART 7,503

08 Reports MAG REP 6,703
Newspapers NEW

11 Factual articles NEW FAC 6,449

12 News NEW NEW 6,573

13 Reports NEW REP 6,815

14 Causeries NEW CAU 7,307

15 Art criticism NEW ART 7,489

16 Sports coverage NEW SPR 6,355
Magazines
and newspapers

22 Advertisements ADS 6,307

23 Captions CAP 6,341
Fiction FIC

30 Plays PLY 6,367

31 Plays for YPLY 6,358
young readers

32 Poetry POE 6,770

33 Causeries CAU 7,119

34 Narrative NAR 6,973
literature

35 Narr. literature YNAR 6,704
for young readers

36 Narr. literature CNAR 6,643
Non-fiction NON

39 Devotional books NON DEV 7,101

40 Memoirs (NON)MEM 7,402

41 Travel books (NON)TRA 6,955

42 Encyclopedias NON ENC 6,732

43 Laws (NON)LAW 6,737

44 Religion (NON)REL 7,877

45 Philosophy (NON)PHL 8,101
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Code Name Abbreviation No. of grapho-
no. logical words

46 History (NON)HST 7,732

47 Social sciences (NON)SOC 8,139

48 Economics (NON)ECO 7,631

49 Administration (NON)ADM 8,054

50 Jurisprudence (NON)JUR 11,860

51 Committee reports (NON)COM 9,274

52 Mathematics (NON)MAT 6,905

53 Biology (NON)BIO 7,154

54 Medicine (NON)MED 7,265

55 Agriculture (NON)AGR 7,030

56 Technology (NON)TEC 7,165

57 Household (NON)HOU 7,180
management
and hobbies

58 Humanistic (NON)HUM 7,894
research

59 Research in social (NON)SOC RES 8,289
sciences

60 Mathematical- (NON)MAT RES 7,256
technical research

61 Biological-medical (NON)BIO RES 7,962
research
Radio RAD

70 News RAD NEW 6,987

71 Current affairs RAD CUR 7,146

72 Sports coverage RAD SPR 6,987

73 Lectures RAD LEC 7,468

74 Radio plays RAD PLY 6,484

75 Devotional RAD DEV 6,809
programmes

77 Frame stories RAD SCH 6,659
for schools

78 Frame stories RAD YNG 6,803
for the young

79 Frame stories RAD FRM 6,888

80 Interviewees’ RAD INT 8,800
contributions

81 Discussions RAD DIS 7,933

90 Free standard FREE 12,031
speech

Graphemes and Context

A second corpus used for the present purpose consists of samples of the language
used by Finnish-speaking members of parliament as compiled by Esko Vierikko
for his licentiate thesis, and referred to by him as parliamentary language. This
sample can be divided into two stylistic categories. Class 91 represents free
speech by the members of parliament, for which purpose Vierikko interviewed
54 members in 1968 - 1969, each interview lasting an hour. Five sections with
approx. 200 graphological words were selected from the recordings at regular
intervals, i.e. more than 1000 graphological words from each. The speech was
transcribed roughly, but in such a manner that sandhi assimilations and most
post-aspirations were also included. This class 91 contains 56,512 graphological
words and 364,012 graphemes (mean length of a graphological word 6.44
graphemes). Class 92 consists of official parliamentary language, mainly
speeches made in plenary sessions. 2/3 of this was transcribed from the tapes
and 1/3 drawn at random from the minutes of parliament and normalized by the
secretaries. The sample is almost as large as the previous one, containing 56,094
graphological words and 440,759 graphemes (mean length 7.86 graphemes).

The starting point for the present investigation was a count of the graphemes by
text classes. The computer languages used for programming were DOS-AS-
SEMBLER and FORTRAN IV. The graphemes were calculated using an IBM
$/360 main-frame computer owned by the Computer Centre of Finland and
situated in Oulu, the computers used for the other calculations and tests being a
Honeywell H 1642 and a Sperry Univac 1100/20 at the University of Oulu and
the Univac 1108 of the Finnish National Fund for Research and Development in
Helsinki. Graphemes x and z had to be left out since they were used in data
acquisition to represent mathematical expressions and unidentified names or
words in speech, nor were special characters or groups of characters (e.g. &, $,
§ and %) processed. The numbers of punctuation marks and figures were
processed but not tabulated. As far as punctuation marks are concerned, the full
stop and comma are of equal frequency in written language, i.e. approx. 1 % of
the total number of characters, punctuation marks and figures, which is higher
than that of the graphemes d and § in Finnish, those which have the lowest
frequency. Since the Finnish alphabet does not have a character for /n/, the
frequency of g includes both /g/ and /1/, and g mostly represents the sound /1/
(see Kaisa Hikkinen 1977: 63; 1978: 14 - 15).

The present material consists of a total of 534,400 graphological words, contain-
ing 3,935,153 graphemes, or characters, the mean number of graphemes per word
being 7.36. Just under two thirds of this material represents written language, i.e.
330,799 graphological words containing 2,491,208 graphemes (61.90 % of all
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words and 63.31 % of all graphemes), the mean number of graphemes per word
being 7.53, just over a third being transcribed speech, represented by 203,601
words and 1,443,945 graphemes (38.10 % of all words and 36.69 % of all
graphemes), giving a mean word length of 7.09 graphemes. As described above,
the transcriptions of speech usually follow the orthographical system of the
written language. The radio language was mainly transcribed as written speech,
and the changes caused by sandhi assimilation and post-aspiration were most
regularly marked in the transcriptions of interviews with members of parliament.
The total number of grafhemcs is represented by n', spoken language by n* and
written language (n' - n) by n’. The frequencies and percentage distributions of
graphemes in these three groups are as follows:

TABLE 1. Frequency of graphemes in the whole material (nl), in
transcribed spoken language (n2) and in written language (n3).
I]I n2 l]3
f % f % f %

1. [a 457350 1162 |a 160812 11.14 | a 296,538 11.90
2. | i 421,366 1071 | i 156,359 1083 | i 265007 10.64
3. |t 388,711 9.88 | t 145442 1007 | ¢ 243,269 9.77
4. |n 341,181 867 |n 125270 868 |n 215911 8.67
5. |e 323,087 821 |e 118,642 822 |e 204,445 8.21
6. |s 309350 786 | s 113,675 787 |s 195675 7.85
7. |1 226627 576 |1 85074 580 | 1 141,553 5.68
8. |o 208923 531 |o 78378 543 |k 132,99 5.34
9. |k 207,520 527 | i 74,880 519 |o 130,545 5.24
10. |u 196,678 500 |k 74,530 516 |u 126,164 5.06
1. |4 189,134 481 |u 70514 488 |4 114,254 4.59
12. |m 137,972 351 |m 55,700 386 |m 82272 3.30
13. |y 96,316 245 Y 33,536 232 |y 62,780 2.52
14. [ 85116 216 | 28370 196 [t 57,82 232
15. | i 75961 193 | ¢ 27,294 189 | j 47591 191
6. |h 71,733 182 |y 26,648 185 |h 45503 1.83
17. [y 71316 181 |h 26230 182 |y 44,668 1.79
18. |p 65358 166 |p 22,076 153 |p 43,282 1.74
19. |d 33,148 084 |d 12,078 084 |d 21,070 0.85
0. |6 18,655 047 |3 6,467 045 |5 12,188 0.49
01 | g 4,151 011 |g 1,005 007 |g 3,146 0.13
b2, | b 2,068 005 |b 475 003 |b 1,593 0.06
3. | f 1,934 005 | f 395 003 | f 1,539 0.06
2. | ¢ 1,091 003 |¢ 52 000 |¢ 1,041 0.04
RS, |w 329 001 |w 22 000 |w 307 0.01
R6. | & 52 000 |2 20 000 |3 30 0.00
7. | g 26 0.00 |g 1 0.00 |q 25 0.00
3,935,153 100.00 1,443,945  100.00 2491208  100.00

Graphemes and Context

As indicated by the Table, the graphemes occur almost in the same order in
classes n' and n’: only o and k are reversed in position. The distribution of
graphemes in the transcribed spoken language differs more markedly from that
in the written language. The significances of the differences between the per-
centages are presented in Table 4.

804,771 graphemes of parliamentary language, i.e. over a quarter of that material
(25.71 %), were added here to the set of graphemes serving as a basis for statistics
published earlier. This addition did not cause any significant changes in the
proportions established in the earlier material, however. The total number of
vowels in the material (nl) is 1,886,561 (47.94 %) and that of consonants
2,048,592 (52.06 %). The percentages are exactly the same as earlier. The
number of consonants per 100 vowels is 108.59, the figure being one hundredth
larger than before. The mutual order of frequency of the vowels in this material
is as follows:

TABLE 2. Frequency of vowels in the whole material @Y.
f % of all % of vowels
a 457,350 11.62 24.24
i 421,366 10.71 22.34
e 323,087 8.21 17.13
0 208,923 5.31 11.07
u 196,678 5.00 10.43
i 189,134 4.81 10.03
% 71,316 1.81 3.78
o) 18,655 0.47 0.99
a 52 0.00 0.00
1,886,561 47.94 100.00

The sum of the occurrences of the five front vowels (, ¢, 4, y, 0), i.e. 1,023,558,
is little over a half (54.26 %) of the sum of all vowels, while the number of back
vowels (a, 0, 4, u) is 863,003 (45.74 %). The number of front vowels per 100
back vowels is 118.60 in connected stretches of text. The vowels ¢ and i, which
are indifferent in terms of vowel harmony, occur relatively frequently, their total
occurrences being 744,453, i.e. 39.46 % of the vowels (18.92 % of all
graphemes). The distributions of vowels grouped according to other features are
as follows:
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- closed (4, ¥, u) 689,360 (36.54 %)
- semi-closed (e, 0, &, §) 550,717 (29.19 %)
- open (a, &) 646,484 (34.27 %)
- unrounded (i, ¢, a, d) 1,390,937 (73.73 %)
- round (Y, 6, 4, 0, 8) 495,624 (26.27 %)

The total number of consonants in the material is 2,048,592 (52.06 %), being
represented in the Table below in order of frequency.

TABLE 3. Frequency of consonants in the whole material (n").
f % of all % of

consonants

t 388,711 9.88 18.97
i} 341,181 8.67 16.65
s 309,350 7.86 15.10
1 226,627 5.76 11.06
k 207,520 5.27 10.13
m 137,972 3.51 6.73
¥ 96,316 2.45 4.70
r 85,116 2.16 4.15
i 75,961 1.93 3.71
h 71,733 1.82 3.50
P 65,358 1.66 3.19
d 33,148 0.84 1.62
g 4,151 0.11 0.20
b 2,068 0.05 0.10
f 1,934 0.05 0.09
[ 1,091 0.03 0.05
w 329 0.01 0.02
q 26 0.00 0.00
2,048,592 52.06 100.00

When examining the frequency of the most significant phonetic features of
consonants, ¢, W, and g, i.e. those which belong mainly to foreign words, can be
excluded. The group with the highest frequency is that of dentals (t, d, s, £, 1, n),
the total number of occurrences being 1,384,133, i.e. 67.57 % of all consonants.
The number of labials (p, b, m, £, v) is 303,648 (14.82 %) and that of palato-velar
consonants (K, g, j) almost the same, i.e. 287,632 (14.04 %). A computational

Graphemes and Context

inaccuracy should be noted here, in that most of the 4,151 occurrences of the
grapheme g apparently represent the velar nasal /n/, but this does not affect the
proportions of the graphemes to any significant extent. Voiceless plosives
account for almost a third of all consonants (661,589 or 32.29 %), being
nevertheless highly different in their frequency. The small group of semi-vowels,
i.e. y + j also deserves mention with their 172,277 occurrences, accounting for
8.41 % of all consonant graphemes.

2. Written and spoken language and mean value

The differences between the percentages of occurrence in the transcriptions of
written and spoken language and the graphemes in the whole material are
relatively large. The significances of the differences were tested by means of the
t-test and by calculating confidence limits for the percentages. The ¢-test was
calculated by means of the formula

(K—p) YN-1

N

t=

n (0 El)z n
and ° from the formula y* = Z = Z '
i=1 i=1

The graphemes of these three major groups are presented in the Table below in
descending order of percentage frequency of occurrence. Three crosses in the
column for the t-test indicate a statistically highly significant difference (at a risk
level of 0.1 %), two crosses indicating a significant one (risk 1 %), and one cross
an almost significant one (risk 5 %). In the Table below, degrees of significance
of the differences between the percentages on the first and second lines are
marked on the topmost line of the t-test column for each grapheme, those between
the second and third on the middle line and those between the first and third on
the last line. The confidence intervals were calculated at a risk of 0.1 %. When
testing the significance of differences by means of confidence values, the upper
limit of the smaller percentage (CU) is subtracted from the lower limit of the
larger percentage (CL). If the dlfference is positive, it is significant at a prob-
ability of 99.9 %. As above, group n' conlams all the graphemes in the present
material (3,935,153 characters), group n 2 {hose in transcribed speech (1,443,945
characters) and n3 those in written language (2,491,208 characters).
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TABLE 4. Graphemes of the whole material (n'), spoken language (n?)
and written language @ arranged in descending order of
frequency.

f % {-lest cu CL

a m 296,538 11.90 XXX 11.97 11.83
n' 457,350 11.62 XXX 11.67 11.57

n? 160,812 11.14 XXX 1123 11.05

i n? 156,359 10.83 XXX 1092 10.74
n! 421,366 10.71 XX 1076 10.66

n 265,007 10.64 XXX 10.70 10.58

¢ n’ 145,422 10.07 XXX 10.15 9.99
n! 388,711 9.88 XXX 9.93 9.83

n 243,269 9.77 XXX 9.83 971

o n? 125,270 8.68 8.76 8.60
n! 341,181 8.67 872 8.62

o 215,911 8.67 8.73 8.61

e n? 118,642 8.22 830 8.14
n! 323,087 8.21 8.26 8.16

n 204,445 8.21 827 8.15

s n’ 113,675 787 7.94 7.80
n! 309,350 7.86 7.90 7.82

n 195,675 7.85 791 779

1 n? 85,074 5.89 XXX 5.95 5.83
n! 226,627 576 XXX 5.80 572

n 141,553 568 XXX 573 5.63

o n? 78,378 543 XXX 549 537
n! 208,923 531 XXX 535 527

n 130,545 524 XXX 529 519

k n 132,990 534 XXX 539 529
n! 207,520 5.27 XXX 531 523

n? 74,530 5.16 XXX 522 5.10

u n 126,164 506 XXX 5.11 501
n! 196,678 5.00 XXX 5.04 496

n? 70,514 4.88 XXX 4.94 4.82

i n? 74,880 5.19 XXX 525 5.13
n! 189,134 4.81 xxx 4.85 477

n 114,254 459 XXX 4.63 455

m n’ 55,700 3.86 XXX 391 3.81
a! 137,972 351 XXX 3.54 348

n’ 82,272 330 XXX 334 326

Y o 62,780 252 XXX 2.55 249
n! 96,316 245 Xxx 2.48 242

n? 33,536 232 XXX 236 2.28

L n’ 57,822 232 XXX 235 229
n! 85,116 2.16 XXX 2.18 2.14

n’ 27,294 1.89 XX 1.93 1.85

10

f % ttest cu CL
n’ 28,370 1.96 X 2.00 192
nl 75,961 1.93 195 191
n 47,591 1.91 XXX 1.94 1.88
n 45,503 1.83 1.86 1.80
n! 71,733 1.82 1.84 1.80
n? 26,230 1.82 1.86 1.78
n? 26,648 1.85 XX 1.89 1.81
n! 71,316 1.81 1.83 179
0 44,668 1.79 XXX 1.82 1.76
n 43282 1.74 XXX 177 17
n! 65,358 1.66 XXX 1.68 1.64
n? 22,076 1.53 XXX 1.56 1.50
n 21,070 0.85 0.87 0.83
n! 33,148 0.84 0.86 0.82
n? 12,078 0.84 0.87 0.81
n 12,188 0.49 XXX 0.50 0.48
n! 18,655 047 XX 0.48 0.46
n? 6,467 045 XXX 047 043
n’ 3,146 0.13 XXX 0.14 0.12
n! 4,151 0.11 XXX 0.12 0.10
n? 1,005 0.07 XXX 0.08 0.06
n’ 1,593 0.06 XXX 0.07 0.05
nl 2,068 0.05 XXX 0.05 0.05
n? 475 0.03 XXX 0.03 0.03
n 1,539 0.06 XXX 0.07 0.05
n! 1,934 0.05 XXX 0.05 0.05
n? 395 0.03 XXX 0.03 0.03
n 1,041 0.04 XXX 0.04 0.04
n! 1,091 0.03 XXX 0.03 0.03
i 52 0.00 XXX 0.00 0.00
n! 329 0.01 0.01 0.01
n 307 0.01 XXX 0.01 0.01
n? 2 0.00 XXX 0.00 0.00
n! 52 0.00 0.00 0.00
n 30 0.00 0.00 0.00
n? 20 0.00 0.00 0.00
n! 2 0.00 0.00 0.00
n 25 0.00 0.00 0.00
n? 1 0.00 0.00 0.00
11
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The spoken and written languages thus differ to a significant extent at various
points at the graphemic level. Among the vowels, a occurs more frequently in
written language than in spoken language, its { distribution being as much as
22.67, while even 3.29 corresponds to a 99.9 % level of reliability when the
number of degrees of freedom is infinite. The frequency of occurrence of u and
of the youngest vowel & is highly significantly greater in the written language
than in the spoken language (f values 7.90 and 5.56), while the vowels j (t value
5.87),0(8.10) and especially & (26.81) occur much more frequently in the spoken
language. In the case of consonants, the great differences in the occurrences of
1, m, ¥.1, and p in particular are of special interest. The higher frequency of the
last three of these in the written language is highly significant (t values in the
same order 12.38, 28.27 and 15.70), while | and m occur very frequently in
spoken language (t values 8.62 and 29.11). Graphemes occurring in specialized
loanwords and citations are naturally more frequent in the written language. All
in all, statistically highly significant differences occur within the two major
groups, spoken and written language, in the case of as many as 20 graphemes.
Ahighly significant difference in frequency of occurrence also is found in 15 out
of the 19 graphemes which form the “minimal system” (see F. Karlsson 1983;
65 - 66) of the phoneme paradigm of the Finnish language.

3. Comparison of statistics

In his investigation “Dynamics of the Finnish language” (Suomi 116:3), Vilho
Setild published statistics regarding graphological letters in the language of the
New Testament and a table of weighted mean values based on these and earlier
statistics, while the corpus used by Kaisa Hakkinen for her relatively extensive
statistics of phonemes consists of a Finnish folktale (Hikkinen 1978). The
graphemes (or phonemes) of the six largest sets of statistics are presented side
by side in the table below in order of freguency, n' = mean frequency in the
present material (3,935,153 graphemes), n” = transcribed speech in the present
material (1,443,945 graphemes), n’ = written language in the present material
(2,491,208 graphemes), NT = graphemes in the New Testament (804,243
graphemes), WM = graphemes arranged in the order of weighted mean value as
presented by Setild (1,082,417 graphemes; Setild 1972: 9 - 12); KH = phonemes
in Kaisa Hikkinen’s material (166,000 symbols; Hikkinen 1978: 13, 45).

As can be seen, differences abound, and judging from the percentages they are
quite considerable differences. The same position is occupied in all sources only
by a (1.),1(2.), & (5.), 8 (6.) and m (12.). The order of frequency is the same up

12
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to the seventh grapheme, which is ], in all three main groups of the present
material and in Setild’s table of weighted mean values, while n has risen to 3rd
position among the graphemes of the NT and in the set of phonemes in Kaisa
Hikkinen’s material, seventh position being occupied by 4 in the language of the
NT and by k in KH. As far as the other positions are concerned, only the 12th
position is the same for all sources, being occupied by m.

TABLE 5. Order of frequency of graphemes in the present material (n'),
the transcribed spoken language in the present material (n?),
the written language in the present material (na), Setiild's
material from the New Testament (NT), the table of weighted
material (KH).

=—
ﬂw
n\.ﬂ
Z
‘_]
=
=
=
T

WENAN R WD~

B RroK e KB B i 10 e B e

ol B B E R R om0 e B
L0 R O R B e B B e 0 PR e 10 B e e B0

o
o e e iR YK B kB e e —m 0 B e e
0 mlf o TR IR K He K BE R0 —0 0 B e
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TABLE 6. Frequencies of graphemes (%) in the present material (nl),
Setilid’s material from the New Testament (NT), the table of
weighted mean values compiled by Setéld (WM) and Kaisa
Hikkinen’s material (KH).

n' NT ¢ WM KH ¢
1. a 11.62 1193 xxx 12.20 xxx 12.34 xxx
2. i 10.71 9.95 xxx 10.80 =xx 11.42 xxx
3, t 9.88 9.28 xxx 9.90 8.79 xxx
4, n 8.67 9.83 xxx 9.60 xxx 9.83 xxx
5. e 8.21 9.31 xxx 8.90 xxx 7.35 xxx
6. s 7.86  7.30 xxx 7.10 xxx 7.16 xxx
7. 1 576 570 x 570 x 5.78
8. o) 5.31 4,66 xxx 5.00 xxx 4,48 xxx
9. k 5.27 5.09 xxx 520 =xx 6.15 xxx
10. u 500 4.69 xxx 4.80 xxx 488 x
11. 1 481 570 xxx 5.60 xxx 5.61 xxx
12. m 3.51 329 xxx 3.50 2.81 xxx
13. \' 245 2.20 xxx 230 xxx 2,19 xxx
14, I 2.16 1.59 xxx 1.70 xxx 2.15
15. i 193 272 xxx 190 «x 2.14 xxx
16. h 1.82 2.62 xxx 190 xxx 2.10 xxx
17. A 1.81 1.18 xxx 140 xxx 1.59 xxx
18. o] 1.66  1.52 xxx 1.60 xxx 2.30 xxx
19. d 0.84 0.83 0.80 xxx 0.40 xxx
20. o] 047  0.29 xxx 040 xxx 043 x
21. g 0.11 010 x 0.09 xxx - .
22, b 0.05 0.06 xxx 0.01 =xxx - -
23. f 0.05 0.06 xxx 0.04 xxx - -
24, c 0.03 - - 0.00 xxx - -
25. w 0.01 - - - - - -
26. A 0.00 - - - - - -
27. g 0.00 - - - - - -

—_—
N
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Table 6 is a comparison of the mean percentages in the present material ("), the
percentages for the New Testament presented by Setild (NT) and his weighted
mean values (WM) and the percentages in Hikkinen’s material (KH). The
51gmf1cance of the differences between the qercemagcs is tested by means of the
t-test. t' = degree of slgmt" cance between n' and NT, £ = degrec of significance
between n' and PK, and t* = degree of significance between n' and KH.

All four sets of statistics are based on a relatwely extensive source material.
Comparison of the language of the NT with n' indicates that only |, d and g are
represented almost in the same proportions. Highly significant differences occur
in the frequencies of all the other graphemes. The weighted mean values for §, ],
m and j do not differ from the means in the present material to any significant
extent, but the differences between the frequencies of all the other graphemes
are significant or highly significant. It should be noted that the set of graphemes
used in the NT was the dominant factor in the calculation of the weighted mean
value. What can the reason be for such great differences? Setdld (p. 10) also
calculated the frequencies of certain words in the NT, noting that the words ja
*and’, Jeesus *Jesus’, Jumala *God’, juutalaiset ’the Jews’ occurred altogether
12,000 times and account for 10 % of the total vocabulary, and likewise he 'they’,
henki *spirit’, herra *Lord’, héin *he’, ihminen *man’, ikme ’miracle’ and hyvd
*good’ occurred altogether 10,500 times (8.5 % of the vocabulary). Since j and
h occur considerably more frequently in the NT than in the normal language n!
(t values 45.41 and 47.21), he has weighted them less than the other graphemes
in the NT when calculating the mean ‘values. Despite this the weighted mean
value for h differs to a significant extent from the corresponding value in n'. But
Setild did not pay attention to the extraordinary dominance of n and ¢, for
instance, and especially that of 4 (t values 33.35, 32.41, and 33.49) in the
language of the NT, nor did he consider the obvious under-representauon ofr,y
and &, for instance (t values 32.77, 39.79 and 22.24 as compared with n 1. The
vocabulary could also be examined for the causes of the high frequency of &
(tind pdivénd *today’, taytid *fulfil’, sddtdd *decree’, pddstdd *free’, kdrsid
*suffer’ etc.; according to Setili (p. 43) the frequency of the pair @4 is 5.658 %
in the NT), but accurate comparisons cannot be carried out without a frequency
dictionary for the NT. In any case, the frequencies of the graphemes in the NT
differ to an appreciable extent from the mean values in the present material.

As compared with the statistics compiled by Kaisa Hikkinen, no significant
differences occur in the percentages of 1, u, r, and 8, whereas in the case of all
the other graphemes the difference is highly significant. The representation of
('=16.41), k (15.67), 4 (14.87) and p (19.84) is considerably above the average
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in Hikkinen’s material, while o (14.82), m (15.24) and d (19.45) are considerably
below it. Speculation about the reasons for this is not relevant here, but it should
be noted that the source of her material, “Tarulinna” by Lehtonen, uses d at least
in the manner typical of the standard language even in its representations of
speech.

Anneli Pajunen and Ulla Paloméki have examined the frequency distribution of
phonetic symbols in texts from the Finnish Syntactic Archives transcribed by
means of the rough system used for the Finnish dialects (1984: 73 - 89). What
particularly attracts attention in their statistics is that the vowel i occupies the
first position in all of the dialects, its proportion varying between 11.4 % in the
Savo dialect and 13.8 % in the southeastern dialects. The position of g, the most
frequently occurring vowel in all other statistics, is as low as 4th in the south-
western dialects (8.8 %), 3rd in the Savo dialects, and 2nd in the Hime dialects
(9.7 %, 10.0 %, and 10.2 % respectively). Pajunen and Paloméiki would appear
to be on the right track in their search for an explanation for this phenomenon in
suggesting that the increase in the frequency of i in the dialects and the decrease
in a is connected with the structure of the later syllables in words. Their
investigations indicate that 50 % of all graphological words in the written
language have an inflectional morph attached to them, for instance, but only 30
% of those in the spoken language, and it is true that the majority of the nominal
case endings terminate in A. Also, some vowel combinations ending in A in the
later syllables of words have become contracted to long vowels (e.g. korkee,
pimee, kaikkii, pappii, maitoo, tyttéé) (Pajunen & Palomiki 1984: 48 - 59, 73 -
89). Olli Jdrvikoski, having counted graphemes and phonemes partly in the same
material as Pajunen and Paloméki, suggests that the frequency of i is based on
apocope. According to his calculations, the proportion of a in word final position
is 16.8 % in dialects and 25.2 % in the written language, while the relative
frequency of final j is 13.9 % in dialects and 10.3 % in the written language
(1985: 42). It should also be mentioned here that according to Pauli Saukkonen
(1977: 1X), a accounts for as much as 27 % of the letters occurring in final
positions in graphological word forms in modern Finnish, but j for only 8 %.

The reasons for the distinct’ differences between the sets of graphemes and
phonemes in the above major groups will not be discussed any further here, but
instead we shall now go on to examine the somewhat smaller main classes, which
represent purely written language and which have also been studied in connec-
tion with other investigations into this standard language material, i.e. the
language of the press, fiction, and non-fiction. Statistical data on transcribed
radio language, free standard spoken language and parliamentary language will
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also be presented for the sake of comparison. Phonemes in the final position in
graphological words in the language of these main classes were transcribed so
inaccurately that they cannot be reliably compared either with written language
or with an accurately transcribed dialect.

4, Newspaper language (style classes 01 - 23)

The present sample of newspaper language contains 106,170 graphological
words and 804,842 graphemes, the mean number of graphemes per word bein%
7.58. The graphemes are presented in the table below in order of frequency, E
being here, as in the other tables of graphemes of these main classes, the deviation
of the frequency of each grapheme in the main class from its frequency in n!
expressed in percentage points. The significances of the differences were tested
by means of the t-test. The column (n') presents the graphemes in their average
order of frequency.

The mutual order of the graphemes in newspaper language is very close to the
average. The only graphemes which have changed their positions are p and y,
the former having risen to 17th position. The occurrence of a is highly significant-
ly above the average in newspaper language and the figures for 4 and y highly
significantly below the average, the t values being 12.21, 15.77, and 6.16
respectively. The frequencies of the other vowels do not involve any differences.
The frequencies of the consonants g, j, b, ., 8, b, f, ¢, and w are highly significantly
greater in newspaper language, and correspondingly, the frequencies of £, s, and
m, and surprisingly also that of d, are below the average. The frequencies of 1
and k are almost significantly above the average.

In his study “Sanamuodot ja niiden kirjainrakenne suomenkielisessd
sanomalehtitekstissid” (“Word forms and their grapheme structure in Finnish
newspaper texts”; 1974), Jaakko Pesonen examined a sample containing 22,211
graphological words and 174,513 graphemes. The mean number of graphemes
per word in his material was 7.86 (p. 10). The order of frequency of the
graphemes was exactly the same as in the present material, but some highly
significant differences arise between these two samples of newspaper language,
in that the frequencies of g, &, and g are significantly higher in Pesonen’s material,
while those of 4 and m are correspondingly lower. The reasons for such differen-
ces are difficult to find, but it may be noted that the size of the sample examined
by Pesonen was only a quarter of that employed here.
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Fiction (style classes 30 - 36)

The sample drawn from fiction is fairly small, the number of graphological words

M. Pddkkonen
TABLE 7. Graphemes in newspaper language.
") NEW f % E'  ftest
1. (@ a 97,380 12.10 +0.48  xxx
2. 6 i 85,609 10.64 -0.07
3. @® t 77,181 9.59 -0.29  xxx
4, w n 70,164 8.72 +0.05
5. e e 65927 8.19 -0.02
6. ®) s 61,683 7.66 020  xxx
7. o)) 1 46,858 5.82 +0.06 X
8. @ 0 42,999 5.34 +0.03
9. &) k 42864 533 +0.06 X
10. ) u 40,166 4.99 -0.01
11. @ i 35420 4.40 041  xxx
12. (m) m 27,202 3.38 -0.13  xxx
13. ® v 19,840 247 +0.02
14. €9)] I 18,973 2.36 +0.20 XXX
15. @ i 16,329 2.03 +0.10  xxx
16. (b h 15312 1.90 +0.08  xxx
17. ® p 14263 1.77 +0.11  xxx
18. ® ¥y 13,786 1.71 -0.10 xxx
19. ) d 6,406 0.80 -0.04  xxx
20. © o] 3,665 0.46 -0.01
21. @ g 1,161 0.14 +0.03  xxx
22. ®) b 557 0.07 +0.02  xxx
23, ® f 506 0.06 +0.01  xxx
24. © c 400 0.05 +0.02  xxx
25. (w) w 164 0.02 +0.01  xxx
26. @ a 17 0.00 0.00
27. @ q 10 0.00 0.00
804,842 100.00
18

being 46,934, containing 300,093 graphemes. The graphological words are very
markedly shorter than average, their mean length being only 6. 39 graphemes,
The graphemes were tabulated as above, i.e. in order of frequency. E'=Deviation
of the frequencies of the graphemes in FIC from those in n! expressed in

percentage points.

TABLE 8. Graphemes in fiction.

(n") FIC f % E'  Itest
1. (@ a 35221 1174  +0.12 X
2. @ i 33,898 1130  +0.59  xxx
3. ® t 28,022 9.34 -0.54  xxx
4. ) n 27280 9.09  +0.42  xxx
5. © e 23,370 7.79 042 xxx
6. (s) s 20,889 6.96 090  xxx
7. ) 1 17,566 5.85 +0.09 X
8. @) kK 17,245 5.75 +0.48  xxx
9. k) i 16,736 5.58 +0.77  xxx
10. ) u 15,547 5.18 +0.18  xxx
11. @ o 14311 477 -0.54  xxx
12. (m) m 9,557 3.18 033 xxx
13. W) ¥ 7,209 240 -0.05
14. ® h 6,931 231 +0.49  xxx
15. ) r 6,377 2.13 -0.03
16. ) P 6,151 2.05 +039  xxx
17. ¥ j 5,686 1.89 -0.04
18. (§1)] y 4,751 1.58 -0.23 XXX
19. @ d 1,711 0.57 027  xxx
20. ©) o] 1,195 0.40 -0.07 xxx
21 ®) g 225 0.07 0.04  xxx
22, ®) b 95 0.03 0.02  xxx
23, ® f 73 0.02 003 xxx
24. © < 31 0.01 0.02  xxx
25. (w) w 13 0.00 -0.01  xxx
26. @ gq 3 0.00 0.00
217. @ 4 - - -
300,093 100.00
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The language of fiction thus deviates to a surprising ext.en.t from the average, in
that as many as nine graphemes occupy a position deviating from the average,
although the percentages of y, I, and j are so close to the average that the deviation
is not significant in statistical terms. The deviation of a and ] is almost significant
(5 % risk), and that of the other graphemes highly significant (0.1 % risk). The
deviation in the frequencies of s and # is conspicuous, in that the occurrence of
s in fiction is almost a percentage point lower, while that of 3 is almost as much
higher (t-values 17.73 and 18.90). The higher frequencies of i, n, k, b, and p
(t-values 10.06, 7.87, 11.31, 19.18, and 15.99), and correspondingly the lower
frequencies of ¢, ¢, 0, m, ¥, and d (t-values 9.57, 8.09, 12.76, 9.50, 9.15, and
15.80), also stand out. The differences are thus highly prominent.

6. Language of non-fiction (style classes 39 - 61)

The sample taken from non-fiction forms the largest of the main classes and
probably the most heterogeneous as well. It contains 177,695 graphological
words and 1,386,273 graphemes, the mean number of graphemes per word being
7.8, i.e. well above the average. The gra?hcmes of this sample are presented in
the table below in order of frequency. E' = Deviation of the frequencies of the
graphemes in NON from those in n' expressed in percentage points.

The graphemes of non-fiction account for 35.23 % of the whole material, and
only a few deviations in position in the table are to be found. y has risen by two
positions, being 15th here, so that j and h have dropped by one place each,
nevertheless retaining their mutual order. f and b have also changed positions.
As compared with the mean percentage, the deviations in the frequency percent-
ages of o, k, p, w, &, and g are statistically insignificant. The deviation of t is
significant and that of the other graphemes highly significant. The highest t-test
values are attached to the differences between the frequencies for s (11.24), 4
(15.75), m (12.76), £ (12.41), h (10.71), and d (9.85), the frequencies of s, r, and
d being well above the average, and those of 4, m, and h below it.
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TABLE 9. Graphemes in non-fiction.
(n') NON % E'  ttest
1. @) a 163,937 11.83 +021  xxx
2. oy i 145,500 10.50 -0.21  xxx
3. ® t 138,066 - 9.96 +0.08 XX
4, )] o 118467 8.55 012  xxx
5. © e 115,148 8.31 +0.10  xxx
6. (s) s 113,103 8.16 +0.30  xxx
7. )] 1 77129 5.56 020 xxx
8. (@ o] 73235 5.28 -0.03
9. & k 72,881 5.26 -0.01
10. W u 70451 5.08 +0.08  xxx
11 @ i 62,098 448 -0.33  xxx
12. (m) m 45513 328 023 xxx
13. ® vy 35731 2.58 +0.13  xxx
14. (04] r 32472 2.34 +0.18  xxx
15. (1)) ¥ 26,131 1.88 +0.07  xxx
16. ()] i 25576 1.84 -0.09  xxx
17. ® h 23,260 1.68 -0.14  xxx
18. ® p 22,868 1.65 -0.01
19. @ d 12,953 0.93 +0.09  xxx
20. © o] 7,328 0.53 +0.06  xxx
21. ® g 1,760 0.13 +0.02  xxx
22. ) f 0.07 +0.02  xxx
23. ® b 0.07 +0.02  xxx
24, ©) c 0.04 +0.01 XXX
25. W) w 0.01 0.00
26. @) a_ 0.00 0.00
27. @ q 0.00 0.00
1,386,273 100.00
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7. Comparison of graphemes in newspapers, fiction, TABLE 10. Frequencies of vowels in the languages of newspapers, fiction,
non-fiction, and the New Testament non-fiction and the New Testament,
.In order to be able to compare the occurrences of graphemes and their variations f % Cu CL
in the main classes of written language d}scussed ab_ove, the frequencies of all a NEW 97,380 12.10 12,22 11.98
the grapheme are tabulated once more in descending order in tables which
include the statistics on the language of the New T i i 2 63087 e i 7
SO tome oresent aisnedhl guage of the New Testament compiled by Vilho NON 163,937 11.83 11.92 11.74
. P pecial variety of written language. The significance of the FIC 35,221 11.74 11.93 11.55
differences can be tested by means of the confidence figures in the tables. The i FIC 33,898 11.30 11.49 11.11
figure indicating the upper limit of the confidence interval of the smaller NEW 85’609 10:64 10.75 10'53
percentage (UL) is subtracted from the lower limit of the confidence interval of NON 145,500 1050 1059 1041
zl}eola;r%;r percentage (LL). If the difference is positive, it is significant at a risk NT 80:059 9.95 10.06 9.84
- e NT 74954 9.31 9.42 9.20
The grapheme a is clearly the most common in newspapers. Its frequency EIEZ)VI;II lég’gg 2?91) ggg 2(2)3
deviates only almost significantly from the language of the New Testament (risk FIC 23,370 7.79 7.95 7.63
5 %), but is highly significantly lower in the classes NON and FIC than in ’ . . .
; : ; . o] NEW 42,999 5.34 5.42 5.26
newspaper language (risk 0.1 %). The frequency of g in the language of fiction NON 73,235 5.28 5.34 5.22
is also almost significantly lower than in the language of the New Testament, but FIC 14,311 4.77 4.90 4'64
the other differences are entirely non-significant. , . - .
NT 37,483 4.66 4.74 4.58
The situation with  is almost the reverse, fiction containing a higher frequency q FIC 15,547 5.18 5.31 5.05
of | than any other main class. The difference between newspaper language and NOH [0 CELL Sl 5.02
nmonl-qﬁction is only almost significant, but the frequency of i in the language of NII:\% gg’;g? izg 451(7); jg}

e New Testament is igni i ’ ' ' '
to a significant extent lower than in any other class. i NT 45,867 5.70 5.79 5.61
The NT is again distinctly different from the other classes in the table for e, in FIC 16,736 5.58 5.72 5.44
that the number of occurrences of this grapheme is highly significantly greater NON 62,098 4.48 4.54 4.42
than in the other main classes, while NON and NEW do not differ significantly NEW 35,420 4.40 448 4.32
and the frequency of ¢ in FIC is highly significantly lower than in any other class. ¥ NON 26,131 1.81 1.92 1.84
NEW 13,786 1 1.76 1.66
The frequency of o is highest in newspaper and non-fictional language, but no FIC 4,751 1.58 1.66 1.50
slal.islical differences occur in this respect. FIC and NT form a second pair, in NT 9,491 1.18 1.22 114
which ¢ occurs less than in the former pair to a highly significant extent. ] NON 7,328 0.53 0.55 0.51
The frequency of u is similar in th i i S e 00 o 036
e quo ; %?' beilrll hs.um ar in the categories o_f FIC, NON and NEW at a risk FIC 1,195 0.40 0.44 0.36
1 %, g highly significantly lower in NT. NT 2,347 0.29 0.31 0.27
a NEW 17 0.00 0.00 0.00
NON 13 0.00 0.00 0.00

FIC - " = =

NT - * B z

22 23



M. Péddkkonen Graphemes and Context

The frequency of i is considerably higher in the New Testament and in fiction TABLE 11. Frequencies of consonants in the language of newspapers,
than in the other categories, but the difference is not significant, nor is that fiction, non-fiction, and the New Testament.
between newspaper and non-fictional language, although it is indeed large. The
difference between the occurrences of i in NT and NON is thus 1.22 percentage f % cu CL
points, the t-test value being as high as 40.21. t NON 138,066 9.96 10.04 9.88
NEW 77,181 9.59 9.70 9.48
The occurrences of y have two separate peaks, NON having highly significantly FIC 28,022 9.34 9.52 9.16
more ys than the other classes and NT correspondingly less. NEW and FIC also NT 74,684 9.28 9.39 9.17
differ to a significant extent (1 % risk). = pilL 79,114 9.83 9.94 9.72
FIC 27,280 9.09 9.26 8.92
The vowel &, which is the youngest vowel in terms of the history of the Finnish NEW 018 &2 8.82 8.62
language, has its highest frequency in non-fictional language, a feature which is s Egg ﬂg":g; g'iz s'gj 8.47
statistically highly significant, and in the same manner as ¥, it occurs least in the NEW 61,683 7.66 3.76 3.(5)2
language of the NT. The difference between FIC and NT is highly significant. NT 58,764 7.30 740 720
The occurrence of ¢ is highly significantly greater (1 % risk) in newspaper FIC 20,889 6.96 711 6:81
language than in fiction. 4 occurs so little in the samples that differences can be 1 FIC 17,566 5.85 5.99 571
expressed only in tenths of a percent. NEW 46,858 5.82 591 573
NT 45,882 5.70 579 5.61
Of the successive groups, only NON and NEW differ in the table for Lto a highly NON 77,129 5.56 5.62 5.50
significant extent. The percentages decrease evenly and the language of NT thus k FIC 17,245 5.75 5.89 5.61
has proportionally the least occurrences. A ey 533 . 3.2
NON 72,881 5.26 5.32 5.20
The mutual order of classes in the table for n is entirely the reverse of the above, NT gl 3.09 5.17 5.01
- : - m NEW 27,202 3.38 345 331
the language of NT having a conspicuously high occurrence of n, as much as NT 26,469 3.2 3% e
1.28 percentage points more than in the language of FIC, which has the lowest. NON 45,513 328 333 323
The differences NT - FIC and FIC - NEW are highly significant, while that FIC 9,557 3.18 329 307
between NEW and FIC is only significant (1 % risk). Y NON 35,731 2.58 262 2.54
NEW 19,840 247 2.53 241
The main class FIC is sometimes the first and sometimes the last in the tables FIC 7,209 240 249 231
for the four consonants with the highest frequencies, s occurring highly sig- NT 17,751 220 225 2.15
nificantly more and  significantly or highly significantly less than in the other L NEW 18,973 2.36 242 230
classes. Differences between all the main categories in the table for s are NON 32472 2.34 238 230
statistically highly significant. The occurrences of 1 are fairly similar in the ifl:, 12’27; = 222 =04
categories FIC, NEW and NT, with only NON clearly deviating from the others. i NT 21:9:5 ;;Z ;% ;:22
The grapheme k has a very high frequency in fiction and a very low one in the N}EIV(\:I 12:222 T'g; T'gg i.:il;
language of the New Testament, with no significant differences between NON 25,576 184 188 1.80
newspaper language and non-fiction. As far as the frequencies of the other b NT 21,102 2.62 2.68 256
consonants are concerned, the preponderance of j and h in the language of the FIC 6,931 231 2.40 2.9
New Testament and that of p in literary language may be said to be conspicuous. NEW 15,312 1.90 1.95 1.85
NON 23,260 1.68 1.72 1.64
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f % cu CL
P FIC 6,151 2.05 2.14 1.96
NEW 14,263 1.77 1.82 172
NON 22,868 1.65 1.69 1.61
NT 12,230 152 1.57 147
d NON 12,953 093 0.90 0.96
NT 6,715 0.83 0.80 0.86
NEW 6,406 0.80 0.83 0.77
FIC 1,711 0.57 0.62 0.52
g NEW 1,161 0.14 0.15 0.13
NON 1,760 0.13 0.14 012
NT 834 0.10 0.11 0.09
FIC 225 0.07 0.09 0.05
b NON 941 007 0.08 0.06
NEW 557 0.07 0.08 0.06
NT 530 0.06 0.07 0.05
FIC 95 0.03 0.04 0.02
f NON 960 0.07 0.08 0.06
NT 530 0.06 0.07 0.05
NEW 506 0.06 0.07 0.05
FIC 73 0.02 0.03 0.01
c NEW 400 0.05 0.06 0.04
NON 610 0.04 0.05 0.03
FIC 31 0.01 0.02 0.00
w NEN\;\YI 164 0.02 0.03 0.01
NON 130 0.01 0.01 0.01
FIC 13 0.00 0.00 0.00
q Ng;rz 12 0.00 0.00 0.00
NEW 10 0.00 0.00 0.00
FIC 3 0.00 0.00 0.00
NT -

The ratio between vowels and consonants in the whole .material 'is 100:108.59.
The occurrence of consonants is slightly above average in thtsa written languag;,
the total number of graphemes in style categories 01 - 61 (=n") b(;lng 2.491,20t §
of which 1,193,839 (47.92 %) are vowels and 1,297,369 (5_2.08 /{?) consonax}: s,
ie. 108.67 consonants per 100 vowels. The corraspogdmg ratio for :poh_e;
language (=’ style categories 70 - 92) is 100:108.44 (n? = 1,443,945, of w 11;:1
692,722, i.e. 47.97 %, are vowels and 751,223, i.e. 52.03 %, consonants). The
differences between the main categories discussed here are even greater.
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TABLE 12. Ratio of vowels to consonants in the language of newspapers,
fiction, non-fiction, and the New Testament.
Category Vowels Consonants Vow. : Cons.
n f % f %

NEW 804,842 384,969  47.83 419873  52.17 100 : 109.07
FIC 300,093 145029  48.33 155,064  51.67 100 : 106.92
NON 1,386,273 663,841 47.89 722,432 52.11 100 : 108.83
NT 804,243 383910 47.74 420,333 52.26 100 : 109.49

The frequency of consonants per 100 vowels is thus lowest in the fiction material,
the differences between the frequencies of vowels and consonants being statis-
tically highly significant as compared with the n' material and the language of
newspapers, non-fiction and the New Testament. Correspondingly, the figure is
highest in the language of the New Testament, the differences as compared with

the n' material being significant at a 1 % risk. No significant differences exist
between the other percentages.

8. Inflectional forms and graphemes

Although the main categories of written language in the present material, i.e. the
languages of newspapers, fiction, and non-fiction, are fairly uneven in both size
and composition, they can be tentatively compared in terms of the sets of
graphemes in the inflectional forms with the highest frequencies. The newspaper
language sample has a total of 106,170 inflectional forms with 804,842
graphemes, the mean number of graphemes per word being 7.58, the correspond-
ing figures for fiction being 46,934, 300,093 and 6.39, and for the non-fictional
sample 177,695, 1,386,273, and 7.80 respectively. The inflectional forms which
occurred at least 100 times were selected from each main category, after which
the numbers of graphemes occurring in them were calculated and compared with
the total set of graphemes in each main category, the graphemes in the main
categories being first tabulated to facilitate comparison. The topmost line in the
t-test column indicates the significance of the difference between the first and

second lines, the middle one that between the second and third lines and the
bottom one that between the first and third lines.
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Graphemes and Context
f % t-test cu
NEW 18,973 2.36 2.42 2%16
NON 32472 234 xxx 2.38 2.30
FIC 6377 213 xxx 2.22 2.04
NEW 16,329 203 xxx 2.08 1.98
FIC 5686 1.89 1.97 1.81
NON 25576 1.84  xxx 1.88 1.80
FIC 6,931 231  xxx 2.40 2.22
NEW 15312 190  xxx 1.95 1.85
NON  23.260 168  xxx 1.72 1.64
NON 26,131 1.88  xxx 1.92 1.84
NEW 13786 171 xxx 1.76 1.66
FIC 4751 1.58  xxx 1.66 1.50
FIC 6,151 205  xxx 2.14 1.96
NEW  14.263 177 xxx 1.82 172
NON 22,868 1.65  xxx 1.69 1.61
NON 12,953 093  xxx 0.96 0.90
NEW 6406 080  xxx 0.83 0.77
FIC 1711 057  xxx 0.62 0.52
NON  7.328 053  xxx 0.55 051
NEW 3,665 046  xxx 0.48 0.44
FIC 1,195 040  xxx 0.44 0.36
NEW 1161 0.14 0.15 0.13
NON 1760 0.13  xxx 0.14 0.12
FIC 225 0.07  xxx 0.09 0.05
NON 941 0.07 0.08 0.06
NEW 557 0.07  xxx 0.08 0.06
FIC 95 003  xxx 0.04 0.02
NON 960 007  xx 0.08 0.06
NEW 506 0.06  xxx 0.07 0.05
FIC 73 002  xxx 0.03 0.01
NEW 400 005  xxx 0.06 0.04
NON 610 004  xxx 0.05 0.03
FIC 31 001  xxx 0.02 0.00
NEW 164 0.02  xxx 0.03 0.01
NON 130 001  xxx 0.01 0.01
FIC 13 000  xxx 0.00 0.00
NEW 17 0.00 - - -
NON 13 0.00 . 5 :
FIC - % : » :
NON 12 0.00 - - .
NEW 10 0.00 ; - ;
FIC 3 0.00 ; 5 i

TABLE 13. Graphemes in the language of newspapers, fiction and
non-fiction
f i/ = Ccu CL
a NEW 97,380 1210  xxx 12.22 11.98
NON 163,937 11.83 11.92 11.74
FIC 35221 11.74 xxx 11.93 11.55
i FIC 33,898 1130  xxx 11.49 11.11
NEW 85,609 10.64 XX 10.75 10.53
NON 145,500 10.50  xxx 10.59 1041
t NON 138,066 9.96 xxx 10.04 9.88
NEW 77,181 9.59  xxx 9.70 9.48
FIC 28,022 9.34 xxx 9.52 9.16
i} FIC 27,280 9.09 xxx 9.26 8.92
NEwW 70,164 872 xxx 8.82 8.62
NON 118,467 8.55 xxx 8.63 8.47
€ NON 115,148 8.31 XX 8.39 8.23
NEW 65,927 8.19 xxx 8.29 8.09
FIC 23,370 779  xxx 7.95 7.63
s NON 113,103 8.16  xxx 8.24 8.08
NEW 61,683 7.66  xxx 7.76 7.56
FIC 20,889 696  xxx 7.11 6.81
l FIC 17,566 5.85 5.99 5.71
NEW 46,858 582  xxx 591 573
NON 77,129 556  xxx 5.62 550
0 NEW 42,999 534 542 5.26
NON 73,235 528  xxx 5.34 522
FIC 14,311 477  xxx 4.90 4.64
k FIC 17,245 575 xxx 5.89 5.61
NEW 42,864 5.33 X 5.41 5.25
NON 72,881 526  xxx 532 5.20
u FIC 15,547 5.18 X 5.31 5.05
NON 70451 5.08 XX 5.14 5.02
NEW 40,166 499  xxx 5.07 491
1 FIC 16,736 558  xxx 5.72 5.44
NON 62,098 4.48 XX 4.54 442
NEW 35420 440  xxx 4.48 432
m NEW 27,202 3.38 xxx 3.45 3.31
NON 45,513 3.28 XX 333 323
FIC 9,557 318 xxx 3.29 3.07
] NON 35,731 2.58 XXX 2.62 2.54
NEW 19,840 2.47 X 253 241
FIC 7.209 240  xxx 2.49 231
28
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The differences between the main categories are thus for the most part very clear,
since out of the 75 cases in which their significances were tested, 7 were not
statistically significant, 3 were almost significant (5 % risk), 6 significant 1%
risk) and 59 highly significant (0.1 % risk).

The following inflectional forms occurred at least 100 times in each main
category. The percentages for the occurrences were calculated on the basis of the

number of graphological words in each main category.

2 graphemes

NEW _ f % FIC f % NON _ f %

ia 3,945 370 lja 1,874 399  ia 6,468 3.64

on 3,032 284  |on 757 1.61 on 5,169 2.91

i 856 0.80 lei 519 1.11 ei 1,423 0.80
se 555 052 |se 488 1.04 s 720 0.41

o 303 028 |he 150 032 |ie 323 0.18
ne 162 015 o 149 032 |ne 318 0.18
he 100 009 |ne 128 0.27

en 120 0.26

7 8os3 843 I8 4185 892 |6 14421 812

3 graphemes

INEW f % FIC f % NON f %
oli 767 072 |oli 694 1.48 oli 1,183 0.67
hin 435 0.41 hin 492 1.05  |ai 1,003 0.56
Kun 417 039  |kun 342 0.73 sen 875 0.49
sen 395 037  |out 220 0.47 Kun 612 0.34
dle 337 0.32 sen 208 0.44 ole 584 0.33
vai 280 026 |ole 144 030  |hin 518 0.29
yoi 212 020 |yoi 105 022  ljos 415 0.23
nyt 192 0.18 voi 382 0.21
jos 175 0.16 eri 297 0.17
eri 104 0.10 eli 163 0.09
saa 103 0.10 saa 131 0.07

nyt 126 0.07
osa 110 0.06

11 3417 322 17 2205 4.70 13 6399 3.60

Graphemes and Context
4 graphemes
NEW f % FIC f % NON f %
efti 898 0.84 ettd 355 0.76 etti 1,838 1.03
ovat 484 0.45 niin 321 0.68 ovat 886 0.50
joka 453 0.42 mind 269 0.57 kuin 861 0.48
mysés 450 0.42 kuin 267 0.57 myos 821 0.46
kuin 430 040 yain 181 0.39 sek 653 0.37
niin 328 0.31 joka 147 0.31 joka 627 0.35
vain 255 0.24 mitd 140 0.30 vain 457 0.26
sekd 216 0.20 sité 133 0.28 niin 455 0.26
sitd 211 0.20 sini 113 0.24 Lmi 367 0.21
timi 194 0.18 ovat 102 0.22 sitd 359 0.20
mité 167 0.16 olla 258 0.15
olla 146 0.14 koko 212 0.12
niin 143 0.13 mitd 211 0.12
eiki 123 0.12 eikd 200 0.11
koko 119 0.11 niin 191 0.11
aina 113 0.11 vaan 187 0.11
yaan 106 0.10 aina 179 0.10
siis 178 0.10
esim 140 0.08
noin 130 0.07
mikd 128 0.07
taas 121 0.07
jota 117 0.07
nilmi 115 0.06
tuli 101 0.06
tatd 101 0.06
17 4,836 4.55 10 2,028 4.32 26 9,893 5.57
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5 graphemes 6 graphemes
NEW  f % FIC f % NON f % NEW f % FIC £ % NON f %
mutta 523 049  |muta 368 078  |mutta 639 036 sitten 155 0.5  [siten 190 040  |mukean 445 025
ollut 241 023  |hgnen 150 032 |ollt 399 022 palion 151 014  |kaikki 113 024  |niiden 250  0.14
hinen 236 022 |t 129 027  ljotka 390 022 kaikki 141 013  |olivat 101 022 |olivat 210 0.12
iotka 226 021 folii 125 027 |olisi 318 0.8 divat 120 011 silhen 189 0.1
olisi 205 0.19 hiinen 306 0.17 suomen 118 0.11 kaikki 183 0.10
sills 200 019 sigg 305 017 mukaan 116 0.1 aikana 179 0.10
sitg 185 0.17 jonka 299 0.7 vaikka 112 0.10 Cadai 176 0.0
vieli 180  0.17 Gmin 270 0.15 woden 107 0.10 ks 171 0.0
timin 171 0.16 koska 245  0.14 kansss 105 0,10 tE 160 009
civit 134 0.3 gssi 231 0.3 L 59 09
jonka 133 012 vicld 218 012 i 150 008
Gssi 132 0.2 eivit 199 0.11 LB 15 008
byvin 126  0.12 kuen 197 0.1 e 41 008
jossa 124 0.2 hyvin 196 0.11 o 136 00
viime 122 0.1 wlee 190 0.1 -
juri 120 0.1 silla 188 0.1 joiden 135 008
sipg 117 011 siten 183 0.10 olevan 126 007
emmen 111 0.10 ennen 176 0.10 ywonna 126 007
mlee 109  0.10 sipi 176 0.10 glomén 115 007
@lg 100 0.0 iossa 167 0.09 vasin 116 007
wein 150 0.8 osalta 112 0.06
elei 142 008 awlla 109 006
piiti 140 0.08 beidin 108 006
joita 113 0.06 lmﬁ 10: 0-02
110 0.06 i 0 0.0
ﬁ 108 006 9 1,125 106 |3 404 086 |24 3854 217

ghin 107  0.06
jwri 106 0.06
pitid 105 0.06
saada 103 0.06
swud 100 0.06
20 3495 329 |4 772 164 [31 6576 3.70
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7 graphemes

NEW f % FIC f %o NON f %

jilkeen 137 0.13 voidaan 436 0.25

yoidaan 110 0.10 jillkeen 220  0.12
lisaksi 198 0.11
yleensi 172 0.10
jolloin 148 0.08
tilloin 146 0.08
samalla 140 0.08
silloin 140 0.08
pykilin 124 0.07
jumalan 122 0.07
enemmiin 119 0.07
valtion 117 0.07
piiiviind 110 0.06
saadaan 106 0.06
tavalla 104 0.06

2 247 0.23 - 15 2,402 1.35

8 graphemes

NEW f % FIC f % NON f %
huomioon 116 0.07

- - - - 1 116 0.07

9 graphemes

NEW f % FIC f % NON f %o

kuitenkin 195 0.18 kuitepkin 364 0.20

1 195 0.18 - - 1 364 0.20
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10 graphemes

NEW f % FIC f % NON f %
vhieydessi 112 0.06

- — - - — - 1 112 0.06

11 graphemes

NEW f % FIC f % NON f %
perusteella 160 0.09
lapauksessa 100 0.06

- - - - - 2 260 0.16
67 22,268 20.88 (32 9,594 2044 |120 44,397 24.98

The samples of inflectional forms with at least 100 occurrences are percentually
equally large in newspaper language and fictional language. The newspaper
language contains 67 inflectional forms and a total of 22,268 graphological
words, which accounts for 20.97 % of the graphological words in the whole
category, whereas the sample of literary language has 32 inflectional forms, the
total number of occurrences being 9,594, i.e. 20.44 % of the number of the
graphological words. The sample of non-fictional language has a far higher
percentage, the number of inflectional forms being 120 with 44,397 occurrences,
i.e. 24,98 % of the total number of graphological words in this category. The
NEW sample contains 7 inflectional forms with 2 graphemes, the FIC sample 8
and the NON sample only 6, but their frequency is high. They account for as
much as 40.21 % of the graphological words in newspaper language, 43.62 %
in fiction, but only 32.48 % in non-fiction. The proportion of graphological words
with 3 graphemes is 15.34 % in newspaper language, 22.98 % in literary language
and only 14.41 % in non-fiction, and the proportion with 4 graphemes is over
one fifth in all the samples, i.e. 21.72 % in NEW, 21.14 % in FIC and 22.28 in
NON. Graphological words with 5 graphemes account for 15.70 % in NEW,
14.81 % in NON but only 8.05 % in FIC, and the variation in the number of
inflectional words involved is considerable, the figures being 20 - 4 - 31 in the
above order. The proportion of graphological words with 6 graphemes is 5.05 %
in NEW, 4.21 % in FIC and 8.68 % in NON. The language of fiction does not
contain the required number of inflectional words longer than this for any further
statistical analysis, but the proportion of graphological words with 7 graphemes
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in the newspaper language is 1.11 % and that in the non-fiction sample 5.41 %.
The 8-grapheme inflectional form huomioon enters the sample only in the case
of non-fiction, with its 116 occurrences, 0.26 % of the graphological words. The
9-grapheme kuitenkin is percentually almost as common in newspaper language
(195 occurrences = 0.88 %) as in the language of non-fiction (364 occurrences
= 0.82 %). The occurrences of the 10-grapheme inflectional form yhteydessd are
sufficiently numerous in the language of non-fiction (112 = 0.25 %), as are those
of two inflectional forms with 11 graphemes, perusteella (160 occurrences) and
tapauksessa (100 occurrences, accounting together for 0.59 % of the sample).

The high frequencies of the short inflectional forms in a sample lead to a situation
in which the number of inflectional forms of medium length included in a sample
based on a minimum of 100 occurrences is extremely small. As mentioned above,
the mean number of graphemes per word in the total set of graphological words
is 7.58 in newspaper language, 6.39 in fiction and 7.8 in non-fiction, which at
the grapheme level leads to the fact that a sample containing a little over 20 %
of the total graphological words in the category for only some 10 % of the
graphemes. The graphological words of newspaper language in the sample thus
contain only 75,210 graphemes (9.34 % of the 804,842), those in the fiction
sample 29,381 graphemes (9.79 % of the 300,093) and those in the non-fiction
sample 168,541 graphemes (12.16 % of the 1,386,273). The mean number of
graphemes per graphological word is 3.38 in NEW, 3.06 in FIC, and 3.80 in
NON. The mutual orders and percentages of graphemes in all three samples of
graphological words with over 100 occurrences differ in a number of ways from
the corresponding systems of graphemes in the categories as a whole, as shown
in the table below, which also contains the percentages of graphemes in the basic
categories to facilitate comparison (NEW %, FIC %, and NEW %).

Table 14 clearly indicates that the set of graphemes in the graphological words
with the highest frequencies differs from the mean in many ways and to a great
extent. It could be assumed that such short, frequent graphological words, which
are sometimes highly characteristic of certain styles (e.g. ja, siis, myds, etc.),
would have a crucial influence on the mutual order of graphemes in the various
stylistic classes, but the above calculations do not support such an assumption.
Take the grapheme a, for instance, the occurrence of which is highly significantly
greater than average in the total sample of newspaper language (+0.48 percentage
point), but almost a percentage point lower than this in the sample with frequen-
cies of over 100, even though the graphological word ja, for instance, is very
common,
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TABLE 14. Graphemes of inflectional forms with a minimum of 100
occurrences in the language of newspapers, fiction and
non-fiction, in order of frequency.

NEW sample (NEW %) FIC sample (FIC %) NON sample (NON %)
f % f % f %
1. n 9220 1226 (8.72) |n 4229 1439  (9.09) | a 20,387 12.10 (11.83)
2. a 851 1132 (12.10) | i 3,830 13.04 (11.30) |n 20,138 1195 (8.55)
3. o 7682 1021 (534) |a 2,886 9.82 (11.74) | i 17,361 10.30 (10.50)
4. i 1504 998 (1064) |t 2,651 9.02 (9.34) (o 15263 9.06 (5.28)
5. t 6,013 799 (9.59) |o 2453 835 (4.77) |t 13,662 8.11 (9.96)
6. j 5767 767 (2.03) |eg 2452 835 (7.79) |e 13,405 795 (8.31)
7. e 5707 759 (819 |j 2,170 739 (189 | s 10421 6.18 (8.16)
8 4 4,576 608 (440) |4 1,652 562 (558) |4 10,138 602 (4.48)
9. s 33807 506 (7.66) |1 1,322 450 (585 |j 9791 581 (1.84)
10. k 3,631 483 (533 | s 1257 428 (696) |1 8,203 487 (5.56)
11. 1 3,380 449 (5.82) |u 1,106 376 (5.18) |k 8,021 476  (5.26)
12. n 2496 332 (499 |k 1,095 373 (575) |u 5,534 328 (5.08)
13. ¥ 2,348 312 (247) |h 792 270 (231 [y 4,703 279 (2.58)
14, m 1,861 247 (338) lm 777 264 (3.18) (m 3977 236 (3.28)
15. h 897 .19 (1.90) |y 489 166 (240) |d 1,689 1.00 (0.93)
16. y 768 1.02 (247 |y 220 075 (1.58) |h 1,652 098 (1.68)
17. ¢ 450 0.60 (0.46) | - y 1,551 092 (1.88)
18 r 224 030 (236) | - o 967 057 (0.53)
19. d 217 029 (0.80) | - I 938 056 (2.34)
20. p 151 020 (1.71) | - R 740 044  (1.65)
75,210 100.0 29,381 100.0 168,541 100.0

Correspondingly, the frequency of a in the restricted sample of literary language
is almost two percentage points lower than in the total sample, whereas, surpris-
ingly, it is 0.27 percentage points higher in the NON sample. A second suitable
example is the grapheme &, which occurs very frequently in the language of
fiction (deviation from the mean +0.77 percentage points), but is relatively rare
in the language of newspapers and non-fiction (deviations from the mean -0.41
and -0.33 percentage points, differences statistically highly significant). The
ratios in the sets of graphemes with over 100 occurrences are nevertheless almost
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the opposite, the graphological words with high frequencies in fiction have
almost an equal number of 4:s as the total set of words, while the corresponding
number in the samples of newspaper language and non-fiction is larger by almost
1.5 percentage points. The frequencies of n and j are conside-rably higher in the
restricted samples than in the total samples, which must be due to the graphologi-
cal words on, ne, hdn, kun, sen, ja, and jo. It is thus obvious that variations in
the inflectional forms with the highest occurrences are not responsible for the
overall variations in the frequencies of graphemes in the various stylistic
categories.

In his investigation “Suomen kielen dynamiikkaa” (“Dynamics of the Finnish
language™; 1972), Vilho Setild examines the frequency relations of sounds on
the basis of theories developed by G.K. Zipf (Zipf 1965), according to which the
frequency of sounds is universally connected with ease of pronunciation, in that
the easiest to pronounce are the most common. Without any empirical investiga-
tions, Setild drew the conclusion that the front vowels of Finnish, 4, y, and §,
require more intensive articulation than the back vowels a, u, and o, and that this
is also reflected in the frequency of the corresponding graphemes. He also
assumed that the articulation of m requires more energy than that of n, and that
ris rare in Finnish since it requires a lot of energy, while in German, for instance,
it is much more frequent, being weaker (ibid. 37 - 39, 42). Setiild states that other
phonemes are more difficult to classify according to articulation, so that he does
not comment on whether the plosive t, which occupies the 3rd position in the
overall table (n"), requires less energy than K, which occupies 9th position, or p
in 18th position.

“Zipf’s Law”, according to which the number of different words in any long
stretch of text in any language is constant - and its corollary, that the frequency
of graphemes should also be constant - does not seem to hold good in the present
material. Samples of this size are apparently not sufficiently large for the law to
hold good. George A. Miller, editor of the latest edition of Zipf’s linguistically
most significant work, states in his foreword that according to mathematical
laws, Zipf’s famous vocabulary curves hold good in the language produced by
monkeys using a typewriter, if the sample is extensive enough.

9. Bound morphemes and graphemes

The extensive material used here and that used by Vilho Setéld seem to indicate
that morphological issues crucially affect the frequency of graphemes in the
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Finnish language. Take the statistics compiled by Setild and Saukkonen, for
instance: 1 is the last grapheme in graphological words in the New Testament in
28.08 % of cases in Setilid’s material, and a or § in 36.74 % (1972: 23), while n
is the last grapheme in 33 % of the graphological words in Saukkonen’s rough
statistics, 2 in 27 % and i in a further 10 % (1977: IX).

The frequencies of graphemes were also calculated here for the languages of
newspapers, fiction, and non-fiction starting from the end of the graphological
word and proceeding backwards one position at a time. The seven most frequent
graphemes are often the most common at the ends of graphological words. The
frequencies of the graphemes a+ 4= A, i, {, 1, &, s and  in the last four positions
in graphological words are presented in the table below. The graphemes are
tabulated by main textual categories, and the figures are expressed as percentages
of the occurrences of the same grapheme in the category as a whole. The column
designated (-1) applies to the last grapheme in the graphological word, column
(-2) the second last, (-3) the third last and (-4) the fourth last.

Table 15 above indicates that approximately half of all occurrences of n in each
main category are at the end of a graphological word, 30 % of those of A and
approx. 12 % and 11 % of the cases of i in the categories NEW and NON
respectively, but almost twice as many in FIC, i.e. over 21 %. Correspondingly,
23.33 % - 24.77 % of the total occurrences of ¢ are located in the second last
position in graphological words, 25 % of s in the third last position, and approx.
20 % of i in the fourth last position.

The frequencies of the seven most common graphemes in the last four positions
are presented in table 16 as percentages of the graphological words in the main
categories, i.e. the figures indicate the percentages of words in these categories
that have the given graphemes in these positions. The columns are arranged in
the same manner as in the previous table.
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TABLE 15. Graphemes occurring in the last four positions of grapho- TABLE 16. Gra}phemes ocFuning in the last four positions of grapho—
logical words in the language of newspapers, fiction, and logical \fvon.is in the languages of newspapers, fiction, and
non-fiction in order of frequency relative to the total number non-fiction in order of frequency relative to the total number
of occurrences of the same grapheme in the textual category. of graphological words in the textual category.

(-1) % (-2) % (-3) % (-4) % (-1) % (-2) % (-3) % (-4) %

NEW NElW A 3670 A 16.55 1477 i 16.15

1. n 5098 ¢ 2333 s 2554 i 20.12 2- 33'53 14-42 s 9.96 Ai 13.08
2. A 2048 t 17.80 1 1952 e 16.37 3 L; phse 5‘; 18 AI 9,00 _Q o
3. i 1218 1 1639 ¢ 13.77 A 10.51 4 i 684 i 1027 1 857 1 .
4. £ 946 s 14.89 n 11.04 t 9.84 5. s 520 g 861 1 726 s 468
5. [ 856 A 1330 i 886 s 8.09 6. s 266 1 720 i 711 1 4.40
6. s 460 i 12.80 ¢ 782 1 7.98 7. 1 009 n 331 ¢ 483 1 3.51
e 1 022 1 503 A 723 1 6.70 FIC .

FIC L. A 3471 A 17.51 s 1085 i 15.05
. 1 49.50 ¢ 2477 8 2437 i 20.84 § 1 fgg s’; ﬁgg A; ggi A 1;;2
2. A 3136 1 2176 1 2317 ¢ 17.83 4' i 8.51 { 10-40 “ 8.67 i 6.60
3, i 2172 ¢ 19.82 ¢ 1633 A 11.55 5: e 6:30 s 8:56 II 8:46 . 4:29
4. t 1425 s 1924 n 1456 t 11.06 6. 5 257 1 815 | 812 1 s
5. e 1266 A 1582 i 1125 1 10.63 7. 1 010 1 460 e 475 1 3.98
6. s 578 i 1440 ¢ 955 s 9.63 NON
7. 1 028 n 791 A 844 1 7.23 L. A 37.00 A 16.11 s 1626 i 16.05

NON 2. n 3522 ¢ 1573 t 10.66 A 11.58
1. o 5282 e 2427 s 2555 | 19.60 2- i z-gg L 1(3)?2 Ai 3;2 e 1(7).2471
2. A 29.09 t 1699 1 18.11 e 16.42 5- L i 1 . : . t 5

. e 409 s 874 i 691 s 5.52
3. i 11.03 1 1545 ¢ 1372 ¢ 9.87 6. s 203 1 670 1 617 o 300
4, t 834 s 1374 n 926 A 9.10 7 1 013 1 3.06 ¢ 521 ] 319
5. e 631 A 1267 i 844 s 8.68
6. s 461 i 1243 ¢ 8.03 1 7.35 . .
7. 1 029 1 459 A 723 1 5.88 The frequencies of graphemes at the ends of graphological words are compared

in the above table with the total number of graphological words in each category.
Inflectional forms terminating in A are by far the most common in all the
categories (34.71 - 37.00 %), while the number of words terminating in n is
almost as large (28.77 - 35.22 %). The proportion of those ending in i is already
below 10 % in the categories NEW and NON, however, although it is as high as
15.69 % in FIC. Graphological words most commonly end in the sequence i §
AA

40 41



M. Pdiikkonen

It is important to bear in mind when interpreting Tables 15 and 16 that while
position (-1) really is always the last one in a graphological word, positions (-2),
(-3) and (-4) can sometimes be initial graphemes of words of that length, even
though the mean number of graphemes in graphological words in the textual
categories described here is approximately 7 (NEW 7.58, FIC 6.39, and NON
7.80). The percentages presented in Table 15 are accurate values, since they were
calculated from the total numbers of occurrences of the corresponding grapheme
in each category of written language, but those in Table 16 are only approximate,
being calculated from the number of occurrences of graphological words without
taking into account their length, i.e. the error caused by short graphological
words. Even so, they do provide information on the structure of the sequences
of graphemes in a terminal position in graphological words and the frequencies
of graphemes occurring in suffixes. The graphs below were drawn up to illustrate
this by showing the levels of occurrence of the seven most common graphemes
(A = a + #) in the last four positions in graphological words on the basis of the
percentages presented in Table 16.

The arrangement of columns with respect to position in the graphological word
is the same as above. The main categories NEW, FIC, and NON can be compared
by means of adjacent columns.

FIG. 1. A in the last four positions in the graphological word in the language
of newspapers, fiction, and non-fiction.

B NEWSPAPERS
B FICTION
[ NON-FICTION

POSITION
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FIG. 2. nin the last four positions in the graphological word in the language
of newspapers, fiction, and non-fiction.

B NEWSPAPERS
B FICTION
[E NON-FICTION

POSITION

FIG. 3. iin the last four positions in the graphological word in the language of
newspapers, fiction, and non-fiction.
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FIG. 4. tin the last four positions in the graphological word in the language of
newspapers, fiction, and non-fiction.

%
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B NEWSPAPERS
B2 FICTION
Bl NON-FICTION

POSITION

FIG. 5. e in the last four positions in the graphological word in the language
of newspapers, fiction, and non-fiction.

O/O
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FIG. 6. s in the last four positions in the graphological word in the language
of newspapers, fiction, and non-fiction.
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FIG. 7. lin the last four positions in the graphological word in the language of
newspapers, fiction, and non-fiction.
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The seven most frequently occurring graphemes in Finnish are a, i, §, b, &, s, and
1, and it is these (+3) that are also the most frequent in the last four positions in
graphological words. The most common stems in the basic words of our nominal
vocabulary terminate in j or A, and derivatives are also fairly commonly formed
by means of the suffixes g, nen, A, 1A and nA (Karlsson 206 - 207). These most
frequent graphemes are crucial elements in bound, overt morphemes. Thus the
standard case endings are most often composed of open vowels and dental
consonants, and often also contain ¢ and i (A, 1A, 1Ta, ssA, stA, LA, ttA, 1A, lle,
1, den, ten, tten, en, ksi, kse, Vn, hVn, seen, siin). The morphs indicating person
and possession (o, {, mme, ite, mme, nne, nsA) and those indicating tense, mood,
and number (i, isi, ne, kQ, KAA, i, t) are again mainly composed of these most
frequent elements (Karlsson 306 - 307). The most prominent variations in the
frequencies of graphemes thus apparently reflect variations in the textual fre-
quencies of such bound, overt morphs in various contexts. It also seems that the
grapheme sequences in terminal positions in graphological words also determine
the mutual order of frequency of these most common graphemes at least (and
thus also that of the phonemes of Finnish). The dental plosive t, which occupies
the 3rd position in the table of graphemes, is thus not universally any easier to
produce than the palatal plosive k in the 9th position or the labial plosive p in the
18th position, but it is by far the most frequent of the three in inflectional
elements, endings and suffixes, and p correspondingly the rarest.

Similarly, Vilho Setil4’s assumption that the rarity of m as compared with 1 or
the low frequency of the Finnish r as compared with the German 1 is due to the
large expenditure of energy on articulation is thus unnecessary speculation. Their
numerical inferiority in Finnish can be explained simply by the fact that they are
rare in word final suffixes and inflections, although the reasons for this do not
belong to the scope of the present investigation.

When the detailed analysis and statistical tabulation of grammatical categories
in all the textual classes included in the Oulu Corpus is complete, it will also be
possible to examine in greater detail the reasons for the variations in the
frequencies of graphemes in both large and small text classes and in various
contexts.
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APPENDICES

The appendices to this monograph include tables of graphemes in the remaining
main textual categories (RAD = radio language, SPK = free standard spoken
language and PARL = parliamentary language).

Appendix 1. Radio Language (style categories 70 - 81)

The sub-categories represent standard spoken language, which is nevertheless a
fairly diverse class. The sample contains 78,964 graphological words and
567,944 graphemes, the former of which are shorter than the average, the mean
number of graphemes per word being 7.19. E' = deviation of the frequencies of
the graphemes in radio language from the mean (n') in percentage points.

TABLE 17. Graphemes in radio language (style categories 70 - 81).

@h RAD f % E'
1. @ a 65,156 11.47 -0.15
2. N i 60,569 10.66 -0.05
3. ® t 55,423 9.76 0.12
4. () n 49,510 8.72 40.05
5. (3] e 47,360 8.34 40.13
6. ) 8 44,205 7.78 -0.08
7. 0 1 33,463 5.89 +0.13
8. (@ o) 30,520 537 +0.06
9. k) k 30,072 5.29 40.02
10. () FA 28,739 5.06 40.25
11 @ u 929 492 -0.08
12. (m) m 27,536 3.79 +0.28
13. 4] Y 21,135 231 -0.14
14. ® r 13,563 2.04 -0.12
15. 6] i 11,747 1.89 -0.04
16. b h 10,320 1.82 0.00
17. ) y 10,064 1.77 -0.04
18. @ B 10,627 1.70 40.04
19. ) d 9,658 0.82 -0.02
20. @) 6 4,221 0.39 -0.08
21. (g g 2,570 0.10 -0.01
22, ® b 284 0.05 0.00
23. ® f 234 0.04 -0.01
24. © c 27 0.00 -0.03
25. (W) W 15 0.00 -0.01
26. @) | 8 0.00 0.00
27. @ q - - 2
567,944 100.00
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Radio language does not seem to deviate from the mean to any significant extent.
The order of frequency has only one deviation: i is in 10th position and is
markedly more common than u. The frequencies of ¢, 1, & and m are well above
the average, while a, t, v, and r are below average.
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Appendix 2. Free standard spoken language (style category 90)

Free standard speech makes up the smallest of the main categories, and is
included here mainly as reference material. The number of graphological words
in this category is 12,031 and that of graphemes 71,230, the mean number of
graphemes per word being only 5.92,1i.e. 1.44 less than on average. E' =deviation
of thc frequencies of graphemes in free standard spoken language from the mean

(") in percentage points.

TABLE 18. Graphemes in free standard speech (category 90).

@)

FSS f % E

L ()] i 8,617 12.10 +1.39

2. @ a 7,717 10.83 -0.79

3. ® t 7,070 9.93 +0.05

4. ()] n 6,361 8.93 +0.26

5. () e 5,643 792 -0.29

6. ®) s 5,468 7.68 -0.18

7. o 1 4,276 6.00 +0.24

8. @ 0 4,028 5.65 +0.34

9. & i 3,757 527 +0.46
10. (w) k 3,624 5.09 -0.18
11. @ u 3,170 4.45 -0.55
12. (m) m 2,956 4.15 +0.64
13, (49) i 1,682 236 +0.43
14. ® Y 1,528 2.15 -030
15. @ h 1,297 1.82 0.00
16. (h) ¥ 1,224 1.72 -0.09
17. (9] r 1,114 1.56 -0.60
18. ® ) 998 1.40 -0.26
19. @ d 319 045 -0.39
20. ®) o 264 037 -0.10
21. ® g 64 0.09 -0.02
22. ()] f 27 0.04 -0.01
23, ® b 26 0.04 -0.01
24, © - - - -
25. (w) - -
26. @ R
27. ) = - )

71,230 100.00
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The mutual order of graphemes in this category deviates from the mean at many
points. The most conspicuous difference is found at the top of the table, where
the most common grapheme is not a but i, the frequency of which is as much as
1.39 % above the average. The high frequency of i seems to be characteristic of
spoken language, since it is very much more common than g both in dialects in
general (Pajunen - Palomiki 1984: 73 - 89) and in the radio interviews and
discussions in the present material (categories 80 and 81); i also occupies the
leading position in the language of drama for young people within the fiction
category (category 31), and, oddly enough, in a subcategory of non-fiction,
namely “Reviews of non-fiction” (category 06). The high occurrence of i could
be due to the frequent use of active indicative verb forms and the past tense of
passive finite forms in these categories. Of the other graphemes, dis two positions
higher than on average, while k and u are located one position lower than normal.
o and m occupy their usual positions, although their occurrence in spoken
language is considerably above the average. Great variation also occurs in the
next five positions, from 13th to 17th. r does not seem to occur very frequently,
being three positions lower than usual, while j is more common, being two
positions higher than usual, and the occurrence of d is considerably below
average, as can be expected.
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Appendix 3. Parliamentary language (categories 91 and 92)

Category 91, part of the material of parliamentary language compiled by Esko
Vierikko, contains free speech from interviews with representatives, which has
been transcribed roughly but nevertheless includes sandhi assimilations and
often post-aspirations as well. Category 92 contains official parliamentary
language, mainly from plenary sessions, 2/3 of it being transcribed from tapes
and 1/3 drawn from the official parliamentary records and normalized by the
secretaries. The total number of graphological words is 112,606 and that of
graphemes 804,771, the mean number of graphemes per word being 7.15. E'=
deviation of the frequencies of the graphemes in parliamentary language from
the mean (nl) in percentage points.

TABLE 19. Graphemes in parliamentary language (categories 91 - 92).

(") PARL f % g
1. @ a 87,939 10.93 -0.69
2. @ i 87,173 10.83 40.12
3. ® t 82,960 10.31 +0.43
4, () n 69,399 8.62 -0.05
5. ) [ 65,639 8.16 -0.05
6. ) s 64,002 7.95 +0.09
7. ) 1 47,335 5.88 40.12
8. (@ 0 43,830 545 +0.14
9. k) i 42,384 5.27 +0.46
10. @) k 40,834 5.07 -0.20
11. @) u 39,415 4,90 -0.10
12. (m) m 31,208 3.88 +0.37
13. ) Y 18,873 235 -0.10
14, ©® i 15,941 1.98 +0.05
15. ) v 15,360 191 +0.10
16. (b) r 14,617 1.82 -0.34
17. %] h 14,613 1.82 0.00
18. @ D 11,451 142 -0.24
19, @ d 7,101 0.88 +0.04
20. @) '} 3,982 049 +0.02
21 ® g 371 0.05 -0.06
22, ) b 165 0.02 -0.03
23, ® f 134 0.02 -0.03
24. (c) c 23 0.00 -0.03
25. (w) i 14 0.00 0.00
26. @ w 7 0.00 -0.01
27. @ g 1 0.00 0.00
804,771 100.00
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What most attracts attention in the list of graphemes in parliamentary language
is the low frequency of a, which is 0.69 percentage points below average, while
the occurrences of t, 4, and m are considerably above average. The high
frequency of # is also conspicuous both in the language of the New Testament
and in the present categories of literary and radio language and free standard
speech. One explanation for this could be the frequent use of personal pronouns,
for the occurrence of h is also statistically highly significantly above average in
the language of the New Testament and the present fiction category, although it
is exactly at the mean value in radio language, free standard speech and
parliamentary language. The frequency of r is also well below the mean in
parliamentary language, being two positions lower than the normal.
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Phoneme Counts

Marginal remarks to Piiikkonen's article

Gabriel Altmann, Bochum

Counting of elementary linguistic or graphemic units is a fruitful tradition of
Finnish linguistics. Unfortunately, the results were always published in Finnish
and remain unavailable in spite of the fact that everybody can read numbers.
M. Paakkonen redresses this evil in that he presents in this volume an extract
from his extensive book (Grafeemit ja konteksti. Helsinki 1990) and compares
his own counts with those of other Finnish scholars.

Data of this kind are of inestimable value also to theoretical quantitative lin-
guistics since they allow us to consider some general problems. The following
points are not meant as criticism since Padkkonen pursued another aim in his
work, namely a possible text characterization by means of letter frequencies,
i.e. he searched for differences while our goals are quite the opposite: we

search for constancies and our view is purely methodological. We merely use
his data for discussing some problems.

Size
The enormous size of these data - almost four million of letters - brings both
advantages as well as disadvantages.
The advantages - if they turn to be so - consist in the possibility of
(1) computing global language characteristics,
(2) a more confident comparison of Finnish with other languages, and
(3) testing some quantitative models.
However if the frequencies are not stable even with an enormous sample size

then all the advantages mentioned above are illusory; nevertheless, the data can
be used for characterization of individual texts.
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The disadvantages are as follows:

(1) The overall data are mixtures of many different samples. Perhaps mix-
ing renders some language properties more stable but there are problems with
fitting models e.g. rank-frequency distributions to such data.

(2) If one tests the differences between the proportions of individual letters
in two samples by means of a r-test, one obtains as a rule highly significant
results in spite of the fact that the differences are actually extremely small.
This is caused by the enormous size of the samples; it is well known that any
difference of this kind can be made significant if one uses sufficiently large
samples. This gives the impression that either the frequencies do not achieve
stability even if a sample consists of millions of items, or that the correctly
used statistical method is problematic. Though large sample sizes are no
disadvantage, quite the contrary, it is statistics that brings the headache.

Stability

As was shown by Orlov (1982) there are no populations in language. In quan-
titative linguistics language is not considered as a homogeneous entity with
firm boundaries and 'natural constants'. The only things that are constant in it
are the relations between its variable properties, which are arranged in control
cycles (cf. Kohler 1986, Altmann 1987). Probably any complete text is a po-
pulation of its own; there are not even constant text properties for 'all works
of an author'. Consequently there can be no entity called e.g. 'the language of
newspapers' displaying constants for all possible properties. Nevertheless there
can be classes of texts held together by one or more features. Thus one hopes
that a large mixture of many samples drawn from the same class brings stabi-
lity for at least some of the properties under consideration. However a proble-
matic statistical test (cf. Table 4 in Pi4kkénen) can upset this assumption.
Consequently we are committing an error somewhere. Either we use an in-
adequate statistical method or we must search for other kinds of stability or
both. If not even millions of occurrences of a letter stabilize its relative fre-
quency, what is stable with letter frequencies? There are several possibilities.

(a) The first possibility is that even though the frequencies of equal letters
in two large samples are significantly different according to the r-test, it is the
problem of the test and not of reality.

(b) The second possibility is that even if a different test would correctly
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show significant differences in proportions, merely the distribution of letters
as a whole is homogeneous in the samples compared.

(c) The third possibility is that merely the ranks of the letters stabilize gra-
dually; however it need not be so even with two and a half million letters (cf.
Padkkonen, Table 1).

(d) The fourth possibility is that merely a global measure for the whole
distribution is stable.

(e) We can even imagine that it is the relation between the individual fre-
quencies that is stable, i.e. the frequency of the most frequent letter is in the
same (numerical) relation to the frequency of the second most frequent letter,
as the second to that of the third most frequent one, etc. This must hold true
for all long texts (large samples) independently of the rank of the individual
letters.

Let us consider possibilities (b) to (e) one by one, indicating these letters
by numbers (I) to (IV).

Homogeneity

(I) In order to test the homogeneity of two multinomial samples one usually
uses the chi-square (or some equivalent) test according to the formula

e W
n il d
O Xpg =2y
K-1 n_[n_z,g n, n

where n,, = frequency in cell i of the first column
n,=Zn, (i = 1,2,..K) (the sum of the first column)
n, =n - n, (the sum of the second column)
n =n, + n, (total sum)
K = number of rows (here letters).

After reordering the letters in Padkkonen's Table 1 for 'transcribed spoken
language' (S1) and 'written language' (S2) we obtain Table 1 below.

The result according to (1) is X* = 4832.2849 with 26 degrees of freedom,
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Table 1. Testing homogeneity of which is considered as an indication of he-
data S1 and S2 of Padkkonen terogeneity. Now since the chi-square
grows linearly with increasing sample size,

S1 S2 with large samples one rather uses the con-

tingency coefficient C = VXN, yielding

? iggg;g gggggg here C = 0.035 showing that the samples
t 145442 243269 are homogeneous.

n 125270 215911

:’ Hgg% ngéf}g So the situation when basing the conclu-
1 85074 141553 sions on large samples is not unambiguous.
o 78378 130545

l"(i Z/jggg };ggg (I1) We can of course dispense with the fre-
u 70514 126164 quencies and consider merely the rank or-
m 55700 82272 der of letters in the two samples. As can be
v 33536 62780 seen, the rank order of letters according to
| gg;gg g;ggé their frequency is not identical in the
y 26648 24668 samples under consideration. Taking the or-
h 26230 45503 der in S1 as the basic one we obtain the
p 22076 43282 ranks as given in Table 2. Our problem is
g 12%3 fé%g whether the given disorder can be con-
g 1005 3146 sidered merely as random fluctuation of
b 475 1593 letter ranks or as something caused by un-
f 395 1539 known factors.

c 52 1041

w 22 30

3 20 30 There are a number of procedures for
q 1 25 evaluating the agreement of these two ran-

kings. The simplest one is to relate the
actual differences of ranks to their maximum. In order to measure the stability
of ranks we may compute Spearman's rank correlation coefficient

I
6§:di

@ r=1-—"t—
N?® - N

where d, is the difference between the ranks of the i-th letter. For our example
we obtain

_ 6149
27 - 27

= 0.9957.
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Or, we can use Kendall's rank correlation coefficient For Table 3 we obtain W = 0.9890. A transformation to chi-square yields X*
= k(N-1)W = 60(26)0.9890 = 1542.77 indicating that there is a very high
3) e 28 agreement of ranks in these 60 samples.
NN - 1)

Table 3. Rankings of Finnish letters from 60 samples by Padkkénen
where S is the sum of +1 and -1 scores for correct and incorrect rankings in

K X ai tnes |l o k ud m v r h | v p g b f e w 4

the second sample (S2). It is easy to compute by hand. For Table 2 we obtain 123456 7 8 91011 12 I3 14 16 15 17 18 192021 2223 24 25 265 265
123456 7 8 10911 12 14 13 15 16 17 18 1920212422 23 25 26 27

123456 711 8 910 12 13 15 16 14 18 17 1920212322 24 25 265 265

2(341) 132546 711109 8 12 13 16 15 14 17 18 1920212322 26 26 24 26

¢ = 2227~ 0.9715. 123256 98 71011 12 13 14 15 16 18 17 1920212224 23 25 27 26
27(26) 2134659 7 81011 12 13 14 16 17 15 18 1920212322 24 25 27 126
123456 7 9 81011 12 14 13 15 16 17 18 1920212224 23 25 27 26

124356 7108 9 11 12 13 14 15 16 18 17 1920212223 24 25 26 27

123546 7 8 91011 12 13 14 15 17 16 18 1920212224 23 26 26 26

In both cases we obtain a strong agreement between the ranks in the two {%%222 —7;1%89190 H {% }i {§ }2 {g {Z I§ }3 %8 %{ %% %13‘ %ﬁ %2 225 %?5
samples under consideration. 123456 79 81011 12 13 15 16 14 17 18 1920212223 25 24 265 26.5
123456 78 91011 12 14 13 15 16 17 18 1920212322 24 25 26 27

12ides oSl BB BB BNAER 3 3% 8 ¥

Table 2. Rank order of letters according to their frequency 123456 79 81011 12 14 13 15 17 18 16 1920212223 24 25 27 26
124356 910811 7 12 14 15 17 13 18 16 1920212322 26525 26524

214356 910811 7 12 14 16 17 13 18 15 1920212322 24 26 26 26

. - . = - 123456 8119 710 12 13 14 17 15 18 16 1920212226523 25 26524
aitneslodak umv j ryhpdéghb fcwagqg 123456 7118109 12 13 14 16 15 18 17 1920212223 24 25 27 26
123456 7118109 12 14 15 17 13 18 16 1920212223 24 25 265 265

$1[12345678 910 11121314 1516 17 18 19 20 21 22 23 24 25 26 27 122436 THEN S BEBUUBDRBABE B 5 263 363
124356 711810 9 12 13 15 16 14 17 18 1920212322 24 26 26 26

82 (1234567911 8 1012131514 17 16 18 19 20 21 22 23 24 25 26 27 124356 79 81011 12 13 14 17 15 18 16 1920212223 24 25 27 26
123456 7108 9 11 12 13 14 15 17 18 16 1920212224 23 25 265 265

d 122 1 111 -1 123465 7 8 91011 12 14 13 15 18 17 16 1920212322 24 25 27 26
: 132465107 9 8 11 12 13 14 15 18 17 16 1920212322 24 26525 265
123456 7 9 81011 12 14 13 15 16 17 18 1920212223 24 25 26 27

We aso cantest he stabily of ranks usin al individual sampl 2363 TANN BRI L B BRARE & 4 K s

e also can test the stability of ranks using all indivi

) ty. Simg M sampgs(SlandSZ 123645 7 8109 11 12 13 14 17 16 15 18 1920212322 24 25 27 26

are merely their sums). In his book, Paikksnen (1990: 85) published a table 132456 8 7109 11 12 13 14 16 17 15 18 1920212322 24 %g 26 2;
of letter rankings for 60 text collections which is given in Table 3. Ties were H%igg § §‘9° 190H %% }% iﬁ %2 {; %g {% {8 %8 %} %3 %% %ﬁ 75 %2 %7
taken into account but they ar i i 132456 79 81011 12 13 14 17 16 15 18 1920212322 24 25 26 27
\ ut they are present merely in the last columns if the letters 12364557 81011 12 14 13 16 18 15 17 1920212422 23 25 26 127

concemed did not occur in the sample at all. To measure the agreement of %%gigg g g g%(lJ {(1) }% B }2 };5; }2 {g i; {g %8 %{%g %§ %% %2 %g_s %665
more than two orders, we can use Kendall's coefficient of concordance (cf. 123456 79 81011 12 13 14 17 18 15 16 1920212224 23 25 26 27
Siegel 1956) 132456 79 81011 12 13 14 17 18 15 16 1920232124 22 25 265 265
123456 79 81011 12 13 14 16 18 17 15 1920212324 22 25 265 265

1234657 8 91011 12 14 13 16 18 15 17 1920212322 24 25 26 27

132654 7 8109 11 12 13 14 16 17 15 18 1920212322 25 24 27 26

_ s 1326458 9 71011 12 13 14 17 18 15 16 1920222123 24 25 27 26

@ W = 1236459107 8 11 12 13 14 16 18 15 17 1920212322 24 25 27 26
kz(Nz'—N){lZ—kET 123465 7 8 91011 12 13 14 15 17 18 16 1920212223 24 25 26 27
123456 7 8 91011 12 13 14 18 17 16 15 1920212322 24 25 26 27

123456 710811 9 12 15 13 14 16 18 17 1920212223 24 26 26 26

h N 123456 79 81011 12 13 14 17 16 15 18 1920212322 25 26 24 27
e G s o 2y T UL DB BNIEE Msisassng
k = number of compared sets (here 60) 123456 71089 11 12 13 14 15 16 18 17 1920212223 24 25 265 265

s =2(r - Zr/N) 123546 78 91011 12 14 13 15 18 17 16 1920212322 26 26 24 26
i I X 123456 7 8 91110 12 13 14 15 16 17 18 1920212322 24 25 265 265
r; = sum of all ranks GERNS: Letter j ' IE3de Iy e T R 19203135 24 36529 263

_ 3 s . . .

T= Z(t - t)/12, t being the number of tied ranks. 213456 7810119 12 14 17 13 15 16 18 19202123 22 255 25.5 25.5255
213456 7910118 12 14 17 13 15 16 18 1920212322 24 25 26 27

132546 7 810011 12 13 15 17 16 14 18 1920212223 24 26 25 27
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(1II) One can even dispense with the identity of letters and their ranks. It is
sufficient if a global measure without respect to the individuality of letters can
be considered constant. Out of a number of possibilities (cf. Altmann, Lehfeldt
1981) we choose two simple measures, namely the repeat rate

L)
%) R = Epi
i=1

and the entropy

K
6) H = -) pldp,

i=1
with p, = f/N, N = Zf,, where f; are the absolute frequencies.

These two global measures can be compared with those in other languages.
Altmann and Lehfeldt (1981) collected R and H, for 63 languages from the
available literature. Though not all counts were reliable it could be shown that
both R and H, depend on K, the number of entities (phonemes or letters) in
the inventory. As can be seen in Altmann and Lehfeldt (1981, Figures 4.3 and
4.4, p. 158 and 173 respectively), R and H, for Finnish lie perfectly among the
other points denoting these measures for the other languages.

The above procedures should be automatically appended to any phoneme or
letter count.

Searching for laws

(IV) In quantitative linguistics - as in all other more mature empirical sciences
- it is usual to assume the existence of laws behind all phenomena. If we
succeed in finding them then we gain a deeper insight into the mechanisms ge-
nerating these phenomena and have better chances of embedding them in lin-
guistic control cycles which is on a par with an explanation (cf. Salmon 1984).
Here we content ourselves with the first steps.

The usual way to model the rank-frequency distribution is the use of Zipf's law

and Zipf-Mandelbrot's law (cf. Guiter, Arapov 1982, Orlov, Boroda, Nadarejs-
vili 1982). Unfortunately, the researchers always avoided any testing for good-
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ness of fit. This was perhaps caused by the fact that the sample sizes were
very large and the chi-square test had yielded significant deviations. However,
one can obtain good results with small sample sizes (cf. Altmann 1988:69-77).
Several authors successfully used (with small sample sizes) a distribution deve-
loped by Hammerl (esp. 1991) however not for phoneme/letter counts.

In order to avoid problems arising with large sample sizes that are always pre-
sent when we work with the (statistical) distribution of phonemes or letters, we
try to find the curve for the ranks of the relative frequencies or proportions.
This is not a probability distribution but a sequence of values. We start from
the fact that the differential equation leading to the Zipf-Mandelbrot law has
the form

d c

y a+x

M

In the case of ranking we have discrete steps for which dx =1 and dy = y, -
V.1, SO that we can write (7) as

Y T Va1 - _ C
V-1 a-+x

®

(writing x instead of x-1 on the right side of (8) does not change the result)
yielding

a-¢+x
(9) yx= a+x yx—l

Writing a - ¢ = b (with b < a) and letting y, = 0 for x < 1 we obtain the
solution

b\ forx =1

(10) ¥, =\ (B+2)(b+3)...(b+x)
(@a+2)@+3)...(a+x) "'’

Jor x = 23,..

or
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an' y, = gzl Vs for x = 123,...
a+x
£
Since y, > 0 (for x = 1,2,3,...) and it decreases monotonically, the parameters
fulfill one of the conditions (i)a>b 20, (ii)a>0,-1<b<0,(l)b<ac<

0 with [a] = [b], a and b are not integers. Formula (9) (with a-c = b) can be
used for recursive computation of the y,-values.

As can be seen, (10) or (11) converges to the (displaced) geometric series, if
a — o, b — o and b/a —> q, since

lim (b+2)...(b+x)
(a+2)...(a+x)

1

(12) Yo=y4*

Sigurd (1968) used the geometric series as a model for the rank-frequency dis-
tribution and later on it was used as the first approximation to the models of
repeat rates and entropies (cf. Altmann, Lehfeldt 1981). Since many authors
only published relative frequencies, it is more reasonable to work with a curve,
than with a probability distribution where the goodness-of-fit test can lead to
the rejection of the model. The probabilistic counterpart of (11) is the hyper-
pascal distribution with g = 1 and y, as the norming factor (cf. Altmann 1991).
The fitting of (11) to Padkkonen's data is shown in Table 4. The goodness of
fit has been ascertained simply by means of the determination coefficient
which in this form merely compares the residual squared deviations with total
squared deviations:

K

> 0, - 5’
(13 pD=1-%=2_
0, -

M =

b
—_

where y, = observed values
. = computed values (according to 11)
y = mean of observed values (here always 100/K).

' If we consider (11) as a probability function then y, = (b+1)(a-b-1)/a(a+1) is the

norming constant.
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The fit is the better the greater D is. Problems connected with D and with cur-
vilinear fits are discussed by Grotjahn (1992). All computations were made
with the simplex method of Nelder and Mead (1965). As can be seen all fits
are quite good even if one does not expect good results with mixed samples.

The parameters a and b of (11) seem to be dependent on each other. Com-
paring a and b in Table 4 we can observe that for Fiction, Nonfiction, News-
papers, KH, New Testament and S3 b/a = 0.8, for S2 it is 0.83 and for Total
it is 0.86. Knowing this fact we can begin the optimization by Nelder and
Mead with other starting values and obtain still better results. Some examples
are in Table 5. If with increasing parameters the fit improves and b/a conver-
ges to a constant then we have an indication that the geometric series would
yield a good fit. This is merely the consequence of (12). The case of Hawaiian
with small values of parameters taken from Pukui and Elbert (1957) indicates
that if we compare this case with the other ones the geometric series (yielding
D = 0.8078) is not adequate (s. Table 6).

If the above model is correct, then rank-frequency distributions must display
a strong regularity even with small sample sizes. This would of course hold
only if no factors would operate on phoneme/letter frequencies. Needless to
say, this is not so. In every language and in every text there are a lot of boun-
dary conditions influencing the phoneme frequencies. They can be of the fol-
lowing kinds: (a) local ones, e.g. the kind of the text, the style of the author,
the situation in which the text arose, the individuality of the hearer for whom
the text was generated, even the planned length of the text (according to Orlov
1982), etc. and (b) global ones, consisting of the influences of functional
equivalents in the same control cycle and of the influences of entities lying at
higher levels, e.g. all phonological and morphological means used for gener-
ating redundancy, frequencies of words, word length, etc.

Many rank-frequency distributions or curves must be fitted before we begin to
set up hypotheses about the parameters of (11). On the other hand, all func-
tional equivalents of the frequency distribution of phonemes must be found and
evaluated before we gain a deeper insight into this mechanism.

In any case, the possibility of fitting the same function to all rank-frequency
sequences is a strong support for the assumption that they follow a law. Thus
the proportion at a given rank is stable, i.e. if phonemes/letters exchange their
ranks the proportions at the given ranks remain statistically unchanged.

The consequences of this fact are, however, still deeper. If we can show that
the proportions of entities at this level follow a law then the same must hold
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for all other levels of language but, because of the greater size of all ‘higher' ' Table 4 (Cont.)
entities (e.g. syllables, morphemes, words, phrases etc.), we attain convergence '
merely with enormous sample sizes if the individuality of the entities is taken o Ko 2 . _—
into account. The more we neglect the individuality of entities, the more X Yy 9. V. 9, Yy . A 9.
rapidly we shall observe a concordance with a law. Since from the theoretical
point of view individual language units are not relevant, we have a good 1 11.93 | 11.93 | 11.14 [ 11.14 | 11.90 | 11.90 || 11.62 | 11.62
chance of finding rank-frequency laws for all other language phenomena. But 2 9.95| 10.00 | 10.83 | 9.55 | 10.64 | 9.96 | 10.71 | 10.07
this has been known for a long time (cf. Arapov 1989). 3 9,83 | 853 10.07 | 827 || 977 | 847 9.88 | 877
4 931| 738 868 7.24 8.67 7.30 8.67 7.67
Table 4. Fitting of (11) to Paskkonen's data 5 928 | 646 822 6.39 8.21 6.37 8.21 6.74
6 7.30 5.70 7.87 5.68 7.85 5.61 7.86 5.95
L . 7 5.70 5.08 5.89 5.08 5.68 4.98 5.76 5.27
Fiction HOnAGHE K ) CREDAPeLs 8 | 570| 456| 543 | 457 || 534 | 445 | 531 | 4.68
X Y« e | ¥« o | ¥ . | ¥« Vo
9 509 4.12 5.19 4.13 5.24 4.01 5.27 4.18
1 1174 | 11.74 | 11.83 | 11.83| 12.34| 1234 | 12.20| 12.10 10 4.69 3.75 5.16 3.76 5.06 3.63 5.00 3.74
2 11.30 9.84 | 10.50 990 | 11.42| 10.37| 10.64( 10.11 11 4.66 3.42 4.88 3.43 4.59 331 481 3.35
3 934| 839| 996| 843| 983| 887 959| 859 12 329| 3.14|| 3.8 | 3.14 | 330 | 3.03 | 3.51 | 3.02
4 | 9091 726| 855( 727| 879| 7.69| &72| 739 13| 272| 290 232 | 28 || 252 | 278 || 245 | 272
5| 779| 635 8311 6341 7351 6751 819) 643 14| 262| 268|| 196 | 267 | 232 | 257 | 216 | 246
6 6.96 5.61 8.16 5.59 7.16 5.98 7.66 5.66
b 585 499 556 497 6.15 535 58 501 15 2.20 2.49 1.89 247 1.91 2.37 1.93 2.23
9 558| 405| 526| 401| 561| 436| 533| 4.03 17 152 217 184 | 214 | 179 | 205 || 1.81 | 1.85
10 518 | 3.68| 5.08 3.63 4.88 3.98 499 3.64 18 1.18| 203 1.53 1.99 1.74 1.92 1.66 1.69
11 4.77 3.36 4.48 3.31 4.48 3.65 4.40 3.31 19 0.83 1.90 0.84 1.86 0.85 1.80 0.84 1.54
12 3.18| 3.09( 328| 303| 281 336| 338/ 302 20 029| 179 045 | 1.75 | 049 | 1.69 | 047 | 142
13 240| 2.84| 2.58 2.79 2.30 3.10 2.47 2.77 21 0.10 169l 0.07 1.64 0.13 1.59 0.11 1.30
14 2.31 2.63 2.34 2.57 2.19 2.88 2.36 2.55
I o I B R R B 2| o0s| 1eof oo | 1ss | 00s | Lao | 005 | 10
16 205 227| 1.84 2.21 2.14 2.50 190 2.19 : : : : ' ' ' '
’ ’ ’ ’ ' 24 0.04 1.33 0.03 1.02
17 1.89 2.12| 1.68 206 2.10| 2.34 1.77 | 2.03 : : :
18 | 158 199| 165| 193] 159| 220| 171| 190 25 001 | 126 | 001 | 0.54
19 | 057| 1.87| 093| 180 043| 207| 080| 177 o = 83566 A= 120338 | a=- 88883 a = 780998
20 | 040| 176| 053] 169| 040| 195| 046| 1.66 BT b=100282 |b=71107 b = 24,0855
21 0.07 1.66 0.13 1.59 0.14 1.56 ) : Y .
23 0.02 1.48 0.07 1.42 0.06 1.38
24 0.01 1.40 0.04 1.34 0.05 1.31
25 001| 127 0.02| 1.24 Conclusions
a=8.3974 a = 8,7831 a = 7.9063 a=9.1863
l])) =6(i,791178%t II)) =7(5F)9246859 ll)) =6d?92457% % =7d.39469()()1 (1) Large sample sizes have all the advantages mentioned. Global language

characteristics are quite stable but in order to achieve stability enormous samples
must be drawn. The size must be the greater the higher the counted linguistic

KH = data collected by Kaisa Hakkinen unit. For words perhaps hundreds of millions of items must be counted.
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Table 5. Improved fits of data in Table 4

a b D b/a geometric

q D
27.86 23.88 1 0.9373 | 0.86

Fiction 188.65 166.27 | 0.9589 | 0.88 | 0.8772 | 0.9666
515.60 455.92 | 0.9616 | 0.88
15.33 12.77 | 0.9211 | 0.83

Nonfict. 30.26 25.9410.9403 | 0.86 | 0.9027 | 0.9429
5566.31 4922.10 | 0.9647 | 0.88
26.08 22.3510.9615 | 0.86

KH 476.34 421.19(09773 | 0.88 | 0.8821 | 0.9792
16.27 13.56 |1 0.9354 | 0.83

Newsp. 33.13 28.40 | 0.9530 [ 0.86 | 0.8914 [ 0.9726
8337072.04 | 7372182.97 | 0.9744 | 0.88
28.31 24.27 | 0.9327 | 0.86

NT 1170.06 1034.60 | 0.9585 | 0.88 | 0.9101 | 0.9097
21.47 18.40 1 0.9070 | 0.86

S2 112.61 99.58 | 0.9367 | 0.88 | 0.9060 | 0.9322
30.92 26.50 | 0.9451 | 0.86

S3 2932425.94 | 2593040.29 | 0.9686 | 0.88 | 0.8965 [ 0.9619

Total 513.33 45391 (09598 | 0.88 | 0.8996 | 0.9529

It is questionable whether a small mixture of texts is an appropriate sample
at all. Two individual samples may show an agreement with a law but their
mixture can display a significant deviation so that formula (11) must be modi-
fied in such cases.

Full individual texts are populations of their own.

Testing the goodness-of-fit or homogeneity by means of the chi-square test is
somewhat problematic with large samples (cf. Grotjahn, Altmann 1992). The
same holds for the -test for differences between individual proportions in large
samples. Therefore it is perhaps better to perform some global tests on ranks
and neglect the individuality of phonemes.

(2) Letter counts are necessary both for practical and theoretical purposes.
In theoretical investigations they are instances for testing the adequacy of laws.
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Formula (11) is an attempt to establish such a law. It has the advantage that
it is linguistically interpretable as an interaction between the speaker (nomina-
tor) and the hearer (denominator), who operate linearly upon the relationship
between two neighbouring frequencies (y,,y,,) (cf. Altmann 1991). If laws
could be found, then our only task would be to compare our samples with
them, and if bad agreement is found then formulas like (11) must be modified
taking into account the specificity of individual counts. (This is the reason why
mixtures of counts should be avoided.) For the time being formula (11) unifies
the existing approaches (Sigurd's and Mandelbrot's), but new evidence may
force us to make modifications.

(3) When publishing phoneme/letter/word etc. counts one should always
give both absolute and relative frequencies and present these numbers for all
individual samples (texts) separately. Their summation is merely a supplement.
The data should be at least commented on in English.

(4) The problems to be solved are: (a) Testing formula (11) on many counts
and (b) finding the factors that are responsible for the realized values a and y,,

i.e. to embed (11) in an appropriate control cycle.

Table 6. Fitting (11) and geometric series to Hawaiian

(11) geometric

X Yx 9x Y 9.
1 2645 | 26.45 26.45 26.45
2 11.94 | 15.69 11.94 19.52
3 11.13 | 11.13 11.13 14.41
4 9.34 8.62 9.34 10.64
5 8.73 7.03 8.73 7.85
6 6.98 5.93 6.98 5.80
7 6.34 5.13 6.34 4.28
8 580 | 4.52 5.80 3.16
9 5.35 4.04 5.35 2.33
10 5.01 3.65 5.01 1.72
11 1.96 3.32 1.96 1.27
12 0.55 3.05 0.55 0.94
13 040 | 2.82 0.40 0.69

a = 0.4910 q=0.7382

b =-0.5225 y, = 26.45

D =0.9274 D =0.8078
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Measuring Text Difficulty :

Juhan Tuldava, Tartu

In recent years, the measuring of text difficulty (readability) has become ever
increasingly topical not only in didactics and psychology but also in philology
and stylistics. Objective, quantitative methods of measuring text difficulty are
of great importance in determining the level of educational text comprehensibi-
lity and adequacy, readability of the press, and clear writing of scientific and
popular-scientific papers.

How could text difficulty be defined? This paper distinguishes subjective and
objective difficulty. Subjective difficulty, or the reader's difficulty, can be meas-
ured in different ways: through the time spent on reading the text, answering
questions about the text, expert opinions and other methods. Objective difficulty
(text complexity) is expressed through the formal and semantic textual charac-
teristics which correlate with the subjective assessments of text difficulty and,
therefore, can be used as prognostic characteristics of the subjective difficulty
of the text. By combining subjective assessment and objective quantitative cha-
racteristics scholars have worked out a number of formulae of readability.
Readability formulae have been successfully used in education and psychology
in a number of countries for dozens of years. Without being too detailed we
shall mention some of the approaches in this field (for detailed discussion see,
e.g., Klare 1974-75).

The readability formula by R. Flesch (1948) is very popular. The formula in-
cludes the formal characteristics of the mean sentence length, the mean word
length, and correlates them with experimentally found subjective characteristics
of text difficulty. The formula is expressed as an equation of multiple linear
dependence:

R.E. = 206.835 - 0.846 wl - 1.015 sl, 1)

where R.E. = Reading Ease (experimental readability assessment), wl = the
number of syllables per 100 words in the text, sl = the mean sentence length in
words. This formula has found wide application in the assessment of readability
of English texts.

! Revised and extended version of an article (Tuldava 1975) translated from Russian.
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A very simple method of text readability measurement has been in use in
Sweden. The formula (Sigurd 1970:137) is

I=L,+L,, 2)

where I is the index of text difficulty (readability), L, is the mean sentence
length in words (in a sample of 200 sentences) and L, is the percent of words
over six characters (in a sample of 2,000 words). The formula applied to Swe-
dish school textbooks resulted in the following assessment:

Form 1 2 3 4 5 6 7 8 9
index 18 22 26 29 31 33 35 37 39

It can be seen that the index values are higher for the textbooks of higher forms
as could be expected. It is of interest that the editors of some Swedish newspa-
pers have used readability formulae to see that the published material is of
adequate difficulty to meet the requirements of the average reader. Texts with
an index over 50 are considered excessively difficult (Sigurd 1970:138).

A noteworthy contribution to the theory and practice of measuring text difficul-
ty and readability has been made by the Estonian scholar Jaan Mikk (1974;
1991), who, on the basis of extensive experimental evidence and with the use
of correlation and factor analyses, has established the most important charac-
teristics of subjective text difficulty and the corresponding formal prognostic
characteristics of text. Mikk has developed several formulae of readability for
texts in Estonian, English and Russian. The most time-saving and economical
readability formula for Estonian is the following:

C=0131X+9847Z-4.6,

where C is the index of readability correlating with subjective difficulty assess-
ment (the percent of errors in the cloze test of the experiment), X is the mean
length of the self-contained sentences in characters (a sentence is considered to
be "self-contained", if it is a simple sentence or a clause in the complex or
compound sentence), Z is the mean abstractness of the repeating nouns (i.e.

occurring more than once) in the text, measured in a special way suggested by
Mikk (1974:118).

As shown by Mikk's research the most reliable ways of measuring the subjec-
tive level of text difficulty are 1) expert opinion and 2) the percent of errors in
the cloze test (in the experiment with Estonian texts each seventh word had
been deleted). These two factors were the most important ones and became
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Factor 1 in the factor analysis which included as other factors such experimen-
tal characteristics as the knowledge increase caused by the reading of the text,
the adequacy of the conclusions drawn, the number of misinterpreted phrases
and others (Mikk 1974:132). Of the formal textual characteristics the most re-
liable ones in text difficulty prognostication were the sentence length, the word
length and the characteristics of word abstractness including the percentage of
abstract nouns with abstract suffixes such as -us, -mine, -ism (correspondingly
-ity (-ness), -ing, -ism in English). Significant correlations were also established
between the subjective level of text difficulty and textual characteristics such as
the level of phrasal difficulty (measured by the number of interword connec-
tions), the percentage of the international words in the text, and the percentage
of the familiar words in the text (the list of familiar words in the text was
drawn up with the help of a frequency dictionary).

To measure the prognostic qualities of the objective level of text difficulty
through textual characteristics in the ideal variant, all the formal textual charac-
teristics correlating with the subjective assessment of text difficulty should be
studied. But in practice, studies of text difficulty measurement are governed by
the rules of sparing use of time and effort. To simplify the measurement and
still be representative and valid, certain formal textual characteristics can be
selected as they are known to correlate well with one another. We could see
that formulae of readability usually contain only a limited number of textual
characteristics, which are correlated with the results of the experimental assess-
ment of the subjective level of text difficulty. The shortcoming of such readabi-
lity formulae lies in the fact that the values of subjective assessment tend to
vary and, consequently, the corresponding constants in the formulae are only of
relative adequacy. The question arises of a possible formula with a more stable
assessment level. This formula should be based on the research done so far, and
it should proceed to select analytically the characteristics of prognosis most
suited for the purpose and show their mutual relations in text generation, We
should like to draw the reader's attention to a possible formula of that kind.

To build up a formula for measuring the objective level of text difficulty, one
must first decide upon the selection of adequate characteristics of good progno-
sticating power. Naturally, one will draw on the work done before. Analyzing
readability formulae, it is of interest to mention that nearly all of them contain
the argument of sentence length. However, they interpret the term "sentence” in
different ways. Mikk in his readability formulae includes "the length of the
self-contained sentences". This approach requires previous syntactic analysis of
the sentences in the text. We think that one could proceed from the "completed
sentences", i.e. the traditional interpretation of the sentence, ignoring the struc-
tural peculiarities. Besides, the mean values of the self-contained sentence
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length and the completed sentence length are highly correlated (according to
Mikk, the correlation coefficient is +0,92). It is thought that the reader's idea of
syntactic complexity, easiness/cumbersomeness of text, is very much dependent
on the length of the completed sentence in it (Akimova 1973).

The length of a sentence can be measured in different ways. If the sentence
length is measured in characters including letters, punctuation marks and word
spaces (see Mikk 1974:116), then the measurement indirectly includes some
information about the word length. In a simpler and also more adequate way
the sentence length is measured in words. By automated measurement a word
is any sequence of letters between two word spaces. The sentence length meas-
ured in words can easily be correlated with other characteristics of syntactic
complexity of the sentence, such as sentence depth (Martynenko 1971) or the
percentage of composite sentences in the text (Akimova 1973:70). There is no
doubt that the mean sentence length in words reflects the logical organization
of thought and its level of complexity well, and, therefore, appears as one of
the most important characteristics of the objective level of text difficulty,
prognosticating the difficulty level of the text for the reader. This conclusion is
suggested by a number of studies on various European languages. (In this con-
nection, we have studied texts in English, German, Swedish, Estonian, Russian
and Bulgarian.)

So one of the diagnostic textual characteristics must be the mean sentence
length in words.

To find another component for the formula is not so easy. Many studies empha-
size the importance of word length in text comprehension. Longer words are
considered to be more complex and more informative than shorter ones. There
is a negative correlation between the word length and its frequency of occur-
rence, i.e. longer words are usually not as frequent as shorter ones, and conse-
quently they are also less familiar and more difficult to comprehend. When
word length was analyzed in its correlation with the frequency rank in the
frequency dictionary of Swedish in the corpus of the first 1,000 most frequent
words, the coefficient of rank correlation was -0.80. The results of the text
study by Mikk (1974) demonstrate good correlations between mean word length
and the abstractness level of the nouns in the text, the percentage of the inter-
national words in the text and the complexity level of the phrases, which all in
good probability prognosticate certain aspects of text difficulty for the reader.
However, the sentence length and the word length also correlate well, which
allows Mikk to discard the mean word length as an independent characteristic
of text difficulty and include it in the group of sentence length characteristics.
And yet careful analysis has shown that the mean word length correlates better
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with a number of important characteristics of text difficulty than the mean
sentence length. Quoting Mikk, the correlation of mean word length with the
number of international words in the text is +0.61, while that of the mean
sentence length is +0.29; the mean word length correlation with the percentage
of abstract nouns in the text is +0.55, while that of the mean sentence length is
+0.33; the corresponding figures for the correlation with the percentage of
familiar words in the text are -0.80 and -0.49 respectively. Here one must note
that in the calculations made above, sentence length and word length are meas-
ured in characters, i.e. word length is indirectly reflected in sentence length. So
it can be said that the mean sentence length and the mean word length reflect
both similar and different aspects of text difficulty.

It should not be neglected that the mean word length has an independent role
to play in prognosticating the text difficulty level. There is no denying that the
characteristic of the mean word length can be replaced by other reliable charac-
teristics measuring text difficulty, such as the percentage of abstract nouns in
the text or the percentage of familiar words in the text, but it is to be remem-
bered that the mean word length correlates well with the characteristics mentio-
ned above, and it is the characteristic easiest to subject to automated text
measurement.

The word length can be measured in different units (characters, letters, phone-
mes, syllables, morphemes). By automated measurement it can be done most
easily in characters or letters. Anyhow all ways of measurement should correla-
te with one another. We have chosen for our purpose the measurement of word
length in syllables, as this is the way it has been measured in the studies the
data of which we are going to use. Syllable counting seems to be the most
convenient way of non-automated data processing. Besides, measuring the mean
word length in syllables is closest to the measurement used to establish the
word depth (i.e. word length measured in morphemes) characterizing the mor-
phological structure of the word. There is a direct correlation between the word
depth and the word length measured in syllables. So the mean word length
measured in syllables suits our purposes as one of the diagnostic characteristics
of text difficulty.

The analysis of the works by R. Flesch, J. Mikk and others shows that the for-
mulae of text difficulty (readability) can be built up on two factor characteri-
stics. So we have chosen the mean sentence length and the mean word length
for our study, as they cover the essentials of the objective text difficulty level
sufficiently well and each of them characterizes a different aspect of the sub-
jective text difficulty level. The correlation between the two reflects the subject
matter which is jointly covered by the two characteristics. Now the next step
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would be to decide upon the form of the formula. R. Flesch and others in their
formulae correlate the textual characteristics with the subjective assessment of
text difficulty. As we have already noted, the outcome of that approach fully
depends on the way the subjective measurements are conducted. So we shall
seek to find another, more objective way of measuring the interrelationship of
the components of objective text difficulty.

In a less known study of W. Fucks (1956), the quantitative stylistic charac-
terization of text has been measured by the formula:

i 3)

where i is the mean word length in syllables and j is the mean sentence length
in words, o and P are constants depending on the relative significance of / and
J seen from the point of view of text difficulty assessment. Fucks suggests a
simplified version of . = B = 1 and then the formula will become i/, i.e. the
mean word length is multiplied by the mean sentence length.

As the characteristics of the mean word length and the mean sentence length
prognosticate the subjective level of text difficulty well, the Fucks' formula
might be used in measuring text difficulty. But if the equation oo = p = 1 is
used, the changes in the sentence length will too strongly influence the overall
outcome of text difficulty measurement. Surely the sentence length variations
can be expressed in units that will proportionately correspond to the mean word
length variations in the language under study. So for Russian texts the modified
formula in which oo = 1 and B = 0.2 was found to be most appropriate.

And yet we decided to continue our search for some more reliable foundation
for our formula of text difficulty measurement. After we had examined the
relationship between the mean sentence length and the mean word length in the
texts of several languages, we could establish an approximate linear relationship
between the word length and the logarithm of the mean sentence length. The
regularity is most clearly seen when texts of different genres or sublanguages
are compared. Graphically the regularity has been presented on Figure 1. All
that means that the interrelationship between the sentence length and the word
length is governed by some shared regularity. The dependence of the mean
word length on the mean sentence length is an example of the law of logarith-
mic growth:

i=atbinj @)
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in which i is the mean word length in syllables, j is the mean sentence length
in words, a and b are constants, and In is the natural logarithm. An inverse
relationship should also be there: a dependence of the mean sentence length on
the mean word length can be analytically expressed as an exponential function:

J = A 5)
where 4, B are constants and e is the base of the natural logarithms,

Having established the linear relationship between the mean word length i and
the logarithm of the mean sentence length j, one is apt to think that the balan-
ced linear dependence of values may serve successfully as the natural measure
of the objective level of text difficulty. The formula will be written:

R ZTInf (6)

where R is the index of the objective level of text difficulty. Instead of /n the
decimal /g can be used (as in the original version: Tuldava 1975), which will
result in different numerical values, but it will not affect the relative values.

We shall give an example to illustrate the point. We used the data presented in
reports on German texts (Fischer 1965; Fucks, Lauter 1965; Thiele 1968). We
included the values of the mean word length and the mean sentence length of
20 German texts in our study (the list of the texts can be found at the end of
the present paper). The texts belonged to different genres and sublanguages.
Figure 1 presents the graph of the relationship between the mean word length
and the mean sentence length in the texts. We used formula (4), in which the
constants a and b were calculated with the least-squares method. The linear
regression in our example assumed the expression of:

=104+ 024

The coefficient of linear correlation is equal to +0.55, with the critical value at
0.44 at a significance level of 0.05 and degrees of freedom 20 - 2 = 18,

The confidence limits of the regression can also be calculated (see, e.g., Draper,
Smith 1968, Chapter 1.3). The dotted lines on Figure 1 represent the variation
range measured at significance level 0.01, the numbered rings represent the
observed textual data, and the solid line represents the regression line. Text No.
4 can be seen remaining quite near the variation range, as this newspaper text
has longer mean word length than the other texts of the zone (see Table 1) - so
also Texts Nos. 14, 15, 17, 20. On the other hand, two texts by Goethe (Nos.
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7 and 12) and Text No. 8 (Eichendorff) also remain outside the variation range
as their mean word length is shorter than could be expected judging by the
values of the mean sentence length. This analysis may prove very helpful for
stylistic text analysis (cf. Arens 1965; Fucks, Lauter 1965).

:W‘ T 1 1 \ ! 1 3

Figure 1. A correlation graph between word length in syllables (7) and sen-
tence length in words (j). The abscissa axis presents a logarithmic
scale. The material is in German (see Table 1).

The regression equation or its graph can be used to interpolate, i.e. to progno-
sticate, the expected mean word length from the mean sentence length. That
makes it possible to calculate certain average theoretical values at which the
empirical values should converge. For instance, one can calculate the expected
word length (7) in the texts where the mean sentence length (j) is 20 words: i=
1.04 + 0.24 In 20 = 1.76 syllables. One should note here, however, that ex-
trapolation exceeding the experimental data range should be avoided (in the
example the mean sentence length ranged from 9 to 42 words).

The regression equation for the dependence of the sentence length on the word
length can also be formed. For the given example it will equal In j = 0.88 +
1.21i and j = 2.42¢"?".

Let us proceed to calculating the text difficulty index. Table 1 presents the in-
itial data. The texts have been grouped into three subgroups of varia (school

76

Measuring text difficulty

textbooks, student compositions, newspaper texts), texts of fiction and texts of
scientific writing. It can be seen that the index is of good stylistically discrimi-
nating quality. The texts of Group 1 (Varia) are quite clearly distinct from the
texts of Group 2. The texts of Group 2 smoothly merge with the texts of Group
3. So Text 12 by Goethe, which is of a philosophical nature, seems to be more
difficult than the easiest text of scientific writing.”

Table 1. Data of German texts: mean word length in syllables (1_‘) and mean
sentence length in words (f). Calculating the index of text difficulty
(R) and comparing it with the readability index by Flesch (R.E.)

Genre and text (author) i J Inj |R=ilnj RE.
1. Varia
1. Text-book (form 2) 1.50 9.0 2.1972 3.30 70.8
2. Text-book (forms 3-4) 1.55 | 15.0 | 2.7081 4.20 60.5
3. Composition by 13-

year-old pupils 1.66 | 13.3 | 2.5878 4.30 52.9
4, BILD/Hamburg (1968) 1.78 | 11.4 | 2.4336 4.33 44.7
II. Texts of Fiction
5. F. Schiller 1.71 156 | 2.7473 4.70 46.3
6. Th. Storm 1.63 | 18.8 | 2.9339 478 49,9
7. JW. Goethe (1) 1.58 | 22.8 | 3.1268 4.94 50.0
8. J. Eichendorff 1.56 | 249 | 3.2149 5.02 49.6
9. H. Hesse 1.72 | 20.0 | 2.9957 5.15 41.0
10. Th. Mann 1.80 | 189 | 2.9392 5.29 354
11. J.Wassermann 1.77 | 214 | 3.0634 5.42 354
12. J.W. Goethe (2) 1.69 | 29.1 | 3.3707 5.70 34.3
II1. Scientific Writing
13. S. Freud 1.89 | 19.1 | 2.9497 5.57 27.6
14. W. Heisenberg 1.92 | 20.5 | 3.0204 5.80 23.6
15. A. Einstein 1.93 | 21.1 | 3.0493 5.89 22.1
16. G. Hegel 1.84 | 31.4 | 3.4468 6.34 19.3
17. M. Plack 2.02 | 23.5 | 3.1570 6.38 12.1
18. K. Marx 2.02 | 327 | 3.4874 7.04 2.8
19. H. Schliemann 1.89 | 42.1 | 3.7400 7.07 4.2
20. A.v. Humboldt 2.05 | 31.7 | 3.4563 7.09 1.2
Mean value 1.78 | 22.1 - 542 -
Standard deviation 0.17 8.1 - 1.03 =

2 About statistical testing concerning the index R, see Tuldava (1993).
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On the whole, the calculated difficulty indices coincide with the intuitive esti-
mations of experienced readers. The low index of the newspaper text is a little
unexpected. The sample consists of ten editorials from the German newspaper
"BILD-Hamburg". The difficulty level of the texts is more or less the same as
that of school compositions of 13-year-old pupils. This may reflect the editors'
striving for meeting the requirements of the average reader. The easiness of the
newspaper texts can be accounted for by the short sentences with long words
in them. This example illustrates the fact that the objective difficulty index
should be treated as an orienting characteristic in prognosticating the subjective
text difficulty level through interpretation of qualitative character,

To facilitate the calculation of text difficulty we would suggest a nomogram
(Figure 2). The Figure shows three scales. Let us assume that the / and j va-
lues are given. Then the points are found on the side scales and they are
connected with a line (in practice it can be done with a ruler). The line crosses
the Scale R at a point which represents the corresponding R value. For ex-
ample: the word length is 2 syllables (i = 2) and the mean sentence length is
20 words (j = 20). Then it can easily be found that R ~ 6. The exact result can
be found by calculating R = 2 In 20 = 2(2.9957) = 5.99. Nomograms are good
when not very exact calculations are to be made quickly. It can also be used as
an easy way of checking theoretical calculations.

The quality analysis of the measurement of text difficulty of these German texts
makes it possible to distinguish certain tentative difficulty zones. For example:

R > 7.0 difficult text;
70>2R > 60 text above the average level of difficulty;
60>2R2> 50 text of the average difficulty level;

R< 5.0 easy text.

It is clear that these difficulty zones are not universal. The scheme presented is
adequate for students of philology.

The comparison of the results of our analysis with those done from formula (1)
of Flesch reveals that they are very close. The corresponding rank correlation
coefficient is ¢ = -0.97 (the correlation is negative as the formula we propose
is concerned with the easiness of text).

The proposed means of text difficulty measurement is convenient, for its argu-
ments are purely formal text characteristics - the word length and the sentence
length. These characteristics can be measured without resorting to any content
analysis. The procedure can be automated easily. The formal characteristics have
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Figure 2. Nomogram for calculating the index of text difficulty (based on the
formula R =7 Inj
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been chosen to reflect rather precisely the probable level of text difficulty for
the reader. The proposed quantitative index of text difficulty (formula 6) can be
successfully used to distinguish texts of different individual or functional styles.
The formula application has been tested on German, Estonian and Russian
texts. It can be assumed to be applicable in the analysis of texts written in
many other languages as well. The formula, strictly speaking, reflects a general
regularity of the increment of the values of stylistic and content difficulty of
texts with the growth of the size of their formal constituent textual units (on
average). The probabilistic principle follows: the longer the text unit, the more
complicated it is (more structured, less frequent, less familiar etc.).

In practical use, the mean word length and the mean sentence length should be
measured in keeping with the requirements of the quantitative sampling method.
If no great precision is required, the representative word sample will be 1,000
words, and the representative sentence sample will be 200 sentences. The
samples can in their turn be divided into subsamples (e.g. 10 x 100 words and
10 x 20 sentences).

List of German texts studied
(Fischer 1965; Fucks, Lauter 1965; Thiele 1969)

1. Lesebuch fiir das 2. Schuljahr 13. S. Freud. Fragen der Laienanaly-
2. Lesebuch fiir das 3./4. Schuljahr se
3. Aufsétze 13-jahriger Schiiler 14. W. Heisenberg. Die Physik der
4. 10 Leitartikel (Zeitung, BILD/Ham- Atomkerne

burg, April 1968) 15. A. Einstein. Evolution der Phy-
5. F. Schiller. Der Geisterseher sik
6. Th. Storm. Der Schimmelreiter 16. G. Hegel. Wissenschaft der Lo-
7. J.W. Goethe. Hermann und Doro- gik

thea 17. M. Planck. Vortrige
8. J. Eichendorff. Aus dem Leben ei-  18. K. Marx. Das Kapital

nes Taugenichts 19. H. Schliemann. Trojanische Al-
9. H. Hesse. Der Steppenwolf tertimer
10. Th. Mann. Buddenbrooks 20. A.v. Humboldt. Neuspanien

11.J. Wassermann. Der Fall Maurizius
12. J.W. Goethe. Dichtung und Wahr-
heit
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The Prognosticating Effectivity
of Learning a Text in Physics

Hasso Kukemelk & Jaan Mikk, Tartu

The effectivity of the studying process at school depends largely on the quality
of the textbook. Low quality textbooks must not be used at school even for ex-
perimental studies because it leads to incorrect view of the world. That is one
of the reasons why it is important to prognosticate the effectivity of a textbook
before using it at school.

The aim of this research is to elaborate learning effectivity formulas for pres-
ent-days physics textbooks in Russian. Effectivity of a text includes such units
as students’ achievement after the leaming process and their interest in the text.

The Research Methods

For this research we have taken 40 paragraphs in the physics textbooks, that
have been used for some years in the 9th and 10th grades at our compulsory
secondary schools (Buchovcev, Klimontovi¢, MjakiSev 1984; Mjakisev, Buchov-
cev 1985).

There are four texts that have been taken out of other textbooks for having a
greater difference of readability. The paragraphs have been chosen in the second
half of the physics textbook for the 9th grade and in the first half of the text-
book for the 10th grade according to the table of random numbers. In this re-
search only the basic text of a paragraph has been used.

The experimental determination of the effectivity of the texts was carried out at
13 Russian secondary schools in Estonia'. This research was carried out at
schools by the physics teachers who had been given an additional physics lesson
per week.

" G. Aleksina and S. Kvitko participated in the realization of the experiment
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The students had to study the paragraph of the physics textbook independently.
At the beginning of a lesson in order to measure the students’ knowledge before
the learning process they had to pass the test (one of the eight possible tests on
the material of the paragraph) during which they were not allowed to use their
physics textbooks or asking for the teacher's help. After doing the test (the
teacher collected it) the students opened their textbooks and independently
studied the paragraph during 15-20 minutes. They were not allowed to ask the
teacher or other students for anything. After shutting their textbooks they filled
in a form, where they wrote their opinion of how difficult and interesting the
text was. Then the teacher gave the students a new test. Thus we have measured
the students' achievements before and after the learning process.

In this experiment 427 students participated but for different reasons not all of
them studied all the 40 paragraphs. In the following part we use the results of
304 students. They studied most of the 40 texts. There are some texts that less
than 200 students studied.

The number of high-achievement-level students and low-achievement-level stu-
dents influences the achieved result of the study material effectivity. It is correct
to compare the material effectivity if all the texts have been learned by the stu-
dents with the same ability, preparation, interest in physics, etc.

The possible influence of the difference in the students' abilities has been con-
sidered in the following way. We have calculated the average value of the stu-
dents' points of tests for every paragraph. That average value shows the students'
abilities, their preparation for the study process and their interest in the studies
of physics. The arithmetical mean of the students' achievement (for 304 stu-
dents) was 53 per cent and the standard deviation - 10 per cent. That value has
been taken as the average value of the students' abilities. After that the dif-
ference of every student from that average ability was calculated. That dif-
ference was subtracted from the students' achievement of every paragraph. Thus
we achieved the situation as if every student were of the average ability. Then
it was possible to get the results of the students' paragraph learning even if the
students' abilities were not equal to the average ability.

The second available source of deviation of the effectivity index of paragraph
learning lies in the fact that the test variants on the paragraph were not equal.
It is possible that students got more difficult test variants on one paragraph and
more easier test variants on another paragraph. In that case it is impossible to
compare the learning effectivity indexes on various paragraphs. For avoiding
that situation we calculated the arithmetical mean of all final test variants of all
the paragraphs. Then we calculated the arithmetical mean of the average results
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of the test variants for every paragraph. In doing that we did not pay attention
to the number of students who had done different variants. The arithmetical
mean of the different test variants' results was taken as index of the difficulty
for that paragraph. In this way we avoided possible deviations from the unequal
distribution of the test variants,

The tasks of test variants were put together by G. Karu and H. Kukemelk. Stat-
istical substantial differences between their tasks were not found. The percentage
of the average right answers to the different authors' tests was equal. The para-
graphs were also alike by their characteristics important for the prognosis of the
study effectivity. Consequently G. Karu and H. Kukemelk had made up equal
tasks and questions.

Three effectivity indexes were calculated for every paragraph according to the
experiment results:

a) the student’s average final achievement level in percentage;

b) the average index of interest in the paragraph. After learning the paragraph
the students answered the question if that paragraph was interesting for them (2
points) or not (1 point). The arithmetical mean of that index shows the interest
in the paragraph of all the students who took part in the experiment;

¢) the summary index of the paragraph effectivity,

That index was found by the following formula:
L-L 1-1

1 E =
M s, 5,

where E - the paragraph effectivity index;
L - the students' achievement level in that paragraph;

L - the average value of L of all paragraphs;
S, - the standard deviation of L;
I - the index of interest in the paragraph;

1 - the average I of all the paragraphs;
S, - the standard deviation of I.

The formula (1) is made up of the standardized indexes of the students' achieve-
ment and paragraph interest (Glass, Stanley 1970). As the arithmetical mean of
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the standardized quantities is zero, then the average paragraph effectivity is cha-
racterized with zero. The negative index of the effectivity shows that the effec-
tivity of that paragraph is smaller than that of the average paragraph. The stand-
ard deviation is equal to 1 for standardized quantities. It means that they are of
the same kind and so we have the same influence on the index of the paragraph
effectivity as regards the text interest and the level of the students’ achievement.

We analyze the basic texts in the following parts. The aim of the analysis has
been to fix such text characteristics that may influence the paragraph learning
effectivity. In general there are the following groups of the text characteristics:

1. The vocabulary knowledge: the larger number of unknown words in the
text makes it more difficult for the students to understand and reduces the learn-
ing effectivity.

2. The abstract character of substance of the text being studied: more abstract
texts are more difficult to connect with the students' experiences and so these
texts are more difficult to understand.

3. The length of sentences: here difficulties may arise in connecting several
parts in long sentences by students, That in its turn may lead to fragmentary un-
derstanding of sentences.

4. The complication of the text structure: inversion, long distance between
connected elements, etc. break up the logical presentation.

In this article we won't describe why and how the different paragraph charac-
teristics were found. We are limited to their computer list (table 1). Table 1
presents the arithmetical mean and the standard deviation of quantities for de-
scribing better our basic texts and textbooks.

The paragraph analysis was carried out on three methods. First of all with the
help of paper and pencil we analyzed the text on the basis of Russian grammar.
So we determined the values of characteristics® No 3-121, 145-147, 252, 436
and 448. The second method was realized with the help of the computer. All the
nouns in all the paragraphs were typed in the computer in their initial forms. To-
gether with nouns, we put in their occurrence in different language frequency
dictionaries. So were determined the values of characteristics® No 237-260 (ex-

2T, Borovskaja, U. Volmer, O. Orser, J. Sivenkova, L. Tomas participated in this work.

? L Sozin, E. Mikk, T. Borovskaja participated in this work.
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Table 1

The list of paragraph characteristics*

No The characteristics of paragraph Arithmeti- | Standard
cal mean | deviation
3 | The number of printed signs 4000 1300
4 | The number of words (including symbols,
abbreviations) 500 170
5 | The number of sentences 38 13
25 | The total number of nouns 180 59
26 | The total number of recurrent nouns 29 9
31 | The number of illustrations in a paragraph 2.6 1.7
32 | The number of formulas in a paragraph 2.7 36
38 | The average paragraph noun occurrence in the
language 198 54
39 | The average paragraph noun occurrence in the
physics textbooks 400 160
40 | The average abstractness of nouns in a paragraph 2.0 02
41 | The average paragraph noun occurrence of the
physics textbook for grade 6 30 22
42 | The average paragraph noun occurrence of the
physics textbook for grade 7 55 34
43 | The average paragraph noun occurrence of the
physics textbook for grade 8 83 59
44 | The average paragraph noun occurrence of the
physics textbook for grade 9 122 65
45 | The average paragraph noun occurrence of the
physics textbook for grade 10 135 133
46 | The average paragraph scientific-technical noun
occurrence 518 90
47 | The percentage of 9-and-more-letter nouns 27 8
48 | The percentage of 10-and-more-letter nouns 16 8
49 | The percentage of 11-and-more-letter nouns 11 7
50 | The percentage of 12-and-more-letter nouns 6.5 5.6
51 | The percentage of 13-and-more-letter nouns 4.5 44
52 | The percentage of 14-and-more-letter nouns 19 2.9
53 | The percentage of 15-and-more-letter nouns 0.8 1.2
54 | The percentage of nouns that are not in the spoken
language frequency dictionary 6.6 5.5
55 | The percentage of nouns occurring less than 7 times
in the spoken language 15 8

* In the chart the computer numeration has been preserved though for different reasons

unessential results have been left out.
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Table 1. Continuation

56
57
58
59
60
61
62
63
64
65
66
67
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

92

The percentage of nouns occurring less than 15 times in
the spoken language

The percentage of nouns with abstractness 1

The percentage of nouns with abstractness 2

The percentage of nouns with abstractness 3

The percentage of nouns in a paragraph occurring less
than 7 times in the 6th grade physics textbook

The percentage of nouns in a paragraph occurring less
than 7 times in the 7th grade physics textbook

The percentage of nouns in a paragraph occurring less
than 7 times in the 8th grade physics textbook

The percentage of nouns in a paragraph occurring less
than 7 times in the 9th grade physics textbook

The percentage of nouns in a paragraph occurring less
than 15 times in the 6th grade physics textbook

The percentage of nouns in a paragraph occurring less
than 15 times in the 7th grade physics textbook

The percentage of nouns in a paragraph occurring less
than 15 times in the 8th grade physics textbook

The percentage of nouns in a paragraph occurring less
than 15 times in the 9th grade physics textbook

The average number of letters in words

The average number of words in sentences

The average number of letters in sentences

The average number of words in independent sentences

The average number of letters in independent sentences

The average number of words in the parts of sentences

The average number of letters in independent sentences

The percentage of the parts of sentences with a length of
more than 5 words

The percentage of the parts of sentences with a length of
more than 6 words

The percentage of the parts of sentences with a length of
more than 7 words

The percentage of the parts of sentences with a length of
more than 8 words

The percentage of the parts of sentences with a length of
more than 9 words

The percentage of the parts of sentences with a length of
more than 10 words

The percentage of the parts of sentences with a length of
more than 11 words

The ratio of participial-constructions number to the num-
ber of sentences

The ratio of participial-constructions number to the num
ber of parts of sentences

24
24
43
33
67
43
56
25
74
57
64
33
8.0

13.1
105

12.7
102
9.1
73
76
67
58
49
40
32
26
0.2

0.15

11
12
14
14
17
16
17
13
18
16
19

0.4
1.5
11
1.6

12
0.8

0.1

0.06
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Table 1. Continuation

103
104
105
112
113
114
116
117

121
126
127
128
144
145
146
147
153
207
237
238
239

240
242

243

245

247

248

250

252
253

254

256

The percentage of infinitives as subjects

The percentage of predicates with the negative prefix

The percentage of predicates in the passive

The number of illustrations per 1000 words

The number of formulas per 1000 words

The number of symbols per 1000 words

The percentage of scientific-technical nouns in nouns

The average nouns' occurrence in the physics textbooks
vocabulary of the 6th to 8th grades

The number of nouns in parts of sentences

The students’ final achievement level (SFA)

The SFA after equalizing the students' abilities

The arithmetical mean of the SFA of different variants

The students' opinion of the paragraph-interest

The number of various nouns in a paragraph

The recurrence of nouns in a paragraph

The percentage of the nouns in a paragraph

The paragraph effectivity

The number of words used by the computer

The percentage of nouns from the list of 4000 most
frequent words

The percentage of nouns from the list of 3500 most
frequent words

The average occurrence of nouns in the spoken language
dictionary by Buchstab

The average number of selections by Buchstab

The percentage of the nouns that do not exist in the
Zasorina dictionary (4000 most...)

The percentage of the nouns that do not exist in the
Steinfeld dictionary (4000 most...)

The percentage of the nouns that do not exist in the
spoken language dictionary

The percentage of the nouns that do not exist in the
Buchstab dictionary

The percentage of the nouns with occurrence less than
10 in the Buchstab dictionary

The percentage of the noun that do not exist in the
scientific-technical dictionary (4000...)

The percentage of everyday nouns by Sozin

The percentage of the nouns with a statistical value less
than 10 in the Zasorina dictionary

The percentage of the nouns with a statistical value less
than 10 in the Josselson dictionary

The percentage of the nouns with a statistical value less
than 10 in the spoken language dictionary

4.5
6.2
8.6
5.5
50
50
79

168
33
54.4
53.7
53.8
1.55
68
2.61
36

462

24.4
17.0

432

54

57

20.4

61.1

139
35

2.9
4.0
52
3.6
64
54

97
0.6
10.7
10.4
10.3
0.16
22
0.5

1.7
148

10.5

8.2

14.3
93

10.5

13

10

6.3

9.0

8.1
11

8.9

10.4

10.4
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257

259

260

261

262

263

264
265

266
267
268
269
270
271

272
273
274
275
276
277
278
279
280
281
282
283
284
285

286

The percentage of the nouns with an average statistical
value less than 10

The number of different nouns in the text

The number of concepts by Sozin

The percentage of sentences with a length up to 5 words

The percentage of sentences with a length up to 7 words

The percentage of sentences with a length up to 9 words

The percentage of sentences with a length up to 11 words

The percentage of sentences with a length up to 13 words

The percentage of sentences with a length up to 15 words

The percentage of sentences with a length up to 17 words

The percentage of sentences with a length up to 19 words

The percentage of sentences with a length up to 24 words

The percentage of sentences with a length up to 29 words

The total number of sentences in a text

The percentage of the situations where there are no words
between two verbs

The percentage of the situations where there is 1 word
between two verbs

The percentage of the situations where between two verbs
there are 2 words

The percentage of the situations where between two verbs
there are 3 words

The percentage of the situations where between two verbs
there are 4 words

The percentage of the situations where between two verbs
there are 5 words

The percentage of the situations where between two verbs
there are 6 words

The percentage of the situations where between two verbs
there are 7 words

The percentage of the situations where between two verbs
there are 8 words

The percentage of the situations where between two verbs
there are 9 words

The percentage of the situations where between two verbs
there are 10 words

The percentage of the situations where between two verbs
there are 11 words

The percentage of the situations where between two verbs
there are 12 words

The percentage of the situations where between two verbs
there are 13 words

The percentage of the situations where between two verbs
there are 14 words

43.1
67.4
75.5
12.4
225
32.9
46.1
57.1
67
75
82
92
97
36.6
7.1
2.9
3.2
5.1
6.8
6.9
73
6.3
6.5
5.6
55
47
4.0
4.4

33

9.5
20.8
36.2

5.6

73

8.9
10.6
10.4

= - NI S Y

5.3

2.6

3.0

3.5

4.0

4.1

3.8

4.3

3.7

34

2.9

3.6

2.5

38

2.6
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287

302

303

304

305

306

308

309
310

311

312

313

314

315
316

317
318
319
320
321
322
323
324
325

326

The percentage of the situations where between two verbs
there are more than 14 words

The percentage of the nouns that do not exist in the
spoken language dictionary

The percentage of the nouns that exist 1-10 times in the
spoken language dictionary

The percentage of the nouns that exist 11-30 times in the
spoken language dictionary

The percentage of the nouns that exist 31-80 times in the
spoken language dictionary

The percentage of the nouns that exist more than 80 times
in the spoken language dictionary

The average occurrence of nouns in the spoken language
dictionary

The average occurrence of nouns in the text

The percentage of the nouns that do not exist in the spoken
language dictionary of all words

The percentage of the nouns that exist 1-10 times of all
words in the spoken language dictionary

The percentage of the nouns that exist 11-30 times of all
words in the spoken language dictionary

The percentage of the nouns that exist 31-80 times of all
words in the spoken language dictionary

The percentage of the nouns that exist more than 80 times
of all words in the spoken language dictionary

The percentage of the nouns in the text

The percentage of the verbs that do not exist in the spoken
language dictionary

The percentage of the verbs that exist in the spoken
language dictionary 1-10 times

The percentage of the verbs that exist in the spoken
language dictionary 11-30 times

The percentage of the verbs that exist in the spoken
language dictionary 31-80 times

The percentage of the verbs that exist in the spoken
language dictionary more than 80 times

The total number of verbs

The average occurrence of the verbs in the spoken language

The average occurrence of the verbs in the text

The percentage of the verbs that do not exist in the spoken
language dictionary of all words

The percentage of the verbs that exist 1-10 times of all
words in the spoken language dictionary

The percentage of the verbs that exist 11-30 times of all
words in the spoken language dictionary

8.5
5.7

21.4
2.1

39
59
63
57

8.4
38.9

30.5
20.7
8.1
19.0
45.2
313
1.3
5.4
l16.1

17.8

9.2
5.7
6.7
5.7
3.9
3.0

9.0
0.4

6.5
10
11
12

44
37

7.3
9.5
6.4
4.6
8.0
16.7

246
0.1

5.7

7.6

90

327

328

329
330

331

332

333

334

335
336

337
338

339

340

341

342

343
344

345

346

347

348

350

351
352

353

The percentage of the verbs that exist 31-80 times of all
words in the spoken language dictionary

The percentage of the verbs that exist more than 80 times
of all words in the spoken language dictionary

The percentage of the verbs in the text

The percentage of the adjectives that do not exist in the
spoken language dictionary

The percentage of the adjectives that exist 1-10 times in
the spoken language dictionary

The percentage of the adjectives that exist 11-30 times in
the spoken language dictionary

The percentage of the adjectives that exist 31-80 times in
the spoken language dictionary

The percentage of the adjectives that exist more than 80
times in the spoken language dictionary

Total number of adjectives

The average occurrence of adjectives in the spoken
language

The average occurrence of adjectives in the text

The percentage of the adjectives that do not exist in the
spoken language dictionary of all words

The percentage of the adjectives that exist 1-10 times of all
words in the spoken language dictionary

The percentage of the adjectives that exist 11-30 times of
all words in the spoken language dictionary

The percentage of the adjectives that exist 31-80 times of
all words in the spoken language dictionary

The percentage of the adjectives that exist more than 80
times of all words in the spoken language dictionary

The percentage of the adjectives in the text

The percentage of the adverbs that do not exist in the
spoken language dictionary

The percentage of the adverbs that exist in the spoken
language dictionary 1-10 times

The percentage of the adverbs that exist in the spoken
language dictionary 11-30 times

The percentage of the adverbs that exist in the spoken
language dictionary 31-80 times

The percentage of the adverbs that exist in the spoken
language dictionary more than 80 times

The average occurrence of adverbs in the spoken language
dictionary

The average occurrence of adverbs in the text

The percentage of the adverbs that do not exist in the
spoken language dictionary of all words

The percentage of the adverbs that exist 1-10 times of all
words in the spoken language dictionary

14.8

7.3
9.7

69

16.3

7.7

8.5

1.1
12.7

17.3

9.7

7.1

52.7

501

2.4

3.9

81

2.8

7.0
5.5
4.0

2.1
23.7

83
03

5.8
5.0
5.4
6.5

1.0
2.9

8.4
9.3
7.1

6.3

232
0.2

1.4

34
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Table 1. Continuation

354 | The percentage of the adverbs that exist 11-30 times of all

words in the spoken language dictionary 4.8 39
355 | The percentage of the adverbs that exist 31-80 times of all

words in the spoken language dictionary 7.1 6.9
356 | The percentage of the adverbs that exist more than 80 times

of all words in the spoken language dictionary 12.5 13.7
357 | The percentage of the adverbs in the text 5.3 1.8
358 | The percentage of the prepositions that do not exist in the

spoken language dictionary 0.02 0.16
359 | The percentage of the prepositions that exist 1-10 times in

the spoken language dictionary 5.4 5.2
360 | The percentage of the prepositions that exist 11-30 times in

the spoken language dictionary 1.8 2.2
361 | The percentage of the prepositions that exist 31-80 times in

the spoken language dictionary 39 3.6
362 | The percentage of the prepositions that exist more than 80

times in the spoken language dictionary 89 7
363 | The total number of prepositions in the text 442 13.7
364 | The average occurrence of prepositions in the spoken

language dictionary 2333 392
365 | The average occurrence of prepositions in the text 3.1 0.6
367 | The percentage of prepositions that exist 1-10 times of all

words in the spoken language dictionary 3.1 34
368 | The percentage of prepositions that exist 11-30 times of all

words in the spoken language dictionary 1.5 1.9
369 | The percentage of prepositions that exist 31-80 times of all

words in the spoken language dictionary 73 715
370 | The percentage of prepositions that exist more than 80

times of all words in the spoken language dictionary 332 5.0
371 | The percentage of the prepositions in the text’ 9.7 1.3
400 | The percentage of the words in the text that do not exist in

the spoken language dictionary 38.7 3.9
401 | The percentage of the words in the text that exist in the

spoken language dictionary 1-10 times 18.2 32
402 | The percentage of the words in the text that exist in the

spoken language dictionary 11-30 times 11.7 2.4
403 | The percentage of the words in the text that exist in the

spoken language dictionary 31-80 times 5.6 1.9
404 | The percentage of the words in the text that exist in the

spoken language dictionary more than 80 times 254 4.8
406 | The average occurrence of words of the text in the spoken

language dictionary 692 100

The prognosticating effectivity of learning

Table 1. Continuation

* Similar characteristics to those of 358-371 of the pronouns and conjunctions were not
much in correlation with the indexes showing the effectivity of the text. That is why their list
is not given here,

92

407 | The average occurrence of words in the text 1.8 0.2
424 | The length of sentences in words 13.0 1.5
425 | The length of sentences in letters 105 11
426 | The number of numerals, symbols formulas and abbrevi-

ations in 100 words 6.4 3.5
427 | The number of rubrications in 100 words 0.04 0.15
428 | The number of numerals in 100 words 1.5 0.9
429 | The number of abbreviations in 100 words 1.0 0.5
430 | The number of symbols in 100 words 1.5 0.8
431 | The number of formulas in 100 words 0.9 1.2
432 | The number of foreign words in 100 words 0.1 0.2
433 | The number of abbreviations in 100 words 1.2 1.3
435 | Effectivity modification 14.3 9.1
436 | The percentage of concepts according to Sozin 16.2 4.7
437 | The number of noun constructions with a length of 1 word

in 100 words 17.8 2.8
438 | The number of the noun constructions with a length of 2

words in 100 words 6.2 1.2
439 | The number of the noun constructions with a length of 3

words in 100 words 2.0 0.9
440 | The number of the noun constructions with a length of 4

word in 100 words 0.6 0.4
441 | The number of the noun constructions with a length of 5

word in 100 words 0.2 0.2
448 | The percentage of the scientific-technical concepts out of

all words 31 4.7

cept 252). The third method was completely automated. All the texts were typed
in the computer and analyzed by programs of morphological analysis that had
been worked out in Kiev by N.P. Daréuk and her colleagues (in Verbickij 1984).
Then the computer determined the frequency of every word in our paragraphs
relying on the computer frequency list of the Russian speech’. The computer
also counted the words in the paragraphs and the letters in the words. So were
determined the values of characteristics’ No 207-236 and 261- 447 (except 436).

Text Effectivity Factors of Physics Textbooks

In this experimental research we have fixed three students' final achievement
indexes (indexes 126, 127, 128 in table 1), the index of paragraph interest (index

® The frequency list of words of the Russian speech was elaborated in Moscow Univer-
sity by Buchstab and colleagues.

" T. Tamman and L. Urm participated in this work.
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144) and the integral index of the paragraph effectivity (index 153) that was cal-
culated by formula (1). All the three factors of student final achievement had
linear correlations between themselves and they were equal to 0.99. It means
that these indexes are identical and we may use one of them. Thus the average
level of students' abilities in small groups is equal to the total average level. The
unequal distribution of the variants has not brought about any noticeable devi-
ation of the results.

We calculated linear correlations between all the text characteristics and learning
effectivity indexes for finding the learning resultativity dependence on the text
characteristics. The text characteristics influence the independent text-learning
process if the correlation index is reliable. The reliable correlation coefficients
have been given in table 2.

Let us have a look at what kind of paragraph characteristics the students’ final
achievement level depends on. The correlation coefficient was relatively great
between the students' final achievement level and the percentage of the nouns
in a paragraph (index 147). The greater percentage of nouns in the text conduces
its learning because it minimizes the percentage of adverbs and participles in the
text. But these two types of words make the text more difficult to understand

(Granowsky, Botel 1974). Clear texts have comparatively many verbs and nouns
(Wiio 1968).

The second correlation coefficient in absolute value with student final achieve-
ment level was found at the average abstractness of nouns in paragraph (index
40). The greater is the abstractness of the text the lower is the level of student
final achievement.

How the abstractness of the text influences its understanding was studied by
many researchers some decades ago already (Flesch 1950; Mikk 1974).

The level of abstractness of the nouns was measured in our research by a
3-mark scale:

1 - nouns that mark the things and living creatures that a man can directly
accept with sensory organs (for example: car, child);

2 - nouns that mark the phenomena that a man can directly accept with sen-
sory organs (for example: light, sound);

3 - nouns that mark the mental constructions that a man cannot directly

accept with sensory organs (for example: function, subject). The nouns with the
mark 1 were called concrete and with the mark 3 - abstract.

94

The prognosticating effectivity of learning

In table 2 we can see that the percentage of the nouns essentially influences the
students' final achievements (SFA). The greater is the percentage of concrete
nouns the better is the SFA. The greater is the percentage of abstract nouns the
smaller is the SFA. Abstract words make the text more difficult to understand
because they have little connection with the students' everyday life.

The level of abstractness of the nouns, the percentage of the nouns and verbs in
a paragraph are the most important text factors that influence the SFA. In table
2 there is a relatively small number of factors that influence the SFA. But there
are more factors that are in quite a high correlation with the students' opinion
of the paragraph interest.

The students' interest in physics texts depends on many characteristics regarded,
first of all, on the vocabulary. In its absolute value the correlation was highest
between the rate of the interesting text and the words frequency of occurrence
in a paragraph (index 407). The more often words occur in the text the less
students want to study it. The next correlations in quantity are close to this in
their essence. The more often words typical of the physics textbooks occur in
the paragraph given the less is the students’ interest in it (indexes 39, 44). This
effect is not common. The higher noun frequency of occurrence makes the text
more understandable and that must increase the students' interest in the text. It
is possible that the same nouns are used too often in the physics textbooks (the
average value - 400 times in five steps). Similar vocabulary makes examples and
supplements for students not very interesting. It is also possible that some stu-
dents do not like the physics terms.

That tendency was characteristic to other factors too (indexes 62, 63, 65, 66,
67). The last indexes mean that if in the text there are more nouns with a small
frequency of occurrence in physics textbooks it is more interesting for the stu-
dents.

The next factors (indices 46, 116, 436, 448): scientific-technical terms - decrease
the students interest in the text if they are used too often in it. The frequency of
occurrence of scientific-technical words was fixed by the adequate dictionary
(Denisov, Morkovkin, Safjan 1978).

This research has confirmed the hypothesis that the quantity of symbols in the
text influences the students' interest in the text. Quantities or concepts marked
with letters were considered symbols. We have found out that a lot of symbols
and formulas in the text make it uninteresting for the students (indices 32, 33,
113, 114, 430, 431).

The text interest is considerably influenced by the average abstractness of the
nouns (index 40). This influence is caused by proportion of the abstract nouns:
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its high value decreases the text interest of the students (index 59).

Table 2
The effectivity factors of the physics textbook

SFA - students’ final achievement level (index 126)
TI - text interest (index 144); TE - text effectivity (index 153)

No Name of the factor Correlation coefficient with
SFA TI TE
32 | The number of formulas in a paragraph -0.53 -0.38
33 | The number of symbols in a paragraph -0.57 -0.48
39 | The average paragraph noun occurrence in the
physics textbook -0.70 -0.60
40 | The average abstractness of nouns in a para-
graph -0.53 -0.52 -0.61
41 | The average paragraph noun occurrence in the
physics textbook for grade 6. -0.44
42 | The average paragraph noun occurrence in the
physics textbook for grade 7. -0.58 -0.41
43 | The average paragraph noun occurrence in the
physics textbook for grade 8. -0.49 -0.44
44 | The average paragraph noun occurrence in the
physics textbook for grade 9. -0.69 -0.59
46 | The average scientific-technical noun occur-
rence in paragraph -0.57 -0.51
50 | The percentage of 12-and-more-letter nouns 0.40
52 | The percentage of 14-and-more-letter nouns 0.36 0.43
57 | The percentage of concrete nouns 0.51 0.47
59 | The percentage of abstract nouns -0.40 -0.48 -0.51
61 | The percentage of nouns in a paragraph occur-
ring less than 7 times in the 8th grade
physics textbook 0.62 0.50
62 | The percentage of nouns in a paragraph occur-
ring less than 7 times in the 8th grade
physics textbook 038 039
63 | The percentage of nouns in a paragraph occur-
ring less than 7 times in the 9th grade
physics textbook 0.67 0.53
65 | The percentage of nouns in a paragraph occur-
ring less than 15 times in the 7th grade
physics textbook 0.60 0.46
66 | The percentage of nouns in a paragraph occur-
ring less than 15 times in the 8th grade
physics textbook 0.40 0.40
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67

79

113
114
116
117
121
147
237
238
239

240
250

252
260
264
265
266
267
268
273
287
302

306

310

312

314

The percentage of nouns in a paragraph occur-
ring less than 15 times in the 9th grade phy-
sics textbook

The average number of letters in sentences

The quantity of formulas in 1000 words

The number of symbols in 1000 words

The percentage of scientific-technical nouns

The average nouns' occurrence in the physics
textbooks vocabulary of the 6th to 8th grades

The number of noun parts of sentences

The percentage of the nouns in a paragraph

The percentage of the nouns from the list of
4000 most frequent words

The percentage of the nouns from the list of
3500 most frequent

The average occurrence of nouns in the spoken
language dictionary by Buchstab

The average number of selections by Buchstab

The percentage of the nouns that do not exist
in the scientific-technical dictionary

The percentage of everyday nouns

The number of concepts by Sozin

The percentage of sentences with a length of up
to 11 words

The percentage of sentences with a length of up
to 13 words

The percentage of sentences with a length of up
to 15 words

The percentage of sentences with a length of up
to 17 words

The percentage of sentences with a length of up
to 19 words

The percentage of the situations where there is
1 word between two verbs

The percentage of the situations where between
two verbs there are more than 14 words

The percentage of the nouns that are not in the
spoken language dictionary

The percentage of the nouns that exist more
than 80 times in the spoken language
dictionary

The percentage of the nouns that do not exist in
the spoken language dictionary of all words

The percentage of the nouns that exist 11-30
times of all words in the spoken language
dictionary

The percentage of the nouns that exist more
than 80 times in the spoken language
dictionary

0.52
0.54

-0.34

0.45

-0.55
-0.44

-0.37
-0.37

0.45
0.68
-0.39
0.40
0.40
0.40
0.45
0.37
0.36
-0.41
0.48

-0.35

0.47

-0.55

-0.35

0.52
-0.40
-0.49
-0.49
0.51

-0.38
-0.39

-0.41
-0.44

0.41
0.58
-0.34

0.43

0.49

0.56

-0.39
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Table 2. Continuation

317 | The percentage of the verbs that exist in the

spoken language dictionary 1-10 times -0.36
318 | The percentage of the verbs that exist in the
spoken language dictionary 11-30 times 0.35

326 | The percentage of the verbs that exist 11-30
times of all words in the spoken language

dictionary 0.34
329 | The percentage of the verbs in the text 0.35
332 | The percentage of the adjectives that exist 11-
30 times in the spoken language dictionary 0.46
337 | The average occurrence of adjectives in the text -0.43 -0.49

340 | The percentage of the adjectives that exist 11-
30 times of all words in the spoken language

dictionary 0.38
344 | The percentage of the adverbs that do not exist

in the spoken language dictionary -0.33 -0.34 -0.37
346 | The percentage of the adverbs that exist in the

spoken language dictionary 11-30 times 0.45 0.33

354 | The percentage of the adverbs that exist 11-30
times of all words in the spoken language

dictionary 047 037
360 | The percentage of the prepositions that exist in
the spoken language dictionary 11-30 times -0.37

362 | The percentage of the prepositions that exist in
the spoken language dictionary more than 80
times 0.33
368 | The percentage of the prepositions that exist 11-
30 times of all words in the spoken language

dictionary -0.35
371 | The percentage of the prepositions in the text -0.33 -0.32
407 | The average occurrence of words in the text -0.72 -0.68
426 | The number of numerals, symbols, formulas and

abbreviations in 100 words -0,50 -0.44
430 | The number of symbols in 100 words -0.52 -0.53
431 | The number of formulas in 100 words -0.54 -0.43
436 | The percentage of concepts according to Sozin -0.58 -0.49
448 | The percentage of the scientific-technical

concepts out of all words -0.57 -0.37

The students' interest in the text depends more on factors than their final
achievement. Some factors make the text interesting but have no influence on
how comprehensible it is or how easily it is mastered. But if a factor raises the
students' final achievement as a rule it will also raise the students' interest in the
text. The correlation of factors with SFA and TI have the same sign in table 2.

It is surprising how the percentage of the nouns that occur in speech influences
the effectiveness of the text: the greater is the number of the spoken language
nouns in the physics texts the lower is the students' interest in these texts (cha-
racters 302, 310 and also 237). Thus the result puts in doubt the recommen-
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dation given by one of the dictionaries authors to rely on the 4000 most frequent
words while writing schoolbooks (4000..., 1986). If we prefer words out of the
most frequent 4000 words the tenth-form students' interest in the text will be
higher. Obviously 4000 words are not enough to evaluate tenth-form students'
schoolbooks - their vocabulary is much larger. The indices of the correlation of
every-day nouns were traditional only with expert I. Sozin. He marked everyday
nouns in paragraphs and their higher percentage raised paragraph effectivity
(character 252).

The fext effectivity depends on the same factors as the SFA and the students’
interest of text. Therefore we don't analyze these factors.

We have two ways to use the factors of effectivity of leamning texts:

1) By its values we can estimate the quality of learning a text. It is also im-
portant to pay attention to the factors (Table 1) that had no reliable correlations
with the indices showing the effectivity of the text, e.g., the frequency of parti-
ciples in the text (indices 91, 92), the frequency of the passive voice and the
negative sentences (indices 104, 105), the frequency of long substantive con-
structions (indices 440, 441) had no influence on the effectivity of the text,
though psycho-linguistical studies have shown that such kind of constructions
may make it more difficult to understand sentences. The text as a whole does
not show the effect of all the possible factors of difficulty. One of the reasons
for this may be that these factors occur in the text accidentally and rarely. It
confirms the statement that the rules of a good text must be more extensive than
the recommendations we can get in Table 2.

2) By using these factors it is possible to give recommendations for raising
the textbook effectivity.

In order to estimate physics texts we have worked out some formulas in tradi-
tional way by regression analysis.

In the process of elaborating formulas we considered not only statistical validity
of arguments but also their content.

The formula for prognosticating the summary effectivity of the physics texts
worked out by us is the following:

(2) yi5 =-3.17X,, - 0.0103X,, + 0.0582X;, - 1.81X,; - 0.320X,,, + 10.68
In this formula
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X4 - the average abstractness of nouns in a paragraph;

Xy - the average paragraph noun occurrence in the physics textbook for
grade 8;

Xy - the percentage of the nouns that do not exist in the spoken language
dictionary of all words;

X337 - the average occurrence of adjectives in the text;

X35, - the percentage of the prepositions in the text.

In this formula X;, has not a common sign. The available reasons of this effect
are described some pages before.

The multiple correlation coefficient of formula (2) is equal to R = 0.88. It is a
gf)od result: this formula prognosticates about 80 per cent of the average effecti-
vity of independent work with the physics textbooks in the senior forms.

The SFA level is predicated by the next formula:
(3)  yu = 60.6 - 16.9X,, + 0.776X,,,

In this formula

X4 - the average abstractness of nouns in a paragraph;
X4 - the percentage of the nouns in a paragraph,

The multiple correlation coefficient of formula (3) is equal to R = 0.64.
The next prognosticating formula has been worked out for the text interest:
(4)  yy4 = - 0.0034X,, - 0.020X,, - 0.45X,4, - 0.042X,,, - 0.0077X,,5 + 2.95

In this formula

X, - the average number of letters in sentences;

X6 - the percentage of the prepositions that exist in the spoken language
dictionary 11 - 30 times;

X407 - the average occurrence of words in the text;

X4, - the number of formulas in 100 words;

X4 - the percentage of the scientific-technical concepts out of all words.

The multiple correlation coefficient of the formula is equal to R = 0.86. It means
that formula (4) prognosticates the student interest in the text in the limits of 74
per cent. In reality the exactness of the prognosis would be smaller because in
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this research some important factors of learning texts were not taken into consi-
deration (for example the subject matter).

We can use formulas (2)-(4) all together or separately. We need not use the
whole text while analyzing it with the help of the formulas described above. The
previous researches have predicted that for quite an exact prognostication it is
important to use about 30 paragraphs to fix the factors for these formulas.

Conclusion

This article is dedicated to working out the methods of analyze effectivity phy-
sics textbook. In the experimental part of the study we tried to get the more
exact opinion of the difficulty of the basic texts. For this purpose eighty ques-
tions on each section were made up and given to different students in eight vari-
ants. Alongside with the right answers to the questions we were interested in the
students’ different opinion of the text. The basic texts were longer than usual -
500 words on the average.

While analyzing the text most of the work was done by computers using the
morphological analysis program of the Russian language. It gave us different
characteristics of the occurrence of words .

The results of the study were unexpected because they showed that the more
often the text had the words used in a physics textbook the lower was its effec-
tivity. The main reason for the fall of the interest level was the high occurrence
of the words in the section.

Evidently the vocabulary of the Russian physics textbooks is too limited and the
amount of special terminology too great.

The abstractness of the nouns formed the next group of factors showing the ef-
fectivity of the physics textbooks. The result has been confirmed repeatediy in
earlier studies.

The final achievement was too little influenced by the length of a sentence and
it was also unexpected.

Relying on the factors of effectivity found we worked out the formulas for pro-
gnosticating the effectivity of a physics text. Three of those have been given in
the article.
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The prognosticating exactness of these formulas is high, the multiple correlation
coefficient is about 0.86. Despite that we have to take into consideration that the
real effectivity of a textbook is somewhat different from the effectivity we get
while prognosticating the textbook.

This research has not taken into consideration all the factors of the paragraph
effectivity in physics. For example we did not investigate the logical structure,
methodical system, illustrations, the system of tasks of a textbook, etc. The text-
book was investigated in the course of the students' independent learning. But
teachers' explanations may change the influence of the textbook characteristics
on the effectivity of the learning process.

Despite these remarks we hope that the formulas enable us to get the first as-
sessment of schoolbook effectivity before we begin to experiment the textbook
at school.
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The Dependence of the Learning Time
on the Text Characteristics

Hasso Kukemelk, Tartu

Leaming time is an important variable of a learning process. It shows how ef-
fectively a student can acquire a lesson.

In our epoch rich in information it is very important to study a material in the
shortest possible time. Human life is limited and we cannot use up too much
time on students mastery learing.

According to J.B. Carroll learning time depends on a student's abilities, the qua-
lity of instructions and instructional quality (Carroll 1963: 729-730). Instruc-
tional quality, in its turn, depends greatly on the textbook's characteristics. This
article studies the quality of a text more thoroughly.

The problems of a text have been studied by several Russian and Estonian re-
searchers. J. Mikk has studied how complicated the text presentation is and how
it influences the learning effectivity (cf. Kukemelk & Mikk 1993). A.M. Sochor
has studied the relation of the logical structure of a text with the students'
achievement (Sochor 1974).

The following part of the article estimates how the text learning time depends
on its characteristics. We solved the problem experimentally. Students learned
some texts, we measured the learning time and then investigated which text
characteristics influenced the time.

The course of the experiment

An experiment was carried out with 102 17-years-old the eleventh form secon-
dary school students. The students for the experimental research were chosen
by the table of random numbers. There were 54 girls and 48 boys in the sample.
The students were to learn 40 mathematics, physics and astronomy texts inde-
pendently. Every text had about 2600 (the standard deviation S = 236) letters.
Each time at the beginning of a text learning the students knowledge was fixed.
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At the end of the process the students' achievement was fixed. The final
achievement was fixed with the test the structure of which was similar to the
test for checking preliminary knowledge. The time used for learning was fixed
quite exactly. The mistake was up to a minute. Every student was to learn for
such a time that he got 80 per cent of points at the end of the learning process.
The students’ final achievement level was taken equal to 80 per cent of points
because some researches (Block, Anderson 1975; Cristoffersson 1971:135) have
found that about 80 per cent is an optimal level of acquiring of leaming text.
If the student's result was lower the text was returned to him and he had to
study it again. So it could happen three times. Every time the learning time was
fixed and added to the total time. If a student could not achieve the necessary
points during three periods the experimenter asked him orally and told him that
he had achieved the aim and could start with the next text. But the experiment
did not take such a learning time into consideration because its mistake was too
big and the student had not achieved the demanded level of knowledge inde-
pendently.

The students' abilities were fixed with the Estonian variant of Amthauer 1Q test
- AS-test. That test had 9 subtests and which enable to fix various students' abi-
lities. In our experiment the arithmetical mean of 1Q-s was 103. As the normal
mean for IQ being 100 we may admit that the students in that experiment were
of average abilities (the standard deviation of a students abilities was 9).

The correlation between the learning time and the text characteristics

Alongside with experimental fixing of the learning time we found out several
characteristics that would influence it. The dependence of the text leaming time
on the text characteristics was found by means of correlation analysis the results
of which are presented in table 1. All correlation coefficients in that table are
statistically significant (at the 95 percentage level).

All these mentioned characteristics except the rate of the interesting text in-
crease the learning time. Only by making the text more interesting helps us to

decrease the time necessary for learning. Here there are some possible reasons:

1) It is quite difficult to compile a complicated text in an interesting way (the
text would not be interesting if a student could not understand it).

2) An interesting lesson fascinates a student's attention. He is more deeply en-
gaged in the text and thus he can achieve good results in a shorter learning
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3) The laws and facts in an interesting text are so different from the rest of the
information that the students master it more quickly (these parts of sentences
irritate the human brain more than the usual information).

These rules may be combined in a real learning process at school.

The rate of the interesting text (the characteristic 12) in correlation with the
learning time was the highest. Partly it could have been due to the process of
carrying out the experiment (students were large to master the material very
quickly). Therefore we should consider the fact that an interesting text is equal
to the text quickly mastered.

The next correlation coefficients of the learning time are with the text graph
characteristics 7 and 8. It says that learning time depends essentially on the
concept number and their logical structure (8). The logical graph shows how
the concepts of the paragraph are connected with each other. So the graph
nodes are connected concepts and the graph edges are the logical connections
between them. If there are a lot of concepts in the text and they have a lot of
relations between themselves, then a student has to learn that text for a long
time. In that way the text with a complicated structure takes a lot of time to be
mastered.

The leaming time also depends on the percentage of nouns (10) in the text be-
cause a lot of nouns in the sentence make its structure more complicated and it
takes much time to learn. The learning time depends in the same way on the
number of punctuation marks (3). A lot of punctuation marks refer to dependent
clauses, a list of various things and so on in the sentence. So the number of
punctuation marks shows how complicated the sentence structure is.

Here is performed an example of physical learning text and its logical graph
(see Fig. 1)

Rest energy in classical mechanics is an entirely unexpected quantity. This is
the energy that is stored into particles at the moment they are formed. It is
their internal characteristic. In mechanical, electrical and chemical processes
this energy is unnoticed as the forces taking part neither create nor destroy
elementary particles of the substance and the rest energy remains unchanged.
In nuclear processes only a small part of rest energy becomes transformed into
other forms of energy. In transforming processes of elementary particles the rest
mass can disappear altogether. In the process of annihilation of particles and
antiparticles their rest mass is transformed into the energy of photons with zero
rest energy.
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Table 1
The dependence of the leamning time on the text characteristics

No Characteristics R M S
1 | The percentage of 10-and-more-letter nouns
of the total number of words 0.38 [41.3 |11.8
2 | The percentage of 12-and-more-letter nouns
of the total number of words 036 2531102

3 | The number of punctuation marks 0.51 |93 42
4 | The word length in letters 036 |69 |04
5 | The number of the defined concepts and rules 045 (3.1 |25
6 | The graph rank of the logical structure of the text | 0.39 (2.6 | 0.5
7 | The number of the graph nodes of a text logical

structure 0.64 [143 |46
8 | The number of the graph edges of a text logical

structure 0.66 | 189 | 8.0
9 | The percentage of nouns of the total number

of words 0.55 | 356 |54
10 | The percentage of the nouns with an abstract-

ness 2 of the total number of the words 037 |11.2 |82
11 | The number of the formulas in a 100 words of

the text 045 085|211
12 | The rate of the interesting text as estimated by

the students -0.84 [ 1.59 | 0.19

R - the correlation coefficient.
M - the arithmetical mean of the characteristic value,
S - the standard deviation.

Defined concepts and rules in the text are usually to be learned by heart. For
that reason their number (5) has quite a high correlation coefficient with the
leaming time. Formulas have always been a great problem for the students. A
formula is a succinct sentence full of information. Every formula is a coded
sentence. Before using the formula students have to decode it into an ordinary
sentence. For that the student's brain has to do some operations, in addition.
Accordingly a lot of formulas in the text make it more difficult to comprehend
and the learning process takes more time.

The learning process is longer if there are longer nouns in the sentences. A
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longer word contains more information than a short one (Mikk 1981: 35) and
it takes more time to learn.

| antiparticle I_ rest energy classical
mechanlcs

mechanical

|ann|h||at|on l | energy | process
electrical
process
chemical
particle - process

g SR e

process

Figure 1. Logical graph of physical learning text

There is quite an essential dependence of learning time on nouns with different
abstractness. It can be explained in the following way: nouns with an abstract-
ness 1 are similar to understand and so they do not influence the learning time
at all. Nouns with an abstractness 3 are too general and the students cannot
understand their full meaning. They study those nouns by heart. That is why
nouns with an abstractness 2 influence the learning time.

Using the results in table 1 it is possible to make some conclusions for com-
posing new leamning texts in order to avoid the student excessive learning time:

1) the texts must be interesting;

2) use only the terms and rules that cannot be avoided while estimating
and mastering;

3) use only necessary connections between the terms and the rules;
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4) do not use long sentences especially with some dependent clauses;
5) do not use formulas for all dependencies;

6) use fewer abstract words (especially if you can use concrete ones in-
stead);

7) use shorter words if possible.

The formulas for prognosticating learning time

Regression analysis was used for all text factors (s. table 1). In that way we
worked out some formulas in order to prognosticate the learning time for a
1.5-page text. These formulas can be used for prognosticating the learning time
of the students whose IQ is between 92 and 112 points. In this interval these
formulas give good results in the sciences (physics, mathematics, astronomy).

For practical experience the following formula gives good results:
(1) t=027X,+0.17X, + 0.18X, + 0.11X, + 2.87

where t - the learning time in minutes;
X, - the number of the formulas in 100 words of the text;
X, - the number of the logical graph edges;
X, - the percentage of the nouns of all the words;
X, - the percentage of the nouns with an abstractness 2 of all the words.

The multiple correlation coefficient for formula (1) is R = 0.79. The other fac-
tors in table 1 were not used in formula (1) because they have statistically signi-
ficant correlations with these factors.

It is possible to analyze the learning process by the boys and the girls separate-
ly. In the present situation we have found small difference between the formulas
of the boys' and girls' leaming time. The ability test fixed some differences
between them. It is logical that the boys' and girls' abilities are not identical (the
structure of their abilities is different). Thus we got two formulas. The first is
the formula of the girls' learning time:

(2)  t=0.26X, + 021X, + 0.23X, + 3.03
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where the multiple correlation coefficient is R = 0.76 and the names of the fac-
tors are the same as in formula (1).

The formula of the boys' learning time is the following:
(3) t=027X,+0.17X, + 0.18X, + 0.11X, + 2.85

where the multiple correlation coefficient is R = 0.79. As we can see the diffe-
rences between the formulas (2) and (3) are not very big. The most important
difference lies in factor X,. That factor is not very important for girls.

The experimental research enabled us to make up three formulas related the stu-
dents' text learning time to its factors.

The most valid formula is (1) for evaluating the textbooks in the science sub-
jects. This conclusion is based on the following assertions:

1) All indices of formula (1) are quite simple and they can be fixed in
one and a half pages of a text (about 2600 letters) operatively.

2) The multiple correlation coefficient is quite high (R = 0.79) so the for-
mula describes about 60 percentage of the variance of learning time.

3) Formula (1) has been drawn up on the basis of the average abilities
of 11th-form students. It means that this formula enables to analyze the text-
books on the sciences.

4) When we enter the textbook materials into a computer we can use
some programs for analyzing the textbook quality and for prognosticating the
students' learning time.

This formula also has some disadvantages.

1. It does not take into account the fact that the students differ in their
abilities, i.e. we cannot prognosticate the learning time of very slow and very
quick leamers.

2. The field of the usage of formula (1) is not very large. It is possible to
get good results in Form 11 and quite normal results in Form 10 and Form 12
but not in Forms 7-9 because the formula has been drawn up for the students
of certain abilities.
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3. The formula does not hold the students' abilities. Formula (1) cannot
be applied to students with different abilities (bright learners, average leamers
and less bright leamers, especially). The reason is very simple - we haven't
found any essential differences between their learning times. If the average
learning time of a group was for example 19 minutes, the less bright learners'
group spent 21-22 minutes and the bright learners' group 16-17 minutes. But the
differences here were quite small so that the formulas for the groups did not
have any essential differences.

The prognostication of the learning time in practice

In order to prognosticate the students' learning time in practice we have to enter
the numerical values of the factors into the formula.

For example if we want to know how much time boys would spend on learning
a two-pages text we have to take formula (3) and find the following factors in
a 2600-letter text:

X, - the number of formulas in 100 words of the text (in our example it
is 1,8);

X, - the number of logical graph edges of a text logical structure (27)
(this factor we have to find as normed value on 2600-letter text);

X, - the percentage of nouns of the total number of words (45),

X, - the percentage of the nouns with an abstractness 2 of the total num-
ber of the words (24);

Now we can enter these values into formula (3):

t=0.27(1.8) + 0.17(27) + 0.18(45) + 0.11(24) + 2.85 = 19 minutes.
As the length of the text is two-pages we will have to multiply this time by
1.33 (2 divided by 1.5). As a result we prognosticate the real learning time as
25 (19 multiply to 1.33) minutes for boys in case if they have the positive

learning motivation.

It is also possible to use the other formulas for prognosticating the learning time
in the same way. It is important to fix the numerical values of factors in a
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2600-letter text and then, by using these formulas, we can predict with 60-70
per cent probability the leaming time needed.

On the basis of the textbook these formulas enable us to predict how many les-
sons for example, in physics, the students of the certain age group need to
master the material independently. Thus we can predict whether the textbook is
really suitable for the students or not.
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Mathematical Verbal Problems:
Differences in Solving Difficulties

Madis Lepik, Tallinn
Introduction

A central theme of mathematical instruction is to help students to develop their
problem solving skills. The role of a teacher and a designer of instructional ma-
terials is to create a learning environment in a way that optimizes the student
learning process. According to K. Pfeiffer et al. (1987), the problems of too easy
as well as the problems of too difficult level do not inspire students to solve
problems. Problems that are too easy are not rewarding to solve, they are just
dull routine work. Problems that are too difficult do not guarantee enough
success to be inspiring, and students tend to give up. Research indicates that the
best results are achieved when success is likely in about 50%.

To find better ways of teaching problem solving skills one has to study the rela-
tive difficulty of problems. There is a number of studies that deal with the rela-
tionship between the problem variables and the difficulty level in mathematical
verbal problems. It was assumed that the relative difficulty of problems could
be determined by analyzing the construction of the wording of the problem.
Most of such variables (that aid or interfere with the pupil's performance in sol-
ving verbal problems) fall into the following groups:

(1) variables describing the textual presentation of the problem - readability
variables (Jerman, Mirman 1974; Austin, Lee 1982; Moyer 1984);

(2) variables describing data, calculable values and mathematical operations
in the problem - computational variables (Jerman, Mirman 1974);

(3) variables describing the logical structure of the problem - logical vari-
ables (Sochor 1974; Lepik 1990);

(4) variables describing the presence or absence of verbal cues that help in
selecting operations (Byers, Erlwanger 1985; Nesher, Teubal 1975);
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(5) variables describing the interest and problem solving experience of the
student (Wright, Wright 1986).

In my previous paper (Lepik 1990) the influence of 31 linguistic, computational
and logical variables on algebraic verbal problem solving performance was stu-
died. To examine the logical structure of the problems in greater detail problem
graphs were used. This approach enabled to define a number of problem vari-
ables used to describe the complexity of graphs in graph theory. To study the
influence of problem variables on the proportion of correct strategies and the
rate of solving, correlation analysis was used. Six variables were found to be
statistically significant in predicting the values of these performance variables.
They were structural variables, mostly definable on the basis of the problem
graph.

In the present paper we are going to study the influence of the subject's abilities
on the significance of problem difficulty variables. According to O.Magne error
patterns of high-achievers and low-achievers differ greatly (Magne 1989). V.A.
Krutetskii has observed that mathematical achievement may depend on psycho-
logical features which are highly individual (Krutetskii 1976). In his contrastive
comparisons he observed typical differences between the high-achiever and the
low-achiever in three basic aspects:

(1) information gathering, including initial orientation to a problem;
(2) information processing in problem solving;
(3) information retention.

So, the question arises whether the role of the problem variables in building up
problem difficulty is the same for students of different achievement levels.

The purpose of the present paper is to attempt to differentiate the problem vari-

ables essential in problem solving by the excellent student, the average student
and the poor student.

The variables

All the mathematical problem variables defined in a previous paper (Lepik
1990) were analyzed separately for the three groups of students of different
achievement levels mentioned above.
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The definitions of the variables are as follows.
Linguistic variables

X,- Space characters: The number of space characters in the problem;
X, Letters: The number of letters in the problem;

X,- Words: The number of words in the problem;

X,- Number of words, figures and units in the problem;

X,- Mean word length: X,/X;;

X,- Number of words of 6 or more letters;

X,- Proportion of words of 6 or more letters: X/X,;

X;- Number of sentences in the problem;

X,- Mean sentence length in space characters: X,/X;

X,o- Mean sentence length in words: X;/X,.

Structural variables

The structural components of algebraic verbal problems are quantities and
their mathematical relations. All quantities of the problem can be divided into
three groups: known, calculable and auxiliary quantities. The mathematical ope-
rations between values required to solve the problem are determined by the for-
mulation of the problem, and expressed by the formulas used and equations
composed. To examine the logical structure of the problems the graphs repre-
senting all the values and their relations in the problem, were studied (Lepik
1990). The problem graphs can function as structural models of the problems.
All values of the problem are denoted as nodes in the graph; all the formulas
and equations are denoted as graph vertices. Graph nodes are connected with
vertices by graph arcs. Each connection denotes the relation between a value
and its formula or equation. All the structural variables are listed below:

X,,- The number of values given,

X,,- The number of calculable values;

X ;- The number of auxiliary values (values not given in the problem, but
needed to solve it);

X, The number of values not given: X, +X,;;

X,s- The whole number of values in the problem: X, +X,,;

X ¢~ The number of formulas required;

X,,~ The number of equations required;

X4~ The whole number of logical operations: X,;+X,;;

X,s~ The whole number of structural components: X;s+Xq;

X,,- The number of relations between the values and operations;
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X,:;- The maximum number of relations per value;

X,,- The maximum number of relations per operation;

X, The average number of relations per value: X,/Xs;

X, The average number of relations per operation: X,,/X,,;

X,5- The rank of the problem graph: X,/X,,;

X6~ The number of cycles (closed contours formed by arcs) in the graph.

In addition to the variables listed above, a variable integrating linguistic and
structural features of the problem was used:

X~ The average number of words in the problem per relation: X;/X,,.

To determine the values of listed variables a standard solution algorithm was
written for each problem tested and a problem graph was built. Most of the
problems could be presented in a clear algorithm. Where two or more different
algorithms could be constructed, the choice depended on how the problem was
solved in the standard elementary-level textbook of mathematics.

Design

To start the study 100 verbal problems were pilot tested to determine their re-
lative difficulty (in terms of the percentage of the correct answers). 35 problems
representative for their level of difficulty were chosen. It is important to note
that all the problems were similar to those presented in the standard textbooks
and their solution had been drilled beforehand. The chosen problems were dis-
tributed among 6 tests of 5 or 6 problems. On the basis of the results of the
pilot study the problems were arranged starting with the easiest ones in the
order of growing difficulty. The typed-out tests were given to groups of students
to be individually solved. The time for each task was not limited, but the whole
testing session was invariably 45 minutes. All the test problems were solved by
all the students in six sittings. The students were instructed to do all their work
on the test sheets. To record the individual time spent on solving a problem an
electrical digital timer was in good view in front of the classroom and the
students were asked to write down the time when they started and finished each
problem.
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Subjects

Students aged 13-15 of five junior secondary schools were the subjects of this
study. The 150 students were known to be of different levels in their mathe-
matics progress.

To determine the achievement level of a student, the percentage of the correct
solutions of the possible number was used. According to their scores all the
students were grouped into "above average”, "average" and "below average"
groups. The "above average" groups included the students whose results were
higher than P+0.5@; the "average" groups was made up of students who scored
in the interval from P-0.5@ to P+0.5@; the "below average" group embraced
the students whose results were lower than P-0.5@, where P is the mean per-
centage of the correct solutions and @ is its standard deviation.

There were 48 students in the "above average" group, 34 in the "average" group
and 48 in the "below average" group.

Results

Performance variables
Two variables were used to measure performance:

(1) the average percentage of the correct answers;

(2) the average-time needed.
CORRECT ANWERS. A point was given for each logically correct presentation, even
if the final answer was incorrect. As the test was designed to measure problem-
solving skills and not computational ones, this approach seemed to be rational.
TIME. This variable measured the time spent in solving a problem. It did not

define how much of the time was actually spent on task-solving and how much
on other activities such as looking around or daydreaming.
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Correlation Analysis

To find out the role of problem variables in guaranteeing a performance success,
the correlation analysis was used. According to the aim of the paper the analysis
was carried out separately on the results of the two contrasting groups of "above
average" students and of "below average" students. The results of the analysis
are summarized in Table 1.

As can be seen in Table 1 the linguistic variables were insignificant in predict-
ing performance results in both groups. The only variable to be significant was
X7~ the average number of words per each relation ("below averages": r = 0.38,
"above averages": r = 0.49). It is the variable of information density in the
wording of the problem. That means that a careful and more detailed verbal pre-
sentation of the problem will help to get a better insight into the mathematical
connections and relations of the problem. However, most of the linguistic vari-
ables proved to be significantly correlated with the other performance variable
- the time spent to solve the problem. Besides the correlation was regularly
higher in the group of "above averages". The problem's textual readability being
more significant for "above averages" seems to be an unexpected finding.
Obviously, it does not measure reading difficulties, but indicates differences in
the problem solving strategies in the two groups of students. "Above averages"
seemed to be more skilled in and more attentive to the information in the
wording of the mathematical problem. The students of above-average academic
progress seem to be aware of the importance of the stage of information analy-
sis and choice of working strategy in problem solving whereas the students of
below-average progress underrate it. That is why the linguistic variables of the
problem are better correlated with the time variables in the group of "above
averages" and are not significantly correlated with the proportion of the correct
answers. Maybe the point is that the "below averages" are more oriented to
mechanical application of formulas they know and have used before than to the
study of the underlying mathematical relations in the problem.

As can be seen in Table 1, the used structural variables appeared to be appli-
cable in predicting both performance variables in both groups of students. X,
- the number of auxiliary quantities required in solving the problem correlated
best with the proportion of correct answers (r = -0.51, r = -0.56). The best pre-
dictor of time variable was X, - the number of computable quantities (r = 0.75,
1= 0.55). The role of different logical operations (formulas, equations) manifests
differences between the achievement groups. In the group of "below average"
students X, - the number of formulas needed in the solution is significantly
correlated with the proportion of the correct answers (r = -0.33) but X, - the
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number of equations composed appeared insignificant (r = -0.12). In the group
of "above average" students on the contrary, the number of applied formulas is
not significant (r = -0.24) and the number of equations required is highly cor-
related with the proportion of the correct answers (r = -0.46). These results
indicate that the "below average" group may solve the problem provided that
only some known formulae are to be applied, but when it comes to making up
equations then the problem proves too difficult for them. The students of below-
average academic progress seem to be short of skills to synthesize and process
information needed in the verbal presentation of the problem. Formula appli-
cation is no problem in the advanced group and so the correlation between the
number of formulas and the performance variables is low. The significant
negative correlation between the number of equations in the solution and the
proportion of the correct answers indicates that there are specific difficulties in
information synthesizing in the "above average" group, too. But these difficulties
(contrary to those in the "below average" group) can be overcome

Summary

Difficulties experienced by many students in solving routine problems seem to
be related to their failure to identify the properties of the problem. To solve the
problem one must identify the relationships between the data presented and
choose a good strategy of processing and utilizing them. The understanding of
the underlying mathematical relationships in a problem requires skills of identi-
fication of and operation with the different forms of expression of the relation-
ships. This is difficult for low achievers. They usually have gaps in their
knowledge of mathematics. Their operation skills are also unstable. So several
pupils could choose and carry out the first operation but they were unable to
proceed. The task of keeping the result of the first operation in mind and using
it in the next step was beyond them.

The results of the study show that students of poor academic progress are often
short of information processing and strategy-choosing skills. The skill of seeing
isomorphism in problems of identical mathematical structure could be observed
only in good problem solvers. On the contrary low achievers were unable to
apply analogy in problem solving. They took each problem as a new one re-
quiring original solution.

The study shows that low achievers need special instruction in problem solv1:ng,
in analyzing the structural properties of problems and classifying them into
types of problems.
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Table 1

Below average

Above average

Vemiablcs Proportion of Proportion of

the correct Time the correct Time

answers answers
X, -0.15 0.34* 0.07 0.45*
X, -0.14 0.33 0.05 0.43*
X, 0.14 0.41* 0.09 0.51*
X, -0.13 0.40* 0.11 0.52*
X, -0.09 0.13 -0.17 -0.11
X -0.22 0.13 -0.07 0.18
X, -0.20 0.19 -0.25 0.22
Xy -0.21 0.36* 0.05 0.46*
X, 0.02 0.16 0.11 0.24
X0 0.05 0.28 0.15 0.23
X 0.03 0.31 0.15 0.38*
X,z 0.15 0.75* 0.08 0.55*%
X -0.51* -0.25 -0.56* -0.10
Xia -0.45* 0.22 -0.55* 0.25
Xis -0.31 0.38 -0.29 0.46*
X6 -0.33* -0.29 -0.12 -0.33*
X4 -0.24 0.41* -0.46* 0.46*
Xy -0.47* 0.24 -0.56* 0.27
Xio -0.41* 0.35* -0.44* 0.41*
Xa0 -0.40* 0.41* -0.42* 0.44*
Xy -0.34* 0.42%* -0.29 0.38*
X, -0.11 0.45* -0.03 0.52*
X -0.32 0.36* 0.17 0.36*
X4 0.09 0.37* 0.17 0.45*
Xss -0.31 0.42* -0.29 0.43*
Xae -0.30 0.47* -0.30 0.44*
Xy 0.38* -0.17 0.49* -0.17

* P <0.05
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Comparison of Effectiveness of Various
Basic Vocabularies

Haruko Sanada, Tokyo

0. Introduction

This paper is an attempt to analyze the effectiveness of basic vocabularies,
"Effectiveness" can be defined as:

(a) an abstract meaning indicating how much semantic field a word covers;
(b) a concrete meaning indicating frequency of a word in a text.

In this paper (b) is measured.

Various lists of basic vocabularies have been published and this analysis is
concerned with comparison of effectiveness of Japanese, English, French, and
Spanish basic vocabularies in view of word coverage of a text.

As samples of basic vocabularies the following materials are used.

Japanese: 6,000 words ('‘Basic 6,000 words'") including the 2,000 most
basic words (‘Basic 2,000 words') listed in A Study of the Fundamental
Vocabulary for Japanese Language Teaching [7]. These words are selected
from the point of view of foreign adults and include words of everyday life
and abstract words and seem to reflect the vocabulary of modern Japanese
society with very little bias.

'‘Basic 2,000 words' and 'Basic 6,000 words' have been obtained in the
following way: word groups were first selected from Word List by Semantic
Principles [1] by 22 specialists in Japanese language teaching, Japanese
linguistics, and language education in order to "get a proper standard of
general and basic Japanese vocabulary which foreign learners such as foreign
students have to leamn at the beginning as a basis for their further specialized
field or occupational training" [7]. These word groups were modified in a
second selection taking into account a bias in the first selection and defects of
the data to obtain the final 'Basic 2,000 words' and 'Basic 6,000 words'.
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French: about 5,000 words listed in Dictionnaire du Vocabulaire essentiel
[2], which is used as data in A contrastive study of the fundamental vocabulary
of Japanese, German, French and Spanish [8]. This dictionary was first pub-
lished in French "[Notre dictionnaire], qui s'adresse surtout aux étrangers pour-
vus d'une certaine culture, mais dont les connaissances de frangais ne sont pas
étendues" [10], and translated into Japanese "with a view to offer the first level
and middle level leamers a French-Japanese dictionary, which is useful and
can cope with modemn French sufficiently and essentially" [2]. This dictionary
is used in this analysis since the original French version was compiled for
foreign adult learners, and corresponds in its conception to 'Basic 2,000 words'
and 'Basic 6,000 words'. This dictionary is also used as data in A contrastive
study of the fundamental vocabulary of Japanese, German, French and
Spanish [8], and will be useful material for my further study.

Spanish: about 5,000 words listed in Diccionario de Vocabulario Funda-
mental del Espanol [4], which is also used in 4 contrastive study of the fun-
damental vocabulary of Japanese, German, French and Spanish [8]. It is used
in this study since it is issued in Japan "with the same reason and purpose" [4]
as the above-mentioned Dictionnaire du Vocabulaire essentiel [2], and it has
also about 5,000 words like the French one.

English: about 5,000 words listed in The New Horizon Ladder Dictionary
of the English Language [5], which was translated into Japanese in the same
series with Dictionnaire du Vocabulaire essentiel [2] and Diccionario de Voca-
bulario Fundamental del Espariol [4]. This dictionary was published in
America "for readers of English as a second language" [9] as in the case of the
French one, and translated into Japanese. 5,000 words of all the headwords in
this dictionary are divided into five levels and each group of 1,000 words is
marked with the frequency of their use from (1) to (5). In this study the 2,000
words of levels (1) and (2), and the 5,000 words of all levels are considered
to correspond to each 'Basic 2,000 words' and 'Basic 6,000 words' of Japanese.
However, in this dictionary there are included, under one headword,
derivatives like noun, verb, adverb, and adjective, so the real number of listed
words is estimated to be more than 5,000 words. In this study derivatives are
regarded as the same words as the headwords marked with the frequency level.

As a sample text, Declaration of the rights of the child adopted by the United
Nations in 1959 is used. The title, Preamble, from "Principle 1" to "Principle
10", and "Publicity to be given to the Declaration of the Rights of the Child"
are analyzed. This document is selected as the sample text because various
versions with the same contents are issued, and the texts in English, French,
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and Spanish, which are official languages for the United Nations, are available
in addition to the Japanese version.

In A contrastive study of the fundamental vocabulary of Japanese, German,
French and Spanish [8], German is also compared, and Deutscher Grundwort-
schatz [3] (about 5,000 words) is published as a basic vocabulary in the same
dictionary series, so an analysis of German was considered worth undertaking,
However, the part of "Publicity to be given to the Declaration of the Rights of
the Child" in the sample text has not been officially translated into German,
and the analysis of the German version was abandoned.

1. Effectiveness of 'Basic 2,000 words' and 'Basic 6,000 words' in the
Japanese version of '""Declaration of the rights of the child"

Part of the Japanese version of "Declaration of the rights of the child" is
shown in Example 1.

Example 1. Part of "Declaration of the rights of the child" (Japanese version)

ERR=S

WREL, ZOESICHITFL T X THERN%
BEET L, TXTHOREEL, Wk sBind
. BOXEZORKICHOWT, ARE K
Mo, M, S3E. " L2 ofloF
B.ERML LSS E, M. P
L LI o ER 2 ET B 2 k2
L EFICHIRNMENFFERT LI &7 TE
3,

One word in this study is counted in principle as one unit, but there are some
exceptions:

- compound words in the text which are included in 'Basic 2,000 words' or
‘Basic 6,000 words' are also counted as one unit. For example, the word "sono
hoka (other)" which consists of "sono" and "hoka" is included in 'Basic 6,000
words', so it is counted as one word.

- for comparison of the Japanese version with the English, French, and Spanish
ones, which will be discussed later, "Noun + suru (compound verb)" and
"Noun + da or na (compound adjective)" are counted as one word, and the
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part which is "Noun" in these words is compared with 'Basic 2,000 words' and
'Basic 6,000 words'.

For example, "shuppan-suru (publish)" and "koufuku-da/-na (happy)" are
counted as one word since the words "shuppan-+tsuru" and "koufuku+da or
na" correspond to the following words: "publish (English)", "publier (French)",
"publicar (Spanish)", and "happy (English)", "heureux (French)", "feliz (Spa-
nish)". The words "shuppan (publication)" and "koufitku (happiness)" are con-
firmed to be included in 'Basic 2,000 words'.

- for comparison of the expressions in Japanese and European languages,
phrases like "oite (at)", "tsuite (about)", "foshite (as)", "atatte (per)", and "foiu
(called)" are counted as one word.

- prefixes and suffixes are included in 'Basic 2,000 words' and 'Basic 6,000
words', prefixes "kaku- (each)", "dai- (big)", and "kou- (wide)", suffixes "-nen
(year)", “"-nado (and so on)", "-jou (from the viewpoint of)", "-kan (feeling)",
"-teki (adjective)", and "-sei (noun)" are counted as one word.

The numbers of different words and running words in the Japanese text are as
follows:

different words running words
- particles and auxiliary verbs 22 words  7.2% 402 words 34.0%
- up to 'Basic 2,000 words' 148 words 48.7% 849 words 71.9%
- up to 'Basic 6,000 words' 224 words 73.7% 1048 words 88.7%
- whole text 304 words 100.0% 1181 words 100.0%

This means that on the assumption of having knowledge of 'particles and
auxiliary verbs', we can read 71.9% of this text with only 'Basic 2,000 words',
and 88.7% with 'Basic 2,000 words' and 'Basic 6,000 words'. The number of
particles and auxiliary verbs is only 22 (7.2%), but they cover 34.0%, that is
a third of the running words.

A graph is drawn of the number of running words versus the number of differ-
ent words (Figure 1) showing the cumulative frequency including particles and
auxiliary verbs. The four arcs of the graph correspond to the word groups 'par-
ticles and auxiliary verbs', 'Basic 2,000 words', 'Basic 6,000 words', and
'others’. A regression curve of the form ¥ = aX® (0 < b < 1) which crosses the
points (X = 0, ¥ = 0) and (X = 100, Y = 100) is fitted to all data with the
result
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a=1936 and b =0.357 tuted in (3), it will reduce to
using the method of least squares. 4) log 100 = 4 + b log 100.

Solving this for b yields

100 = (5) b = (log 100 - A) / log 100.
running words(%) e~
o —" others . . .
100.0% e 80 e Substituting (5) in (3) we obtain
(1181 words) | 'Basic 6,000 words'
Al i = log 100 - A 4
(1048 words)/ A 7 6)y =4 + ( 0—_‘[’ )x =4 +|1 - X.
71.9% ¢— log 100 log 100
(849 words) /
34.0%
(402 words) = 'Basic 2,000 words’ The error between (6) and the observed values y, is formulated as
AW
regression curve A
Y= 19,36% *77
s TNe=y -y=y —A—[l— }x.
20 ( 0 o
particles and log 100
auxiliary verbs
0 -
. " o o’ - b dift. words(a) To apply the method of least squares,
) |
7.2% 48.7% 73.7% 100. 0% . A :
(22 words) (148 words) (224 words) (304 words) (8) <€>2 =S5 = E V. ~ A - [1 - og 100]){:’]
i=1

Figure 1. Effectiveness of Japanese basic vocabulary for

hould be minimized (n = )
"Declaration of the rights of the child” sHogig EehmiginiieeiNG S MunErONdar), L

The parameters a and b are obtained as follows (the same method is also as n " 4
applied to English, French, and Spanish versions which are analysed in later O = = 22 -1+ : Vy~-A-|1 - ——_Ix|=0
) dA Py log 100 log 100
sections). From
(1) Y = aX’, After performing the multiplications and summing in (9) we obtain
we obtain by logarithmic transformation . A . 1 .
-nd - |1 - X —a—== Xy
,Z;y"' [ log 100 ,Z=1: " log 100 .2=1: Yo
2 log Y = log aX’ =loga+ blog X (10)
_ 4 ¢ A4 (.
Lety = log Y, A = log a, and x = log X, then (2) can be re-written as + mg"f + [l m]w;x, =0
(3)y =A+ bx. Multiplying (10) by log 100 yields

Evidently, (1) crosses the point (X = 100, ¥ = 100). If these values are substi-
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i=1

log 100 Yy, ~ (log 100)nd - (log 100)}" x, + Az':x'_
(11) i=1 i=1
" H n A n
- y +A : o _ EE
§x1-yol + ;xl + Exl log loole 0

i=1 i=1
Solving (11) for A will yield

n

log 100)"y, +1log 100Y x, - Yxy, + Y x?
(12) 4 = i=1 i=1 i=1 =l
1 n ) B "
oz IOO,ZI:x' + nlog 100 2§xi

The parameter b is obtained from (5) and (12). The parameter a is obtained
from (12) and a = &* .

If the class of 'particles and auxiliary verbs' is excluded, the above table be-
comes:

different words running words
- up to 'Basic 2,000 words' 126 words 44.7% 447 words 57.4%
- up to 'Basic 6,000 words' 202 words  71.6% 646 words 82.9%
- whole text 282 words 100.0% 779 words 100.0%

This means that even if 'particles and auxiliary verbs' are excluded, we can
read 82.9% of this text with 202 words of 'Basic 2,000 words' and 'Basic 6,000
words'.

The point of covering 50% of the running words is at 35 different words
(11.5%) with particles and auxiliary verbs, and it is at 72 different words
(25.5%) without particles and auxiliary verbs. This difference seems to be due
to the influence of particles and auxiliary verbs.

2. Effectiveness of basic vocabulary in the English version of "Declaration
of the rights of the child"

Part of the English version of "Declaration of the rights of the child"” is shown
in Example 2.
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Example 2. Part of "Declaration of the rights of the child" (English version)
PRINCIPLE 2

The child shall enjoy special protection, and shall be given
opportunities and facilities, by law and by other means, to
enable him to develop physically, mentally, morally, spiritually
and socially in a healthy and normal manner and in conditions
of freedom and dignity. In the enactment of laws for this
purpose the best interests of the child shall be the paramount
consideration.

For the analysis of the text, a space is used as word boundary. The article "an"
is included in "a", and the conjugational forms and participles of a verb are
included in its infinitive.

100 »
running words(%) ﬁ/ g otll'mrf,
/x ) - ol
100.0%e—" 780 ~~-""1 5,000 words
970 words) /S
94.1%—
(913 wor‘ds) / i 2'000 words
86.6%«— 60
(840 words)
40
regression curve
y= 22,1587
20
0 - 2 o,
0 20 40 60 80 100 di(ff. words(%?

- #

73.7% 89.0%  100.0%
(221 words) (267 words) (300 words)

Figure 2. Effectiveness of the English basic vocabulary for
"Declaration of the rights of the child"

The numbers of different words and running words in the English text are as
follows:
different words running words
- up to 2,000 words' 221 words  73.7% 840 words 86.6%
- up to '5,000 words' 267 words 89.0% 913 words 94.1%
- whole text 300 words 100.0% 970 words 100.0%
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The number of running words is 970 which is 17.9% less than 1181 words of
the Japanese version. In the analysis of the Japanese version, phrases like "fsuife
(about)", "atatte (per)", and "toiu (called)", are counted as one word, so if they
were divided into parts, the difference of the numbers of running words be-
tween Japanese and English would be much more. Though 'Basic 2,000 words'
and 'particles and auxiliary verbs' cover only 71.9% of the running words,
2,000 words' covers 86.64% of the running words, and '5,000 words' covers
94.1% of the running words in the English version. However, it must be con-
sidered that '5,000 words' in the English basic vocabulary includes many de-
rivatives.

A graph of the cumulative frequency of the number of running words versus the
number of different words is drawn in Figure 2.

Comparing graphs between English (Figure 2) and Japanese (Figure 1), at the
boundaries between '2,000 words', '5,000 words', and 'others', the line does not
have pronounced kinks like the Japanese version, and it continues smoothly.
Thus, part of 'Basic 6,000 words' and 'others' are also used frequently like
'Basic 2,000 words' in the Japanese version, but the range of '2,000 words',
'5,000 words', and 'others' is in proportion to frequency. The expression for the
regression curve of the graph for the English version is

Y =2215Xx"7.

Table 1
The regression curves for 4 languages (1 < x < 10)
y = f{x) (regression curve)
= Japanese English Spanish French
1 19.36 22.15 25.43 28.62
2 24.79 27.79 31.25 34.55
3 28.64 31.73 35.25 38.58
4 31.74 34.87 38.40 41.71
5 34.36 37.51 41.03 44,32
6 36.67 39.82 43.32 46.57
7 38.74 41.88 4535 48.56
8 40.63 43,75 47.19 50.35
9 42,38 45.47 48.87 51.99
10 44.00 47.06 50.43 53.50
Japanese: y = 19.36x%¥% English:  y = 22.15x"¥"
Spanish:  y = 25.43x*¥7 French: y = 28.63x"%1
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The values of ¥ are always greater than the Japanese ones between X = 1 and
X = 10 (see Table 1), and the differential values of this expression are also
greater than those for Japanese until X = 5 at integral intervals (see Table 2).
It can be seen from the table of differential values (Table 2) that the changing
speed of values for the English version is faster than that for the Japanese one.

The point of covering 50% of the running words is at 27 different words
(9.0%). It is less than 35 words (11.5%) in the Japanese version (including
'particles and auxiliary verbs'). The initial rise of the curve of accumulation of
different words is steeper for English than for Japanese.

Table 2.
Differential values of regression curves for 4 languages (1 < x < 10)
dx/dy
x Japanese English Spanish French
1 6.90 7.25 7.56 7.78
2 4.42 4.55 4.65 4.69
3 3.04 3.46 3.49 3.49
4 2.83 2.85 2.85 2.83
5 2.45 2.46 2.44 241
6 2.18 2.17 2.15 2.11
7 1.97 1.96 1.93 1.88
8 1.81 1.79 1.75 1.71
9 1.68 1.65 1.61 1.57
10 1.57 1.54 1.50 1.45
Japanese: dx/dy = 6.90x %% English: dx/dy = 7.25x°67%
Spanish:  dx/dy = 7.56x%"% French: dx/dy = 7.78x7°7%

3. Effectiveness of basic vocabulary in the French version of "Declaration
of the rights of the child"”

Part of the French version of "Declaration of the rights of the child" is shown
in Example 3.

For the analysis of the text a space or an apostrophe are used as word boun-

dary. The articles "une" and "la" are included in "un" and "le". The feminine
form of an adjective is included in the masculine form, but singular and plural
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forms are distinguished. The conjugational forms and participles of a verb are

included in its infinitive. "au" and "du" are included in "3" and "de", "aux" and
"des" are treated separately.

Example 3. Part of "Déclaration des droits de 1’enfant" (French version)
PRINCIPE 3
L’enfant a droit, dés sa naissance, 4 un nom et a une nationalité.

The numbers of different words and running words in the French text are as
follows:

different words running words
- up to '5,000 words' 254 words 83.0% 1061 words 92.9%
- whole text 306 words 100.0% 1142 words 100.0%

The number of different words in the French version is 306, and the number
of running words is 1142, Thus, the numbers obtained for the French text are
close to those for the Japanese text. However, French '5,000 words' which
contains fewer words than Japanese 'Basic 6,000 words' covers many more
different words (83.0%) and running words (92.9%) than the Japanese one. This
means that the Japanese different words depend on the 'others' vocabulary.

A graph of the cumulative frequency of the number of running words versus the
number of different words is drawn in Figure 3. The line for French is similar
to that for English, and it does not have a pronounced kink at the boundary
between '5,000 words' and 'others', but continues more smoothly. The graph for
the Japanese version on the other hand exhibits pronounced kinks. This means
that low and high basicness are quite different with heavy weighting on the
vocabulary of high basicness in the Japanese version. The graphs for the
English and French versions are smoother because word frequency was the
criterion for the selection of the respective basic vocabularies, The expression
for the regression curve of the graph for the French version is

Y = 2863 X%,

The values Y are always greater than the Japanese and English ones between
X =1 and X = 10 (see Table 1), and the differential values of this expression
are also greater than those for Japanese and English until X = 2 at integral inter-
vals (see Table 2). It can be seen from Table 2 that the changing speed of
values for the French version is faster than that for the Japanese and English
one.
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Figure 3. Effectiveness of the French basic vocabulary for
"Déclaration des droits de 1'enfant"

The point of covering 50% of the running words is at 19 different words
(6.2%). This is much less than for the Japanese and English versions because

the curve of accumulation of different words is much steeper for French than
for Japanese and English.

4. Effectiveness of basic vocabulary in the Spanish version of "Declaration
of the rights of the child"

Part of the Spanish version of "Declaration of the rights of the child" is shown
in Example 4.
Example 4. Part of "Declaracion de los derechos del nino" (Spanish version)
PRINCIPIO 4
El nino debe gozar de los beneficios de la seguridad social.

Tendra derecho a crecer y desarrollarse en buena salud; con este
fin deberan proporcionarse, tanto a él como a su madre,
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cuidados especiales, incluso atencién prenatal y postnatal. El
nifio tendra derecho a disfrutar de alimenacion, vivienda, recreo
y servicios médicos adecuados.

For the analysis of the text a space is used as the word boundary. The singular
articles "una" and "la" are included in "un" and "el", the neuter article "lo" is
also included in "el". The plural articles "unas" and "las" are included in "unos"
and "los". The feminine form of an adjective is included in the masculine form,
plural forms are also included in the singular. The forms like "algun" or "nin-
gun" are included in the basic forms like "alguno” or "ninguno". The feminine,
neuter, and plural forms of demonstrative pronouns or demonstrative adjectives
are included in their masculine singular form. The conjugational forms and
participles of a verb are included in its infinitive. Conjunctions "u" and "e",
which are articulatorily modified, are included in "o" and "y". The infinitive or
present participle with a personal pronoun like "separarse” is treated separately
as "separar" and "se".

The numbers of different words and running words in the Spanish text are as
follows:

different words running words
- up to '5,000 words' 277 words 90.8% 968 words 95.2%
- whole text 305 words 100.0% 1017 words 100.0%

Characteristically the Spanish version with '5,000 words' covers such large
fractions of different words (90.8%) and of running words (95.2%). This is
clearly seen by comparing with the French version whose '5,000 words' covers
83.0% and 92.9%, respectively. Especially the high coverage of different words
gives the impression that the whole text is easy to understand.

A graph of the cumulative frequency of the number of running words versus the
number of different words is drawn in Figure 4.

The curve for Spanish is similar to English (Figure 2) and French (Figure 3).
The graph does not have a pronounced kink as does the Japanese version
(Figure 1). The expression for the regression curve of the graph for the Spanish
version is

Y = 25.43 X°%7 .

The values of Y are always greater than the English ones and smaller than the
French ones between X = 1 and X = 10 (see Table 1), and the differential
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values of this expression are located under those for French until X = 2 at
integral intervals (see Table 2).

The point of covering 50% of the running words is at 22 different words
(7.2%), thus also between English and French.

100,

running words(%) -~ T others
100.0% &—" /50 )
(1017 words) P 5,000 words
95.2% e—
(968 words)
60
40
regression FU]‘VE
= 25, 43% &21T
20
U -
0 20 a0 60 80 100 diff. words(%)
J-"/
90.8% 100. 0%

(277 words) (305 words)

Figure 4. Effectiveness of the Spanish basic vocabulary for
"Declaracion de los derechos del nino”

5. Conclusions

It can be said that at least in the case of "Declaration of the rights of the child",
English, French, and Spanish basic vocabularies with their '5,000 words' are
more efficient than the Japanese ones with '‘Basic 2,000 words' or 'Basic 6,000
words'.

The coverage of different words and running words of Japanese, English,
French, and Spanish is shown in Table 3.

Graphs of regression curves for Japanese, English, French, and Spanish are
shown in Figure 5. The values of the ordinates (the degree of cumulative
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frequency) near the origin are highest for French, followed by Spanish, English,
and Japanese. The curves for French and Spanish lie above those for English
and Japanese.

Table 3
Coverage of four languages for "Declaration of the rights of the child"
( % different words / % running words)

Japanese English French Spanish
particles and 7.2 /34,0 - /- -/- -/-
auxiliary verbs
up to 2,000 words | 48.7/71.9 | 73.7/ 86.6 -/- -/ -
up to 5,000 words -/ - 89.0/94.1 | 83.0/929 [90.8/95.2
up to 6,000 words 73.7 / 88.7 -/ - -/~ -/ -

100
running words(%) ﬁ?}/
c French %
%0 //;W
Spanish
A\

60

40
Japanese

20

0 ——
] 20 40 60 80 100 diff.words{%)

Figure 5. Regression curves for "Declaration of the rights of the child”

Hiroshi Nakano analysed the frequency of six languages [6] using 'The Little
Prince', and he shows that the decreasing order is Japanese (including particles
and auxiliary verbs), French, English, German, and Japanese (excluding par-
ticles and auxiliary verbs). The result is explained as follows:
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". .. the French is on the top . . . up to number 10 in the frequency or-
der. Thereafter the Japanese with auxiliary verbs and postpositional words
moves to the top. Though the rank variation for other languages can not be
expressed as a number, the corresponding postpositional words are counted
in Japanese. The curve for Japanese will fall to the lowest if auxiliary verbs
and postpositional words are removed from it. This is due to the fact that
the preposition and auxiliary verbs for all other languages have been
counted, whereas the corresponding postpositional words and auxiliary
verbs are excluded from the Japanese” [6].

However, in this analysis of the text "Declaration of the rights of the child", the
result is that the French basic vocabulary '5,000 words' covers many more dif-
ferent words and running words than the Japanese basic vocabulary 'Basic 6,000
words' including particles and auxiliary verbs. One of the reasons for this dif-
ference between these two studies is due to counting "Noun + suru (compound
verb)" as one word in the Japanese version.

In this study it is observed that for an understanding of the sample text the
Japanese basic vocabulary is not sufficient compared with foreign ones. This
is probably due to the fact that Japanese has a unique structure of the voca-
bulary in which original Japanese words, loan words from China, and loan
words from Europe constitute the same semantic field.
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Typological Indices and Language Classes:
A Quantitative Study

George Silnitsky, Smolensk

This paper, which is a further elaboration of Silnitsky & Jachontov (1986), is
dedicated to a comparative study in quantitative terms of the following 31 lan-

guages:

ARAB - Arabic INDO - Indonesian O.CH - Old Chinese TEL - Telugu
BURM - Burmese JAP - Japanese PERS - Persian THAI - Thai
CHIN - Chinese KHM - Khmer RUS - Russian TIB - Tibetan
CHUK - Chukchee KOR - Korean SAN - Sanskrit TUR - Turkish
ENG - English MANC - Manchurian SWA - Swahili UR - Urdu

FRE - French MANI - Maninka TAD - Tadzhik VIET - Vietnamese
GER - German MARI - Mari TAG - Tagalog YID - Yiddish
HIN - Hindi MON - Mongolian TAN - Tangut

The properties of these languages are evaluated in terms of a set of indices pro-
posed by J.H. Greenberg (1960) with certain modifications (cf. Krupa 1965):

(1) SYN - Synthetical index: telation of the number of morphs to the number of
words (M/W).

(2) AGGL - Agglutinational index: relation of the number of agglutinative con-
structions to the number of morph sutures (A/Su).

(3) COMP - Compositional index: relation of the number of roots to the num-
ber of words (R/W).

(4) DER - Derivational index: relation of the number of derivational mor-
phemes to the number of words (D/W).

(5) INF - Inflectional index: relation of the number of inflectional morphemes
to the number of words (I/'W).

(6) PREF - Prefixal index: relation of the number of prefixes to the number of
words (P/W).
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(7) SUF - Suffixal index: relation of the number of suffixes to the number of
words (S/W).

(8) ISOL - Isolational index: rtelation of the number of non-inflected words,
whose syntactic function is determined solely through word-order, to the
number of words (O/W).

(9) PI - Index of pure inflection. relation of the number of inflected noncon-
cordant words to the number of words (Pi/W).

(10) CONC - Index of concordance: relation of the number of concordant
words to the number of words (Co/W).

The last three indices have in the position of denominator not the number of
nexus connections, as in Greenberg, but the number of words, which gives us
a common basis for a more systematic comparison of the data pertaining to the
majority of the indices under consideration.

The eleventh "analytical" index (ANAL) is introduced defined as the relation
of the number of auxiliary (delexicalized) words to the total number of words
(Aux/W). The values of the indices for every language have been determined
on texts of approximately 100 words. The indices for the first 26 languages of
our list were borrowed from Kasevi¢ & Jachontov (1982); the indices for the
last 5 languages were calculated by S. Je. Jachontov. "It has been considered
possible to dispense with a mathematical substantiation of the sample size, a
calculation of the significance level, etc. As may be seen from Greenberg 1960,
Cowgill 1963, Krupa 1965, Krupa & Altmann 1966, Pierce 1966, and others,
the values of the indices are sufficiently stable and do not vary significantly
with text samples of different magnitudes" (Kasevi¢ & Jachontov 1982:6).

The samples were taken from various narrative genres: modern fiction, fairy
tales, memoirs, newspaper articles, etc.

The values of the 11 typological indices for the 31 languages considered in this
paper are given in Table 1.

These initial data are processed by means of various statistical procedures
(correlational analysis, factor analysis and others) with the aim of establishing

(1) a classification of typological indices,
(2) a classification of languages,
(3) a selection of the most diagnostically relevant indices.
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Table 1
Typological indices for 31 languages

1 2 3 4 5 6 7 8 9 10 | 11
VIET 146 [ 100|134 .02 .08 .02 | 1.00 1.00 .00 .00 | .14
KHM 1.50 98 [ 134 .04 .14 12 .04 .90 .10 .00 | .17
THAI 146 | 1.00 | 1,29 | .04 .08 .06 .06 95 .05 00 | .24
0.CH 126 | 1.00 | 1.19 | .02 .06 04 .04 .99 .01 .00 | .12
CHIN 1.56 | 1.00 [ 1.22 | .04 28 .00 31 .99 .01 .00 | .14
BURM | 1.73 93 | 121 ] .12 .39 .08 41 .74 27 .00 | .26
TAN 132 | .72 | 1.13 ]| .01 17 .09 .07 .93 .06 .01 12
TIB 175 | 98 | 1.30 | .29 .16 .05 .39 1,00 .00 .00 | 26
MANI 1.16 | 1.00 | 1.03 | .06 .07 .08 .05 1.00 | 0.00 .00 | .33
INDO 1.50 99 | LI18 | .17 .08 17 .06 .98 .00 02 | .26
TAG 142 | 1.00 | 1.02 | .12 22 22 .08 1.00 .00 .00 | .51
PERS 1.67 .83 | 1.10 | .04 .53 .07 .50 .66 .03 .09 | .30
TAD 1.67 84 11,09 ] .06 52 .06 .53 75 .03 12 | .38
ENG 130 | .57 | 1.03 | .09 18 .00 27 77 .19 04 | 37
FRE 1.54 39 [ 1.01 ] .12 43 19 35 .59 .04 37 | .46
YID 2.00 A8 1 1.05] .17 .78 .16 52 .79 .00 15 | .26
GER 1.57 | .17 | 1.08 | .07 42 .03 44 .40 32 28 | .32
HIN 1.70 26 | 1.07 | .10 .52 .10 .60 30 40 30 | 40
UR 1.68 32 | 1.04] .14 .50 .02 .62 40 34 .26 | .38
ARAB | 3.14 50 1100 20 | 194 34 | 1.13 .33 40 27 | .26
SAN 2.60 22 | 112 .53 .94 22 | 1.22 24 46 30 | 21
RUS 2.11 13 1 1.00] .38 74 17 .93 31 .40 29 | 24
MANC | 1.85 96 1104 ] .13 .68 .00 .81 48 52 .00 | .02
MON 2,10 97 | 1.10| .23 77 .00 | 1.01 44 .56 .00 | .03
TUR 2.15 93 | 101} .13 1.01 00 | 1.14 .14 .60 26 | .01
MARI 2.02 69 1101 ] .18 83 .00 | 1.01 27 47 22 | .11
KOR 231 93 | 126 | .04 | 1.01 .00 | 1.05 .26 74 .00 | .09
JAP 2.71 86 1129 | .15 123 | .00 | 1.38 28 72 00 | .07
TEL 2.61 83 | 1.14 | .48 98 04 | 1.42 20 .64 16 | 18
CHUK | 2.33 81 | 1.06] .11 1,17 21 | 1.02 36 .29 35 1.07
SWA 251 | 100103 | .28 |1.24 94 .56 62 00 38 | .21
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1. Classification of typological indices

The correlations between the 11 typological indices are represented in Table 2.
The critical value of r with 29 degrees of freedom and o = 0.01 is |0.45|. On
this criterion our indices may be grouped into two "polar" clusters.

Cluster A encompasses the following 6 indices: SUF, SYN, INF, PI, DER,
CONC. The first four indices are positively interconnected with one another
and thus constitute the "nucleus" of the cluster. The remaining two indices,
DER, CONC, are positively correlated with some, but not with all the nuclear
indices and occupy a "peripheral" position in the cluster.

Cluster B includes 3 indices: AGGL, ISOL, COMP. AGGL, the nuclear el-
ement of the cluster, is positively correlated with the two peripheral indices,
ISOL and COMP.

Let the medial intraclusteral coefficient (MIC) of an element represent the
arithmetic mean of its correlations with all the other elements of the same clus-
ter; the MIC of an index thus shows the degree of its "centrality" in the cluster.

Cluster A Cluster B

SUF: 72 AGGL: 45
SYN: .70 ISOL: 40
INF: .67 COMP: .40
PI: 54

DER: 49

CONC: 41

The average intraclusteral coefficient (AIC), defined as the arithmetic mean
of the MIC’s of all its elements, manifests the "degree of internal cohesion” of
the cluster. The value of AIC is .59 for cluster A and .42 for cluster B.

The medial extraclusteral coefficient (MEC) of an element as regards some
other cluster is the arithmetic mean of the correlations of this element with all
the elements of the alien cluster. The MEC’s of the indices of clusters A and
B in relation to one another are given below.
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Table 2
Correlations between the 11 typological indices
AGGL | COMP | DER | INF | PREF | SUF | ISOL | PI | CONC | ANAL

SYN -.22 =11 .61 .88 27 .86 -.74 63 .49 -.35
AGGL X 45 -32 | -23 .00 -26 45 -.18 -.65 -.38
COMP X -21 [ -32 ]-23 -22 34 [ -11 -.58 -32
DER X 44 .30 .60 | -.47 37 41 -.04
INF X 37 85 | -.77 .63 .54 -32
PREF X -.02 .04 | -29 .46 .14
SUF X -91 88 43 -.42
ISOL X -.88 -.62 .27
PI X .19 -.47
CONC X 20

Cluster A Cluster B

SUF: -.46 AGGL: -31

SYN: -.36 ISOL: -73

INF: -44 COMP: -.26

PL -37

DER: -32

CONC: -.62

The main opposition is between CONC, SUF and INF in the first cluster and
ISOL in the second.

The arithmetic mean of all the correlations of the elements of one cluster with
the elements of another constitutes the average extraclusteral coefficient
(AEC) for these two clusters. The AEC for cluster A and B is -.42.

The MEC’s of the remaining isolated indices PREF and ANAL as regards
clusters A and B are as follows:

Cluster A
PRE:
ANAL:

18
-23

Cluster B
-.07
-14

A more differentiated grouping of indices is effected by means of factor
analysis as presented in Table 3.
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The first of the five factors represented above serves to delimit cluster A and
to differentiate it into "nuclear" and "peripheral” indices, exerting a stronger
(negative) influence on the former (SUF, SYN, INF, PI) than on the latter
(DER, CONC). This stratification corresponds closely enough to the ranking
effected above on the MIC-principle; on both criteria SUF figures as the
dominant, most representative element of the cluster.

The second factor singles out cluster B (AGGL, ISOL, COMP) by its positive
influence and AGGL as the dominant element of the cluster.

Table 3
Factor analysis of typological indices
SUF | SYN | INF PI |DER | CONC | AGGL |ISOL | COMP | PREF | ANAL
F1 |-93 |-85 |-85 [-89 |-36 -35 13 .89 12 .04 62
F2 | -10 | -10 |-11 |-03 |-17 -.67 93 34 .30 -02 | -50
F3 02 | -33 | -40 34 | -18 -.46 -.07 -.07 16 -96 | -.04
F4 |-29 | -30 |-08 |-13 |-88 -.04 13 11 .02 =15 | -.17
F5 | .10 .08 15 .05 .04 34 -17 -21 -92 13 33

F3 deals in like fashion with PREF.

The remaining index, ANAL, is not marked out uniquely on any factor level:
its isolated, unrepresentative status in the system thus finds additional corrobo-
ration.

The conclusion may therefore be drawn that the proposed classification of
typological indices into two clusters with two isolated indices (PREF, ANAL)
is sufficiently well-grounded.

This classification may be compared with that in Altmann & Lehfeldt (1973).
The majority of the indices here have as their denominator not the number of
words, as in our case, but the number of morphemes or syntactic (nexus) con-
nections. Only six languages (Sanskrit, Persian, English, Swahili, Vietnamese,
Turkish) are common to both lists.

All the more representative, in spite of these dissimilarities in initial criteria and

linguistic material, is the relatively high degree of congruence between the
results of the two investigations. Thus, the indices SUF, INF, PI, DER (and, to
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a lesser degree, CONC and PREF) in Altmann & Lehfeldt are positively inter-
connected with one another. SYN is negatively correlated with SUF, DER,
CONC, and others; but seeing that the relation of the number of words and
morphemes is given here in inverse proportion as compared with our treatment
and that of Greenberg (W/M instead of M/W) there is no actual divergence
between the two classifications. Our cluster A (with the inclusion of the more
loosely connected index PREF) finds its correlate in Altmann & Lehfeldt.
These indices are negatively opposed to ISOL, which likewise agrees with our
scheme.

On the other hand, the indices AGGL and COMP in Altmann & Lehfeldt are
isolated from the others whereas in our classification they are positively con-
nected with ISOL, constituting cluster B.

It therefore seems probable on the whole that the crucial correlations between
the main typological indices are more or less constant on a wide variety of
languages and may thus be considered as candidates for the status of relational
universals.

2. Classification of languages

The correlational coefficients between the 31 languages listed above, calculated
on the basis of the 11 typological indices, are presented in Table 4. The critical
value of ris |.78].

We shall provisionally regard language classes as hierarchically stratified into
three levels:

(a) The "nuclear" level of a class encompasses languages whose mutual cor-
relations are not lower than .93.

(b) The "peripheral” level of a class includes languages whose mutual corre-
lations with one another and with the nuclear languages are not lower than .89.

(¢) Languages whose mutual correlations with one another and with the lan-
guages of the preceding two levels are not lower than .78 constitute the "mar-
ginal" level of the corresponding class.

The nuclear level is obligatory for any language class; the other two levels are

optional. Classes are "stratified" or "nonstratified" depending on whether they
contain languages pertaining to the peripheral and/or marginal levels. The mini-
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Table 4
Correlations between 31 languages

VIET | KHM [ THAI | 0.CH | INDO | MANI | TAN | TAG
KHM 99
THAI .99 .99
0.CH .99 .99 .99
INDO .99 .99 99 .99
MANI .98 .98 .99 .99 .99
TAN 97 .96 .96 98 .96 98
TAG .96 .96 .97 .95 .98 .98 .94
TIB .94 .93 .95 .94 95 .93 .90 .92
CHIN 97 .96 .97 .97 95 .95 .95 .93
BURM .90 .92 91 .91 89 .90 .90 89
PERS .82 .83 .83 83 81 .84 .85 .84
TAD 83 .83 84 .84 .82 85 .85 .86
ENG .86 .87 89 90 87 93 .94 .90
FRE .68 .69 71 72 72 78 81 80
YID 46 45 45 48 46 50 61 .53
GER 39 40 41 45 .38 50 .59 45
HIND 24 27 28 31 24 35 42 32
UR .37 .39 41 .44 .37 47 .54 .44
RUS -.07 -.07 -.06 -.02 -.07 .00 12 -.02
SAN -25 -.24 -25 -.21 -.26 -22 -12 -.23
ARAB -.10 -.09 -12 -.10 -15 12 -.01 -.07
CHUK .21 23 20 .22 .16 18 26 .19
MANC .55 .58 .56 .57 51 53 .58 .49
MON 41 44 42 43 36 38 43 35
TUR .16 20 17 19 11 15 21 12
MARI 30 .30 33 .33 25 32 .39 33
KOR 21 25 22 .22 .14 17 23 .16
JAP .06 .09 07 .07 .00 02 09 .02
TEL -.02 01 .00 .01 -.04 -.03 .02 -.04
SWA 36 36 32 33 35 30 35 .38
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TIB | CHIN | BURM | PERS | TAD [ ENG | FRE YID
CHIN .97
BURM | .92 .96
PERS .85 .92 .94
TAD .88 .93 .94 .99
ENG .85 .88 .88 .86 .87
FRE .69 74 77 .86 .86 .90
YID .52 .60 48 .74 .74 .66 .84
GERM | .38 48 .56 .66 .65 .76 82 .76
HIN .28 .39 .52 .63 .62 .64 73 .69
UR 43 .52 .63 74 72 74 81 .76
RUS .03 13 .26 A .38 .30 .50 .69
SAN -.06 -.02 A2 27 23 04 25 .52
ARAB | -.03 .10 22 .40 36 .03 .30 .61
CHUK | .29 42 .52 .67 .62 28 43 .62
MANC | .62 .70 .83 .81 a7 .61 .57 .54
MON .52 .59 13 .73 .69 48 .46 49
TUR 26 37 .53 40 .54 28 .34 43
MARI 49 .58 .68 .81 .82 .55 .63 .76
KOR .29 40 .58 .59 54 .30 .32 .39
JAP .19 .28 45 .50 A6 17 24 41
TEL .18 22 .39 A4 41 13 21 35
SWA .34 44 44 .58 .54 20 43 55

147



Table 4. Continuation

George Silnitsky

GERM HIN UR RUS SAN | ARAB | CHUK | MANC
HIN .96
UR .96 .98
RUS .74 .83 .82
SAN .48 .63 .62 .94
ARAB 39 .52 .50 .72 .79
CHUK .50 .62 .64 72 75 .88
MANC | .58 .66 A .59 .55 .57 .82
MON .50 .62 .67 .64 .66 .63 .86 .98
TUR .50 .67 .67 72 .76 .76 .93 .90
MARI 12 .85 .86 79 .76 il .92 .92
KOR 44 .60 .60 .62 .68 74 .88 91
JAP 37 .56 .56 .69 .80 .81 .89 .84
TEL 36 .56 57 75 .86 73 .84 .80
SWA 15 .16 22 27 28 .65 70 47
Table 4. Continuation

MON TUR MARI KOR JAP TEL
TUR .94
MARI .95 .98
KOR .95 .96 .94
JAP 91 .94 .90 .97
TEL .90 .93 .90 91 .96
SWA 44 46 .32 42 41 31
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mal value .78 is thus a necessary, but not a sufficient, condition for a corre-
lation to fulfil a class-forming function. Correlations not lower than .78 will be
further termed "critical".

Languages answering the above-mentioned class-forming conditions (i.e. fi-
guring as elements of a certain class) will be regarded as class-bound. Four
language classes may be discriminated in our material on these criteria.

Two of these classes are stratified:
(1) Class I (based mainly on classical isolating languages):

(a) Nuclear level: Vietnamese, Khmer, Thai, Old Chinese, Chinese, Indone-
sian, Maninka, Tangut, Tagalog;

(b) Peripheral level: Tibetan, Burmese;

(¢) Marginal level: Persian, Tadzhik, English.

(2) Class A (based upon agglutinative languages):

(a) Nuclear level: Mongolian, Turkish, Mari, Korean;
(b) Peripheral level: Japanese, Telugu;
(c) Marginal level: Manchurian, Chukchee.

The remaining two classes are nonstratified (within the set of languages consi-
dered):

(3) Class F (markedly inflective languages): Sanskrit, Russian.

(4) Class GH (German, Hindi, Urdu) is the most heterogeneous (from the
traditional typological point of view); we find it difficult at the present stage of
our investigation to bring it down to a common typological denominator,

Two class-bound languages, belonging to different classes and positively
correlated with one another, will be said to perform a "linking" function as
regards these two classes. A full list of pairs of such "linking" languages is
given below:

Burmese (I) - Manchurian (A)
Persian (I) - Manchurian (A)
Persian (I) - Mari (A)
Tadzhik (I) - Mari (A)
Russian (F) - Mari (A)

Mari (A) - Hindi (GH)
Mari (A) - Urdu (GH)
Hindi (GH) - Russian (F)
Urdu (GH) - Russian (F)
Telugu (A) - Sanskrit (F).
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Languages not included into any class on the above-given criteria will be con-
sidered class-free.

Class-free languages are characterized by various degrees of cohesion with
other languages:

(1) A "satellite” class-free language is critically correlated with all the lan-
guages of one of the three hierarchical levels of a certain language class (usual-
ly with all the marginal languages). Thus, French is significantly correlated
with all three I-marginal languages (English, Persian, Tadzhik) and is therefore
an I-satellite language.

(2) An "appended" language is critically correlated with some (at least one)
but not all the languages of a hierarchical level (or levels) of a certain language
class. Arabic is critically correlated with Japanese and Chukchee, on the one
hand, and with Sanskrit, on the other, and is thus an A-appended and a F-
appended language.

Satellite and appended languages, critically correlated with representatives of
different language classes, perform a "connecting” function as regards these
languages. Thus, French interconnects classes I (Tangut, Persian, Tadzhik, Ta-
galog, Maninka, English) and GH (German, Urdu).

(3) A "contingent" language is critically correlated with one or more class-
free, but with no class-bound languages. Yiddish answers this condition, being
critically connected with French. (It should be noted that Yiddish and French
do not constitute a separate class on their own account since they lack a
common nucleus.)

As in the case of typological indices considered above, individual languages are
characterized by a set of generalized correlation coefficients:

(a) The medial intraclusteral coefficient (MIC) of a class-bound language,
defined as the mean of its correlations with all the other languages of the same
class, reflects its "degree of centrality” in the corresponding class.

(b) The medial extraclusteral coefficient (MEC) of any language (either
class-bound or class-free) as regards an alien class is calculated as the mean of
the correlations of this language with all the languages of the corresponding
class thus representing the typological "distance” ("degree of proximity") of the
former in respect of the latter.
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Two new correlational criteria are to be introduced at this stage:

(c) The general medial extraclusteral coefficient (GMEC) of a language
is the mean of all its MEC's, thus showing the degree of "centrality” of this
language as regards the system of language classes external to it.

(d) The general coefficient (GC) of a language is the mean of its coeffi-
cients with all the languages of the set considered, thus illustrating the degree
of its "centrality" in the whole system.

These correlational characteristics of our 31 languages are given in Table 5. We
see that of the class-free languages French is mainly "oriented" towards classes
I and GH, Arabic towards classes F and A, Yiddish towards class GH; Swahili
occupies an approximately equally remote position as regards all four classes.

The criteria of class-oriented (GMEC) and general (GC) "centrality" do not
give identical results. On the first of these the most central languages are Mar,
Urdu, Manchurian and Yiddish, the most marginal Indonesian and Vietnamese,
while according to the second the corresponding representatives are Persian,
Tadzhik and Burmese, on the one hand, and Sanskrit, Arabic and Swabhili, on
the other.

Whole language classes are characterized by the following correlational criteria:

(a) The average intraclusteral coefficient (AIC) of a class is the mean of the
correlations between all the languages of this class and shows its degree of
internal cohesion.

(b) The average extraclusteral coefficient (AEC) of a class is the mean of all
the mutual MEC's between these two classes and represents the typological
distance separating them,

(c) The general average extraclusteral coefficient (GAEC) of a class, calcu-
lated as the mean of all its AEC's with the other classes of the system, reflects

its generalized degree of centrality in the system.

Table 6 represents these generalized correlational interrelations between our
four language classes.
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Table 5
Correlational characteristics of 31 languages

MIC MEC GMEC GC
CLASS I I A F GH
Vietnamese .94 24 -.16 33 14 .64
Khmer .94 26 -16 37 16 .55
Thai 94 25 -.16 38 16 .54
0O.Chinese .94 26 -12 .40 18 .56
Indonesian .94 .19 -17 33 12 .52
Maninka 95 22 =11 44 18 .55
Tangut .93 28 .00 52 27 .59
Tagalog .93 20 -13 .40 .16 .54
Tibetan 92 36 .00 36 24 .58
Chinese .95 45 .06 46 32 .64
Burmese 91 59 .19 57 45 .69
Persian .86 62 34 .68 .55 72
Tadzhik .87 .61 31 66 53 71
English .88 35 17 71 41 .62
CLASS A
Mongolian .93 .50 .65 .60 .58 .62
Turkish .94 27 .74 61 .54 .52
Mari .93 46 .78 .81 .68 .65
Korean 93 31 .65 .55 .50 52
Japanese 92 18 5 .50 48 46
Telugu .89 12 81 .50 48 42
Manchurian .88 62 57 65 61 .65
Chukchee .88 32 74 59 55 .55
CLASS F
Sanskrit 94 -.09 73 .58 41 30
Russian .94 .08 .69 .80 52 41
CLASS GH
German .96 Sl 50 61 54 54
Hindi 97 40 .64 73 .59 54
Urdu 97 S1 .66 72 .63 61
CLASS-FREE
French 77 40 38 79 .58 .62
Arabic .00 .73 .76 47 .49 35
Yiddish ,55 .50 .61 74 .60 57
Swabhili 38 44 28 18 32 .38
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Table 6
Generalized correlational interrelations
AIC AEC GAEC
I A F GH
Class 1 92 35 .00 47 27
Class A .81 35 71 .60 .55
Class F .94 .00 71 .69 A7
Class GH 97 47 .60 .69 .58

The closest connections are between classes A - F and F - GH; the greatest ty-
pological distance separates classes I and F.

Class GH, characterized by the most "amorphous" typological structure, is at
the same time the most "central" in the system. Class I, on the other hand,
occupies the most marginal position,

Several variants of factor analysis (from 2 to 6 factors) were applied to our list
of languages. Two of these, FA 4 (4 factors) and FA 6 (6 factors) are presented
in Table 7.

These data give the following factorial corroboration to our four language
classes:
CLASS 1

FA 4: (1) F2: Diapason (-.63, .00) (includes French).
(2) F3: Diapason (-.19, .00). Exception: Tangut has value .19,
which brings it close to Class F.

FA 6: (1) F1: Diapason (.80, .98).
(2) F2: Diapason (-.60, .00). Cf. Swahili (-.19).
(3) F3: Diapason (-.30, -.16).
(4) F4: Diapason (-.07, -.05) (intersects with class GH).

CLASS A
FA 4. (1) F2: Diapason (.53, .72); comes close to Yiddish (.52), on the

one hand, and Russian (.73) on the other.
(2) F3: Diapason (-.36, -.20). Exception: Mari (.00). Cf. Class L
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Table 7 FA 6: (1) F1: Diapason (.53, .63). Exceptions: Manchurian (.86), Mongo-
Factor analysis lian (.77), Telugu (.47).
(2) F2: Diapason (.38, .80) (intersects with class F).
3) F3: Diapason (.19, .33). Exception: Mari (.02). Cf. Class I
A 6 ( s ]
il L Swahili.
Fi1 | F2 | F3 | F4 | F1 | F2 | F3 | F4 | F5 | F6 (4) F4: Diapason (-.21, -.08) (intersects with class GH). Exception:
CLASS 1 Chukchee (.24).
Vietnamese | .77 -63 | -12 .00 | .82 -.54 13 -,01 .07 .02 CLASS F
Khmer 7 -62 | -12 00| .84 -.52 .14 -.05 .05 .00
Thai .79 -.61 -.10 00| .84 -.54 .10 -.05 .05 .00 } . '
0.(a:lhinese 29 | Teil ool ool sa | 52 | 07| -0a| o8| o1 FA 4: (1) F2: Diapason (.73, .91). Includes Arabic (.82).
Chinese 91 .36 -17] 00| 92 | -33 14 01| 06| .10 (2) F3: Diapason (.20, .46). Adjacent to class GH (.43, .59).
Indonesian 73 -.67 .00 .00 | .81 -.57 .08 .01 .00 .05
Tangut 83 | -51| 19| 08| 88 | -45 | -08 01 -83 :'gé FA 6: (1) F1: Diapason (.31, .47). Includes Arabic (.39). Cf Telugu (.47)
Tagalog 79 | -57| 00f 137 .83 | -53 ) .00 071 - 02 (2) F2: Diapason (.75, .90) (intersects with class A). Includes Ara-
Maninka .79 -61 .00 00| .84 -.54 -.02 -.04 .02 . bi 20
Tibetan 82 | -44| -19| -28| 86 | -41 | 16| -05| -03| 26 ic (80). -
Burmese 95 | -25| -16| 00| 97| -16 | 16| -10| -01| -04 (3) F4: Value .00 (intersects with class I).
Persian 99 00| -09| o00f 98 [ -02 [ .03 10| 05| -01 (4) F5: Diapason (-.11, -.08). Cf. Arabic (-.07), Tagalog (-.07),
Tadzhik 99 00| -09| 00| 97 | -07 | .00 10| .05 _.g; English (-.05).
English 88 | -32| 34| -08) 8 | -31 |-28| -15| -05] - (5) F6: Diapason (.17, .25). Cf. Telugu (.15), Tibetan (.26).
CLASS A
Mongolian .84 39 -31 | -20 77 .50 31 1-21 02 .04 CLASS GH
Korean 75 .53 -37 .00 .63 .66 33 | -18 03 | -16 ) - .
Turkish 79 | 54 |-27 | 00 | 62 | 71 | .22 [-11 20 | -.08 FA 4: (1) F2: Diapason (.20, .36). Cf. Swahili (.19), Mongolian (.39),
Mari 8 | 55 | 00 [-12 | 66 | 72 | .02 [-08 | .04 |-04 Manchurian (.22).
Japanese 57| .72 |-36 |[-09 | 53 [ 77 | 31 |-12 |-02 |-02 (2) F3: Diapason (.43, .59). Cf. Yiddish (.46), French (.50), Rus-
Telugu 54 72 | -26 |-33 47 .80 25 | -21 -.01 15 sian (.46).
Manchur. 94 | 22 |-23 [-10| 86 | 38 | 25 |-19 | .06 |-04
Chukchee R 18 | -.02 . L M 3
e 70 | 63 |-26 | 18 ) 65 | 67 | 19 ] 24 . FA 6: (1) F1: Diapason (.68, .78). Cf. Yiddish (.75), Mongolian (.77).
CLASS F (2) F2: Diapason (.24, .37) (intersects with class A). Cf. Yiddish
) 21).
Sanskrit 29 91 .20 -19 31 90 | -.14 .01 -11 25 ( 3
R?:;Zi; 47 | 73 |46 |-10 | 47 | 75 |-40 | .00 |-08 | .17 (3) F3: Diapason (-.63, -.48).
(4) F4: Diapason (-.16, -.10).
CLASS GH
German 78 | 20 | 59 | .00 | 71 | 24 |-63 |-10 08 | -.13 The following comments may be made concerning the above-given criteria:
Hindi .82 36 .45 .00 .68 45 | -53 | -16 09 |-16
Urdu 84 ) 32 | 43 | .00 ) .78 | 57 )48 |14 ) 05 |-09 (a) FA 6 is more effective in discriminating the language classes than FA 4.
CLASS-FREE LANGUAGES
- 85 00 50 18 86 |-09 |-40 | 15 |-21 |-07 (b) Correlational analysis (with its various generalized coefficients) is more
Yiiidish 65 | s2 | a6 | 20 | 75 | 21 |-38 | 40 |-15 | 18 effective as a classificatory procedure than factor analysis. The advantage of the
Arabic 34 | 82 |-12 | 40 | 39 | 80 [ .07 [ 40 |-07 |-11 latter is in its more differentiated approach, giving the investigator greater
Swahili 33| 19 |-38 | 82 | .51 .19 |32 | 74 |-01 |-11 opportunity to establish finer distinctions and relations; but it is ill-adapted to
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serve as a primary classificatory criterion because of the relatively high degree
of equivocality of its results.

Another conclusion to be noted is the high degree of typological diversity cha-
racteristic of the Indo-European languages studied in this paper; three of these
belong to different typological classes while the fourth - French - is qualified
as a class-free language, though closely connected with English. The singling
out of German (together with Hindi and Urdu) into a separate typological class
distinct from the standard classes of isolating, agglutinative and inflective lan-
guages requires further consideration, especially in the light of its "nuclear”
position in the class-system, manifested by the highest value of its general
average extraclusteral coefficient (.58).

A comparison of the above-given classification of languages with that in Alt-
mann & Lehfeldt (1973) may be effected only within the limits of the six
languages common to both lists, i.e. Vietnamese, Persian, English, Sanskrit,
Turkish, Swahili. In both classifications Sanskrit and Turkish pertain to diffe-
rent classes, Swahili is an isolated language, while Persian and English are
referred to the same class. The only distinction is the separation of Vietnamese
from Persian/English in Altmann & Lehfeldt into a separate class. But this di-
stinction, determined as it is by the class-limiting criteria introduced by the
investigator, is of a relative nature: the reader may be reminded that in our
scheme Vietnamese is referred to the nuclear, Persian and English - to the
marginal (i.e. the farthest removed from the nuclear) levels of class 1.

These data are insufficient for any far-reaching comparisons and conclusions.
But the results, limited as they are, seem encouraging enough to suggest the ex-
pediency of combining the two lists into a single data base, open to any further
extensions, and treating it on the basis of a common set (or sets) of criteria.

3. Selection of diagnostic typological indices

One of the main tasks of any inductive science is the selection of the diagnostic
features of the phenomena studied, i.e. such as represent the whole (potentially
infinite) set of features in its significant relations with other sets of features. In
our case the task is to single out the minimal set of typological indices which
is optimally equivalent to the full set in its classificatory function.

To achieve this aim we shall take recourse to a taxonomic procedure elaborated

by V.N. Vapnik (1979). A set of elements, each of which is qualified by a set
of quantitative characteristics, is structured on the basis of the notion of "di-
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stance”. An element is provisionally taken as the starting point of the proce-
dure. Each consecutive stage of the procedure consists in finding that element
which is cumulatively the closest to the whole set of elements ranged at the
preceding stages.

Our approach is to apply this algorithm first to the whole set of 11 typological
indices and then to all possible subsets. It was found that only one of the
subsets gives a sequence of languages essentially equivalent to the sequence
based upon the full set of indices.

This diagnostic subset consists of the indices of suffixation, agglutination and
prefixation.

The corresponding sequences are given in Table 8.

Table 8
CLASS 1 Typological distance
1. Vietnamese 0
2. Maninka 3
S Thai 3
4. Old Chinese 4
5. Khmer 7
6. Indonesian 8
7. Tagalog 8
8. Tangut 31
9 Chinese 31
10. Tibetan 15
11. Burmese 10
12.  Persian 20
13. Tadzhik 5
14 English 44
CLASS 2
15. French 45
16.  Yiddish 41
17.  German 22
18. Hindi 27
19. Urdu 9
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CLASS 3
20. Manchurian 46
21. Mongolian 21
22. Korean 8
23.  Turkish 9
24. Marn 29
25. Japanese 31
26. Telugu 11
27. Chukchee 34

CLASS 4
28. Russian 47
29,  Sanskrit 43
30. Arabic 49
31.  Swahili 107

The above-given "Vapnik” (V) sequence of languages corresponds closely with
the one established in the course of our investigation on correlational criteria.
Ascribing a critically delimiting function to distances not lower than 45 we
come to the following differentiation of our set of languages:

(1) Class 1, 3 and 4 of the V-scheme correspond exactly with our classes
I, A and F. The mutual correspondence of the first two pairs of stratified
classes holds as regards not only their content, but likewise their internal
differentiation into three hierarchical levels.

(2) Arabic and Swahili figure as class-free languages in both schemes.

(3) The only divergences pertain to our "problematic" class GH and class 2
of the V-scheme which includes, besides German, Hindi and Urdu, two class-
free languages of our scheme: French and Yiddish. As we have seen, French
performs a "connecting” function (and thus occupies an intermediate position)
between classes I and GH. The difference between the two schemes is a "shift
of stress"; French is more closely affiliated with class GH in the V-scheme and
with class I in ours. Yiddish, in its turn, is critically correlated with French.
The MEC's of both Yiddish and French are the highest as regards class GH
(.74 and .79 respectively).

We see that these divergences cannot be regarded as crucially important, with
the conclusion that the V-classification, based upon three indices, is practically
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isomorphic with ours. The question as to which of the two schemes is the more
adequate one requires further investigation on a wider set of languages.

There are sufficient grounds therefore for regarding suffixation, agglutination
and prefixation as the crucial, diagnostic typological indices constituting a
minimal set of characteristics sufficient to serve as a basis for a valid classifica-
tion of the whole range of empirical data under consideration. The following
motivation of the diagnostic status of these three indices may be proposed.

As was shown above, suffixation is the dominant element of cluster A encom-
passing six indices, while agglutination has the same status in cluster B (three
indices). These two indices may therefore be considered as representative of 9
indices out of 11. Of the remaining two isolated indices (prefixation and
analyticity) the first is more closely integrated into the system, as illustrated by
its medial extraclusteral correlations with the two clusters. It follows that these
three indices in their conjunction are the most adapted to represent adequately
the whole set of indices in its classificatory function.

The following general conclusions may be drawn from the foregoing discus-
sion.

1. The ten typological indices proposed by J.H. Greenberg have proved their
diagnostic efficiency in language classification on a sufficiently wide range of
typologically heterogeneous languages (encompassing 45 languages of our and
the Altmann & Lehfeldt lists, treated on different criteria but with essentially
similar results).

The eleventh index - analyticity - does not fulfil any significant classificatory
function and may therefore be discarded from further consideration.

2. The three most diagnostic indices are: suffixation, agglutination and pre-
fixation.

3. The classification arrived at in the course of our investigation has shown
a relatively high degree of correspondence with the traditional genealogical and
typological language classes. The four representatives of the Indo-European lan-
guages (English, French, German, Russian) constitute the most salient excep-
tion, being dispersed under different classification headings.

4. The main novelty of our classification is the class GH (German, Hindi,

Urdu), which occupies the most central position in the system but cannot be
unequivocally brought under any of the traditional classificatory categories. The
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introduction of new languages into the sphere of investigation and their treat-
ment on the basis of the same set of criteria will show whether we have here
a pseudoclass or a new typological category, the content and qualitative defini-
tion of which constitute an appealing task for future exploration.
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Uber den gegenwiirtigen Stand
der automatischen Textverarbeitung
in der Forschungsgruppe ‘‘Sprachstatistik”
(Zum Problem des linguistischen
Automaten)

W. Czyzakowski, R. Piotrowski

Einleitung

Bereits seit 35 Jahren arbeitet die Forschungsgruppe “Sprachstatistik” (SpSt) im
Bereich der automatischen Textverarbeitung (AT) und der linguistischen Aspekte
der kiinstlichen Intelligenz. Ungeachtet des kritischen Zustandes unserer Infor-
matik und automatischen Textverarbeitung [12: 3,5,9-10,17] bestehen in der
GUS diejenigen Kollektive fort, welchen es gelungen ist, AT-Systeme auf-
zubauen und in Betrieb zu nehmen und den Anforderungen der gegenwiértigen
Informationstechnologie gerecht zu werden. Zu ihnen gehort die genannte
Forschungsgruppe. Nach Erleben der Krise der maschinellen Ubersetzung An-
fang der 60er Jahre und in der Folgezeit erarbeiteten Strategien, die jeweils der
aktuellen Rechnertechnik angepaf3t wurden, wandte sich die SpSt-Gruppe Ende
1970 der Schaffung international konkurrenzfahiger polyfunktioneller AT-Sys-
teme zu [31].

Was hat den SpSt-Kollektiven von Sankt-Petersburg, Minsk, Kischinjow und
Mittelasien geholfen, das Schicksal Dutzender wissenschaftlicher Gruppen zu
vermeiden, die, nach einigen Jahren des Theoretisierens und vergeblicher Ver-
suche, ein lauffdhiges System zu erstellen, aus der Szene der Informatik
verschwanden?

Man kann zwei hauptséchliche Griinde fiir die Lebensfihigkeit der SpSt-Gruppe
bestimmen:

Ein Grund ist die Einsicht in die prinzipiellen Unterschiede zwischen der Rede-
und Denktétigkeit des Menschen und den intellektuell-linguistischen Moglich-
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keiten des Computers. Das Begreifen dieser Unterschiede ermoglichte es der
SpSt-Gruppe, ihre Anstrengung auf die Erarbeitung des reproduzierenden 'Rede-
und Denktitigkeit’-Analogons des Menschen zu konzentrieren, d.h. auf die
Schaffung eines solchen Modells, welches nicht nur eine abstrakte Formulierung
und mathematische Definition vorsieht, sondern auch ihre Realisierung in der
Fom} eines wirklich arbeitenden linguistischen Automaten [16:11-13; 21:112-
11971,

Ein zweiter Grund ist die flexible Organisation der wissenschaftlich-technischen
und Kaderfinanztitigkeit der SpSt-Gruppe, die sich prinzipiell von biiro-
kratischen sowjetischen Forschungs- und Produktionsunterabteilungen der 60er
Jahre unterschied.

1. Theoretische Untersuchungen in der SpSt-Forschungs-
gruppe

Wenden wir uns den theoretischen Grundlagen und der Technologie der Tatigkeit
der SpSt-Gruppe zu, so bemerken wir, da eines ihrer hauptséchlichen Prinzipien
das Studium der Erfahrungen (darunter auch der negativen) sowjetischer und
ausldndischer AT-Kollektive war.

So hat die Analyse des fehlgeschlagenen Versuchs der Pioniere der maschinellen
Ubersetzung [15] der SpSt-Gruppe geholfen, eine solche wissenschaftliche
Strategie und informative Technologie zu erarbeiten, welche um die 80-90er
Jahre den Aufbau tatséchlich arbeitender AT-Systeme ermdglichte.

Als erste Lehre aus den Erfahrungen der Pioniere ergab sich, daf3 die Erstellung
von “Papier”-Algorithmen, die ein Feedback in der Form konkreter Implemen-
tierungen und Bewertungen ihrer Resultate von seiten der Benutzer nicht vor-
sahen, zwar eine intellektuell attraktive Spielerei darstellt und manchmal von
sprachwissenschaftlichem Interesse war, wenig fiir den realen Fortschritt der AT
ergibt, Ebenfalls wurde es klar, daB die Computerlinguistik zu den Wissenschaf-

1 Unter einem linguistischen Automaten wird ein Komplex von Hardware und Software
verstanden, der in sich vereinigt:
- eine linguistische Informationsdatenbank [2];
- eine linguistische Software;
- eine Benutzeroberfliche, die das Betriebssystem, die Rechnerressourcen sowie
linguistische Informationsdatenbank und linguistische Software zugénglich macht.

162

Forschungsgruppe "Sprachstatistik"

ten gehort, deren Ergebnis vollig von der Zuverlissigkeit des Feedbacks zwis-
chen Theorie und Experiment abhéngt.

Die zweite Lehre war, dafl effiziente maschinelle Algorithmen nicht auf der
Grundlage traditioneller Grammatiken und Worterbiicher aufgebaut werden
diirfen, die auf die Beschreibung statischer Sprachsysteme orientiert sind,
sondern auf der Basis lexikalisch-grammatischer Beschreibungen lebendiger
dynamischer Sprache, genauer derjenigen Gesamtheiten von Texten
(Teilsprachen), auf deren Verarbeitung diese Algorithmen orientiert sind.

Drittens besteht die wichtigste Lehre darin, daB der Aufbau real arbeitender
AT-Systeme nur unter der Voraussetzung gelingen kann, daB - und sei es auch
nur in den allgemeinsten Ziigen - die Spezifik der Textverarbeitung im System
Mensch-Computer klar wird.

Die SpSt-Gruppe entwickelte ihre theoretischen Untersuchungen in drei Rich-
tungen.

Die erste Richtung, deren Ziel es war, die linguistische Wechselwirkung von
Mensch und Computer zu erfassen, deckte die “genetischen” Paradoxa des
Menschen und des Roboters auf, die eine unsichtbare trennende Barriere schaf-
fen, welche die natiirliche Sprache des Menschen von der kiinstlichen Sprache
des Computers scheiden [6:168-169; 14:234-266; 22:30-48]. Als die wichtigsten
unter diesen Antinomien erwiesen sich:

1) die Nichtiibereinstimmung zwischen der kontinuierlichen Natur der Sprache,
die auf unscharfen toleranten linguistischen Mengen beruht, und der diskreten
kiinstlichen Sprache, die mit scharfen, dquivalenten Mengen auf die Beschrei-
bung im Computer hin orientiert ist;

2) der Widerspruch zwischen dem offenen, dynamischen (diachronischen) Cha-
rakter der lebendigen Sprache und ihrem geschlossenen (synchronen) Begriff
im Computer;

3) der Widerspruch zwischen dem einen Sinn des (vom Computer) zu verarbei-
tenden Textes und den verschiedenen Aspekten der von Mensch zu Mensch
iibermittelten sprachlichen Botschaft; jede Mitteilung kann némlich drei Sinne
enthalten: den die Pragmatik der Kommunikanten bedingten Autorsinn und
perzeptiven Sinn sowie den von dieser Pragmatik unabhiingigen universalen
Sinn [5:27-30].

Es wurde klar, daB die Konstruktion real arbeitender AT-Systeme stark davon
abhiingt, inwieweit es gelingt, die Wirkung der erwéhnten Antinomien zu
neutralisieren.
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Die zweite Richtung der SpSt-Untersuchungen orientiert sich auf die Suche nach
Wegen zur Neutralisierung der aufgezéhlten “genetischen” Paradoxa. Diese
Untersuchungen wurden der informationstheoretisch-statistischen Struktur des
Textes gewidmet. Diese auf der Grundlage slawischen, germanischen, romanis-
chen, tlirkischen und finnisch-ugrischen Sprachmaterials durchgefiihrten Unter-
suchungen ergeben folgende fiir den Aufbau und die Entwicklung von AT-Sys-
temen wichtigen informationstheoretischen Eigenschaften des Textes.

Alle untersuchten Sprachen, unabhingig von ihrem Typ, besitzen eine im Inter-
vall 65-96% liegende Redundanz. Die gréfite Redundanz und daher die groBite
Explizitheit und Affinitit zur Computersprache zeigen geschiftliche und
Patentdokumente (85-96%), dann folgen wissenschaftlich-technische und
publizistische Texte (ungefihr 80%). Am wenigsten redundant erwiesen sich die
schongeistigen Texte und nichtnormierte miindliche Konversation [22:155-160].
Gleichzeitig erwies es sich, daB es dem Rezipienten im Allgemeinen zum
Textverstdndnis gentigt, aus dem Text iiber die Lexik etwa 70% Information
herauszuziehen [19:220].

18% (in agglutinierend-synthetischen Sprachen) bis 35% (in der analytischen
englischen Sprache) der syntaktischen und semantischen Information ist in
Kontextverbindungen des Textes konzentriert. Dementsprechend ist zwischen
65% und 82% der Information im Lexikon des Textes angelegt. Hier hat es sich
erwiesen, daf3 die kontextlose Auffindung dieser Wortformen eine U-férmige
Verteilung hat: Die hauptsédchliche Masse der Information fillt auf den “lexi-
kalischen” Anfang und das “morphologische” Ende der Wortform, aber ihre
Mitte erweist sich meist iiberfllissig. Diese Informationsverteilungen nehmen
innerhalb des Kontexts L-Form an, Der Ubergang der U-formigen in L-formige
Konfigurationen kommt daher, daf der lexikalisch-grammatische Kontext die
Informationsmaxima am Wortende wegschneidet. Eben diese Maxima kon-
zentrieren in sich, wie schon gezeigt, den Hauptteil der im Wort enthaltenen
grammatischen Charakteristika.

Aufgrund aller dieser Daten wurde die Annahme aufgestellt, daB3 die maschinelle
Verarbeitung allein lexikalischer Einheiten, d.h. von Wortformen und Wortver-
bindungen ohne syntaktische Analyse des Satzes manchmal dem Text eine solche
Menge von Information entnehmen kann, welche ausreichend zum Verstéindnis
seines allgemeinen Inhaltes ist. Diese Annahme betrifft in erster Linie die
synthetischen Sprachen, in welchen Wortformen im Durchschnitt um 20-30%
mehr Information enthalten als in der analytischen englischen Sprache [38:243-
245]. Gleichzeitig haben Informationen iiber die U- und L-formigen Infor-
mationsstrukturen die Voraussetzung fiir eine komprimierte Codierung der Text-
und Wortinformation im Computer geschaffen.
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SchlieBlich veranlate uns die morphologische Redundanz in Textwortge-
bréuchen, nichttriviale Losungen bei der Projektierung der Algorithmen zur
grammatischen Analyse zu suchen.

Statistische Untersuchungen wurden hauptséichlich zur Lexik, Phraseologie und
Textmorphologie der erwihnten Sprachen und in geringem Mafle in bezug auf
die Syntax vorgenommen. Diese Untersuchungen erbrachten folgende wichtigen
Resultate fiir die Computerlinguistik:

1. Wihrend die Hilfsworter und die hiufigsten Vollworter relativ stabile Haufig-
keiten auch in Texten haben, die zeitlich ziemlich weit voneinander entfernt
sind und auch verschiedenen Stilen und Untersprachen angehoren, hingt die
Gebriuchlichkeit terminologischer Worter stark von der Entstehungszeit des
Textes und seiner Zugehorigkeit zu einer bestimmten Teilsprache ab. Daraus
folgt, dal man beim Aufbau des automatischen Worterbuchs die Hilfs- und
die allgemein gebriuchliche Lexik aus einsprachigen erkldrenden und Héu-
figkeitsworterblichern entnehmen darf. Hingegen ist die terminologische Le-
xik besonderen GesetzmifBigkeiten schneller Emeuerung unterworfen (23:55-
59, 64-68; 32) und muB aus solchen Hiufigkeitsworterblichern entnommen
werden, welche mittels Verarbeitung von Gegenwartstexten der betreffenden
Fachsprache erstellt wurden. Die auf dieser Grundlage aufgebauten automat-
ischen Worterbiicher miissen periodisch hinsichtlich neuer Termini aktuali-
siert werden, die aus den im Computer verarbeiteten Texten entnommen
wurden.

2. In den heutigen Sprachen wird die Mehrzahl der fiir das Verstehen von
Fachtexten wichtigen Begriffe mit Hilfe von Wortverbindungen ausgedriickt.
Deshalb stehen neben traditionellen Haufigkeitsworterbiichern der Worter
und Wortformen Héufigkeitslisten der Wortverbindungen, die auf konkrete
Fachsprachen orientiert sind. Auf der Grundlage dieser Haufigkeitsliste miis-
sen grofe phraseologische automatische Worterbiicher erstellt werden. Die
Erfahrung der SpSt-Forschungsgruppe zeigt, dafl die Anwendung maschinel-
ler Worterbiicher phraseologisch (besonders komplexer Termini) die Qualitit
der AT isolierender (Chinesisch) und flektierend-isolierender (Englisch, Fran-
zosisch) Sprachen betrichtlich erhoht.

3. Mehrjihrige Vergleiche der relativen Hiufigkeit des Erscheinens der lexika-
lischen Einheit in separaten Abschnitten des Texts mit theoretischen Vertei-
lungen (normale, lognormale, Poisson-, Cebanov-Fucks-, Markov-Kolmogo-
rov- u.a.) (8:118-131; 9:345-360; 10:11-14; 23:353-357) ergaben, daf} die
Ubereinstimmung/Nichtiibereinstimmung empirischer Verteilungen der
Wortformen und Wortverbindungen mit bestimmten theoretischen Modellen
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als formales Merkmal ihrer Zugehorigkeit zu einer bestimmten lexikalisch-
grammatischen Klasse dienen kann. So gehorchen z.B. die Artikel, Hilfswor-
ter, Adverbien und Numeralia gewShnlich binomialen, normalen oder lognor-
malen Gesetzen und auch den Gesetzen von Poisson und éebanov-Fucks,
Verben unterwerfen sich meist den binomialen und Poisson-Gesetzen, with-
rend terminologische Substantive iiberhaupt keinem der betrachteten theore-
tischen Modelle gehorchen.2 Diese statistischen Eigenschaften der lexikali-
schen Einheiten konnen bei der Konstruktion des Algorithmus der formalen
morphologischen Analyse der Wortformen und Wortverbindungen im Text
ohne Benutzung des automatischen Worterbuches verwendet werden.

Die dritte Richtung wurde Untersuchungen auf dem Gebiet der Generierung und
der Rezeption des Textes gewidmet. Trotz des Nutzens informationstheoretisch-
statistischer und traditioneller linguistischer Untersuchungen konnten diese
nicht das Fundament bilden, auf dessen Grundlage sich die Architektur eines
Computer-Analogons der Rede- und Denktitigkeit des Menschen schaffen lieBe.
Eine solche theoretische Basis muf} in semiologischen Hypothesen der zwis-
chenmenschlichen Kommunikation und Mensch-Maschine-Kommunikation
gesucht werden. Dieser Aufgabe waren die Ende der 60er Jahre begonnenen
Untersuchungen auf dem Gebiet der maschinellen Semiotik gewidmet, und
ebenfalls die Suche nach Modellen, die die Generierung und die Rezeption von
Texten beschreiben und auf deren Grundlage man die fiir die Mensch-Maschine-
Kommunikation addquaten maschinellen Prozeduren der Analyse und Synthese
des Textes aufbauen konnte.

Einerseits ging hier die Suche in Richtung der Verarbeitung schon bekannter
linguistischer, psycholinguistischer und kognitiver Modelle und ihrer Adaptation
fiir die Bediirfnisse der Mensch-Maschine-Kommunikation [1:21-49; 4:221-
237; 13:187-200,217,250; 33:124-128,131-132], und andererseits erfolgte sie
vermittels der Organisation von zur Skologischen Betrachtungsweise orientier-
ten und von maschineller Metaphorik freien selbstéindigen Untersuchungen auf
dem Gebiet der psychiatrischen Linguistik.

Als Ergebnis dieser Suchaktion wurde ein erweitertes Saussuresches Modell des
sprachlichen Zeichens aufgebaut [16:27-47; 28:6-29], auf dessen Grundlage das
semiotische kommunikative Schema entwickelt wurde, welches verschiedene

2 Anm.d. Hrsg.: Diese Zusammenhinge gehorchen sidmtlich dem sog. Frumkina-Gesetz,
vgl. Altmann, G., Burdinski, V., Towards a law of word repetitions in text-blocks.
Glottometrika 4, 1982, 147-167.
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Hypothesen der stufenweisen Generierung und des stufenweisen Empfangs einer
Nachricht inkorporiert.

Dieses Schema (Abb.1), welches die psycholinguistische Grundlage zum Auf-
bau “intellektueller” AT-Systeme ist, beschreibt die Bildung der Nachricht,
angefangen von ihrer denotativen Idee (Dn), die ein Faktum der objektiven
Realitiit widerspiegelt, tiber den thematisch-rhematischen designativen Plan zu
ihrer lexikalisch-grammatischen und graphemisch-phonetischen Kodierung.
Diese Entwicklung steuert der kommunikativ-pragmatischen Operator [36:108],
welcher bei der Formierung der Nachricht den Ubergang von einer Ebene zur
nidchsten regelt, indem er die Auswahl der nétigen Information aus dem
Thesaurus (@) und der linguistischen Kompetenz leistet.

Was den Empfang und die Dechiffrierung der Nachricht betrifft, so orientiert
sich die SpSt-Gruppe in ihren Untersuchungen an zwei Schemata (Abb.2).
Gemil dem ersten hypothetischen Schema werden die vom Rezipienten
empfangenen Schall- oder visuellen (graphischen) Signale mit in der linguistis-
chen Kompetenz gespeicherten sensorischen (phonemisch-phonetischen oder
graphemischen) Mustern verglichen. Wenn ein solcher Vergleich ein positives
Resultat ergibt, dann wird eine lexikalisch-grammatische Oberflichen-Analyse
angeschlossen, einschlielich der Wortverbindungen und Worter. Danach wird
auf der designativen Ebene eine thematisch-rhematische Tiefen-Analyse er-
zeugt, die sich auf syntaktisch-semantische Information stiitzt, welche aus der
enzyklopidischen linguistischen Kompetenz und der Analyse des Kontextes
extrahiert ist. Auf der abschlieBenden denotativen Ebene schlieflich erfolgt eine
verallgemeinerte Interpretation der Information, die aus den Nachrichten voran-
gegangener Ebenen extrahiert wurde. Diese vom Rezipienten ausgefiihrten
Operationen, die von seiner personlichen Pragmatik, seinen Prisuppositionen
und seiner vorherigen Bekanntschaft mit der Situation abhingen, sollen den
Rezipienten zur Formierung des Denotats (Dn) flihren, d.h., des verallgemeiner-
ten simultanen Bildes des Faktums, von welchem die aufgenommene Mitteilung
handelt.

Gleichheit Dnij=Dn; weist darauf hin, daf8 die Nachricht in genauer Uberein-
stimmung mit der anfinglichen Idee des Senders vom Rezipienten verstanden
worden ist. Bei Dn;#Dn; ist die Dechiffrierung der Mitteilung der urspriing-
lichen Idee nicht adéquat.

GemiB der zweiten Hypothese erfolgt die Suche nach Dn schon im Rahmen der
sensorischen und lexiko-grammatischen Dekodierung der Nachricht (Blécke 4
und 3’ in Abb.2). In dieser Anfangsetappe erfolgt die Aufdeckung der
Schliisselrichtpunkte aller Aussagen (einzelner Worter, Wortverbindungen, ein-
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Fakten der auflersprachlichen Welt

1. Semantisch-pragma-
tische Ebene (s2)

Simultan-Bild des Faktums
|—— | (Denotat der Nachricht)

L

Simultan-Vorstellung des

2. Syntaktisch-seman-
tische Ebene (sy)

P ] Faktums
Thesaurus (©) (Designat der Nachricht)
und
Linguistische 3. Lexikalisch-gramma-
Kompetenz , :
(LK) llschg Ebene mit:
a. Teilebene (Te) der
Generierung der
Lexiko-grammatische For- Oberﬂachen_stru!(tur @
= e mierung und Linearisierung b. Te dgr lex1kallscp—mor—
~— der Nachricht ph.ologlschen Reprasen-'
tation von LE, welche die
Nachricht bilden (L');
c. Te der Generierung mor-

d. Te der Wort-fiir-Wort

phologischer Formen (m’);
Verbindungen (1)

4. Sensorische Kodierung
und Korreklur

|~ | Phonetische bzw. graphische
Realisation der Nachricht

Nachricht (Mitteilung) im Ubertragungskanal

Abb. 1  Darstellung der stufenweisen Generierung (Synthese) einer Nachricht. Strata
(Ebenen und Teilebenen) der Modellierung dieses Generierungsprozesses: jedem Stratum
entspricht ein Modul des idealen LA. Neben den (in Klammern angegebenen) Kennzeichnun-
gen der Moduln bezeichnen die verwendeten Symbole +* den ProzeB der Spiegelung eines
auBerweltlichen Faktums im BewuBtsein des Sprechers, | | den ProzeB der Formierung einer
Nachricht und den kommunikativ-pragmatischen Operator (KPO), welcher die
Formierung der Nachricht und die Extraktion von Informationen aus dem enzyklop#dischen
Thesaurus und der linguistischen Kompetenz stevert.

LE - lexikalische Einheit / WG - Wortgruppe / WV - Wortverbindung
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1. Semantisch-pragmatische
(denotative) Ebene (s;)

2. Syntaktisch-semantische
(designative) Ebene (s1)

3. Lexikalisch-grammatische
Ebene mit:

a. Teilebene der Analyse der
Oberfldchenstruktur (g)

b. Teilebene der lexikalisch-mor-
phologischen Analyse aller (L) (L)
in WG und WV

c. Teilebene der inorphologischen
Analyse von (LE) (m)

d. Teilebene der Analyse von
Wortwendungen in der Nachricht (1)
e. Teilebenc der Analyse von
Schliisseleinheiten der Nachricht (Ix)

Formierung der Denotate (Simultan-Bild der Fakten)

Tiefenanalyse
(designative
Thema-Rhema
Schemata) der
Nachricht

Hypothesenbildung
und présuppositions-
gestiitzte Auswahl

|

Lexiko-gramma-
tische Analyse der
Oberflachenstruktur
WG und WV
Morphologie

Thesaurus (©) und
Linguistische Kom-
petenz (LK)

Identifikation
lexikalisch-gram-
matischer Schliissel-

einheiten

I ' 1

L Phonetiko-graphische Analyse der Nachricht |

4. Ebene der sensorischen
Dekodicrung (d) und Korrektur ( ¢)

Abb.2  Darstellung der stufenweisen Analyse (Empfang) einer Nachricht. Strata (Ebenen
und Teilebenen) der Modellierung dieses Analyseprozesses: jedem Stratum entspricht ein
Modul des idealen LA. Neben den (in Klammern angegebenen) Kennzeichnungen der
Modulm bezeichnen die verwendeten Symbole = den ProzeB der Wechselwirkungen eines
auBerweltlichen Faktums im BewuBtsein des Sprechers, | den ProzeB der Rekonstruktion
einer Nachricht und den kommunikativ-pragmatischen Operator (KPO), welcher
die Analyse der Nachricht und die Extraktion von Informationen mithilfe des enzyklopidi-
schen Thesaurus und der linguistischen Kompetenz steuert.
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facher semantiko-syntaktischer Schemata). Diese Suche wird vom Rezipienten
auf der Basis seiner pragmatischen Einstellung und Erwartung, einschlielich
der Orientierung im referentiellen Umfeld und seiner Prdsuppositionen
durchgefiihrt. Danach bildet man auf der Grundlage der in den Blocken 4 und 3’
gewonnenen Information eine Hypothese iiber den Sinn der empfangenen
Nachricht. Danach erfolgt aufgrund der pragmatischen Einstellung des Rezipien-
ten, seiner Prisuppositionen wenn, unter Hinzuziehung der lexikalisch-gram-
matischen Analyse und zuletzt durch Vergleich der erhaltenen Information mit
semantisch-syntaktischen Frames, die im Thesaurus und in linguistischer Kom-
petenz spezifiziert sind, die Wahl der glaubwiirdigsten Hypothese, die sich auf
ein sinnvolles Bild-Denotat der Nachricht griindet. Die angefiihrten Schemata
werden als Naturobjekte (Originale) fiir Computermodelle der Analyse und
Synthese des Textes betrachtet werden.

2. Der linguistische Automat (LA)

Gestiitzt auf die semiotische Konzeption der stufenweisen Generierung und des
stufenweisen Empfangs des Textes sowie auf den informationell-statistischen
Begriff der Textorganisation, begann die SpSt-Gruppe am Ende der 60er Jahre
mit der Ausarbeitung einer eigenen Konzeption der AT. Ihre Grundlage bildete
die Idee des linguistischen Automaten. Gegenwirtig setzt die SpSt-Ar-
beitsgruppe die Realisation dieser Idee fort.

Die informationelle und sozio-6konomische Situation in der zweiten Hélfte des
20. Jahrhunderts bedingte folgende Anforderungen, welchen der LA geniigen
soll:

1) Polyfunktionalitit, d.h. die Fihigkeit des LA, in Abhéngigkeit von Bediirfnis-
sen des Benutzers verschiedene Verarbeitungsarten grof3er Textinformations-
stréme zu realisieren (Indexierung und Referierung von Dokumenten, ihre
maschinelle Ubersetzung, Unterstiitzung des Sprachunterrichts);

2) Minimierung von Informationsverlusten und Uberbriickung der Distanz zwi-
schen natiirlicher und kiinstlicher Intelligenz und Sprache;

3) Lebensfdhigkeit, d.h. die synergetische Fihigkeit des LA, seine wesentlichen
Eigenschaften zu erhalten unter Einwirkung fataler Faktoren wie Ausfall
duBerer Anlagen oder Abschnitte des Kernspeichers, Entstellung einiger lexi-
kalische Einheit usw. (Diese Eigenschaft des LA ist sehr aktuell fiir die wenig
zuverlissige russische Computertechnik);
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4) Moglichkeit stindiger Entwicklung und Vervollkommnung, welche von der
Notwendigkeit der Adaptation des LA nicht nur an die kommunikativ-infor-
mationelle Evolution der Gesellschaft, sondern auch an die Pragmatik realer
Informationsbenutzer diktiert wird,

2.1 Linguistische Strategie beim Aufbau von LA

Die Erarbeitung der Strategie des Aufbaues von LA verlangte die Entscheidung
zweier Alternativen.

Die erste betrifft die Entscheidung zwischen entweder lexikalischer oder gram-
matischer Prioritdt beim Aufbau des allgemeinen Algorithmus des LA. Bei der
Losung dieser Aufgabe 146t sich die SpSt-Gruppe von zwei Annahmen leiten:

1) Wie die informativen Untersuchungen des Textes gezeigt haben, tragt die
Lexik den Lowenanteil der im Text enthaltenen Information;

2) Maschinelle Analyse und Synthese einzelner lexikalischer Einheiten sind in
weit kleinerem Malfle als Parsing des Eingangssatzes und Generierung der
syntaktischen Struktur des Ausgangssatzes der Wirkung der “genetischen”
Paradoxa der AT unterworfen.

Deshalb wurde entschieden, den Aufbau von LA nicht mit der Konstruktion der
grammatischer Algorithmen zu beginnen, wie es die Mehrheit der Neophyten
der AT taten, sondern mit dem Aufstellen der Wortbasis des LA und der Prozedur
der Sinnverarbeitung der lexikalische Einheit des Textes.

Die zweite Entscheidung war mit der Wahl zwischen Chomskyanischen, strikt
deduktiven Traditionen und probabilistisch-funktioneller Grammatik der
Sprache verbunden.

In gleicher Weise, wie in der Linguistik traditionell lexikalisch-grammatische
Modelle zunéchst mit Hilfe scharfer Mengen erstellt wurden und dann durch die
realistischeren unscharfen Mengen [38:16-17] ersetzt wurden, sollte jetzt bei der
Modellierung von Textanalyse- und -syntheseprozessen vorgegangen werden.
D.h., es sollten quantitative Bewertungen von typischen Situationen (Frames),
Wahrscheinlichkeitsmodelle zur Vereindeutigung und zur semantischen Analyse
des Textes herangezogen werden [1:49-54,116-162; 192-236; 29:94-114].

Folglich unterscheidet sich die linguistische Strategie der SpSt-Gruppe von den
meisten anderen Kollektiven durch die Prioritit der lexikalischen Verarbeitung,
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die an die Aufgaben der Benutzer adaptiert ist, zusammen mit der Orientierung
auf probabilistisch-funktionelle Linguistik.

2.2 Architektur des LA
Es gibt zwei alternative Betrachtungsweisen hinsichtlich des Aufbaus des LA:

a) seine deduktiv-systematische Entfaltung nach einem starren, von vornherein
vorgegebenen Schema “Top-Down” aus dem semantisch-pragmatischen
Block zur lexikalisch-grammatischen und Kodierungsebene (Abb.2) und

b) einen iterativen Aufbau des Automaten “Bottom-Up” - von elementaren
Wortblocken zu komplexen lexikalisch-morphologischen, semantisch-syn-
taktischen und pragmatischen Blocken.

Trotz ihrer Anziehungskraft hat die erste Betrachtungsweise zwei prinzipielle
Nachteile. Erstens erlaubt sie es nicht, gleichzeitig den ganzen Kreis der Auf-
gaben zu erfassen, die beim Aufbau eines polyfunktionalen LA entstehen,
Zweitens gestattet es diese Betrachtungsweise nicht, diejenigen wissen-
schaftlichen Fortschritte zu nutzen, welche im Laufe der Arbeiten {iber LA und
nach ihrer Beendigung stattfinden, ohne seine Architektur umzugestalten. In-
sofern erweist sich der nach einem starren deduktiven Schema aufgebaute LA
als unfthig, der Wirkung des Paradoxons Mensch-Computer und der Antinomie
“Diachronie/Synchronie” zu begegnen (s. oben).

Als konstruktiver erweist sich in dieser Situation die zweite, iterative Betrach-
tungsweise, welche nicht so sehr von der aktuellen schwierigen Lage unserer
Informationstechnologie und Rechnertechnik diktiert ist [12:17] wie von der
Notwendigkeit, die oben beschriebenen Antinomien und den von ihnen her-
vorgerufenen Effekt der Abtrennung maximal abzuschwichen. Diese iterative
Betrachtungsweise wird zur Zeit realisiert.

- erstens in ihrer offenen, stufenweisen Organisation, welche einerseits die
Mbglichkeit in Betracht zieht, aus LA einige Module zu entfernen und andere
zu inkorporieren, andererseits das Wechselverhiltnis jedes Moduls mit einer
bestimmten Ebene der Generierung und des Empfangs der Nachricht zu sichern
(Abb.1-2);

- zweitens im Mensch-Maschine-Prinzip seines Funktionierens und seiner Ver-
vollkommnung (s. unten).
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LA ist ein komplexes System. Deshalb muf3 man zu seiner Beschreibung einen
vielschichtigen Begriff anwenden, der Modelle und Schemata enthélt, die auf
hardware, software, lingware und anderen Gesichtspunkten aufgebaut sind. Fiir
uns sind zwei Schemata der Beschreibung besonders interessant: das strukturell-
funktionale Schema und das dezisive Schema.

2.2.1 Strukturell-funktionale Beschreibung des LA

Diese Beschreibung, die vom physikalischen Substrat des Automaten
abstrahiert, stellt einen Automaten in Form eines hierarchischen Systems dar,
welches folgende drei Ebenen (Strata) (24:13) hat:

1. Ein oberes Stratum, welches sich gegenwiirtig in bezug auf den LA in Form
einer Mensch-Computer-Wechselwirkung realisiert. Diese Wechselwirkung
kann man bedingt als Analogon des Motivs und teilweise des kommunikativ-
pragmatischen Operators im Schema der Rede-Denktitigkeit des Menschen
betrachten (Abb.1 und 2).

2. Das Mittelstratum kann in Form einer Menge von Untersystemen des AT
F= {y,ﬂ s (I)’Mi Aa 3’ H) HS}
dargestellt werden, wobei:

y ist ein Untersystem, das die Einheiten des Textes (Buchstaben, Buchstaben-
kombinationen, Wortformen, Wortverbindungen) nach Alphabet, Frequenz, Al-
phabet endlicher Buchstaben usw. verwaltet;

Aist ein Untersystem, das die Sprachzugehdrigkeit des untersuchten Textes
feststellt;

@ ist ein Untersystem, das die Fragmentation des Textes leistet;

Wist ein Untersystem, das die Indexierung des Textes und seiner Fragmente
durchfiihrt;
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Aist ein Untersystem, das die inhaltliche Représentation des Dokuments zusam-
menstellt und seine Referierung durchfiihrt;

3 ist das interaktive Experten-Untersystem;

I1 ist das Untersystem der maschinellen Ubersetzung;

I3 ist das Untersystem der thematisch-rhematischen maschinellen Ubersetzung
der Titel von Artikeln und Biichern®

3. Das untere Stratum beschreibt man durch eine Menge (M) funktionaler
Module, die aus zwei Untermengen M, und M; bestehen. Die erste von ihnen
umfaft die analysierenden Module

Ma . {da c1 lk, 1’ mv ka L’ g; sly 32}
wobei

d = Modul zur Dekodierung des Textes;

¢ = Modul zur Korrektur;

lx = Modul zur lexikalischen Analyse der Schliissel - lexikalischen Einheit des
Textes;

1 = Modul zur Wort-fiir-Wort- und Wortverbindung-fiir-Wortverbindung- (lexi-
kalischen)Analyse aller lexikalische Einheiten des Textes;

m = Modul zur autonomen morphologischen Analyse der Worter des Textes;
Lk = Modul zur lexikalisch-morphologischen Analyse der Schliissel-lexikalis-
chen Einheiten des Textes;

L = Modul zur lexikalisch-morphologischen Analyse aller lexikalischen Ein-
heiten des Textes;

g = Modul zur Analyse der Oberflidchenstruktur des Textes;

s1 = Modul zur Analyse der Tiefenstruktur des Textes (Thema-Rhemay);

s2 = Modul der semantisch-pragmatischen Analyse des Textes.

Die zweite Untermenge enthilt die Synthesemodule

M;={kc,I',L, g, s1°, 52"}, wobei

3 Man kann selbstverstindlich die Zahl der funktionellen Untersysteme erweitern, Zum
Beispiel kann man experimentelle Module zur Text-Generierung (unter anderem auch
von Verstext) aus einem gegebenen sinninhaltlichen Motiv konstruieren. Diese Idee
beniitzt man auch bei der Generierung des Ausgangstexts im Lauf der maschinellen
Ubersetzung [7]. Es werden auch Versuche gemacht, den LA zum Sprachunterricht zu
nutzen. Indem wir das System mit Callware ausriisten, verwandeln wir es in einen
Sprachunterrichtsautomaten [20; 36:106-110;39:1-8].
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k = Modul zur graphischen und phonetischen Kodierung des Textes;
¢ = Modul zur Korrektur;

I’ = Modul zur lexikalischen Synthese (Auswahl lexikalischer Aquivalente fiir
Eingangswortformen und -Wortverbindungen aus dem automatischen
Worterbuch);

L’ = Modul zur lexikalisch-morphologischen Synthese;

g’ = Modul zur Synthese der Oberflichenstruktur des Zieltextes;

81" = Modul zur Synthese der Thema-Rhema-Struktur des Zieltextes;

s2” = Modul zur Synthese der semantisch-pragmatischen Bildes des Textes.

Indem die erwidhnten Module mit bestimmten Ebenen und Unterebenen der
Generierung und Analyse der Nachricht korreliert sind (Abb.1-2), treten sie als
ihre Maschinenanaloga auf. Beim Vergleich verschiedener AT-Systeme ist es
zweckmifig, den Begriff “Arbeitsraum des LA” zu verwenden [25:9]. Fiir einen
idealen LA wird er das Aussehen des kartesischen Produkts S=FxM haben,
welches alle Paare <fj, m;> (f; = ein bestimmtes Untersystem,m;=- ein bestimmtes
Modul) enthélt. Was den Arbeitsraum S* jedes real existierenden LA* betrifft,
so enthilt er nur diejenigen bindren Verhéltnisse fj m;j, welche fiir den gegebenen
LA* begriindet sind. Zum Beispiel wird der Arbeitsraum des einfachsten LA*,
welcher die maschinelle Ubersetzung Wort fiir Wort durchfiihrt (18), die Form:

S* = { I1d, ITl, ITI’, TTk} haben.

Den Arbeitsraum eines komplizierten LA*, welcher die Fragmentierung, Zusam-
menstellung der inhaltlichen Reprisentation und Rohiibersetzung eines nach
Sachrubriken fragmentierten franzdsischen und englischen Patents ausfiihrt
[3:17], kann man in Form folgender Mengen darstellen (Siehe Abb.3):

S* = { &d, dLy, DL, Ok, Ad, Al, Al’, Ak, I1d, TIL, IIL, T1k}.
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Franzosisches Patent

[19] république francaise

[11] 2.071.055

[21] 69.43575

[15] brevet d’invention

[22] 16 décembre 1969, 16.h. 45 mn.

revendication 2.071.055.1. mécanisme de transmission qui comporte un mo-
teur disposé longitudinalement par rapport a I’axe du véhicule. un embrayage.
une boite de vitesse qui comprend au moins un arbre d’entrée et un arbre de
sortie paralleles, un mécanisme de différentiel disposé entre le moteur et la
boite de vitesse

Suchbild des Patents (Wort-fiir-Wort- und Wortverbindung-fiir-Wortverbin-
dung-Referierung):

Patentformel, Mechanismus, Antarieb, Motor, Achse, Transportmittel, Kupp-
lung, Wechselgetriebe, Ausgleichsgetriebe

Differenzierung nach konzeptuellen Feldern (Frame-Enquéte) und tibersetzen-
de Quasireferierung:

[19] patentiertes Land: Frankreich

[11] Nummer des Patents: 2.071.055

[21] Registierungsnummer der Anmeldung: 69.43575

[15] Art der Publikation: Patent

[22] Datum der Anmeldungseinreichung: 16.12.1969, 16 u. 45 M.

Patentformel 2.071.055

Name des Erfindungspatentes:

1.  Transmissionsmechanismus

Gesamtheit der spezifischen Charakteristika der Erfindung:

welche aus dem Motor besteht, der lingsldufig zur Achse des Transportmittels
liegt, Kupplung, Wechselgetriebe:

Gesamtheit der spezifischen Charakteristika des Gegenstands der Erfindung:
welche wenigstens Eintrittswelle und Austrittswelle parallel enthilt, Mecha-
nismus des Ausgleichsgetriebes liegt zwischem dem Motor und Wechselgetrie-
be.

Abb. 3 Konzeptuelle Verarbeitung )
des franzosischen Patenttexts und seine MU [3:16]
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2.2.2 Dezisives Schema der LA

Jede AT ist immer mit Operationen der Erkennung verbunden, welche im
Zustand der Unbestimmtheit ausgefiihrt werden. Diese Unbestimmtheit wird in
die linguistische Informationsdatenbank und die algorithmischen Blécke durch
eine Menge von Alternativen iibergeben, aus welchen der LA die richtige
Entscheidung auswihlen mufl. Deshalb muB die Architektur von LA nicht nur
unter strukturell-funktionalem, sondern auch unter dezisivem Gesichtspunkt
beschreiben werden. Bei einer solchen Betrachtungsweise ist der LA durch
Abbildung der Eingangs-lexikalischen Einheit (des Eingangstextes T) in die
Menge der Ausgangs-lexikalischen Einheit (des Zieltextes T*) unter Ein-
wirkung aller Operatoren G gegeben, welche in der Rolle des Analogons des
kommunikativ-pragmatischen Operators auftreten (Abb. 1 und 2.). Mit anderen
Worten, wir haben:

G'j

LA*T" T j=l,..m; j=1,...n ),

wobei

m = Anzahl der Untersysteme, die im gegebenen LA* verwendet sind,
n = Anzahl der Module, welche im i-ten Untersystem verwendet sind [24:12-13].

Analog zu den Leitungssystemen kann man das dezisive Schema, das durch den
Ausdruck (1) beschrieben wird, in Form einer Stufenhierarchie darstellen:

1) Selbstorganisation,
2) Adaptation des LA an die zu verarbeitenden Texte,
3) Wahl der Losungsmethode fiir die beschlossene Aufgaben.

Auf der ersten Stufe, gewohnlich interaktiv, wird die Strategie der Losung der
allgemeinen Aufgabe P erarbeitet. In Ubereinstimmung mit dieser Strategie
werden Untersysteme und Module erarbeitet und zusammengestellt, welche der
Automat fiir die Losung dieser Aufgabe benotigt.

Im Anfangsstadium der Lsung befindet sich der LA gew&hnlich im Zustand der
Unbestimmitheit, die einerseits durch Polysemie der Worterbuch-lexikalischen
Einheit, Mehrdeutigkeit der im Text enthaltenen morphologischen Formen und
syntaktischen Schemata und auch durch Mangel an in linguistische Infor-
mationsdatenbank enthaltenem linguistischem und enzyklopédischem Wissen
erzeugt sind. Deshalb muB die dezisive Architektur Adaptationsmittel besitzen,
welche diese Unbestimmtheit verringern. Zu ihnen gehdren zuerst filtrierende

177



W. Czyzakowski, R. Piotrowski

Algorithmen [38:91-145], siehe auch unten, und zweitens Verfahren der Adap-
tation des LA an die zu verarbeitenden Texte. Zu letzteren gehoren in erster Linie
die Erginzung des automatischen Worterbuches durch geographische Benen-
nungen, Eigennamen und auch fachsprachenspezifische terminologische
Wortformen und Wortverbindungen, Schaffung neuer und Anderung bereits
arbeitender Algorithmen. Diese Simulation des LA wird realisiert sowohl inter-
aktiv als auch vollautomatisch durch Auswahl der hédufigsten Alternativen
[22:296-298]. Der Komplex aller dieser Methoden bildet die zweite adaptive
Ebene des dezisiven Schemas des LA.

Das wichtigste Problem fiir die Entwicklung der Konzeption des LA ist die
Organisation und Funktion der Mechanismen des dritten Stratums. Betrachten
wir dieses Problem im Detail.

2221 Auswabhl des besten Verfahrens zur Entscheidung

Gegenwiirtig werden in der SpSt-Gruppe zur Auffindung optimaler Losungen
eine Reihe von Verfahren erarbeitet, welche die angewandt-linguistischen
Einschriinkungen in Betracht ziehen, denen der LA unterliegt. Ein Teil von ihnen
ist bereits algorithmisiert. Am interessantesten sind zwei dieser Suchmethoden.

Das erste Verfahren besteht in der hierarchischen Organisation der Arbeit von
Untersystemen und Modulen, welche mit der Fihigkeit letzterer zu autonomer
Funktion verbunden ist. Dieses Verfahren wird durch folgende Regeln realisiert:

- Die hochste Steuerungsebene besteht in der interaktiven Entscheidung durch
den Benutzer,

- Untersysteme und Module der obersten Ebenen bedingen die zielgerichtete
Arbeit entsprechender Blocke der tieferen Ebene,

- Wenn sich die vollantomatisch arbeitenden Untersysteme und Module als
unfihig erweisen, eine Entscheidung oder einige alternative Entscheidungen zu
fillen, dann werden die hier erhaltenen Resultate der Textverarbeitung zur
hochsten Ebene der Hierarchie iibergeben, um dort die endgliltige Entscheidung
zu erarbeiten [11:43-45; 31:29-30].

Betrachten wir diese Prozedur am Beispiel des LA* (Abb.4), welcher die
thematisch-rhematische Ubersetzung deutscher Titel von zum Gegenstands-
bereich “Abwasser” gehdrenden Artikeln ausfiihrt [24;26]. Die lexikalisch-
grammatische Verarbeitung des Titels des Texts beginnt im Block 2, der die
untere Ebene des LA* darstellt. Diese Verarbeitung wird mit Hilfe des deutsch-
russischen Worterbuchs und der maschinellen Morphologie ausgefiihrt, die in
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[+]

Analyse (Modul s;)

Semantisch-kommunikative |~ | Identifikation des Gegen-
standsbereichs (Modul s2)

—

Thematische Zerlegung und
Segmentierung (Modul g)

-

T~

|

(2]

Lexikalisch-morphologische
Analyse der WF (Modul L)

|

Eingabe und Lesen

Thema-Rhema Ubersetzung
(Modul I, g")

|

Ubersetzung d. Gegenstands-
bereichs (Modul s’;, 5'2)

(Modul d )

|

Ausgabe mit Kommentaren

(Modul k)

Abb. 4 Strukturell-funktionales Schema der LA* zur Durchfiihrung der
thematisch-rhematischen maschinellen Ubersetzung deutscher

Titeliiberschriften




W. Czyzakowski, R. Piotrowski

der linguistischen Informationsdatenbank enthalten sind. Sie stellt nicht nur die
lexikalisch-morphologische Aufbereitung zur weiteren Ubersetzung dar,
sondern schliet Information iiber die morphologischen Grenzsignale und
semantische Information ein, die zur Bestimmung der Entscheidungen auf
hoéherer Ebene verwendet werden.

In Block 3 wird mit Hilfe von morphologischen Indikatoren, die im Block 2
erhalten werden, und syntaktischen Grenzsignalen, die aus der linguistischen
Informationsdatenbank extrahiert werden, die Aufgliederung des Titels in
semantisch-syntaktische Segmente durchgefiihrt. Zur Bestimmung der kom-
munikativen (thematischen oder rhematischen) Natur dieser Segmente wird in
den Blécken 3-5 eine Kette von Filtern angewendet, mit deren Hilfe dann eine
der alternativen Entscheidungen getroffen wird. Der erste im Block 3 enthaltene
Filter ist probabilistisch-syntaktischer Natur. Die vorldufigen statistischen Un-
tersuchungen deutscher Titel zeigten ndmlich, dafl ungefihr in 90% der Fille das
erste Segment vollstindig mit dem Rhema zusammenfllt oder Teil des Rhemas
ist. Was die Endsegmente des Titels betrifft, so fallen sie ungefihr in 70% der
Fille in seinen thematischen Teil. Noch weniger genaue Zugehorigkeit zum
Rhema oder Thema besitzen das zweite und dritte Segment. Oft liefert also die
positionelle Segmentierung des Titels keine eindeutige Entscheidung. Darum
mufB man die in den Blocken 2-3 erhaltenen Resultate auf eine hohere Ebene
iibertragen - in Block 4, wo die weitere kommunikative Analyse des Textes
ausgefiihrt wird und gleichzeitig die Resultate der im Block 3 erhaltenen Seg-
mente kontrolliert werden. Im Block 4 arbeitet der Filter, der die Kontrolle aller
Worter und Stimme des Titels auf ihre Identitit mit den lexikalischen Einheit,
welche sich in den Listen der in der linguistische Informationsdatenbank enthal-
tenen rhematischen und thematischen Indikatoren befinden, durchgefiihrt. Die
Resultate dieser Identifizierung werden mit der von der darunter liegenden Ebene
(Block 3) iibergebenen Informationen verglichen. Diese Operation hat
gewdhnlich eines der folgenden Ergebnisse:

1. Die als rhematische Indikatoren bezeichneten lexikalischen Einheiten geraten
in die Anfangssegmente, die thematischen Indikatoren dagegen in die End-
segmente. Auf diese Weise fallen die Resultate der Analyse auf beiden Ebenen
zusammen, und der LA* nimmt die folgende Entscheidung an: Das Endseg-
ment stellt das Thema dar, das Anfangssegment das Rhema. Die an die
thematischen und rhematischen Segmente attributiv angeschlossenen Wort-
verbindungen konnen die Determinative des Themas oder Rhemas sein.

2. Die in Block 3 gewonnene Information widerspricht der im Block 4 erarbei-
teten Information. In diesem Fall hat die im vierten (obersten) Block erhaltene
thematisch-rhematische Segmentierung Prioritét.
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3. Block 4 liefert durch die thematisch-rhematische Segmentierung des Textes
keine eindeutige Entscheidung. In diesem Falle werden die in den Blicken
3-4 erhaltenen Parameter des Titels an den hochsten 5. Block iibergeben,
dessen hauptsichliche Aufgabe in einer Zuordnung des Titels zu den Gegen-
stands-Unterbereichen des untersuchten Gegenstandsbereiches besteht. Zur
Entscheidung dieser Aufgabe verwendet man die Indizes der Zugehorigkeit
terminologischer Wortformen zum Gegenstand-Unterbereich “Abwasser”
und anderen in den untersuchten Texten beriihrten angrenzenden Gegen-
standsbereichen (Diese Indizes sind in den Worterbuchartikeln zu den entspre-
chenden Stichwortern angegeben).

Vorldufige statistische Untersuchungen zeigten, da man auf die Termini, die zu
den Unterbereichen “Abwasser” gehoren, am hiufigsten im thematischen Teil
des Titels trifft, auf die Termini anderer Gegenstandsbereiche dagegen im
rhematischen Segment des Titels. Folglich kann man die Anwesenheit im
Segment eine Wortform, die zu einem bestimmten Gegenstandsbereich gehort,
als ergiinzenden Indikator der Rhematizitdt und Thematizitdt des Segments
verwenden. Illustrieren wir diese Situation am Beispiel der thematisch-rhematis-
chen Analyse des deutschen Titels eines Artikels aus der Zeitschrift “Wasser-
wirtschaft-Wassertechnik” (1985, Nr. 1. S. 4). Ein Fragment des Ausdrucks
seiner Analyse und Ubersetzung ist in Abbildung 5 gezeigt. Die Verarbeitung
des Titels in den Blocken 2-4 gibt keine giiltige Entscheidung zur Identifizierung
von Thema und Rhema. Deshalb werden alle Parameter nach oben an Block 5
iibergeben, wo die Zuordnung des zu verarbeitenden Titels zu einem der men-
talen Rdume (Unterbereiche) des untersuchten Gegenstandsbereich durch Verar-
beitung der Indizes der Zugehorigkeit der Termini erfolgt. Dabei betrachtet man
diejenigen Termini, welche die Indizes angegebener mentaler Rdume besitzen,
als schwache Indikatoren des Themas, wihrend die Wortformen und Wortver-
bindungen mit dem Index irgendeines anderen vom Bereich “Abwasser”
verschiedenen Gegenstandsbereiches die Rolle des Exponenten des Rhemas
besetzen. Ausgehend von dieser Regel wird z.B. das Segment Auswerterrechner
in den rhematischen Teil des Titels eingeschlossen. Was das Segment Trink-
wasseraufbereitung betrifft, so bestiitigt sein Gegenstandsindex die Zuge-
horigkeit dieser Wortform zum thematischen Segment. Die kommunikative
Natur des Segments bei Verfahrensuntersuchungen bleibt ungeklért und muf} im
Laufe des Kontakts des LA* mit dem Benutzer entschieden werden.
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Titel: Einsatz eines Auswerterrechners* bei Verfahrensuntersuchungen in der
Trinkwassseraufbereitung.

Einsatz - S, N/D/Ac, Sg, R [941]

eines - Art, G, Sg, Gs [0}

Auswerterrechners - Cp, S, G, Sg, M [105]

Trinkwasseraufbereitung - Cp, S, Cc, Sg, TW [1001]

Einsatz eines Auswerterrechners - Rhema

in der Trinkwasseraufbereitung - Thema

bei Verfahrensuntersuchungen - keine Ldsung

Ubersetzung: primenenie vyCislitel’noj ma$iny pri issledovanii metodov
podgotovki pit’evoj vody

Abb. 5 Thematisch-rhematische MU des deutschen Titels [26]
Abkiirzungen: * - Grenzen der Segmente, Ac - Akkusativ, Art - Artikel,
Cc - allgmeiner Kasus, Cp - zusammengesetztes Wort, D - Dativ, G -
Genitiv, Gs, - Grenzsignal, M - GB “Maschinen und Ausriistungen”,
N - Nominativ, R - Rhema, S - Substantiv, Sg - Singular, TW - GUB
"Wasserbewirtschaftung”, in Klammern sind die Adressen russischer
Aquivalente angegeben.

Das zweite Verfahren zur optimalen Entscheidung besteht in der Fihigkeit des
LA* zur Dekomposition oder Vereinfachung der allgemeinen Aufgabe P in dem
Falle, wenn ihre Entscheidung unméglich ist oder ein Zeitaufwand und Ressour-
chen des Gedéchnisses erfordert, iiber die der LA* im gegenwirtigen Moment
nicht verfiigt.

Im Falle der Dekomposition wird die allgemeine Aufgabe in Form von Mengen
spezieller Aufgaben dargestellt

P g {Ply PZ’ weey Pi geeey Pl’l}

Als Beispiel betrachten wir die Situation beim Aufbau einer experimentellen
tiirkisch-russischen maschinellen Ubersetzung. Der Nichtisomorphismus
nominaler und verbaler Flektionsparadigmen in der tiirkischen und der russis-
chen Sprache ist duBerst groB. Deshalb sind die lexikalisch-morphologischen
Module L und L’ unféhig, ohne die Hilfe der Module der Analyse und Synthese
der Oberflichen- und Tiefenstruktur des Satzes (g/g’, si/s1”) die russischen
Wortformen und Wortverbindungen anzugeben, welche morphologisch genau
den tiirkischen Eingangswortformen entsprichen. Da die Module g/g’, si/s;’ fiir
die tiirkisch-russische maschinelle Ubersetzung bisher nicht existieren, muB man
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die lexikalisch-morphologische Aufgabe L/L’ in drei unabhingige Unterauf-
gaben aufteilen:

P1 - Analyse der tiirkischen Wortverbindung; ihr Resultat ist die Aufgliederung
in den Stamm (Ausgangsform) und dessen Affixkomponenten (vergl.
Modul m),

P; - Bestimmung der grammatischen Natur jedes Affixes (Modul m’),
P3 - Ubersetzung des Stammes (Module 1/1°).

Die Verwendung der Information, welche man als Resultat der Entscheidung der
Unteraufgaben erhilt, erlaubt es dem Benutzer, selbst die Ubersetzung des
tiirkischen Satzes zu formulieren (Abb. 6).

Als typisches Beispiel der Ersetzung der allgemeinen Aufgabe P durch ihre
Vereinfachung P dient der Ubergang des LA* zur Wort-fiir-Wort- und Wortver-
bindung-fiir-Wortverbindung-Ubersetzung in den Fillen, wo zum Aufbau der
Oberflichen- und Tiefenstruktur des Eingangssatzes morphologische und
semantisch-syntaktische Ressourcen fehlen. Indem das Verfahren der Dekom-
position und Vereinfachung von P es erlaubt, aus den Sackgassensituationen,
welche beim Vorsage des Automaten von der gegebenen Form der Textbear-
beitung entstehen, herauszukommen, erhoht es merklich die Uberlebens-
fahigkeit des LA*.
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edinilen bilgiye gdre ig bankasi, dnselikle federal almanyada dort ya da beg
sube agmayr planlamastrr.

edin poluéat’

il (Passiv

en Partizip)
b11g1 ........................ svedenic
ye (Dativ)
gore ............................ -

1§ ................................ okl
banka bank

St (3. Sg)
snselikle v pervuju otered’
fedcral ...................... federativnyj
almanya .................. Germanija
da (Lok.)

dort ............................. Setyre
yada ........................... "

be§ ............................. st

gube ............................. clial

agma ........................ otkpytic

yt (Akkusativ)
planla ...................... planirovat’
misttr (Perfekt)

Post-Redigierung:

soglasno polufennym svedenijam trudovoj bank zaplaniroval otkrytie, v pervuju ofered’ v
FRG, &etyréh ili pjati filialov

"Laut erhaltenen Nachrichten hat die Geschiftsbank die Er6ffnung von vier oder flinf Filia-
len in erster Linie in der BRD geplant.’

Abb. 6  Tiirkisch-Russische lexikalisch-morphologische MU mit Post-
Redigierung
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3. SchluBfolgerung

Theoretisches Endergebnis mehrjéhriger Untersuchungen, welche die SpSt-
Gruppe hinsichtlich der linguistischen Aspekte der kiinstlichen Intelligenz
durchfiihrte, war die Konzeption des polyfunktionalen Mehrebenen-LA, welcher
die Rede-Denktitigkeit des Menschen modelliert. In den letzten 20 Jahren
wurden auf der Grundlage dieser Konzeption einige experimentelle und in-
dustrielle LA [6:192-236; 37:120-154] konstruiert, Im Westen sind erst in den
letzten Jahren die Idee der Konstruktion polyfunktionaler Systeme und erste
experimentelle Realisierungen aufgetreten [30;34;35].

Selbstverstéindlich kann man die existierenden polyfunktionalen Systeme der AT
nur bedingt als vollwertige linguistische Automaten betrachten. Es ist ndmlich
so, daB} die entscheidende Rolle in der Leitung des Feedbacks des LA und der
Interaktion seiner Module dem Menschen gehort. Dabei ist auf den hoheren
Ebenen der strukturell-funktionalen und dezisiven Organisation der Beitrag des
Menschen zu dieser Leitung hoher als in den niederen primitiven Blécken des
LA. Mann kann erwarten, daf sich die Bemiihungen der Forscher in den ndchsten
Jahren auf die Erweiterung der dezisiven Moglichkeiten des LA konzentrieren
werden. Sie werden durch Modellierung einer immer groferen Zahl von
Funktionen des kommunikativ-pragmatischen Operators verwirklicht werden,
der die Rede- und Denktitigkeit des Menschen leitet [36:108].
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A model for the distribution
of syllable types’

P. Zornig, G. Altmann, Bochum

1. Whatever the classification of the sounds of a language may be, in syllables
itis always possible to determine a nucleus and to delimit the periphery (onsets
and codas) by certain criteria. The nucleus can be a vowel, a diphthong or a
“syllabic” consonant, while the periphery consists essentially of consonants. To
simplify matters we denote the sounds/phonemes/segments forming the nucleus
by V, those forming the periphery by C. In this connection it is not relevant what
a syllable “is”, i.e. to which phonetic level it belongs (phonetics, phonology etc.)
or how it comes into existence. The only important fact is that the syllable is a
real linguistic entity participating in the dynamics of the self-regulation of
language. This participation is demonstrated by the relations of the properties of
syllables to other properties of language:

(a) The length of syllables depends stochastically on the length of the words in
which they occur. The corresponding hypothesis is called “Menzerath’s law” (cf.
Altmann 1980).

(b) The number of syllables formed in a language depends on the number of
phonemes, the number of words in the word stock, the sound/phoneme distribu-
tion and the average length of the words in the language, i.e. a large vocabulary
needs many phonemes and/or a richer phoneme distribution and/or longer words.
The functional equivalents can be chosen according to an optimum state for any
language individually. Moreover, the number of phonemes in the inventory
affects the phoneme distribution and word length: A small number of phonemes
needs a richer distribution and/or longer words (or a functional equivalent such
as tone or accent, which is not considered here). With a richer phoneme
distribution the words can become shorter, but the number of syllables increases.
The corresponding hypothesis is part of the self-regulation scheme of Kéhler (cf.

* This study was written as a part of the project “Language Synergetics”. The authors are
grateful to the STIFTUNG VOLKSWAGENWERK for the kind support.
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Kohler 1986). The net of dependencies can be schematically represented as
follows:

(c) The construction of syllables abides by some quantitative regularities. These

| number of phonemes |

size of l phoneme number of
vocabulary I distribution syllables

\ [ mean word length | /

may differ from one language to another, but they possibly obey some least-ef-
fort-laws (cf. e.g. Vennemann 1982; Lee 1986).

(d) The number of canonical syllable constructs (CV, VC, CVC, ...) is neither
chaotic, nor arbitrary, nor deterministic, but obeys a stochastic distribution law,
the investigation of which is subject of this paper.

2. In order to motivate our approach we make the following agreements:

Let I, J be random variables, where i and j denote the number of consonants
before and after the nucleus.

The probability of i consonants before and j consonants after the nucleus is
denoted by Py, the corresponding number by n;j. For example nj2 and n3; are the
numbers of syllables of type CVCC and CCCVCC.

Moreover we make the following assumptions:

(1) At present we can investigate only the Indonesian language, since data from
other languages are not known to us. Thus the theoretical result will be rather
specific. Further languages may tum out to be simplified special cases or even
generalizations of our model, which has a tentative character only and is meant
to encourage further investigation.

(2) Every language prefers one or more special syllable types (most usually the
types CV and CVC), the probability of which must be weighted in some cases.

(3) The canonical classes are formed proportionally to the classes with lower
values of the random variables, i.e.
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Py~ Py
Pj ~ Pi,j

If we are right, then the problem to be solved is to find the correct proportionality
between the individual classes. Let us consider the two-dimensional empirical
distribution of Indonesian syllable types represented in Table 1. The data result
from about 15000 Indonesian word forms from different texts. We suppose that
further types exist, but the increase in the cells of Table 1 is assumed to be
proportional, so the model should remain valid for additional data.

Table 1: Frequency distribution of Indonesian syllable types

A% VC VCC VCCC
v 6 36 7 -
cv 36 391 44 2
CcCcv 9 61 13 -
CCCvV 1 4 . -

Table 1 can be represented in the form of Table 2.

Table 2: General form of Table 1

0 1 2 i k
0 noo no1 noe ... ngj ... nNok
1 no nyy np ny nik
2 ngo nyy nz ny; Nk
i njo nj1 ni2 njj Nik
r N N Ny I Nrk

Since the size of the syllable periphery cannot be infinite, we truncate the
distribution; in our special case we set njj= 0 fori>4orj> 4.

For the proportionality between nondiagonal neighbouring classes we propose
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9 b t
Py=—Pjj1 (1a)

m
Pj=5 Pl (1b)
14

i.e. every class is proportional to the left or upper neighbour respectively. For
i>1orj> 1 the values decrease considerably, so we assume an inverse
power-proportionality (to the value of the variable achieved). This assumption
is very general (m,k € R). For individual languages the model can possibly be
simplified.

Solving the equations (1) simultaneously leads to
av
@'gy”

where P’ ¢o results from the normalization:

]

§= Pw ij=01,...,4 @

1

4 4 i
Poo = zz ab

il () (1)

Up to the truncation, this distribution can be considered as a generalization of a
model from queueing theory (cf. Cooper 1981: 127).

According to assumption (2), a modification of one or more classes may be
necessary. In the case of the Indonesian language ni; deviates considerably from
the neighbours. This class seems to be the preferred one and is weighed by B.
Because of the normalization all other classes must be weighted with o following
from B P’11 + o (1 - P’y1) = 1. Thus we obtain the model

Bp’y fori=j=1

Py = {aP’ij forij=0,1,.4,ifi#lojzl O

where the probabilities P’jj are given by (2). For all possible indices i, j (0 <i,
j < 4) the probabilities Pj; are represented in Table 3.
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Table 3: Theoretical probabilities in (3) Pu+, Y Pi=1 (i#1orj#l)
i
b’ ob® ob® -
aPo abP’ 00 a0 Pw ) P’oo @ P’oo From this follows by (3):
' ' ' P Py
0aP’o | BabP’oo aab® o, aab’ o, aab’ o, % +3 Y o =1 G#lorjzl
ey | eyt M| @y o
2 2 2,2 2,3 2,4
oaq oab oab ) oa‘b s oab R Pu 1-Piy
P | P | —— =2 _pgy | —= 2 _p = 1 =
@y e ey | eferm | eyt | P o !
o e , e , R ; ey ‘ Substituting B' from (4e) in the above formula yields
P’ 2 2 L] P’
¥ P e Y| enfeyt Y| avfeyt | enfayt @ Pumobt 1-Py_,
l o gy ox '
4 4 4,2 4,3 4,4
% Poo (()ZII)I’f 00 (4(:;‘;(;)'" Poo % Poo %{ P’oo Taking the estimation P*j1 = n11/N (N = X Zn;) we obtain:
oax=1+ M’%ﬂ .
Obviously the model contains too many parameters and must be tested for many
languages. For Indonesian the above parameters are as follows:
3. The easiest estimation of the parameters can be performed by means of the a: = b =36/6=6;
frequency classes as follows: k = In[6(36/9)]/In 2 = 4.585;
m = In[6(36/7)])/In 2 = 4.948;
Computing the ratios of the respective P;j yields a: = 1+[36(6)-391]/610=0.713;
- 1 B = 0.713(391)/[36(6)] = 1.291;
a = n10/noo (4a) P'ow= 0.014.
b = noi/noo (4b) Thus we obtain
*® *
k= In(a mo/nz0)/In2 (40) | b _ {0.713 Py foriz1 or j#1
. §j= s, B
m" = In(b"no/noz)/In2 4d) | 1291 Py fori=j=1
From P11/P10 = B b/ a. follows i with
* * i+ j
B = (*nll)/(nlob ) (48) | P’ij = 0.014 63 / (0 = ',] < 4) .

(ity*585 (j1y4948
Since the P’;j represent a probability distribution, we obtain

The corresponding theoretical frequencies are computed in Table 4.
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Tab. 4: Fitting the distribution (3) to the Indonesian data

0 1 2 3
0 6.1 36.5 7.1 0.2
1 36.5 396.9 42.6 1.1
2 9.1 54.8 10.7 0.3
3 0.4 2.1 04 0.0

The values could be further improved by optimization, but obviously the fitting
is acceptable without test.

4. This model should be considered as a first approximation. It shows that the
construction of syllable types follows an obviously nomological pattern accord-
ing to which the number of longer types changes proportionally to that of the
shorter ones. Data from other languages are necessary in order to test the
adequacy of the model.
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Quantitative Linguistics, by Marie Té&Sitelova
Praha, Academia 1992, 253 pp.

Reviewed by Ludék Hfebicek, Prague

The author belongs to the group of outstanding personalities of contemporary
Czech linguistics. Her entire scientific activity has been devoted to statistical
linguistics and to the description of the Czech language. The work under review
can be treated as a summary of her life-time work and also as an expression of
her philosophy of theis field of study. No less than 44 of her own works or of
those originated with her collaboration are quoted here, including such monu-
mental publications as the frequency dictionary of Czech published in 1961
(together with J. Jelinek and J.V. Becka) or the Reverse Dictionary of Contem-
porary Czech from 1986 (in collaboration with J. Petr and J. Kralik). Also, the
monographs Problems of Lexical Statistics (1974), and The Use of Statistical
Methods in Grammar (in Czech, 1980), and many other works are worth men-
tioning.

The philosophy of quantitative linguistics starts here with the ideas of
classical linguistics. Quantitative linguistics is understood as an instrument for
obtaining a larger repertory of characteristics of language phenomena. Frequen-
cy dictionaries of many languages are extensively commented on and charac-
terized. Zipf's law and the Zipf-Mandelbrot law are the only linguistic laws ex-
plained in detail. The explanation is very clear and instructive.

The book can be characterized in short as an instruction for asking the
questions about WHAT and HOW. Consequently, it summarizes a certain stage
in the development of linguistics which naturally will never end, as these
questions will still remain relevant. However, each science, including the so-
called humanities, sooner or later must reach the stage when the causes of
phenomena are sought and the question WHY is asked. This stage evidently has
already been reached by quantitative linguistics, which is already constructing
testable theories. This is testified to by the works published in the series Quanti-
tative Linguistics as well as by many other publications. However, in this
respect the political environment must be taken into account. The previous
existence of the fron Curtain intervened at least in the section on Bibliography
in the work under review, as the Curtain was impervious also to scientific
publications. The greater is the respect commanded by this work.
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