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Adnominal Constructions in Modern Chinese  

and their Distribution Properties 

Xiaxing Pan 

Haitao Liu* 
 

Abstract. Relations between noun modifiers or adnonimals and their head nouns, along with their 
distribution features, differentiate the stylistic features among languages, and distinguish text genres in 
a given language. Following a systematic and comprehensive description of adnominal constructions 
in modern Chinese, this paper explores their rank-frequency distribution properties against three 
models: the original Zipf’s law, the Zipf-Alekseev law and the Popescu-Altmann-Köhler (PAK) func-
tion, with acceptable result for the first and good results for the latter two. The PAK function as a 
function for stratified texts works well. The research findings validate the categorization in the paper 
and further prove that adnominals in modern Chinese are normal language units.  
 
Keywords: Adnominal, Chinese, Zipf, Distribution, Stratification 
 

1. INTRODUCTION 
 
Nouns and verbs are two basic categories in human languages (Huang et al. 2009). Gentner 
(1982) finds that the acquisition of the nouns, with an earlier entry into children’s vocabulary, 
and a far more frequent use, takes precedence over the acquisition of predicate word cat-
egories like verbs. Studies on word class distributions (Hudson 1994, Liu 2009a, Liang & Liu 
2013) reveal a percentage of nouns in English and many other languages of approximately 37% 
or beyond, which is a sufficient proof of the significant role that nouns play.  

Except for bare nouns, usually nouns function in combination with adnominal modifiers, 
which are descriptive, ornamental, referential or explanatory statements about the nouns to 
which they belong (Bussmann 2007, Altmann et al. 2013). In HIT1, for example, nearly three 
quarters of nominal constructions are adnominal constructions (hereforth, adnominals) (Liu 
2009a), which signifies the importance to look at adnominals and their distribution features. 

Adnominals belong to different word classes: adjective, numeral, subordinate pronoun, 
noun phrase, prepositional phrase, relative clause, or a clause marked by a conjunction with 
the adjunct function, etc. (Bussmann 2007, Altmann et al. 2013). Relations between noun 
modifiers or adnonimals and their head nouns, along with their distribution features, differ-
entiate the stylistic features among languages, and distinguish text genres in a given language 
(Altmann et al. 2013). For instance, typologically speaking, adnominals may display some 
                                                             
* Address correspondence to: Haitao Liu, Department of Linguistics, Zhejiang University, 310058, 
Hangzhou, Zhejiang, China. Email address: lhtzju@gmail.com 
1 http://ir.hit.edu.cn/#, a Chinese dependency treebank operated by Harbin Institute of Technology. 
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grammatical differences between languages (Altmann et al. 2013). Languages differ in their 
placement of adnominal. Depending on its position, an adnominal can be a prenominal one, 
like terrible in “a terrible child” in English, hóng ‘red’ in the Chinese phrase hóng píngguǒ 
‘red apple(s)’, or a postnominal one, like terrible in “enfant terrible” in French, the pre-
position phrase in the box in “the hat in the box” in English.  

However, up to now, there is no fixed classification of adnominals. Altmann et al. (2013) 
have being engaged in approaching an adnominal classification criterion for several natural 
languages, e.g. Chinese, English, French, German, Japanese, Russian, etc. The present paper 
takes part in the study, taking charge of Chinese adnominals as well as their quantitative prop-
erties. 

Existing studies on Chinese adnominals can be grouped into two types: 
1) Descriptions or discussions on some particular types of adnominals. For instance, 

Rullmann & You (2006), Wilhelm (2008) and Wu & Bodomo (2009) discuss the number of 
Chinese nouns from the perspective of the “numeral/classifier + noun” form. Abney (1987), 
Longobardi (1994) and Jiang (2011) discuss whether nouns in Chinese are definite or not.  

2) Reviews on adnominals as a whole. This kind of research mainly appears in grammar 
course books. For instance, Huang & Liao (2002) list 6 types of attributes as adnominals: 
pronouns, nouns, verbs, adjectives, distinguishing words and quantitative phrases. Zhang 
(2010) describes 7 types of adnominals: distinguishing words, classifier phrases, adjectives or 
adjectival phrases, nouns (including pronouns) or nominal phrases, verbs or verbal phrases, 
subject-predicate phrases and prepositional phrases. These descriptions are brief, over-general, 
and thus unable to provide a clear picture of adnominals in modern Chinese.  

An exhaustive and systematical description of adnominals in modern Chinese is expected 
to enhance the construction of the modern Chinese grammar scheme. So we come to the first 
question the paper is going to answer: 
 
 Question 1: What are the basic types of adnominals and their properties in modern  
        Chinese? 
 

To justify whether a linguistic classification is “good”, “useful” or “theoretically prolific”, we 
can check if the texts follow a “decent” rank-frequency distribution in the case of nominal 
variables, or another distribution in the case of numerical variables (Altmann 2005: 647). As 
an organic part of noun phrases, we postulate that adnominals are normal language units and 
therefore follow a certain rank-frequency distribution from among the functions related to the 
Zipf’s law which can characterize a diversification process. However, up to now, no invest-
igation has ever been carried out on the frequency distribution of adnominals based on annot-
ated Chinese corpora. So the second main question we are going to answer is: 
 

Question 2: What are the rank-frequency distribution features of the adnominals in  
        modern Chinese? Are adnominals distributed according to Zipf’s law? 
 
Popescu et al. (2010: 713) proposes that “every data set which displays a Zipf-like structure is 
composed of several system components”, which supposes that the data set is stratified. 
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 Altmann et al. (2013: 85) have listed three directions in which we can continue the way 
of stratification research, while the second one is to look forward to the classification of 
different entities in many different subclasses. For example, according to the PAK function in 
Popescu et al. (2010), Boschtan & Best (2010) proves that the distributions of adnominals in 
German texts follow a stratification process. But how do the adnominals in Chinese texts 
perform? We then come to the third question: 
 

Question 3: In stratified texts, are adnominals distributed with a stratification feature? 
  
In the following parts of the paper, Section 2 differentiates adnominals from attributes, elabor-
ates on several controversies and confusions concerning adnominals and then presents an 
annotation tag set, which covers all types of adnominals in Chinese. To find the best fitting 
model for the distribution of Chinese adnominals, Section 3 goes on exploring their distribu-
tion patterns against two power law models (Zipf’s function and Zipf-Alekseev function) and 
an exponential function (PAK function). And Section 4 contains a conclusion and possible 
future research endeavors. 
 
 

2. ADMONINAL TYPES IN MODERN CHINESE 
 
This section intends to address the first research question. After a closer look at the definition 
of adnominals, we focus on several adnominal-related disputes or confusions and then come 
up with a list of all types of adnominals in modern Chinese together with their annotation 
tags.   
 
2.1 Differentiating adnominals from attributes  
 
In the study of traditional Chinese grammar, the term “attribute” is used more frequently than 
“adnominal”. Though the two are used interchangeably in some literature (Zhu 2011:140, 
Huang & Liao 2002:61), a distinction between the two terms must be made. Bussmann 
(2000:41) defines an attribute as a “dependent expression which modifies a nominal head”. It 
is generally believed that an attribute-head structure is composed of a prenominal modifier 
and a head, with the former restricting or describing the latter. Such attributes can be adject-
ives, nouns, verbs, pronouns, time words, localizers, indicators, numerals and classifiers, etc. 
These attributes are adnominals. But there are more kinds of adnominals than just attributes. 

Other than a mere syntactic concept like attributes, adnominals include morphemes, 
words, phrases and clauses. Generally speaking, nominal structures with adnominals (be they 
prenominal or postnominal) are subordinate endocentric constructions (Bussmann 2007), 
where we can expect a core noun, or a nominal morpheme, phrase or clause which plays a 
core role in the construction. For example, the German compound word Rosenfreund ‘Rose’s 
friend’ (Altmann et al. 2013) is constituted by three morphemes: Rose, n and freund, in which 
the former works as the adnominal, and 'n' is a morph which works as a joint in compounds. 

Present studies on Chinese noun modifiers all focus on the prepositional components. Li 
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& Sandra (1981: 104) even affirm that “The noun phrase can also consist of a noun plus other 
elements, all of which must occur in front of that noun.” However, our study proves that noun 
modifiers in Chinese texts can appear both in prepositional and postpositional positions. For 
instance2, men (here an auxiliary indicating plurality) in (1) is a postnominal modifier. In both 
(2) and (3), mìshū zhǎng explains who Ban Ki-moon is and can thus be also regarded as a 
postnominal; (3) is actually an appositive structure. Similarly, sān rén in (4) appears to the 
right in the appositive position.  

 
 

 

 

 
To sum up, in modern Chinese, most of the adnominals perform as attributes syntact-

ically, and other adnominals function as appositives and auxiliaries. 
 
2.2  Seven controversies concerning adnominals in modern Chinese 
 
Because of the mixing up of the two concepts “attribute” and “adnominals” in general 
Chinese grammar studies mentioned above, seven controversies and confusions have to be 
addressed: whether adjectives, distinguishing words, numerals, pronouns, adverbs, etc. can 
serve as adnominals.  
                                                             
2 Unless otherwise indicated, examples in this paper are from Chinese.  

(4)  xiōngmèi      sān   rén 

兄妹   三    人 

brothers and sisters  three  person(s)  
‘an elder brother and two younger sisters / two elder brothers and a younger 

sister’ 

(3) mìshū zhǎng Pān Jīwén   

秘书长     潘 基文 

secretary-general Ban Ki-moon   
‘secretary-general Ban Ki-moon’ 

(2) Pān  Jīwén   mìshū zhǎng 

潘   基文   秘书长 

Ban Ki-moon secretary-general 
‘Ban Ki-moon, the secretary-general’ 

(1) lăoshī     men 

老师    们 

teacher(s)  men 
‘teachers’ 
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2.2.1 Adjectives and distinguishing words as direct adnominals 
 
Being an analytical language, Chinese words are not easy to be classified. A lot of criteria has 
been proposed. For example, Lu (2005: 27-56) lists a series of criteria. Yuan et al. (2009) try 
to classify Chinese words with the help of a list of scored distinctive features. Obviously, the 
classification criteria applied both in Lu (2005) and Yuan et al. (2009) are mainly based on 
word meanings or functions. Accordingly, adjectives in modern Chinese are further subdivid-
ed into three categories, not all of which can be direct adnominals. The first category is ad-
jectives as quality adnominals, such as hóng ‘red’, dà ‘big’, gāo ‘tall/high’, the second, state 
adjectives, such as xuěbái ‘snow-white’, pènxiāng ‘fragrant, delicious’ and Category III, 
non-predicate adjectives, like gōng ‘public’ and sī ‘private’. Of these three categories, only 
quality adjectives (Category I) qualify as direct modifiers (without obligatory intermediate 
elements), like the initial words in hóng ‘red’ píngguǒ ‘apple(s)’, dà ‘big’ fángzi ‘house/ apart-
ment(s)’ and gāo ‘tall/high’ biāozhǔn ‘standard(s)’.  

Generally a state adjective (Category II) is not immediately followed by its core noun. 
Either “de” goes between them, e.g. (5), or there are intermediate components between the 
adjective and its core noun. The latter case is illustrated in (6), where yī and zhāng go between 
the adjective xuěbái and its core noun zhǐ. 

 

 
Words in Category III constitute a very special class of words. They share all the 

functions and features with normal adjectives, except that they cannot be predicates. They 
thus occur in a comparatively stable position: only before nouns, some without preceding “de” 
like (7) and some going with either the presence or absence of “de” like (8). Separating them 
from the other two categories, these properties categorize these formal adjectives as a single 
word class: distinguishing words. All distinguishing words qualify as adnominals.  

 
 

(7)  fù    zhŭxí 

 副    主席 

vice  president(s) 
‘vice president(s)’ 

(6) xuěbái    yī  zhāng         zhǐ 

 雪白     一   张           纸 

snow-white one piece (qualifier) paper 
‘a snow-white piece of paper’ 

(5)  xuěbái  de       zhǐ           

  雪白  的   纸 

snow-white (particle)  paper 
‘snow-white paper’ 
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2.2.2 Classifiers as direct adnominals 
 
Classifiers are usually indirect modifiers, and require the presence of preceding numerals. 
Rullmann & You (2006:175) considers them functional elements, which can be either suffixes 
or clitics, so they have to function in conjunction with their host words. That explains why the 
“classifier + noun’ structure in the sentence-initial position must be preceded by a numeral, 
for the numeral is stressed. To illustrate, in (9), “yīběn” corresponds to “one” in English and 
makes a general reference.  

 
When this structure is present in a non-subject position and the numeral is not stressed, 

intervening materials prevent the classifier from being attached to an appropriate subject; 
therefore the subject is omitted. For example, the phrase (10) embodies an indefinite refer-
ence.  

 
Rullmann (2006: 200-201) points out that “mǎi le (yī) běn shū” is an indefinite full 

determiner phrase (DP). From the perspective of scalar implicatures3, he thinks that this kind 
of structure can trigger scalar implicatures when a numeral is omitted, and that in such a case 
the trigger is the omitted numeral. The absence of numerals accounts for the reason why bare 
nouns lack in scalar implicatures. Therefore, there should be an invisible numeral in the in-
complete DPs; that is to say, a “classifier + noun” structure actually does not exist, because 
there must be a numeral in the structure. A similar view is held by Ping (1995), who argues 
that, when noun phrases include indicators, numerals and classifiers, and at the same time 
                                                             
3 It is a pragmatic concept indicating a sequence decreasing gradually in informativeness or semantic 
strength. 

(10) mǎi   le    běn     shū 

 买    了    本      书 

buy  ASP  classifier  book 
(le, ASP, used after a verb or an adjective to indicate the completion of an 

 action or a change)  
‘bought a book’ 

(9) yī    běn     shū 

 一    本      书 

one (classifier) book 
‘one book’ 

(8)  fēi   zhèngshì (de)    yuángōng 

 非    正式    (的)      员工 

non  regular  (particle)  employee(s) 
‘non-regular employee(s)’ 
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when numerals mean yī ‘one’, the numerals can be omitted. He further points out that the 
noun in an “indicator + classifier + noun” structure can only bear a singular meaning. 

Wang & Liu (2007) argue that a semantic connection obtains between classifiers and 
nouns, citing the most direct evidence that classifiers and nouns are not combined arbitrarily 
but selectively. Wu & Bodomo (2009) point out that classifiers are morphemes indicating 
semantic classes of nouns and providing further information beyond the meaning of their 
associated nouns. By saying this, they actually negate Rullmann’s view that classifiers are 
function words. Wu’s argument is considered more applicable to modern Chinese. 

This paper maintains that individual classifiers appearing before nouns also count as ad-
nominals, as they indicate the quantitative characteristic — singularity of the core nouns. 
However, unable to appear in the clause-initial position alone, the “classifier + noun” struc-
ture is usually preceded by a verb or a demonstrative pronoun like zhè ‘this’ and nà ‘that’. The 
“classifier + noun” structure is thus syntactically restrained. 
 
2.2.3  Numerals as direct adnominals 
 
Grammarians mostly negate the notion that numerals can modify nouns directly in modern 
Chinese. Among others, Li (2000), Rullmann & You (2006), Zhang (2009) and Jiang (2011) 
deny the possibility of numerals directly modifying nouns, stating explicitly that numerals 
must work in combination with classifiers if they are to modify nouns. Citing the evidence 
that both classifiers in Chinese and plural forms in English mark the countability of nouns, 
Wu & Bodomo (2009) maintain that numerals cannot directly precede nouns to work as 
adnominals. 

Huang & Liao (2002:20) argue that the direct combination of numerals and nouns is a 
phenomenon of “numerals including classifiers”, which is a usage taken over from ancient 
Chinese. Wilhelm (2008) holds that unlike English, nouns in Chinese can appear before the 
argument position without inflectional changes or determiner additions. In real language use 
of modern Chinese, we actually find many examples where numerals can behave as direct 
adnominals and we classify them into six types of “numeral + noun” construction. 

The first type finds examples in (11) and (12). These special numerals take on strong oral 
characteristics. As they embody a meaning of quantity themselves, corresponding to a com-
bination of “numeral + classifier”, they modify nouns directly. Adding a classifier will make 
the whole structure illegal. 

 

(11) liǎ   píngguǒ  

 俩    苹果 

two  apple(s) 
‘two apples’ 



Xiaxing Pan; Haitao Liu 
 

 

8 
 

 
The second type finds expressions only in “yī (one) + noun”, which is also rarely seen in 

the written language. There is a corresponding “yī + classifier + noun” structure, but the two 
structures differ in meaning. Such a difference is quite obvious in certain contexts, which can 
be illustrated by (13) and (14). In (13), the focus is the fact that an apple fell from the tree, 
while in (14), the focus is on the number: only one apple rather than two or more apples fell.  

 

 
The third type is exmplified by (15) and (16). The “numeral + noun” structure corre-

sponds to its “numeral + classifier + noun” structure, and is equivalent in expressing meaning. 

 

 
“Count nouns” like (17) belong to the fourth type, where intermediate classifiers cannot 

be inserted into the “numeral + noun” combination. Owing to the fact that there are limited 
numbers for each, they are the real “count nouns” in Chinese, carrying a connotation of 
countability by themselves, and are thus able to be directly preceded by numerals. They are 
incompatible with classifiers. 
 

(16) sān    (gè)    yuán 

 三      (个)  圆 

 three  (classifier)  circle 
‘three circles’ 

(15) liǎng  (tiáo)                        zhíxiàn 

两    (条)                           直线 

two (classifier for long and thin items)  straightline 
‘two straight lines’ 

(14) Kàn, shù  shàng diào  xiàlái  yī  gè   píngguǒ 

 看， 树   上    掉  下来  一  个    苹果。 

look tree above  fall    down one (classifier)  apple 
‘Look, one apple fell from the tree.’ 

(13) Kàn, shù   shàng  diào  xiàlái  yī   píngguǒ 

 看， 树    上     掉  下来   一    苹果。 

look  tree(s) above fall   down  one  apple 
‘Look, an apple fell from the tree.’ 

(12) sā     yuè 

仨     月 

three  month(s) 
‘three months’ 
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Combinations like (18) and (19) belong to the fifth type. Some of them have an equi-

valent “numeral + classifier + noun” structure like (18); some of them don’t, as is exemplified 
in (19) and (20). Zhang (2009:5) categorizes them into “quantifiers” rather than “numerals”. 
They connote a nonfinite meaning of quantity. Dissimilar from typical numerals, they can 
work as arguments and function to answer questions independently. This paper argues that 
they are non-typical numerals, and that they can modify nouns directly as they exhibit strong 
characteristics like those adjectives which can be direct adnominals. But they are unable to be 
modified by degree adverbs, and consequently they are not classified as adjectives but as 
non-typical numerals.  

 

 

 
Equipped with a corresponding “ordinal dì (an auxiliary word for ordinal numbers) + 

numeral + noun” structure, the combination in (21) illustrates the last type of numerals as 
adnominals. Most such structures form proper names, and in most cases, they are processed as 
words rather than phrases.  

 
 

(21) wǔ     yéye 

 五    爷爷 

five  grandpa 
‘Fifth (ranking fifth in age in an extended Chinese family) Grandpa’ 

(20) *dàliàng        jià                    fēi jī 

 大量           架                    飞机 

large quantity  (classifier for machinery)  plane(s) 

(19) dàliàng        fēi jī 

 大量          飞机 

large quantity  plane 
‘a large number of planes’ 

(18) xǔduō    (běn)     shū 

 许多    (本)      书 

 a lot (of)  classifier  book  
‘a lot of books’ 

(17) liǎng  fù zǐ 

 两    父子 

 two  father and son  
‘a father and his son’ 
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2.2.4 Auxiliary men as direct adnominals 
 
Among other scholars, Chao (1970: 244) and Zhu (2011: 31) regard men as a plural suffix. We 
deem it inappropriate to simply regard men as a suffix in all situations. Bloomfield (2001:229) 
interprets an affix as a unit binding to the root of a word, so it cannot exist independently. This 
feature doesn’t hold for men in the “noun + men” structure in Chinese. The structure is usually 
processed as two independent units. In this paper, we regard men placed behind polysyllabic 
nouns as their postpositive adnominal. 
 
2.2.5 Pronouns as direct adnominals 
 
It is acknowledged that personal and interrogative pronouns can count as adnominals. There is 
a debate concerning demonstrative pronouns like zhè ‘this’ and nà ‘that’. Do they function as 
adnominals?  

In Chinese grammar study (Fang 2002), particularly in the study of generative grammar, 
zhè and nà are understood as determiners in DPs (determiner phrases). A determiner is a func-
tional element. When combined with a noun, it does not play a semantic role, but a syntactic 
one by turning predicates into arguments (Abney 1987, Longobardi 1994). This way, the 
determiner is not regarded as an adnominal. We hold that demonstrative pronouns in Chinese 
are not determiners in a full sense. The bare noun shìqíng ‘thing’ in example (22), though 
without the presence of zhè, can take the position of an argument. In example (23), zhè plays a 
referential role and thus denotes meaning. 

 

 
Another pair of examples (24) and (25) will be examined. The complete structure of (24) 

is “theme (rén) + subject (zhè yī shēng) + predicate (zǒng huì jīnglì xǔduō kănkě)”, where zhè 
is the attribute of the subject. (25) shares the same structure, which demonstrates that demon-
strative zhè is an additional element not affecting the grammatical structure of the whole 
sentence. Such a feature is in line with that of modifiers syntactically.  

(23) Zhè  shìqíng  bù  hǎobàn 

 这     事情  不   好办。 

this     thing  not  easily do 
‘This thing is not easy.’ 

(22) Shìqíng   bù   hǎo   bàn 

 事情   不    好    办。 

thing(s)   not  easily  do 
‘It’s not easy.’ 
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Following the previous discussion, besides personal and interrogative pronouns, this 

study takes demonstrative pronouns occurring before nouns as adnominals.  
 
2.2.6 Numeral-classifier phrases as direct adnominals 
 
In modern Chinese, numeral-classifier phrases are often used to represent the numbers of the 
core nouns. Most of them occur to the left of the head nouns as prepositives such as (26), 
while some others appear to the right in the appositive position such as (27). 

 

 
Phrases like (27) are likely to be confused with quantity phrases that serve as predicates. 

In keeping an account or listing, numerals and classifiers can be put behind their modified 
nouns in modern Chinese, such as (28) and (29), which are the vestige of ancient usage. 
Expressions (28) and (29) follow a “subject + predicate” structure, rather than a combination 
of “noun + quantity phrase as a modifier”. 
 

(27) xiōng        mèi        sān   rén 

 兄           妹         三    人 

elder brother  younger sister three  (classifier) 
‘an elder brother and two younger sisters / two elder brothers and a younger 

sister’ 

(26) yī    chǎng      dà     yǔ 

 一    场         大     雨 

one  (classifier)  heavy  rain 
‘a pourdown’ 

(25) Rén       yīshēng,   zǒng    huì  jīnglì    xǔduō  kánkě 

 人         一生，   总      会  经历     许多   坎坷。 

person(s) whole life  always   will  go through many ups and downs  
‘We will always go through many ups and downs in our life.’ 

(24) Rén    zhè  yīshēng ,  zǒng  huì   jīnglì   xǔduō  kánkě 

 人   这   一生，  总    会    经历   许多   坎坷。 

person(s) this whole life always  will  go through  many  ups and downs 
‘We will always go through many ups and downs in our life.’ 
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In the discussion of “numeral-classifier phrases”, another question needs to be addressed: 

do “numeral-classifier words” exist? Zhu (2011) mentions the concept of “numeral-classifier 
words”, like (30) and (31) but fails to tell them apart from numeral-classifier clauses. Lu 
(2005:163) also mentions the concept of “numeral-classifier words”, like xǔduō ‘a lot (of)’, 
hěn duō ‘a lot (of)’ and dàliàng ‘a large quantity (of)’, which he deems embody quantity with-
in. This concept, in fact, corresponds to the concept “quantifier” (Zhang, 2009:5). However, 
Lu (2005:164) no longer calls this combination a “word”; instead, he names it a “numeral- 
classifier phrase”, arguing that the quantity represented by such phrases is indefinite. 

 

 
Obviously, it remains controversial whether there is a need to add a class of “numer-

al-classifier words” to modern Chinese lexicon. We regard it unnecessary to do so. For in-
stance, yī chǎng in (26) is considered a numeral-classifier phrase as an adnominal in our paper. 
And words like xǔduō ‘a lot (of)’, hěnduō ‘a lot (of)’ and dàliàng ‘a large quantity (of)’, when 
they appear before nouns, are treated as numerals. 
 
2.2.7 Adverbs as indirect adnominals 
 
Adverbs can be adnominals with the particle “de”, which is exemplified in (32). But whether 
the adverbs in “adverb + noun” structures like (33) and (34) are directly modifying nouns per 
se has always been a pending issue in the study of Chinese grammar. 

(31) wǔ   zhāng 

 五     张 

five  (classifier) 
‘five pieces’ 

(30) yīdiǎnr 

 一点儿 

a little (r: phonetic affix) 
‘a little’ 

(29) Zhǐ    sān    zhāng 

 纸     三       张。 

paper  three  (classifier) 
‘As for paper, there are three pieces.’ 

(28) Bǐ  yī   zhī 

 笔  一   支 。 

pen one (classifier) 
‘As for pens, there is one.’ 
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Zhu (2011) argues that an “adverb + noun” structure works as an adverbial rather than an 

attribute. As illustrated in (35), adverbs are only function words serving as adverbials (Zhu 
2011). 

 
This paper does not recognize as admoninals those adverbs occurring directly before 

nouns, which only happen to be in the syntactic position of “attributes”.  
 
2.3 Sources and operation 
 
For German we obtain at least 23 morphological or syntactical types of adnominals, they 
occur as head-initial (adnominal right) and head-final (adnominal left) constructions and may 
be scaled in four increasing levels of syntactic complexity: parts of words, single words, 
phrases (parts of sentences), and single sentences (Altmann et al. 2013). However, there is no 
fixed classification of adnominals, every author has some different classes. This is based 
either on tradition or represents personal decisions. This is again a corroboration of the state-
ment that criteria are conventions, conceptual constructs. 

From four corpora: 1) LA4, novels by Liang Xiaosheng, 2) Y5, novels by Yu Hua, 3) LC6: 
                                                             
4 http://ishare.iask.sina.com.cn/  (accessed on March 30, 2014) 
5 http://ishare.iask.sina.com.cn/  (accessed on March 30, 2014) 

(35) Cái    sì   diǎzhōng  tiān  jiù     liàng  le  (Zhu 2011: 199) 

 才     四    点钟    天   就     亮    了。 

only  four  o’clock  day  already  light  ASP  
‘The day broke/breaks as early as 4 am.’ 

(34) bù  xiàndài   pài 

不  现代   派 

not  modern  school 
‘not of a modernist school’ 

(33) hěn   gèxìng 

很    个性 

very  personality 
‘of a very special personality’ 

(32) céngjīng  de      shíguāng 

曾经     的         时光 

once  de (particle)  time  
‘past time’ 

http://ishare.iask.sina.com.cn/
http://ishare.iask.sina.com.cn/
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news reportings from LCMC by anonymous authors and 4) XSH7, contemporary Chinese 
poetry texts by various authors, we examine all the adnominals and make an attempt to 
categorize them.   

In most cases, noun phrases with or without the attribute marker “de” are identical, as in 
hóng huā and hóng de huā, where both hóng ‘red’ attribute the color red to the core noun huā 
‘flower(s)’. Nevertheless, we still need to set these two types apart, not only because the 
structure “adjective + noun” differs from the “adjective + de + noun” structure formally, but 
also because a minor difference in meaning, sometimes even a major one will be present in 
the two structures. Zhu (2011) puts forward the distinction between “cohesive modification- 
head structures” and “combined modification-head structures”, with the former going without 
“de” between an attribute and its head but the latter mostly going with it. For the latter, if it 
goes without “de”, usually the attribute is a numeral-classifier phrase, or a classifier with a 
preceding demonstrative pronoun, or a possessive modifier. Huang & Liao (2012: 87) raises 
the idea that “in the combination of an attribute and its head, the presence or absence of ‘de’ 
concerns the attributes’ parts-of-speech, or the number of syllables of the attribute or the head, 
as well as their semantic relations”.  

The attribute marker in Chinese, “de” thus necessitates the separate treatment of Chinese 
adnominals with it and those without it. Therefore, this paper distinguishes adnominals with 
or without “de”, and further classifies each group into word-type, phrase-type and clause-type 
adnominals. Adnominals realized in syntax by other means are also handled in a similar 
fashion. Following a thorough examination of all types of adnominals occurring in our 
corpora, we come up with the following complete list of adnominal types in modern Chinese 
together with an annotation tag set (see appendix). 
 
2.4 Annotating the corpus  
 
The annotation tag set in Section 2.3 includes all types of adnominals in modern Chinese. To 
examine its applicability, we will check the distribution patterns of these types in the next 
section. If they abide by a Zipf’s distribution function, we can conclude that it makes sense to 
classify adnominals in the very fashion and that adnominals are ordinary language units. 

To this end, we randomly select 10 texts from each of the four corpora. To minimize the 
impact from length, we further try to make each selected text about 1,000 words long. This is 
done through selecting successive paragraphs from a random start in each long text and 
forming a shorter one about 1,000 words. Poetic texts, as their lengths are within 1,000 words, 
don’t go through this process. The chosen 40 texts constitute our corpus, whose texts are 
sequentially numbered as LA1-10, LC1-10, XSH1-10 and Y1-10. This is a very small corpus, 
but a sufficient one for our purpose.  

Figure 1 illustrates how we annotate Y3 with part-of-speech annotations following “/” 
and types of adnominals following “-”.  

                                                                                                                                                                                              
6 http://124.193.83.254/cqp/ (accessed on March 30, 2014) 
7 http://www.shigeku.org/shiku/xs/index.htm  (accessed on March 30, 2014) 

http://124.193.83.254/cqp/
http://www.shigeku.org/shiku/xs/index.htm
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Figure. 1.  A sample annotation from text Y3 
 

3. DISTRIBUTION OF ADNOMINALS IN MODERN CHINESE 
 
The previous section addresses the first question concerning the qualitative description of 
adnominals in modern Chinese. In this section, we are addressing Questions 2 and 3 con-
cerning the distribution patterns of adnominals in modern Chinese.  

Table 1 illustrates a result obtained from the statistics of Y1 and Table 2 presents a com-
plete list of results for all texts.  

 
Table 1 

Rank-frequency sequence of adnominals 
 

Rank Frequency Nominals Rank Frequency Nominals 
1 25 ProL 14 5 NAL 
2 16 NCL 15 4 NumL 
3 14 POPSPL 16 3 AL 
4 11 CLASPL 17 2 APASPL 
5 10 ClaL 18 2 NCASPL 
6 9 AASPL 19 2 VASPL 
7 9 PosL 20 2 VerL 
8 7 PPASPL 21 2 VPL 
9 6 NASPL 22 1 DWL 
10 6 NPASPL 23 1 LASPL 
11 6 VPASPL 24 1 NPR 
12 5 CluL 25 1 OAL 
13 5 LPASPL    

 
 
 
 
 

谭博/nr  时常/d  在/p  梦/n  中/f  为/p  尿/n  所/u  折磨/v  。/w  他/r  

在/p  梦/n  为/p  他/r  布置/v  的/u-CLASPL  场景/n  里/f  四处/d  寻

找/v  便桶/n  。/w  他/r  在/p  自己/r-PosL  朝/p  南/f  的/u-PRASPL  

厢房/n  里/f  焦急/a  不安/a  。/w  现实/n  里/f  安放/v  在/p  床/n  前

/f  的/u-VPASPL  便桶/n  在/p  梦/n  里/f  不翼而飞/l  。/w  无/v  休止
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Table 2 
Rank-frequency sequence of adnominals 

 

ID Word 
Tokens Sequences of adnominals  

LA1 1078 28,23,17,16,12,10,7,7,6,5,5,5,3,3,2,2,2,2,1,1,1 
LA2 1140 23,18,16,14,13,13,12,10,7,7,6,6,6,6,4,3,3,2,2,4,2,1,1,1,1,1 
LA3 1125 17,16,16,14,10,10,10,7,7,6,5,4,4,3,3,2,2,1,1,1,1,1,1,1 
LA4 1091 33,12,12,12,10,9,9,8,8,6,6,6,6,4,2,2,1,1,1,1,1,1,1,1,1 
LA5 933 33,22,21,15,11,11,9,6,5,5,5,4,4,4,3,2,2,2,2,2,2,1,1,1,1,1,1 
LA6 993 33,20,15,12,10,9,8,7,7,7,6,6,5,5,5,5,4,2,2,1,1,1,1,1,1 
LA7 1019 20,15,14,14,14,12,11,9,8,8,8,6,4,4,2,2,2,1,1,1,1,1 
LA8 1244 19,14,12,9,9,8,6,4,4,4,3,3,3,2,2,2,2,2,2,1,1,1,1 
LA9 980 23,20,16,15,12,11,11,10,9,6,4,3,3,3,3,2,2,2,2,2,1,1,1,1,1 
LA10 1270 26,22,20,12,11,10,9,8,7,6,5,5,5,5,4,4,3,3,2,2,1,1 
LC1 778 11,11,11,11,9,5,4,4,4,4,4,3,3,3,2,2,2,2,1,1,1,1,1 
LC2 1060 47,25,16,13,13,12,9,9,8,7,7,7,7,6,6,5,4,4,3,3,3,3,2,2,1,1,1 
LC3 1127 39,27,20,15,12,11,9,8,8,7,7,5,5,5,3,3,3,2,2,2,2,1,1,1 
LC4 1309 63,30,22,16,12,11,11,11,10,9,7,7,6,5,5,4,4,3,3,3,2,2,1,1,1,1,1,1,1 
LC5 1242 28,28,15,14,12,12,11,11,10,7,7,6,4,3,3,3,2,2,2,2,2,1,1,1,1,1,1,1,1,1,1 
LC6 1386 59,17,16,16,14,11,11,11,10,9,9,8,8,6,5,4,4,2,2,2,2,2,2,1,1,1,1 
LC7 1247 48,16,15,11,10,9,9,9,7,6,6,5,4,3,2,1,1,1,1,1,1,1,1,1 
LC8 1684 67,26,24,17,16,16,14,13,11,9,8,8,8,7,7,4,4,4,2,2,2,2,1,1,1,1,1 
LC9 1343 27,16,14,13,11,10,9,6,6,5,5,4,4,3,2,2,2,1,1,1,1,1,1,1,1,1 
LC10 1184 19,16,16,14,14,12,10,9,7,7,6,5,4,4,3,3,2,2,2,2,2,2,2,1,1,1,1 
XSH1 279 9,5,4,4,2,2,1,1,1,1,1,1,1,1,1,1 
XSH2 476 12,10,7,6,5,3,3,2,2,2,1,1,1,1,1,1,1,1,1 
XSH3 216 6,6,3,2,2,2,2,2,2,1,1,1,1,1 
XSH4 230 11,8,6,3,3,2,2,2 
XSH5 324 11,10,5,4,3,2,2,2,2,2,2,2,1,1 
XSH6 200 7,6,4,3,3,2,2,2,2,1,1,1,1 
XSH7 160 7,3,2,2,1,1,1 
XSH8 380 7,6,4,4,4,4,3,3,2,2,1,1,1 
XSH9 483 16,10,10,7,7,4,4,3,3,2,2,2,1,1,1 
XSH10 378 9,6,5,4,4,3,2,2,2,1,1,1,1,1,1,1 
Y1 1169 25,16,14,11,10,9,9,7,6,6,6,5,5,5,4,3,2,2,2,2,2,1,1,1,1 
Y2 1250 28,26,23,22,19,13,13,13,10,10,10,9,6,5,5,5,4,4,4,3,1,1,1 
Y3 1038 14,13,13,11,9,8,8,7,6,6,5,5,5,5,4,4,4,2,2,2,2,1,1,1,1,1,1,1,1,1,1 
Y4 1230 25,22,20,12,12,12,9,9,8,8,7,7,7,6,6,6,5,5,3,3,2,1,1,1,1,1 
Y5 1377 37,13,13,11,10,10,7,7,7,5,5,4,4,3,3,2,2,1,1,1,1,1,1,1 
Y6 1025 36,33,33,26,21,18,14,13,12,9,7,6,6,6,3,3,2,2,2,2,1,1 
Y7 1037 27,20,17,15,15,15,11,10,10,6,6,5,5,5,4,4,4,4,2,1,1,1,1,1,1,1 
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ID Word 
Tokens Sequences of adnominals  

Y8 1090 27,22,19,19,14,12,11,11,11,10,9,8,7,6,5,5,4,3,3,3,2,2,1,1,1 
Y9 1287 18,17,16,15,14,13,9,8,7,6,5,4,4,3,3,2,3,2,2,2,1,1 
Y10 1126 37,27,22,14,13,12,5,5,5,4,4,4,3,3,3,3,2,2,2,2,2,2,1 

 
 
3.1. Fitting the data by the original Zipf’s law function  
 
We start from fitting the data of Y1 (Table 1) by the original Zipf’s law function with two 
parameters a and b: 
 

(3a) y = ax-b 

 
which yields good result as is shown in Figure 2. 

 
Figure 2. Fitting Zipf’s function to Text Y1 

 
Then individually fitting data of the 40 texts to the model (3a) produces acceptable to 

good results as is shown in Table 3. The Pearson correlation coefficient ranges from 0.7607 to 
0.986, with an average of 0.8933, corroborating our hypothesis that the adnominals in modern 
Chinese are distributed and expanded like other language units which perform as divers-
ification processes discussed in Altmann (2005). However, some individual results like LA 3, 
LA 7, LC 1, LC 10, Y9, etc. are not satisfactory enough.  
 

Table 3 
Fitting the data by the original Zipf’s function 

 

ID a b R2 ID a b R2 
LA1 31.7990 0.7406 0.9063 XSH1 9.1727 0.8654 0.9616 
LA2 26.5381 0.6111 0.8492 XSH2 13.5135 0.7818 0.9133 
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LA3 21.6522 0.6041 0.7779 XSH3 6.6510 0.6661 0.8636 
LA4 31.4533 0.8147 0.9066 XSH4 11.6047 0.7992 0.9362 
LA5 36.0960 0.8064 0.9349 XSH5 12.1016 0.7925 0.9035 
LA6 33.8003 0.7795 0.9691 XSH6 7.6549 0.6735 0.9261 
LA7 23.1637 0.5692 0.7668 XSH7 6.9281 1.0844 0.9867 
LA8 21.0000 0.7155 0.9256 XSH8 7.6445 0.5398 0.8453 
LA9 27.3648 0.6678 0.8413 XSH9 16.9685 0.7583 0.9230 
LA10 29.7349 0.6717 0.9066 XSH10 9.5190 0.7314 0.9453 
LC1 14.3222 0.5682 0.7482 Y1 26.3356 0.6943 0.9440 
LC2 46.4565 0.8499 0.9831 Y2 34.3740 0.5806 0.8165 
LC3 41.6949 0.8092 0.9652 Y3 17.8092 0.5654 0.8080 
LC4 62.6277 0.9720 0.9875 Y4 29.0736 0.6167 0.8798 

LC5 33.3711 0.7283 0.8679 Y5 35.4242 0.9089 0.9461 

LC6 54.8103 0.9475 0.9245 Y6 44.7625 0.6592 0.8021 
LC7 46.0534 1.0220 0.9555 Y7 30.4950 0.6550 0.8645 
LC8 64.7755 0.9267 0.9624 Y8 31.2242 0.5988 0.8644 
LC9 28.5723 0.7670 0.9284 Y9 22.8309 0.5694 0.7607 
LC10 23.4193 0.5955 0.7994 Y10 40.6627 0.8474 0.9338 
Average R2 = 0.8933; var = 0.0046; std = 0.0676   

 
 

3.2. Fitting the data by the Zipf-Alekseev function 
 
Hřebíček (2002), Liu (2009b), Yue & Liu (2011) find the Zipf-Alekseev distribution one of 
the most popular and operational models in simulating the decreasing frequency curves of 
language units. To see whether this distribution captures our data more adequately, we fit the 
data by the corresponding function 

ln( )(3 ) a b xb y Cx   

where a and b are parameters and C is a normalization constant. The results shown in Table 4 
are far superior to the fitting results from function (3a).  
 

Table 4 
The fitting of Zipf-Alekseev function 

 

ID a b C R2 ID a b C R2 
LA1 -0.0507 -0.3015 27.8016 0.9923 XSH1 -0.6752 -0.0960 8.9637  0.9667 
LA2 0.0657  -0.2479 21.6668 0.9598 XSH2 -0.0790 -0.3329 12.0699 0.9894 
LA3 0.2370  -0.3282 16.8826 0.9752 XSH3 -0.3217 -0.1688 6.3088  0.8902 
LA4 -0.7706 -0.0175 31.1771 0.9070 XSH4 -0.2341 -0.3641 11.0514 0.9791 
LA5 -0.2383 -0.2407 32.4472 0.9880 XSH5 -0.2981 -0.2655 11.4335 0.9389 
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LA6 -0.5840 -0.0801 32.5458 0.9774 XSH6 -0.2062 -0.2327 7.1104  0.9745 
LA7 0.2372  -0.2980 17.8815 0.9159 XSH7 -1.2619 0.1266 6.9871  0.9893 
LA8 -0.1667 -0.2278 18.6840 0.9869 XSH8 -0.0601 -0.2170 6.8686  0.9174 
LA9 0.1388  -0.3144 22.1858 0.9711 XSH9 -0.2386 -0.2497 15.5868 0.9703 
LA10 -0.0989 -0.2374 26.2183 0.9809 XSH10 -0.3106 -0.1963 8.8580  0.9800 
LC1 0.4048  -0.3766 10.8160 0.9497 Y1 -0.3402 -0.1377 24.2078 0.9743 
LC2 -0.8473 -0.0011 46.4360 0.9831 Y2 0.2286  -0.3077 27.1420 0.9761 
LC3 -0.4146 -0.1709 38.9230 0.9936 Y3 0.2403  -0.2756 13.4702 0.9739 

LC4 -0.9311 -0.0180 62.2817 0.9878 Y4 -0.0806 -0.2010 25.1194 0.9575 

LC5 -0.0554 -0.2603 28.4693 0.9564 Y5 -0.9461 0.0159  35.6321 0.9463 

LC6 -1.1800 0.0967  56.7998 0.9333 Y6 0.3575  -0.4158 34.7192 0.9883 

LC7 -1.1465 0.0567  46.7689 0.9576 Y7 -0.0039 -0.2445 25.4755 0.9582 

LC8 -0.9486 0.0093  64.9968 0.9625 Y8 0.0293  -0.2323 25.9561 0.9681 

LC9 -0.2979 -0.1883 25.8197 0.9699 Y9 0.4321  -0.3829 16.8433 0.9756 
LC10 0.3066  -0.3266 17.5654 0.9750 Y10 -0.2318 -0.2878 37.0420 0.9861 
Average R2 = 0.9656; var = 0.0006; std = 0.0245 

 
The result indicates that C here stands for the frequency of the words occurring most 

often. As we can see in Table 4, all the values of the parameter a in the XSH texts are negative, 
while all the values of b in the LA texts are positive, which might suggest that these two 
parameters to a certain extent exhibit characteristics of different genres of texts. But the 
samples are not large enough to make this finding conclusive. Whether it is a coincidence that 
a and b are highly inversely correlated (Pearson correlation = -0.947, P-Value = 0.000) needs 
to be addressed in a further study. 
  
3.3  Fitting the Popescu-Altmann-Köhler (PAK) function to data 
 
Popescu et al. (2010), Altmann et al. (2013) hold that every text is heterogeneous, if it is 
composed of several sub-sequences. It is difficult for an author to keep a text homogeneous 
on any units in language levels including arrangement of phonemes, words, word classes, and 
adnominals discussed in the present paper as well all the time as the consequences of the 
going time, context, etc., of the alternation of themes among paragraphs in a text, and of the 
relevant writing categories, aims, approaches of a writer, which will be alternative as well. 
Additionally, in our corpus, most selected texts from LCMC consist of 2 to 3 pieces of news 
written by different authors. Only LC1 is from a single news editorial, and LC10, 4 news 
editorials.  

The Popescu-Altmann-Köhler (PAK) function, an exponential function (3c), has been 
proposed in Popescu et al. (2010) to capture heterogeneity in texts when fitting language units. 
In the function,  
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Ai is the amplitude of a ranking scale and ri, the decay coefficient of every descending scale. 
Here, y carries the frequencies, x, the ranks, and k, the number of relevant strata. The number 
1 in (3c) ensures that the lowest frequency in every rank is 1. (3c) can be transformed into a 
sum of functions (3d): 
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The PAK function captures the regularity of a rank-frequency sequence, giving results 
comparable to the Zipfian approach, and also shows the number of relevant strata: if any two 
of parameters Ai are equal, one of the terms may be skipped. From the existing literature 
(Popescu et al. 2009: 22, 2010: 723, 2011, Köhler 2012: 53), it is more interpretable in lin-
guistics for the model to go with no more than two strata. Additionally, adding parameters will 
hardly contribute to a better fitting result. However, in the PAK fitting, some parameters get 
an astronomic value, i.e. they are absolutely illusory. One may content himself with one 
stratum or add still another. We thus fit the data by the model of one stratum (3e) at first. If a 
result is unsatisfied (i.e. R2 < 0.9), then we will turn to the two strata model, whose function is 
(3f). 

1
1

(3 ) 1 *exp xe y A
r

 
   

 
 

1 2
1 2

(3 ) 1 *exp *expx xf y A A
r r

   
       

   
 

The fitting result is shown in Table 5, where most determination coefficients R2 are 
higher than 0.9, with only one exception for XSH3 (R2 = 0.8945). The average of R2 (= 0.9701) 
suggests very good fitting.  
 

Table 5 
Fitting data by PAK functions 

 

ID A1 r1 A2 r2 R2 
LA1 33.1278  4.6537   0.9921 
LA2 24.0088  7.3241   0.9743 
LA3 20.9004  6.6167   0.9669 
LA4 28.3794  4.9212   0.8255 
LA4 6693744.8500 0.0777 16.8405  7.7800 0.9698 
LA5 37.7904  4.2951   0.9833 
LA6 32.6509  4.7210   0.9129 
LA7 21.4882  7.4638   0.9379 
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LA8 21.0114  4.8000   0.9861 
LA9 26.4094  6.0079   0.9786 
LA10 29.1110  5.5822   0.9707 
LC1 13.8307  6.3717   0.9202 
LC2 48.3167  3.8653   0.8684 
LC2 18.7077  9.4984 104.4871 0.7856 0.9936 
LC3 43.4612  4.2360   0.9660 
LC4 78.0104  2.7400   0.9042 
LC5 31.6906  5.7109   0.9540 
LC6 59.2037  3.2536   0.7644 
LC6 7265766.2400 0.0823 22.0697  8.7861 0.9899 
LC7 60.4093  2.3848   0.8483 
LC7 2600502.4100 0.0876 21.3652  6.2940 0.9900 
LC8 68.2987  3.5879   0.8512 
LC8 3058.3817  0.2277 32.2554  7.3472 0.9930 
LC9 27.6271  4.9446   0.9648 
LC10 21.7846  7.3091   0.9786 
XSH1 12.3088  2.1337   0.9673 
XSH2 15.4460  3.3125   0.9888 
XSH3 7.6729  2.7877   0.8945 
XSH4 15.4183  2.4082   0.9801 
XSH5 15.4601  2.6319   0.9461 
XSH6 8.4880  3.1361   0.9716 
XSH7 15.0870  1.0692   0.9800 
XSH8 7.2618  4.8750   0.9165 
XSH9 18.6646  3.6695   0.9719 
XSH10 10.4103  3.2623   0.9764 
Y1 23.9435  5.8912   0.9512 
Y2 32.5286  7.4214   0.9786 
Y3 15.5991  8.2542   0.9762 
Y4 23.6492  6.1799   0.9525 
Y5 37.7302  3.4366   0.8548 
Y5 5601962.3300 0.0798 18.1405  6.7236 0.9902 
Y6 45.6101  5.9023   0.9804 
Y7 28.0329  6.6627   0.9718 
Y8 28.1316  7.6334   0.9778 
Y9 22.2119  6.9472   0.9618 
Y10 47.2779  3.4346   0.9808 

 
 The shaded columns in Table 5 tell the fitting results of function (3e) and (3f) separately. 

These six groups of results demonstrate that function (3f) is more applicable in describing the 
expanding trends of adnominals in the texts.  
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However, obviously, most of the texts can follow the model (3e) quite well. For 9 out of 
the 10 LA texts (novels by Liang Xiaosheng) and 9 out of the 10 Y texts (novels by Yu Hua) a 
mono stratum model is suitable, which suggests both homogeneity and heterogeneity for these 
two authors. As for XSH texts (contemporary Chinese poetry), all of them go with a mono 
stratum model. Such a result is similar to that of the study based on 10 Slovak poems written 
by Dilong selected in Altmann et al. (2013). We suppose both the relevant short length of 
poems and concentrated topics and writing categories contribute to a high homogeneity.  

Conversely for LC texts (news reportings), half of the texts (LC 2, 6, 7, 8) have at least 
two strata, which is in line with their multiple sources. Composed of at least two pieces of 
news written by different authors, these texts are meant to be heterogeneous. Regardless the 
data of LC texts, the fitting results in Table 5 demonstrate that Chinese writers prefer mono- 
strata. On the other hand, the fitting results verify that in stratified texts in modern Chinese, 
adnominals are distributed with a stratification feature and further prove the feasibility of our 
classification of adnominals in modern Chinese. 
 
 

4. CONCLUDING REMARKS 
 
Based on authentic language materials along with the existing references on modern Chinese 
grammar, this paper formulates a classification criterion of adnominals. Several disputes are 
resolved indicating that numerals, adverbs, demonstrative pronouns and so on can function as 
adnominals. Then a comprehensive and systematic description of all types of adnominals in 
modern Chinese is made. This attempt is expected to shed new light on a deeper understand-
ing on Chinese nouns as well as the word classes occurring in noun phrases.  
 This paper is, to our knowledge, the first empirical attempt at a quantitative description of 
adnominals in modern Chinese. We obtain the adnominal rank-frequency data from an an-
notated corpus. Fitting the data by both the original Zipf’s law function and the Zipf-Alekseev 
function supports the hypothesis that adnominals are distributed in texts in a fashion similar as 
other language units like words, i.e. adnominals are also ordinary language units. The fitting 
results of Popescu-Altmann-Köhler (PAK) function to the adnominal sequences suggest that 
adnominals display stratification features in stratified texts. 

The fitting results from both Zipf-Alekseev and PAK functions exhibit certain differences 
among different genres. But the data size is insufficient in differentiating these genres. Future 
research may further examine the stratification features in more genres. Further efforts shall 
also include a cross-language comparison.   
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Appendix.  Adnominal types in modern Chinese  

 

 Types Notes Instances 
Adnominals without “de” 
Words AL adjective left  

(means adjective 
prior to core noun) 

hóng  píngguŏ  

红     苹果 

red    apple(s) 
‘red apple(s)’ 

ClaL classifier left măi  jiàn           yīfú 

买   件            衣服 

buy  item (classifier)  cloth 
‘buy a cloth’ 

DWL distinguishing word 
left 

fù    zhŭxí 

副    主席 

vice  president(s) 
‘vice president(s)’ 

LAL localizer left shàng    xīngqī 

上       星期 

previous8  week 
‘last week’ 

MenR the word ‘men’ right lăoshī     men 

老师      们 

teacher(s)  men 
‘teachers’ 

NAL noun left píngguŏ  shù 

苹果     树 

apple(s)  tree(s) 
‘apple tree(s)’ 

NAR noun right (both 
core nouns and  
admonimals are 
nouns.) 

Pān Jīwén    mìshūzhăng 

潘基文      秘书长 

BanKi-moon  secretary-general 
‘the secretary-general Ban Ki-moon’ 

NumL numeral left sān   jiěmèi 
                                                             
8 The “shàng” here means “previous” or “last”, which refers to time, but not “upper” referring to 
place. 
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三    姐妹 

three  sisters 
‘three sisters’ 

OAL onomatopoeia left wēngweng  shēng 

嗡嗡       声 

hum       sound 
‘hum’ 

PosL possessive pronoun 
left 

wŏ  māma 

我  妈妈 

my  mum 
‘my mum’ 

ProL pronoun left zhè  dìfāng 

这  地方 

this  place 
‘this place’ 

SAL surname left Líu  jiàoshòu 

刘   教授 

Liu  professor 
‘Professor Liu’ 

VerL verb left kăoshì   chéngjì 

考试     成绩 

examine  score 
‘exam scores’ 

Phrases APL adjective phrase left hěn  cháng  shíjiān 

很    长    时间 

very  long   time 
‘so long a time’ 

DWPL distinguishing word 
phrase left 

fēi   zhèngshì  yuángōng 

非   正式     员工 

non  regular    employee(s) 
‘non-regular employees’ 

LPL locative phrase left mèng   zhōng     rén 

梦       中      人 

dream  in/middle  person(s) 
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‘dream(s) person/person(s) in the dream’ 
NCL numeral-classifier 

phrase left 
yī    chăng     yŭ 

一    场       雨 

one  (classifier)  rain 
‘a pourdown 

NCR numeral-classifier 
phrase right 

xiōngmèi           sān    rén 

兄妹              三     人 

brothers and sisters   three  person(s)  
‘an elder brother and two younger sisters / 
two elder brothers and a younger sister’ 

NPL noun phrase left xīn   shū     fēngmiàn 

新    书      封面 

new  book(s)  cover(s) 
‘cover of the new book’ 

NPR noun phrase right Běijing  nà   defāng 

北京    那   地方 

Beijing  that  place 
‘such a place like Beijing’ 

PAL phraseology left chūnnuănhuākāi         shí 

春暖花开                时 

spring/warm/flower/bloom time 
‘when spring has come and the flowers are 
in blossom’ 

PreL prepositional phrase 
left 

bèi       fāxiàn   shí 

被       发现     时 

(passive)  discover  time 
‘when discovered’ 

VPL verb phrase left zŏu   guòqu   shí 

走    过去     时 

walk  go over  time 
‘when walking past’ 

Clauses CluL clauses left wŏ  kàn  shū   nàhuìr 

我   看   书   那会儿 

I   read  book  the time 
‘the time when I’m reading books’ 
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Adnominals with ‘de’ 
Words AASPL adjective left hóng  de       huā 

红    的        花 

red   (particle)  flower 
‘red flower’ 

ADASP
L 

adverbial left céngjīng  de       shíguāng 

曾经      的      时光 

once     (particle)  time 
‘past time’ 

CASPL classifier left diăndian   de        xīngguāng 

点点        的       星光 

(classifier)  (particle)  starlight 
‘star twinkling’ 

DWASP
L 

distinguishing word 
left 

xīshì         de       fángzi 

西式         的       房子 

western style  (particle)  house 
‘western style house’ 

LASPL localizer left lĭmiàn   de      rén 

里面    的      人 

inside  (particle)  person(s) 
‘people/person inside’ 

NASPL noun left miànbāo   de        jiàqián 

面包      的        价钱 

bread     (particle)  price 
‘the price of bread’ 

NUASP
L 

numerals left hěnduō  de       mèng 

很多     的       梦 

lot      (particle)  dream 
‘lot of dreams’ 

OASPL onomatopoeia left wēngweng  de        shēngyīn 

嗡嗡       的        声音 

hum       (particle)   sound 
‘hum’ 

PPASPL pronoun left nàr    de      fēngjĭng 
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那儿   的      风景 

there  (particle)  scene 
‘the scene over there’ 

VASPL verb left bēnpăo  de       rén 

奔跑    的       人 

run     (particle)  person(s) 
‘the running person/people’ 

Phrases APASPL adjective phrase left hěn  cháng  de        shíjiān 

很    长    的        时间 

very  long   (particle)   time 
‘so long a time’ 

DWPAS
PL 

distinguishing word 
phrase left 

fēi   zhèngshì   de      yuángōng 

非    正式     的      员工 

non  regular   (particle)  employee(s) 
‘non-regular employee(s)’ 

LPASPL locative phrase left mèng   zhōng     de       rén 

梦       中       的       人 

dream  in/middle (particle)  person(s) 
‘dream person/person in the dream’ 

NCASP
L 

numeral-classifier 
phrase left 

yī    piànpian     de       yèzi 

一   片片        的       叶子 

one (classifier)  (particle)  leaf/leaves 
(The structure �yī �one� + double classi-
fiers” makes the head noun plural in 
meaning. ) 
‘lots of leaves’ 

NPASPL noun phrase left xīn   shū   de        fēngmiàn 

新   书    的         封面 

new  book  (particle)   cover 
‘cover of the new book’ 

PASPL phraseology left Chūnnuănhuākāi de       shíhou 

春暖花开        的        时候 

spring/warm/flower/bloom (particle) time 
‘when spring has come and the flowers are 
in bloom’ 
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PRASPL prepositional phrase 
left 被        发现    的       时候 

bèi       fāxiàn    de      shíhou 
(passive)  discover  (particle)  time 
‘when discovered’ 

VPASPL verb phrase left zŏu   guòqu   de       shíhou 

走    过去   的        时候 

walk  go over  (particle)  time 
‘when walking past’ 

Clauses CLASPL clause left wŏ  kàn  shū   de        shíhou  

我  看    书    的       时候 

I   read  book  (particle)   time 
‘the time when I read books’ 
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Ethnographic Study of the pintaderas of Gran Canaria: 
A Measure Theoretic Approach for Quantifying Symmetry 

 
Peter Zörnig,1 Tomi S. Melka2 

 
Abstract. We study the pintaderas of Gran Canaria (Canary Islands, Spain), a pre-European system of 
baked clay and occasionally of wooden stamping seals, with surfaces covered in a number of stylized 
and abstract drawings. There is no unique theory, accepted by all scientists with respect to the function 
of pintaderas; explanations range from property and identity markers, to a decorative system, or to a 
multi-functional use.  
 The purpose of this paper is twofold: (1) draw attention to pintaderas as one of the pre-
linguistic systems of the world, with designs standing for visual metaphors, (2) present a novel 
elementary measure for symmetry which might be useful to discover hidden information in artifacts. 
 
Key words: axis symmetry, degree of symmetry, Gran Canaria, pintaderas, property markers, stamp 
seals, symmetry analysis  
 
 
1. Introduction  
 
The island of Gran Canaria (Canary Islands, Spain) is rich in artifacts of the pre-European 
period, i.e. before the re-discovery, conquest and subsequent colonization (14th-16th centuries, 
see Morales Padrón, 1978; Santiago Casañas, 2013; Jiménez González, 2014, pp. 79-90), such 
as farming and fishing tools (rotatory manual mills made of tuff, bone hooks, obsidian 
knives); weapons (spear lances, throwing stones, etc.); weaving products (rush mats, carrying 
bags); earthenware (pots, jugs, bowls, clay idols, necklace beads, etc.); bone tools (punches 
and burins, sewing needles, etc.); leather and/or fiber garments (dresses, skirts, hand bags, 
head-dresses, patched foot-gears), and mortuary-related pieces (wooden coffins), cf. CCPC 
(1998). It is safe to suggest that these utensils were created in response to practical and 
spiritual necessities of the ancient indigenous populations. Among them, pintaderas stand out 
as one of the most characteristic objects of the material culture (Alcina Franch, 1956; Martín 
de Guzmán, 1984; Tejera Gáspar et al., 2008; Bolaños Suárez & Oliveras Contreras 2012; Ma. 
Cruz de la Mercadal et al., 2013). Marcy (1940) suggests that they are literally objects that 
serve to paint. The dictionary of Real Academia Española (2014) defines a pintadera as an 
instrument employed to decorate through some work the front side of bread or that of other 
objects. To prevent repetition, two other designations are in use for the same examined event, 
sello [stamp] and matriz [matrix] (see Ma. Cruz de la Mercadal et al., 2013).   
 In fact, pintaderas is an agreed generic name among past and present research circles 
for these 3D devices. The imprint left on the material surface (soft clay, leather, skin?) was of 
conventional importance, and since pintaderas have features central to stamping or embossing 
processes, matrix and stamp may just as qualify as key terms. Ma. Cruz de la Mercadal et al.’s 
(2013) description is offered to remove unwanted ambiguities, Pintadera is a tool employed 
to reproduce the encompassed designs by using pressure, see Figure 1. 
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          (a)           (b)         
 
Figure 1. (a) A pintadera’s base from El Museo Canario, Anexo Fotográfico (Registro 3080;  
Ma. Cruz de la Mercadal et al., 2013); (b) Another base from El Museo Canario, Anexo 
Fotográfico (Registro 3086; Alcina Franch, 1956: Lámina IV; Ma. Cruz de la Mercadal et al., 
2013). The imprints involve designs proportionally in balance, with matrix (a) having 
rotational symmetry and (b) a reflection, i.e. axis-symmetry.  
 
 
A quick look reveals the circumference of the base covered in some way or in entirety by 
patterns with simple, repetitive, and minimal outlines (sees e.g. Ma. Cruz de la Mercadal et al., 
2013, p. 142). Excessive use of geometric elements and rapport composition are also 
observed, fitting – for the most part – in symmetric schemes within the limited perimeter of 
the matrix (Figure 2a). At times, repeated and interlocked elements generate fractal-like 
images (see Figure 2b), similar to the mathematical constructions known as Sierpiński sieve 
(Sierpiński, 1915; Weisstein, 2014, Figure 2c). On the other hand, floral, animal, or human-
like motifs are absent in the current corpus (Alcina Franch, 1956, p. 27). 
       The zigzag stripes, the triangles, rhombus-like figures, “checkerboards,” circles and 
circlets, rectangles, “cross-hatchings,” the angular lines, the horizontal, vertical and wavy 
lines appear balanced and in a grid-like formation yielding quite often a spatial harmony. In 
connecting motifs to the whole of the device (the stamp-seal itself), we think that the 
manufacture reveals intentionality (a) aiming for a utilitarian use, such as to impress a soft 
material, e.g. wet clay, wax or hide, and (b) beyond their down-to-earth use, the repertoire of 
motifs3 may respond to symbolism and social constructions of the pre-European ethnic groups 
of Gran Canaria.  
 
 

                                                        
3 The fact that the symbolic system of pintaderas is meaning-bearing is not disputed, see parallel cases discussed 
in Gorelick & Gwinett (1981); Jean (1998 [1989]); Melka (2010); & Sproat (2014, p. 475). Though the 
significance of each symbol remains vague, Celso Martín de Guzmán’s (1988, p. 290) statement could be 
plausible on more than one level, “...estos sellos patrimoniales, capaces de indicar relaciones de pertenencia o 
de vinculación” […these hereditary stamps, capable of indicating relationships of belonging or of attachment]. 
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           (a)                (b)                                                   

 
 

 
(c)  
 
Figure 2. (a) A pintadera’s base from El Museo Canario, Anexo Fotográfico (Reg. 3124), 4 
showing conditions of quadripartite symmetry; (b) a triangular-shaped matrix in a pintadera 
of Museo del Parque Arqueológico de Cueva Pintada, Gáldar, Gran Canaria (see 
cuevapintada.org, 2007; Bolaños Suárez & Oliveras Contreras, 2012); (c) a Sierpiński sieve or 
gasket characterized by recurrence is a fractal that forms part of the Complex Systems, see 
Weisstein (2014). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Sellos (= pintaderas) de los príncipes aborígenes de Gáldar (Gran Canaria) 
[Stamps (= pintaderas) of the indigenous “princes” of Gáldar (Gran Canaria)]. Image 
retrieved from Sabin Berthelot (1980 [1879], Grabado № 12). 
 

                                                        
4 See Ma. Cruz de la Mercadal et al. (2013). 
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As we inspect the researchers’ work on pintaderas canarias, the earliest ones date back to the 
last quarter of the 19th century and continuing along the 20th and 21st, see Sabin Berthelot 
(1879; 1980, Grabado № 10, and Figure 3); René Verneau (1885, 1887), Franchy y Roca 
(1901); Ripoche y Torréns (1902); Marcy (1940); Pérez de Barradas (1944); Alcina Franch 
(1956); Martín de Guzmán (1984); Onrubia Pintado (1986); Cuevapintada.org (2007). 
 An aim of the paper is positioning pintaderas in a long list of communication 
platforms that go beyond speech-based manifestations (see Nordenskiöld, 1928; Métraux, 
1963; Brice, 1976; Chaparro D’Acosta, 1980; Gorelick & Gwinett, 1981; Tufte, 2001 [1983]; 
Gaur, 1987 [1984]: 18-30; Olivier et al., 1996; Frutiger, 1998; Mirzoeff, 1999 [2009]; Sproat, 
2000, 2013; de la Nuez Caballero, 2001; Salomon, 2004; Boone, 2004; González Carvajal & 
Bray, 2008; Lillios, 2008; Melka, 2009). Many of the authors describe in minute detail 
symbolic systems from different places and eras, and we can use this knowledge to 
understand pintaderas. It must be also emphasized that resurfacing all theories and proposing 
a solution to their meaning and function are difficult to reconcile,5 hence any answer from our 
part must be postponed. In similar terms, whereas pintaderas fail to cover the speech (or 
varieties of it) of the indigenous people of Gran Canaria, it is essential to explore their visual-
semantic nature, instrumental to information exchange (see e.g. Canarias Ahora, 2013). As 
geometrical patterns are clearly visible in the matrices, it is necessary to define and quantify 
their shapes. Therefore, we develop a new symmetry measure in this article. In contrast to 
previous papers we are not restricted to qualitative studies (though the latter may be very 
useful, v. supra). Another important aspect of our study is the selection of various semiotic 
systems, which in semantic or symmetric terms may serve well to interpret pintaderas. One 
reason to include research problems and corpus characteristics is to provide this information 
to scientists that do not understand Spanish, building thereby a bridge between domestic and 
international research. 
 In the following, we describe the characteristics of pintaderas and corpus-related 
issues. In Section 3, an overview of additional symbolic systems of the world is provided. 
Necessary concepts of symmetry, in particular the new measure, called degree of symmetry 
are introduced in Section 4. In Section 5, calculations of the degree of symmetry are 
illustrated by means of practical examples. Some concluding remarks are given in Section 6. 
 
 
2. Physical description of pintaderas and the current corpus   
 
A considerable collection of pintaderas is deposited in Fondo de Arqueología de El Museo 
Canario: “214 exemplars” in the record (Ma. Cruz de la Mercadal et al., 2013, p. 21; see also 
Figure 3). Several of them are discovered in archaeological sites, in relation to sanctuaries and 
necropolis; others are recovered from pre-Hispanic habitats, within or next to domestic 
structures; with donations and purchases standing for another supply source (see Martín de 
Guzmán, 1988, p. 291; Ma. Cruz de la Mercadal et al., 2013). As for the preservation status, 
16 pintaderas, although slightly worn, are fully well-conserved; 96 are complete; 25 are 
complete with wear that does not exceed 50% of the artifact, while 77 tokens are fragmentary 
pieces with a loss over 50% in their body (Ma. Cruz de la Mercadal et al., 2013, p. 38). We 
must consider that the deposition contexts have been disturbed or unprotected – over time – 
from looters, the elements, and/or occasional urbanization drive, with each passing year 
deteriorating the physical condition of the artifacts. Admittedly, a resulting effect is their 
reliable dating. In terms of provenance, pintaderas practically come from all over the insular 

                                                        
5 The scholarship involves regional-specific and transnational studies with some proffering less cautious 
speculation than the other. 
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geography; nonetheless the representativeness is unequal (Ma. Cruz de la Mercadal et al., 
2013, p. 29; p. 117, Fig. 3.14). Furthermore, the attribution source of 97 pintaderas is 
undocumented.  
 Another pintaderas reference is the corpus of El Museo y Parque Arqueológico Cueva 
Pintada, Gáldar, Gran Canaria. To date, there are c. 260 pieces under its custody, properly 
catalogued.6 It must be mentioned that an ongoing and careful investigation, is pending future 
publication. Currently, there are only six pintaderas showcased in the museum enclosure of 
Gáldar, Gran Canaria.     
 The present estimation is never anything close to the authentic corpus of the past, or of 
the present: time and human activities have certainly taken their toll. Likewise, unknown 
items may be part of private or public collections7 or may be mechanically hoarded 
somewhere by uninformed people. Recovery of pintaderas from archaeological excavations 
or secretive collections leaves open the possibility that corpus may increase in the near future. 
 
 
 

 
 
Figure 4. Rows of stamp seals displayed at El Museo Canario, Las Palmas de Gran Canaria, 
Canary Islands. Image courtesy of © R. M. Wieczorek (2013). Interesting, vintage photos of 
pintaderas made by Teodoro Maisch are available at Ma. Cruz de la Mercadal et al. (2013. p. 
23; Fig. 1.1 & 1.2).  
 
Pintaderas are composed generally of a flat, almost flat, or of a slightly curved (concave) 
surface, grounded in geometric-like shapes: quadrangular, i.e. rectangular or square; 
triangular; circle or semicircle (see Alcina Franch, 1956, p. 86; Bolaños Suárez & Oliveras 
Contreras, 2012, pp. 107-108). On such premises, the cited forms represent the best part of the 

                                                        
6 Pers. comm., José Ignacio Sáenz Sagasti (2014). 
7 See e.g. the case of Mariano Jornet Perales who bestowed in 1952 four pintaderas to Museo de Prehistoria de 
la Diputación de Valencia (Ma. Cruz de la Mercadal et al., 2013, p. 79). 
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corpus. Minor exceptions exist, e.g. “hour-glass,” rhombus, and “trapezoid” designs (Ma. 
Cruz de la Mercadal et al., 2013, p. 39). Describing to a greater extent, there are two parts, the 
body (or the base) composed of the patterned matrix, the laterals, i.e. edges; the dorsum, and 
the appendix or handle (Ma. Cruz de la Mercadal et al., 2013, pp. 37-38; see also Figure 5a). 
Presumably, the firing done in simple hearths, ovens, or bonfires,8 including or not other 
artifacts, influenced in the slight irregularities observed in the surface section. The skill of the 
indigenous ceramist – active or passive competence during shaping and the oxidizing process 
– should also be held in account, or so we assume. Within the context, 136 tokens have a 
proclivity for flatness; 98 have a concave surface, whereas ten (10) reveal a flat one. 

   a)         b)         c)       
 
Figure 5. Symbols of pintaderas may go solo or joined together, a) concentric rings encircled 
by square-shaped designs (cf. La Cueva Pintada, Gáldar, Gran Canaria; H. Pérez, 2014); b) a 
pair of symbols, concentric circles with an “hour-glass”-shape made of triangles (El Museo 
Canario, Reg. 30750); c) another “composite” token (El Museo Canario, Reg. 3125), is most 
likely a stylistic variation of the preceding concentric circles, plus triangles (Reg. 30750).  
 
 
Most assuredly, the purpose of the handle was enabling a better grasp to the users. From the 
perspective of human anatomy, it makes sense, striking a chord with other ancient or modern 
office stamp-seals (Alcina Franch, 1956, p. 81). Assorted handles are solidly attached to the 
base without any extra detail, while a range of them show a perforation or a string hole, 
specifically 98 out of 214 pintaderas; see Ma. Cruz de la Mercadal et al. (2013, p. 42). All of 
which supports the notion that apart from serving as a hand-printing tool subject to be worn, 
the perforated artifacts perhaps functioned as a hanging ornament. In two distant geographic 
cases of analogy, many of the Early Cretan seals and pintaderas of Neolithic Italy feature the 
same attribute (Yule, 1981; Cornaggia Castiglioni & Calegari, 1978; Skeates, 2007, p. 188). 
 Two measures should be considered with regard to the size: base dimensions range 
from 19mm x 22mm (reg. 3035) to 41mm x 98mm (reg. 3160); while axis dimensions (from 
the base to the tip of the handle) vary from 15mm to 40mm, with an average of 20mm to 
30mm (Ma. Cruz de la Mercadal et al., 2013, p. 45). The small measurements suggest that 
they were hand-held printing tools (see also Skeates, 2007, p. 183). The flat surface, in turn, is 
embellished most of the times with repeated motifs, made before firing the clay paste. The 
engraving techniques fall into three categories, incision, impression or excision –removal of 
small pieces by cutting–, for more details of manufacture and workmanship refer to Ma. Cruz 
de la Mercadal & colleagues (2013, pp. 50-54).  
 A legitimate question at this point: who were the seal-owners? The owners 
presumably had licit access to storerooms where commodities and/or utensils were placed. 
Gaur (2000, p. 25) says, “Property occurs only at a certain level of economical life: it 

                                                        
8 See Skeates (2008, p. 180) about other ethnographic parallels. 
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depends on the ability to produce surplus available for exchange (trade).” Jiménez González 
(2014, pp. 195, 204-205) draws attention at a hierarchical society and nobility in the pre-
European Gran Canaria. Hence, this social stratum must have had at its disposal staple or 
spare products to consume or store, as it must have had “specialists” in charge of such 
“administrative duties,” so to speak. 
 
3. Brief Query on other Symbolic Systems 
 
In heuristic support of the conceptual framework, additional observations are drawn from 
elsewhere. Although these systems9 cannot be directly and mutually related, cross-
examinations bring further food for thought about their similar socio-cultural conditions.  
 D. Collon’s (1990, p. 11) statement may preface this section, “For seven thousand 
years the act of sealing has guaranteed authenticity, marked ownership, indicated 
participation in a legal transaction, or protected good against theft.”   
 
 
3.1 Examples 
 
● Faublée-Urbain (1955) drawing on previous research notes10 regarding barn seals in Aurès, 
Morocco, goes on to make a number of arguments about their use: a) the artefacts sealed and 
branded “containers” in collective warehouses; b) in imitating foreign padlocks, natives 
created a “security device” in the guise of false keys; c) given the perpetrated robberies, 
lineage groups or families applied seals to control the integrity of locking in silos. While not 
suggesting Moroccan seals as the closest match of the pintaderas (see also Onrubia Pintado, 
1986; Cuenca Sanabria, 2008, pp. 71-73; Ma. Cruz de la Mercadal et al., 2013, p. 32), one 
cannot miss the fact that depots with artificial chambers or celdillas11 to stock up agricultural 
products and other devices related to food, its preparation and transformation, are well-known 
in the pre-Conquest Gran Canaria (see Jiménez González, 2014, pp. 98-99). The silos were 
every so often part of the village, e.g. in Cuevas Muchas (Guayadeque), Risco Pintado or 
montaña de La Audiencia (Temisas), Acusa (Artenara), and La Montañeta (Moya), whereas 
there are cases when the grain store is detached from the inhabited nucleus, e.g. the barn of 
Valerón (Santa María de Guía), cf. Ma. Cruz de la Mercadal et al. (2013, p. 94). Another local 
researcher, J. Cuenca Sanabria (2008) in light of the work of Montagne (1930), appears to 
follow the steps of Faublée-Urbain (1955), and comments on structural similarities of the 
fortified barns (agadirs) of Morocco and Gran Canaria. Although comparing signs of different 
systems on grounds of shape is considered dangerous (Brice, 1976, p. 31; Robinson, 2002, p. 
192), the system of Aurès (Morocco), was found to be quite useful in terms of plausibility.  
 
● Next, we deal with another case of external analogy. Cornaggia Castiglioni & Calegari 
(1978) analyze the pintaderas corpus of the Italian Peninsula, referred as cultural elements of 
the Neolithic times and arriving on occasion until the Iron Age. In line with diffusion theories, 
the authors assume their Near Eastern source through Balkan mediation (see also Makkay, 
1984; Skeates, 2007, p. 184). Symbolic meanings are assigned to the observed motifs and 
patterns, possibly associated with prophylaxis and apotropaic magic, i.e. protect people by 
warding away evil spirits or malevolent forces.  
                                                        
9 Despite claims from several proponents of diffusionism (Ripoche y Torréns, 1902; Pericot, 1955; Alcina 
Franch, 1956; 1958), these systems appear culturally and chronologically to belong to distinct phenomena. 
10 See Montagne (1930); Marcy (1940), and Jacques-Meunié (1951). 
11 Meaning: cell-rooms, cubicles. 
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● Makkay (1984; 2005) dedicated two studies to the Neolithic stamp-seals of south-east and 
central Europe, identifying incised and excised geometrical forms. Some of these geometrical 
patterns strikingly agree with the pintaderas of pre-historic Italy and ancient Gran Canaria 
(e.g. Makkay, 1984, p. 133, Fig. 7 –7 (97) –; 1984, p. 144, Fig. 18; 1984, p. 149, Fig. 23, – 
3(93) –). All that aside, here is the part where we venture into some trouble: while Neolithic 
people of the Balkans possibly traveled to the Apennines or further south, there is no positive 
evidence that some of them reached the “peripheral” Canary Islands earlier than the seafaring 
cultures of the city-states of Phoenicia, of Carthage, or of Rome itself (between c.12th–1st 
centuries BCE; cf. Santana Santana & Arcos Pereira, 2002; González Antón & Arco Aguilar, 
2007). 
 
 

   (a)     (b)     (c)   
 
Figure 6. European stamp-seals, as indexed in (a) Makkay (1984, p. 143, Fig. 17 –5(131) –); 
(b) Makkay (1984, p. 147, Fig. 21–5(120)–); (c) Makkay (1984, p. 153, Fig. 27 –6(118) –). 
Rotation about a single point (i.e. center) leaves the base-image of stamp-seals unchanged. 
 
 
● In a different setting, the stamp-seals of Archaic Cyprus – of Phoenician stimulus or not –  
(Reyes, 2001; see also Culican, 1968), qualify as another study worthy of mention. Reyes 
(2001, p. 39) discusses many serpentine and hard-stone seals dating back between the Late 
Bronze Age and the Iron Age, and sees evidence for a variety of uses, such as identifying 
ownership whether by an individual or by a group of individuals, or inclusion in practices of 
magic, votive offering, and jewelry. Emphasis is also placed on the fact that seals, as portable 
artifacts, were ideal vectors for the transmission of iconographic motifs as they traveled from 
place to place with their owners.  
 There are additional semiotic systems that call for attention in this context, although 
publishing space imposes economy. Some may seem dull by comparison, whilst other 
systems are worthy of pinpointing for future studies. At this juncture, we cite the artifacts of 
bread stamps, used in the bakery industry of Salamanca, Spain (Sánchez Marcos & Frades 
Morera, 1995); the “German” barn stars or Dutch Hex signs (Yoder & Graves, 2000; Sproat, 
2013, pp. 30-33); the adobe imprints found at the pyramid-like construction of Huaca del Sol 
and at the platform mound of Huaca de la Luna, components of a Moche center of pre-Inca 
Peru (c.100 BCE- c.800 CE), see M. Hastings & Moseley (1975, p. 199, Figures 3 & 4); 
Melka (2010); Ching et al. (2011, p. 222). The marks possibly identified Moche building 
“guilds” and particular bricklayers, or in another instance, they tracked the contribution of 
communities through taxation. Affinities and interdependencies in the marks of masons can 
be seen elsewhere, e.g. throughout the ancient Aegean region, Palestine, Anatolia or medieval 
Europe (see Brice, 1976, pp. 30-31; Wyatt & Edmonson, 1984; Gaur, 1987 [1984], pp. 23, 
25). Two other systems, suggesting a comparative benchmark, are the wax seals of medieval 
or post-medieval Europe, used in issuing official decrees and authenticating a variety of 
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documents (The Art of Manliness, 2013), and the array of devices exploited nowadays as 
biometric identifiers (see Younger, 1996; Jain et al., 1999; Nelson, 2011).  
 Despite not offering precise equivalence with the pintaderas, all the mentioned 
systems have a number of noticeable properties: repetition creates symmetry, or almost 
symmetric patterns; they involve decorative models; imply personal / group identification and 
property rights, or function as cultural identifiers. In fact, some of the basic geometric shapes 
observed in all these systems, e.g. linear and rectangular-like formations, stepped fret and 
curlicues, lozenges, meander, the “Greek key” motifs, or sundry spirals (whirlpool-shaped), 
are cross-culturally extended either among oral societies (the so-called “illiterate”), or cultures 
that possessed genuine writing systems (see Fewkes, 1973, p. 86; Gayton, 1978; Yule, 1981; 
Stone, 1989 [1987]; Washburn & Crowe, 1988; Adler & Barnard, 1992, pp. 18-19; Hann, 
2013). The strategy is connected to the notion that shared human perceptions live in a number 
of fundamental geometric symbols, similar to C.G. Jung’s archetypes (see e.g. Gaur, 1987 
[1984], p. 23; Fontana, 2003; Hann, 2013). It has been suggested that symbols, or signs, 
normally change in mode over time12 in response to power and ideology shifts. For instance, 
if a few pintaderas show V-cut motifs13 that tentatively match an Early Cretan seal (Yule, 
1981, pp. 155-156), it is difficult to go along with the same explanation for either context.  
 Although there is hardly one fixed response14 to the meaning of these symbols since 
different users across the globe attached distinctive and parochial values to them, the 
comparative approach could further more the investigation and help in seeking realistic 
solutions. 
 
3.2 Symbolic and Visual Systems vs. Phonetic ones  
 
Literacy is commonly identified with the linguistic competency to retrieve, interpret and 
negotiate the meaning of written signs. There has been a division between what is coded in a 
set of marks/symbols: fully developed writing systems – those capable of representing 
essentially anything that can be spoken always represent at least some phonological 
information (see Driver, 1976; Haas, 1976; DeFrancis, 1989; Senner, 1989; Daniels & Bright, 
1996; Robinson, 2002; Knight & Sproat, 2009; Sproat, 2013; Borgwaldt & Joyce, 2013, pp. 
1-4), whereas systems that make use of meaning rather than sound are viewed as non-
linguistic, pre-writing and proto-writing (see Haas, 1976; Jean, 1998 [1989]; Sampson, 1985; 
Sproat, 2014). The strict categorization of writing vs. non-writing is necessary when dealing 
with the decipherment of long lost codes or medieval texts, the study of theoretical issues in 
linguistics, or when designing phonetic experiments. On the other hand, being a point of 
contention (cf. Sproat, 2014, p. 475), it makes perhaps a misleading exercise affecting many 
authors and creating a dynamics with approaches characterized by a superior or an inferior 
value regarding literacy (Boone, 1994; González Carvajal & Bray, 2008; Lillios, 2008, p. 
141).  
 
“Most studies of the history of writing relegate non-phonetic systems, under various names… 
which stress their limitations, before passing on to early varieties of so-called ‘real’ or ‘true’ 
writing in which… the symbols are used to designate sounds rather than ideas” (Brice, 1976, 
p. 40). 
 

                                                        
12 Chandler (2007 [2002], p. 45); Fontana (2003, p. 27); Skeates (2007). 
13 See Ma. Cruz de la Mercadal et al. (2013, Reg. 3049; 3043; 3036). 
14 Houston (2004, p. 224). 



Peter Zörnig; Tomi S. Melka 
____________________________________________________________________ 

 

 40

“…moreover, the distinction between writing and non-writing carries, unconsciously or not, 
certain value judgments that raise phonetic writing above other forms of communication” 
(Boone, 2004, p. 314).  
 
The expanding understanding of ancient and current symbolic systems is prompting a 
different vision and definition. At this time, the vision parts with other forms of literacy, oral 
and visual, advocating for a multiple literacy type and a complementary relationship (see e.g. 
Arnheim, 1969; Tilley, 1991, pp. 16-19; Gaur, 1994, pp. 143-145; Boone, 1994, 2004; Kress, 
2003; Lillios, 2008, pp. 141-142; Powell, 2009, p. 13; Mackey & Jacobson, 2011). It is worth 
remembering that all the way through the history of humankind existed many semiotic 
systems, where visual and mnemonic conventions were of significance, if not a built-in 
attribute.  
 For instance, the encoded information of pintaderas appears not as a static object, 
rather than a dynamic one, with users actively interpreting the designs in keeping with an 
internalized knowledge and a range of social circumstances. Although pintaderas symbols do 
not appear to emulate the spoken speech, each token must have had a particular name, similar 
to logograms, each of them representing a concept or a mini-scene, or having a polysemic use 
consistent with a number of contexts.15 Whatever speculation one would like to use to the 
symbols, this may remain idiosyncratic, and – more importantly –, largely unverified. The 
view is held up in evidence in earlier literature. Thus, George Herbert Mead (1934, pp. 47, 71-
72, 268-269), Paul Tillich (1957), Robin Skeates (2007, p. 194), and Richard W. Sproat 
(2013, p. 6), show that significant symbols have an arbitrary meaning conventionalized to the 
members of a specific society. If the society is dead and no recognizable cognitive bridges 
survive, then by definition, the meaning of the icon is lost. Furthermore, if the symbols do not 
encode language, attempts at decipherment are an exercise in futility. The most one can hope 
to do is to try to understand the symbols in some other way than as an encoding of language, 
though a priori this is a much harder task. There are cases however, when meaning may be 
clear and overt, but can equally be open, malleable and ambiguous.  
 
 
4. Mathematical Analysis of the Symmetry Feature in pintaderas 
 
In most of the pintaderas, one can observe some kind of symmetry in the broadest sense, also 
involving similarities, repetitions of components and construction principles, etc. (see 
Washburn & Crowe, 1988; Sparavigna, 2008; Ma. Cruz de la Mercadal et al., 2013, p. 146). In 
an effort to address this phenomenon, we use an elementary measure theoretic approach to 
quantify symmetry. The only previous article dealing with geometric features of pintaderas 
seems to be the study of Bolaños & Oliveras (2012); however the authors confine to 
qualitative studies of symmetry and related features. We present a novel quantitative measure 
and apply it to the matrices of pintaderas. 
 
 
4.1 The phenomenon of symmetry 
 

                                                        
15 Similar designs to pintaderas are found in ceramics, garments, even in paintings of caves’ walls, i.e. the so-
called lunisolar calendar of Cueva Pintada (Gáldar, Gran Canaria), see Barrios García (1997); Tejera Gáspar et 
al. (2008, p. 147). Clear images of the polychrome painting of the “calendar” are seen at Onrubia Pintado et al. 
(2006, p. 17; Foto I) and Cañaveras Jiménez et al. (2006, p. 59; Foto I). Whether embedded in a Phoenician-
styled funerary hypogeum, or in a shamanistic-related “astronomical” chamber, the painting, however, remains 
unique in Gran Canaria.   
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Symmetry is not only a geometric concept but a ubiquitous feature in arts, sciences and daily 
life; see e.g. the extensive anthology of Hargittai (1989) of more than a thousand pages, or 
Rosen (1995). This collection presents numerous approaches to the analysis of symmetry 
offering hope that symmetry could support human cognitive processes. Rosen (1989) 
attributes even more importance to this feature, stating that the scientific foundation stones of 
reproducibility and predictability can be considered kinds of symmetry. Thus, symmetry is a 
suitable tool for the study of complex phenomena. 
 In principle, one can distinguish between a qualitative, i.e. a dichotomous, view, where 
symmetry is present or not, and a quantitative view, where an object is “more or less 
symmetric.” In the first case, unavoidable irregularities occurring e.g. in the manufacture of 
artifacts are ignored, see e.g. Senechal (1989); Rosen (1989); Zabrodsky et al. (1992), and 
Skeates (2007, pp. 188-189) who observes asymmetry and irregularities in Italian pintaderas. 
It is easy to check whether this qualitative kind of symmetry occurs or not. In the latter case, a 
measure of the degree of symmetry must be provided. This is a much more difficult task. 
There is an extensive literature about symmetry measures which are necessary when 
symmetry is considered a continuous and not a discrete feature. Garrido (2010) distinguishes 
three kinds of approaches which are based on group theory, statistics and measure theory. In 
particular, the group theoretic approach seems to be adequate since a combination of 
symmetry operations yields another symmetry operation (Senechal, 1989). For instance, a 
reflection with respect to the x-axis (in the plane) maps the point (x, y) to the point (x, -y), 
while a reflection with respect to the y-axis maps (x, y) to (-x, y). Thus, the sequential 
execution of these operations maps the point (x, y) to (-x, -y), which corresponds to a rotation 
about 180 degrees. Hence the system of symmetries is “closed,” which is a basic property of 
an algebraic group. Specifically, in the very abstract article of J. Cohen (2005), permutation 
groups are studied. Symmetry measures also arise in diverse applications. In this sense, 
Zabrodsky et al. (1992) present a measure for applications in chemistry which is based on the 
squared distances between original and rotated points of a polygon. The free Internet 
encyclopedia Wikipedia (2014) provides information on all aspects of symmetry, in particular 
on diverse references. 
 In the following, we present a simple new quantitative concept for measuring 
symmetry. In contrast to the above-cited measures which require specialized mathematical 
skills, the measure presented below makes only use of geometric intuition and elementary 
integration techniques.   
 
4.2 Basic concepts of symmetry 
 
We first make use of the following definition. For two point sets (regions) A and B in the 
plane IR2 we define the fraction of overlapping as 
 

                                                    fo(A, B) = 
)(

)(

BAf

BAf

∪
∩

                                            (1) 

 
where f(A) denotes the area of the point set A (see Figure 7) in Figure 8. For reasons of easy 
calculation, A and B are assumed to be squares of length 2. 
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Figure 7. Quantifying the overlapping of sets 
 
Since A∩ B is always a subset of A∪ B, the value (1) lies between 0 and 1. The extreme 
cases  fo(A,B) = 0 and fo(A,B) = 1 occur when A and B are disjoint sets or when these sets are 
identical, respectively. 
 Note that (1) is not yet a measure of symmetry, since this quantity can assume 
arbitrary values (from the interval [0, 1]) when A and B are of the same form. The fact is 
illustrated in Figure 8. For reasons of easy calculation, A and B are assumed to be squares of 
length 2. 

 
 

Figure 8. Fraction of overlapping for squares 
 
If A and B have the centers (0, 0) and (c, c) respectively, with c∈[0, 2], then it holds fo(A, B) 

= 
2

2

8 d

d

−
, where d = 2-c is the edge length of the square A∩ B. The function 

2

2

8 d

d

−
 is 

monotone increasing with values 0 and 1 for d = 0 and d = 2, in that order. 
 Basically, there exist two types of symmetry,16 namely symmetry with respect to an 
axis (straight line in the plane) and rotational symmetry which will be described as follows 
with a minimum of formalism. 
 
 

                                                        
16 See also Hann (2013, pp. 24-30) 
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a) Symmetry with respect to an axis 
 
Without loss of generality we can assume that the axis L is the horizontal axis of a coordinate 
system. We consider the reflection RL which is formally a function defined on the plane such 
that RL(x, y) = (x, -y) holds for any point (x, y) ∈IR2. By applying RL to all points of a set A, 
one obtains the mirror image RL(A) of the point set A, illustrated in Figure 9. 

 

 
 

Figure 9. A point set and its mirror image 
 
A point set A is symmetric (with respect to the axis L), if RL(A) = A. If the overlap between A 
and its mirror image is large, then A is “almost symmetric”, otherwise there is no symmetry in 
the intuitive sense. It is now reasonable to define the degree of symmetry of a point set A by 
 
                                        S(A) =  fo(A, RL(A)).                                          (2) 
 
Point sets with different degrees of symmetry are illustrated in Figure 10. The original point 
set is indicated by a solid line and RL(A) by a dashed line. In the part (a) the point set A is the 
rhombus with vertices (0, 1/2), (1, 0), (0, 0) and (1, -1/2). The degree of symmetry is S(A) = 

))((

))((

ARAf

ARAf

L

L

∪
∩

 = 
4/3

4/1
= 

3

1
. Intuitively one would certainly not say that this rhombus is 

(almost) symmetric with respect to the horizontal axis. But one could say that the point set A 
in part (b) is “almost” symmetrical, where the borders are given be the graphs of the functions 
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1-x2 an x4-1. We get f(A∩  RL(A)) = 2 ∫
−

−
1

1

2)1( dxx = 
3

8
,  f(A∪  RL(A)) = 2 ∫

−
−

1

1

4)1( dxx = 

5

16
, thus S(A) = 

6

5
. The circle in part (c) is of perfect symmetry, i.e. S(A) = 1.  

 One can observe in Fig. 10 that for any set A, the intersection A∩  RL(A) and the union 
A∪  RL(A) are themselves symmetric with respect to the horizontal axis. Thus, in practical 
situations the degree of symmetry can be calculated by dividing the area of the “upper half” of 
A∩  RL(A) through the area of the “upper half” of A∪  RL(A). We will make use of this idea 
in section 5. 
                 

(a)   
 

(b)   
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                                  (c) 

Figure 10. Degree of symmetry 
 
b) Rotational Symmetry 

 
Without loss of generality we may assume that any rotation is a rotation about the origin.Let 

αQ denote the rotation about the angleα  such that a positive/negative value of 

α corresponds to a clockwise/ anticlockwise rotation. Formally, αQ can be considered as a 

function described by a matrix multiplication, however we will dispense the use of this 
concept. Figure 11 shows some point sets A and the corresponding images with respect to a 
function αQ . Part (a) shows the rotation of the square with vertices (-1, 1). (1, 1), (1, -1) and 

(-1, -1) about the angle α = 45 orα = -45. Part (b) represents a rotation of the equilateral 
triangle with vertices (0, 1), (-1, -1) and (1, -1) about the angle α =± 180, and (c) corresponds 
to a rotation of an irregular pentagon with vertices (0, 1), (1, 1), (3/2,1/2), (1, 0) and (0, 0) 
about α = -90. 
 
 

 
                                                (a) 
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                           (b) 

   
                                 (c) 
 

Figure 11. Rotations of point sets 
 
One can now imagine that a set αQ (A) is “almost coincident” with A. In order to measure “in 

how far this statement is valid” we can consider the quantity 
                                          
                                                   αT (A) = fo(A, αQ (A))                                        (3)      

 
The term αT (A) will be called the degree of rotational symmetry of A about the angleα . For 

illustrative purposes we calculate αT (A) for the respective sets and angles in Figure 11. 

 

--- The area of the intersection of the squares in part (a) is 4-4s, where s = 2)12( − is the 

area of the triangle over the square A, i.e.  f ( ∩A 45Q (A)) = 4 - 4 2)12( −  = 8 )12( − . 

Similarly, we get f ( ∪A 45Q (A)) = 4 + 4 2)12( − = 8 )22( − . Hence, 45T = 2/1 ≈  
0.7071. 
 
---  In part (b) it is not difficult to see that the union of A and 180Q (A) is three  times as large 

as the intersection, hence 180T (A) = 1/3. 
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---  In part (c) it holds obviously 90−T (A) = 
2/11

1
+

 = 
3
2

. 

 
 In particular, for qualitative symmetry studies (see Senechal, 1989; Rosen, 1989; 
Zabrodsky et al., 1992; Skeates, 2007; Bolaños & Oliveras, 2012) the following definition is 
of interest. If a rotation about an angle of 360/n degrees transforms the object into itself, we 
say that there is rotational symmetry of order n or n-fold rotational symmetry. Specifically, 
the set A in Figure 11 has a 4-fold rotational symmetry. If a rotation about any angle 
transforms the object in itself, we say that there is circular symmetry. For example the circle 
(Figure 10c) has this kind of symmetry. 
 
 
 
 
5. Practical calculations of the degree of symmetry 
 
In order to illustrate our quantitative symmetry measure we have applied one of them to four 
matrices of the pintaderas selected from Alcina Franch (1956), specifically examples 4 and 8 
of Lámina I; example 6 of Lámina II, and example 9 of Lámina V (see Figure 12).  
 
 

      
 
 

     
 

Figure 12. Selected examples of pintaderas’  matrices 
 
 
For each figure of the matrix (of the stamp seals) we have calculated the degree of symmetry 
related to an axis (see Section 4.2a). The analysis of rotational symmetry and symmetry 
features of engravings may be subjects of future papers.  
 A first evaluation of the mentioned examples suggests that this type of symmetry is visible to 
some extent. The calculated degrees of symmetry for the examples 4, 6, 8 and 9 are 0.90, 0.79, 0.76 
and 0.82, respectively. As symmetry axis we have always chosen a horizontal line that divides the 
figure into two parts of a (roughly) equal area. We describe the procedure in detail for example 6: 
 The first step is to embed the picture into a scaling grid. If the picture is rendered in a 
JPEG format, the grid appears when activating the program “Paint” of the MS WINDOWS Photo 



Peter Zörnig; Tomi S. Melka 
____________________________________________________________________ 

 

 48

Viewer. In order to make the content of areas calculable, we first formalize the object’s 
matrix, substituting the real border by a polygon course, connecting some representative 
border points (RBP). These points must be adequately chosen vertices or other “key points”, 
ensuring that the polygon course approximates the real border as well as possible. As the 
number of RBP’s increases, the accuracy but also the computational complexity increases. 
The degree of symmetry is invariant with respect to linear coordinate transformations, e.g. by 
multiplying all coordinate values by the same positive factor the degree of symmetry 
(proportion of overlapping) does not change. One can also add a constant to all x-coordinates, 
corresponding to a horizontal displacement of the coordinate system. After some 
manipulations of the mentioned kind, the coordinates of  the RBP’s can be written in the 
following manner (see Table 1). 
                                                   

 
 

Table 1 

 
 
The reader can verify that the form of the pintadera (Figure 13) is well represented by the 
solid line polygon A of the MAPLE plot17 in Figure 14a. The mirror image RL(A) is given by 
the polygon with dashed lines. The “upper half” of the intersection A∩  RL(A) is the polygon 
PolI (P1, Q11, S1, P3, P4, P5, Q8, S2, (0, 0), P1), where the points Qi = (xi, –yi) are the reflections 
of the points Pi = (xi, yi). Furthermore, S1 = (3.5, 5.9) and S2 = (16.3, 0) denote intersection 
points, and (0, 0) is the origin of the coordinate system. This area can be calculated by 
summing up the areas of the trapezoids and triangles T1,…,T7 indicated in Figure 14b.  
 
 

 

Figure 13. Matrix of pintadera 6 (Lámina II; Alcina Franch, 1956) 
 
 

                                                        
17 See MapleSOFT (2014).   
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   Thus, the area of PolI is given by 
 
                                   f (PolI) = f (T1) +…+ f (T7) 
 
where f (Ti) denotes the area of the respective trapezoid. For example, T2 has the vertices (x11, 

0), (3.5, 0), (3.5, 5.9) and (x11, -y11), its area is therefore (3.5 –x11) ⋅
2

9.5 11y−
. Hence, f 

(PolI) =  (x11 –x1) ⋅
2

111 yy +−
 + (3.5 –x11) ⋅

2

9.5 11y−
 + (x3 –3.5) ⋅

2

9.53 +y
 + (x4 –x3) 

⋅
2

34 yy +
 
 + 

+ (x5 –x4) ⋅
2

45 yy +
 + (x8 –x5) ⋅

2
58 yy +−

 + (16.3-x8)⋅
2

8y−
  

             
            = 2⋅3.5 + 1.5⋅5.45 + 4.2⋅6.35 + 4.8⋅5.9 + 2.5⋅4.9 + 0.7⋅3 + 0.6⋅0.6 = 84.875.  
 
Similarly, the “upper half” of the union A∪  RL(A) is the polygon PolU = (P1, P2, S1, Q10, Q9, 
P5, P6, P7, S2, (0, 0), P1), see Fig. 14a,c. We consider first the enlarged polygon PolL = (P1, P2, 
S1, Q10, Q9, P5, P6, P7, S3, S2, (0, 0), P1) with S3 = (17.8, 0), which is partitioned by the vertical 
lines into the trapezoids R1,…, R7. The area of PolL is therefore f(PolL) = f(R1) +…+ f(R7). 
The area of PolU is now obtained by subtracting the area of the triangle T8 with vertices P7, S2 
and S3, yielding  
 
f (PolU)  = f(R1) +…+ f(R7) - f(R8) 
 

             = (x2 –x1) ⋅
2

12 yy +
 + (3.5 - x2)⋅

2

9.5 2y+
 + (x10 –3.5) ⋅

2

9.510 +− y
  

             + (x9 –x10) ⋅
2

109 yy −−
 + (x5 –x9) ⋅

2
95 yy −

 + (x6 –x5) ⋅
2

56 yy +
  

             + (x7 –x6) ⋅
2

67 yy +
 - 1.5⋅

2

3

 
 
             = 1.5⋅3.75 + 2⋅5.7 + 2⋅6.55 + 9⋅7.1 + 0.5⋅5.9 + 2.3⋅4.55 + 0.5⋅3.65 - 2.25 
             = 107.015.  
 
The degree of symmetry is now given by f (PolI) / f(PolU) = 0.7931. 
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   (a) 
 

 
   (b) 
 
 

 
   (c) 

Figure 14. Illustrations of the calculations 
 
 
6. Some Conclusions 
 
The so-called pintaderas of Gran Canaria (Canary Islands, Spain) appear to be a visual com-
municative system incepted for social-practical purposes. The codification keys to the system, 
known to their original creators, are now fundamentally lost. Since pintaderas are mostly 
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found in domestic enclosures or nearby, they seem not to suggest ritualistic elements rather 
than pragmatic concerns, related to particular power groups or families, implying affiliation 
and identity. Hence, they may have functioned as property and identity markers; still, their 
polyvalent use cannot be ruled out.  
 Although is interesting to study the stamp seals in a broader framework by including 
other real-world semiotic systems, we should be primarily aware of the distinctiveness of the 
island in question, in terms of social organization and geography. To this point, our evaluation 
deems the pintaderas of Gran Canaria as incompatible with a linguistic system. The statement 
owes to the following facts: a) the repetition rate of the composing elements within a distinct 
base of pintadera is very large, being similar to that of a decorative system; b) the engraving 
size is extremely brief, not unlike that of some “heraldic” systems; c) the syntax is totally 
rigid; d), contrary to many authentic writing systems of the world, the feature of linearity is 
bypassed. One may dissent here and claim sequential coded speech thereof. We direct readers 
to Sproat (2013, 2014), and other articles about semiotic systems.   
 The manufacturers of pintaderas, the pre-European people of Gran Canaria, had 
indeed an  understanding of geometry and its practical applications. The present study is 
concerned with the analysis of symmetry, in particular the degree of axis-symmetry. We have 
analyzed only a few matrices of pintaderas in detail in order to illustrate the procedure. This 
pilot study is intended to pave the way for systematic future studies, opening a new direction 
of research. Applying the ideas to hundreds of pintaderas might result in a multitude of 
research papers, monographs or doctoral theses, in particular when rotational symmetry is 
also included. Of course, the results do not enable significant statements about the whole 
extant corpus of pintaderas, containing 470+ pieces (Ma. Cruz de la Mercadal et al., 2013; El 
Museo y Parque Arqueológico Cueva Pintada, 2014). The sample size is too small and the 
elements are readily available pieces, i.e. the studied examples are obtained by opportunity 
(accidental) sampling and not by random sampling. In establishing a theory about the 
pintaderas we must be aware of the fact that symmetry is only one of several quantitative and 
qualitative aspects (e.g. ethnographic, anthropologic and archeological). All these aspects 
must be considered before making definite conclusions. If there are, for example, two special 
groups of pintaderas differing with respect to ethnological or artistic criteria (where some 
scientists might doubt the theory), one can necessarily confirm this subdivision into groups by 
showing that all matrices of one group have a small degree of symmetry, with all matrices of 
the other group containing a large symmetric quantity.  
 Our approach can be expanded to other symbolic systems whenever shapes with 
positive contents (bi-dimensional forms like circles, ellipses, rectangles, etc. but not one-
dimensional lines) are present. In particular, by means of the degree of symmetry one can 
substantiate or refute a given theory. Finally, before calculating the degree of symmetry and 
draw generalizations later on, one must ensure that the considered shape was intended by the 
artist and is not due to circumstantial damages or manufacturing imperfections. 
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On morphological complexity in Indonesian 
 

Gabriel Altmann 

 
Introduction  
 
Morphological complexity of words can be measured by taking into account the mor-
phological procedures applied to construct the given word. In general, there are two main 
procedures: that of enlarging the word and that of reducing the word which is already 
complex. The enlarging is more primitive (older) and displays lower degrees of complexity 
than reduction which was performed a posteriori, e.g. by reducing independent words to 
derivation or inflection. However, scaling the complexity is a matter of setting up con-
ventional criteria: definitions of indicators of complexity and ascription of numbers to the 
individual degrees. The evaluation of texts in order to find some regularities for a given lan-
guage or for several languages is a secondary, rather theoretical problem. Typological results 
can be correlated with those won by other methods. 
 In modern Indonesian there are the following morphological procedures: 

- reduplication 
- compounding 
- derivation which can rather be called affixation 
- their combinations. 

Usually, one does not speak here about inflection though there are some trials to define it in 
Indonesian languages. The present scaling is a reduced version of the general scheme 
proposed by Roelcke and Altmann (2014), and adapted to Indonesian. The morphological 
degrees of words will be determined as follows: 

1.0 Root (aku, rumah) 
2.1. Simple reduplication (kadang-kadang, plural) 
2.2. Reduplication with variation (bolak-balik, robak-rabik) 
4.1. Compound with simple apposition (kereta api) 
6.2. Compound written together (bagaimana) 
7.1. Shortening of one component of a compound (zaman dulu) 
7.2. Shortening of both components (cerpen < cerita pendek) 
7.4. Components maximally abbreviated (PKB = Partai Kebangkitan  Bangsa) 
8.2. Clitic (-kah, -lah, -pun) 
8.3. Affix existing also independently (kupukul, kaupukul) 
8.4. Not detachable affixes (pembaca, mempedulikan). 

 
The other degrees proposed for procedures in other languages are not mentioned because they 
do not occur in Indonesian. 
 The measurement is performed as follows: Each word has a root or several roots 
(compounds). To every root we ascribe 1, e.g. kereta api has 2 roots and a compounding with 
simple apposition, hence 1 + 1 + 4.1 = 6.1. The compound kereta api bawah tanah has 4 roots 
and 3 compounding procedures yielding 4 + 4.1 + 4.1 + 4.1 = 16.3. A derived word obtains as 
many times degree 8.4 as there are affixes, e.g. bekerja yields 1 + 8.4 = 9.4; pekerjaan yields 
8.4 + 1 + 8.4 = 17.8, memperbaiki yields 8.4 + 8.4 + 1 + 8.4 = 26.2. For the sake of simplicity, 
the affix -nya is ascribed always degree 8.4, though it frequently refers to persons; reduplic-



Gabriel Altmann 
_____________________________________________________________________ 
 

60 
 

ations with affix are evaluated normally, e.g. burung-burungan yields 1 + 2.1 + 8.4 = 11.5. In 
borrowings one can consider the affix or ignore it if it is not productive in Indonesian. Infixes 
are evaluated as affixes. 
 Compared with a strongly synthetic language, e.g. Czech or Latin, Indonesian is 
relatively simple and does not have inflection and various kinds of compounding. However, it 
has almost 80 types of combined affixation. 
  

Procedures 
 

In order to obtain a picture of modern Indonesian we took five newspaper texts from the 
Internet and evaluated their morphological complexity. We replaced the words by their 
complexity degrees and obtained vectors of numbers which were then processed to obtain 
some indicators of their behaviour and of the character of Indonesian. 
 For the text Mahfud MD For Presiden 2014, Kemana Sang Professor Akan Berlabuh 
(http://kabar-pemilu.blogspot.de/2013/05/mahfud-md-for-presiden-2014-kemana-sang.html) 
we obtained the following vector of morphological complexities: 
 
T1 =  [1, 1, 1, 1, 1, 1, 1, 1, 9.4, 1, 1, 1, 9.2, 1, 7.4, 1, 9.4, 7.4, 1, 17.8, 1, 1, 1, 9.4, 18.7, 9.4, 9.4, 
7.4, 1, 17.8, 26.2, 1, 1, 1, 9.4, 1, 1, 1, 1, 1, 1, 1, 1, 17.8, 1, 1, 1, 1, 1, 7.4, 1, 9.4, 1, 1, 1, 4.1, 1, 
4.1, 4.1, 4.1, 1, 17.8, 1, 1, 9.4, 1, 4.1, 4.1, 9.4, 17.8, 1, 9.4, 1, 1, 1, 17.8, 9.4, 1, 1, 1, 1, 17.8, 1, 
7.4, 4.1, 1, 1, 9.4, 7.4, 1, 1, 1, 17.8, 1, 1, 17.8, 1, 9.4, 1, 1, 1, 9.4, 9.4, 1, 7.4, 1, 1, 1, 1, 7.4, 1, 1, 
9.4, 1, 26.1, 9.2, 1, 7.4, 17.8, 1, 17.8, 1, 1, 9.4, 1, 9.4, 1, 9.4, 1, 1, 1, 1, 1, 26.2, 1, 1, 1, 1, 17.8, 
1, 1, 1, 9.4, 1, 6.2, 1, 1, 1, 7.4, 1, 1, 9.4, 1, 9.4, 17.8, 1, 1, 1, 1, 1, 1, 1, 1, 1, 9.2, 9.4, 9.4, 1, 1, 
7.4, 1, 17.8, 9.4, 1, 9.4, 1, 9.4, 1, 17.8, 1, 1, 9.4, 1, 1, 1, 1, 1, 17.8, 17.8, 1, 17.8, 1, 1, 1, 26.1, 1, 
9.2, 1, 1, 9.4, 1, 17.8, 1, 1, 1, 1, 1, 1, 1, 9.4, 1, 1, 1, 1, 1, 17.8, 9.4, 1, 1, 1, 1, 9.2, 9.4, 26.1, 1, 
9.4, 17.8, 9.4, 1, 1, 17.8, 1, 1, 1, 17.8, 1, 1, 1, 17.8, 9.4, 1, 1]. 
 
The simplest characteristics of such vectors are the mean and the variance of the values. Here 
we obtained the mean m’ 1(T1) = 5.0450 and the variance Var(T1) = m2(T1) = 39.8273. As can 
easily be seen, Indonesian prefers some few morphological procedures, the majority of 
elements have the value 1, i.e. the great majority of words represent simple roots. If we set up 
the distribution, we obtain the results presented in Table 1.  

 

Table 1 
Distribution of complexities in T1 

 
Complexity  C Frequency f(C) 

1 153 
4.1 7 
6.2 1 
7.4 11 
9.2 5 
9.4 35 
17.8 24 
18.7 1 
26.1 3 
26.2 2 
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The distribution has several modes; it is not quite smooth because the size of the text is too 
small. Of course, the distribution is continuous but since the text is short and Indonesian has a 
restricted number of morphological procedures, it is not well expressed. One can say that 
Indonesian specializes to a restricted number of morphological procedures: it gets simpler, as 
can be seen on the high frequency of simple roots in the text. In the Austronesian family, the 
Polynesian languages attained the greatest morphological simplicity. 
 Data of this type can be better characterized by Ord’s criteria defined as 
 

 2

1

m
I

m
=

′
        (1) 

and 

 3

2

m
S

m
= ,        (2) 

 
where mr are central moments of r th order, and m1’ is the mean. For the given text we obtain I 
= 7.8944 and S = 9.6023. The values of other texts are presented in Table 2. 
 

Table 2 
Morphological complexities of five Indonesian texts 

 
Text Size n m’1 m2 m3 I S 
T1 242 5.0450 39.8270 382.4316 7.8944 9.6023 
T2 439 4.2166 33.3930 345.7389 7.9194 10.3536 
T3 356 4.3258 34.9639 362.0066 8.0826 10.3537 
T4 293 4.5331 28.7866 257.0082 6.5510 8.2324 
T5 174 4.8287 34.7518 291.4362 7.1967 8.3862 

T1: Mahfud MD For Presiden 2014, Kemana Sang Profesor Akan Berlabuh? Rabu, 29 Mei 
2013  

T2: Dahlan Iskan For Presiden 2014, Antara Kekuatan Politik Dan People Power. Rabu, 29 
Mei 2013  
T3: Masa Depan Jokowi 2014, Pertarungan Pengaruh Jokowi Dan Megawati Sabtu,25 Mei 
2013  
T4: Apa Beda Korupsi PKS Dan Demokrat, Mengapa PKS Lebih Dicaci? Sabtu, 25, 2013  
T5: Inilah Hal Unik Pada Pemilu 2009........... Ternyata. Minggu, 21 Juni 2009. 

All texts were taken from Kabar terbaru seputar Indonesia (5.8.2013) 
 
 As can be seen in Table 2, there is a quite strict morphological regime in modern 
Indonesian. It uses a restricted number of morphological structures leading to a concentrated 
area for I . The values of S can be represented as a function of I, but before one does it, results 
from other languages are necessary in order to set up a hypothesis concerning the mechanism 
of Ord’s relationship. For the present values we may use either a straight line or a power 
function but we rather wait for other data and languages. 
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 If we consider the complexity a continuous function, various formulas with two 
maxima can be found, but first, the extent of data is not sufficient for testing, and second, the 
resulting function does not have a suitable linguistic substantiation. One could use Fourier 
analysis but it would be premature. One must analyze a great number of Indonesian texts 
belonging to different text sorts.  In order to present the first results, the observed frequencies 
of individual complexities in all texts are shown in Table 3.  

Table 3 
Distribution of complexities in 5 Indonesian texts 

 
Complexity T1 T2 T3 T4 T5 

1.0 153 312 252 186 112 
3.1 - 6 3 3 2 
4.1 7 - - - - 
6.1 - 2 2 - - 
6.2 1 - - - - 
7.4 11 3 9 12 5 
9.2 5 5 6 5 4 
9.3 - 2 1 - - 
9.4 35 67 45 66 33 
11.5 - 1 - 1 - 
16.2 - - 1  - 
17.8 24 35 33 15 15 
18.7 1 - - - - 
19.6 - - - 1 - 
22,5     2 
26.1 3 - 1 - - 
26.2 2 6 2 3 1 
30.3 - - 1 -  

n 242 439 356 293 174 
 

 Table 3 can be transformed in a rank-frequency table yielding a more smooth data. 
The rank-frequency distribution shows the relationships between the preferences of 
complexity kinds. The important complexities have in all texts the same rank-number. The 
results of ranking are presented in Tables 4 and 5. In Table 4 the observed values from Table 
3 were ranked, in Table 5 are the fitted values of the right truncated zeta distribution, called 
also Zipf distribution. 
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Table 4 
Rank-frequencies of morphological complexities in five Indonesian texts 

 
Rank T1 T2 T3 T4 T5 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

153 
35 
24 
11 
7 
5 
5 
2 
1 
1 

312 
67 
35 
6 
6 
5 
3 
2 
2 
1 

252 
45 
33 
9 
6 
3 
2 
2 
1 
1 
1 
1 

186 
66 
15 
12 
5 
3 
3 
1 
1 
1 

112 
33 
15 
5 
4 
2 
2 
1 

n  242  429  356  293  174 
 

Table 5 
Fitting the right truncated zeta distribution to rank-frequency data 

 
Rank T1 T2 T3 T4 T5 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

152.26 
39.72 
18.10 
10.36 
6.72 
4.72 
3.50 
2.70 
2.15 
 1.75 

313.66 
64.04 
25.28 
13.08 
7.84 
5.16 
3.63 
2.67 
2.04 
 1.60 

249.49 
52.50 
21.10 
11.05 
6.69 
4.44 
3.14 
2.33 
1.78 
 1.41 
 1.14| 
 0.93| 

194.87 
46.13 
19.86 
10.92 
6.87 
4.70 
3.41 
2.59 
2.02 
 1.63 

114.96 
28.25 
12.43 
6.94 
4.42 
3.06 
2.24 
1.71 

 a = 1.9386 
R = 10 
X2

7 = 3.75 
P = 0.81 

a = 2.2921 
R = 10 
X2

7 = 8.65     
P =  0.28     

a = 2.2485 
R = 12 
X2

8 =  9.65    
P =  0.29      

a = 2.0787 
R = 10 
X2

7 = 13.16     
P =  0.07      

a = 2.0247 
R = 8 
X2

5 =  2.67     
P =  0.75      

 

As can be seen, the fitting is in all cases very good. Needless to say, there are other akin 
distributions (Yule, Waring, negative binomial) which yield good fittings (especially in T4) 
but this is merely the first step in this direction. The preliminarily important circumstance is 
the very similar value of the parameter a in all texts, representing Indonesian journalistic texts. 
The mean value for Indonesian as a whole can be conjectured but it must be shown for many 
texts. 
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 The extent of concentration on specific morphological types can be characterized 
using the well known Repeat Rate which can be computed using the data in Table 4. It is 
defined as 
 

 RR = 2
2

1

1 k

i
i

f
n =
∑         (3) 

 
where n is the text size and fi are the individual frequencies of complexities. For T1 we obtain 
 
 RR = (1532 + 352 + 242 + … + 22 + 12 + 12)/2422 = 0.4343. 
 
The results for all Indonesian texts are presented in Table 6. This indicator can be relativized 
using its range <1/n; 1> and setting 
 

 RRrel = 
1

1 1/

RR

n

−
−

.        (4) 

 
The results are presented in the third row of Table 6. 
 

Table 6 
Repeat rates of morphological complexity in Indonesian texts 

 
 T1 T2 T3 T4 T5 

RR 0.4343 0.5606 0.5267 0.4585 0.4594 
RRrel 0.5680 0.4404 0.4746 0.5434 0.5437 

n 242 429 356 293 174 
 
These numbers testify to an average number of different morphological types. If we analyze a 
Hungarian short text (Petöfi J., Szeptember végén), we obtain RR = 0.2268 showing that the 
concentration to certain types is small, and RRrel = 0.7789, showing that in Hungarian a great 
number of types is used (we found 19 different morphological types in a text whose size was 
n = 137). The repeat rates can be compared using an asymptotic normal test (cf. Popescu et al. 
2009:97 ff.). In a fully analytic language, RR would be 1 and RRrel would be 0. Hence Hun-
garian is strongly synthetic and Indonesian lies in the mean. 

 
 

1. The arc 
 
As can be seen in the above vector, the majority of complexities is 1, i.e. pure roots follow 
one another. At certain places there are bursts represented by higher complexity values. A 
historical comparison of texts could show us how Indonesian developed. A comparative 
Indonesian study would also be necessary to show the trends in the whole Indonesian family. 
In the present study we adhere to a preliminary investigation presenting some methods for 
recognizing trends. 
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 The distance between two subsequent values in the vector can be computed in form of 
the Euclidean distance 
 
 L(xi,xi+ 1) = [(xi - xi+ 1)

2 + 1]1/2      (5) 
 
and the complete arc is given as the sum of distances for i = 1 to i = n-1, where n is the 
number of values (vector size). There are, of course various other possibilities (cf. Deza, Deza 
2013) that can be scrutinized, for our purposes (5) is sufficient. 
 For the above vector T1 we obtain:  

 L = 
1

2 1/2
1

1

[( ) 1]
n

i i
i

x x
−

+
=

− +∑  = [(1-1)2+1]1/2 + …+[(1-9.4)2+1]1/2 + … 

  + [(9.4-1)2+1]1/2  + [(1-1)2+1]1/2  = 1632.2151. 
 
Since this value depends on the vector size, we may obtain the mean arc between subsequent 
values as 
 
 P2 = L/(n-1)          (6) 
  
Languages have an expressed mean arc length for morphological complexity. Isolating lan-
guages have a rather short mean arc because they are morphologically simple. In synthetic 
languages the mean arc may be longer because here simple words (like prepositions, 
conjunctions, pronouns) alternate irregularly with complex ones (derived, inflected, supp-
letive, compound). However, a quantitative typology will be possible only after one analyzed 
a number of different texts.    

The values for all texts are presented in the last two columns of Table 3 
 

Table 3 
Mean arc length (P) of morphological complexity 

 
Text n L P 

T1 
T2 
T3 
T4 
T5 

242 
439 
356 
293 
174 

1632.2151 
2435.2485 
2137.3014 
1661.7128 
1102.3269 

6.7727 
5.5599 
6.0206 
5.6908 
6.3718 

 
As can be seen, the mean arc length does not depend of text size, however, results from other 
languages may change this conjecture. 
 The Indonesian newspaper texts taken together have a mean  
  

 
5 5

1 1

/ ( 1)i i
i i

P L n
= =

= −∑ ∑  =  (1632.2151 + 2435.2485 + … +    

          + 1102.3269)/((241 +438 + … + 173) = 5.9832 
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The value of 2P  testifies to a rather low variability of complexities but in order to strengthen 

this conjecture, we need other languages. 
 There are a number of other distance measures between subsequent values, e.g. a kind 
of Minkowski distance, Canberra and Manhattan distance, etc. can be used for this purpose. 
Our only aim here is to characterize the sequence of complexities. 
 

2. Distances between equal values 
 
The above vector contains different elements. In order to state whether there is some 
mechanism controlling the appearance of words having the same complexity, we set up the 
distribution of distances between identical numbers. We simply use the linear distance be-
tween identical elements. For example, between the first appearance of 9.4 at position 8 and 
its second appearance at position 16 there are 8 steps, hence the linear distance is 16 - 8 = 8. 
As a matter of fact, this kind of distance is simply the number of steps that are necessary to 
reach the next identical entity. Computing all linear distances between like elements we 
obtain the results presented in Table 4. It has been shown that the number of distances f(d) of 
this kind abide by the function  
 
 f(d) =  1 + ad

b - c ln d
,       (7) 

 
representing the Zipf-Alekseev function which can be derived form the unified theory (cf. 
Wimmer, Altmann 2005). Here a, b and c are parameters which can be computed iteratively. 
We avoid the normalisation (in order to obtain a probability distribution) because many 
distance classes are empty - the text is too short. Fitting this function to the above text we 
obtain the results in the third column of Table 4. 
 

Table 4 
Distances between identical complexities 

 
Distance Number Computed 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

98 
52 
17 
9 
5 
5 
4 
4 
2 
5 
5 
2 
1 
2 
1 
2 

98.12 
50.94 
19.93 
8.33 
4.03 
2.34 
1.62 
1.31 
1.16 
1.08 
1.05 
1.03 
1.02 
1.01 
1.01 
1.00 
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17 
18 
21 
22 
23 
25 
29 
32 
32 
34 
49 
80 
103 

3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

n = 242, a = 97.1240,  b = -0.0559,  
c = 1.3040,  R2 = 0.9933 

 
 For all texts we obtain the results presented in Table 5. 
 

Table 5 
Fitting the Zipf-Alekseev function to distances of equal complexities 

 
Text Size n a b c R2 
T1 242 97.1240 -0.0559 1.3040 0.993 
T2 439 234.1129 -1.2451 0.5268 0.999 
T3 356 174.1078 -0.9532 0.7415 0.997 
T4 293 133.0811 -0.9860 0.4504 0.999 
T5 174 73.0305 -0.7618 0.6308 0.997 

 
The parameter a is, evidently, somehow dependent on text size but the other two parameters 
are - preliminarily - independent and mirror probably an aspect of style or language. Their 
investigation is possible only by analyzing many languages. However, T1 strongly differs 
from the other Indonesian texts. 
 
 

3. Runs 
 
Runs are sequences of identical symbols or values. If a language is morphologically simple, 
then the number of runs will be small because the simplest value is frequently repeated in 
uninterrupted sequences; in morphologically complex languages the sequence of complexities 
steadily changes and one obtains a great number of runs. Hence morphological complexity 
can also be measured by means of the number of runs in the text.  
 Consider the first Indonesian text T1. In its vector we underlined the individual runs 
and obtained 
 
1, 1, 1, 1, 1, 1, 1, 1,  9.4,  1, 1, 1,  9.2,  1, 7.4,  1,  9.4,  7.4,  1,  17.8,  1, 1, 1,  9.4, 18.7,  9.4, 
9.4,  7.4,  1,  17.8,  26.2,  1, 1, 1,  9.4,  1, 1, 1, 1, 1, 1, 1, 1,  17.8, 1, 1, 1, 1, 1,  7.4,  1,  9.4,  1, 
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1, 1,  4.1,  1,  4.1, 4.1, 4.1,  1,  17.8,  1, 1,  9.4,  1, 4.1, 4.1, 9.4, 17.8,  1,  9.4,  1, 1, 1,  17.8, 9.4,  
1, 1, 1, 1,  17.8,  1,  7.4,  4.1, 1, 1, 9.4, 7.4, 1, 1, 1,  17.8,  1, 1,  17.8, 1, 9.4, 1, 1, 1,  9.4, 9.4,  1, 
7.4, 1, 1, 1, 1, 7.4, 1, 1, 9.4, 1, 26.1, 9.2, 1, 7.4, 17.8, 1, 17.8, 1, 1, 9.4,  1, 9.4, 1, 9.4, 1, 1, 1, 1, 
1, 26.2, 1, 1, 1, 1, 17.8, 1, 1, 1, 9.4, 1, 6.2, 1, 1, 1, 7.4, 1, 1, 9.4, 1, 9.4, 17.8, 1, 1, 1, 1, 1, 1, 1, 
1, 1, 9.2, 9.4, 9.4, 1, 1, 7.4, 1, 17.8, 9.4, 1, 9.4, 1, 9.4, 1, 17.8, 1, 1, 9.4, 1, 1, 1, 1, 1, 17.8, 17.8, 
1, 17.8, 1, 1, 1, 26.1, 1, 9.2, 1, 1, 9.4, 1, 17.8, 1, 1, 1, 1, 1, 1, 1, 9.4, 1, 1, 1, 1, 1, 17.8, 9.4, 1, 1, 
1, 1, 9.2, 9.4, 26.1, 1, 9.4, 17.8, 9.4, 1, 1, 17.8, 1, 1, 1, 17.8, 1, 1, 1, 17.8, 9.4, 1, 1. 
 
 The frequencies of individual complexities are in Table 3. Here we have r = 144 runs 
within n = 242 values. In order to normalize this number and make it comparable with that of 
other texts, we compute the following quantities: 
   
 v = n - r   = 242 - 144 = 98       (8) 

 F2 = 
1

( 1)
k

i i
i

f f
=

−∑  =  153(152) + 7(6) + 1(0) + 11(10) + 5(4) + 35(34) +  

  + 24(23) + 1(0) + 3(2) + 2(1) = 25178.    (9) 
 

 F3 = 
1

( 1)( 2)
k

i i i
i

f f f
=

− −∑  = 153(152)151 + 7(6)5 + 11(10)9 + 5(4)3 +  

  + 35(34)33 + 24(23)22 + 3(2)1  = 3564336.   (10) 
 
 E(v) = F2/n = 25178/242 = 104.0413     (11) 
 

 
( )

2
32 2

2

2

2

2( 3)
( 1) ( 1) ( 1)

25178 239 25178 2(3564336)
 =

242(241) 242 (241) 242(241)

v

FF n F

n n n n n n
σ −= + − =

− − −

= + −

    (12) 

 
       =  5.0856. 
 
Inserting these numbers in 
 

 
( ) 98 104.0413

1.1879
5.0856v

v E v
u

σ
− −= = = −     (13) 

 
This result shows that Indonesian has a smaller number of complexity runs than expected but 
the deviation is not significant. Nevertheless, the above u can be used as a typological 
indicator. The sequence of complexities is rather monotonous. The results for all texts are 
presented in Table 6. 
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Table 6 
Runs of complexities in Indonesian texts 

 
Text Size n Runs r u 
T1 
T2 
T3 
T4 
T5 

242 
439 
356 
293 
174 

144 
207 
356 
293 
174 

-1.19 
-0.31 
-2.06 
0.10 
-1.08 

 
In T3, there are even a significantly small number of runs, the other texts display a rather 
small number of runs. One could take mean u (= -0.91) as a typological indicator. One can 
conjecture that modern Indonesian is at the lower boundary of synthetism. 
 
 
Conclusion 
 
The computed indicators show that in Indonesian there is a rather monotonous succession of 
morphological complexities. There is a small number of great distances between identical 
values, a small number of runs, the arc between neighbours is small, too. Hence, Indonesian 
belongs to those languages which simplify their morphologies.  
 It would be interesting to scrutinize the same tendencies in other Indonesian languages 
and state whether there are geographic differences. It could help not only to correlate the 
direction of the settlement of individual islands with historical and ethnographic facts but also 
the extent of isolation of tribes. In which direction do Malagasy (the language of Madagascar), 
and the languages of Melanesia develop?  
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1. Introduction 
 
Descriptivity can be considered a property of the text opposed to its “activity”. The former is 
expressed by adjectives, the latter by verbs, however, one can add also other forms, e.g. some 
adverbs and special clauses to the expressions of descriptivity, while verbs can be scaled as to 
their activity, e.g. to be is less active than to run. At the same time, gerunds and gerundives 
may be treated in different way. But scaling of activity is not unique for all languages and if 
performing it, one must exactly show the background. It can be real, depending on style, on 
the text-sort, on individual meanings, on language but even on test persons. Hence we 
consider each verb – even infinitives or modals – as expressions of activity.  
 The study of descriptivity/activity has a long history and is topical still today. The 
impetus has been given by A. Busemann (1925), later on, his ratio has been modified and its 
sampling properties have been derived (Altmann 1978), further, the course of this property in 
a text has been modeled (Popescu, Čech, Altmann 2013) and many texts, especially German 
and Slovak ones, have been evaluated. Some problems are shown in Čech, Altmann (2011). 
In the present study, we shall analyze special texts by the Slovak art theoretician S. Svoraková 
concerning her book reviews, prefaces in books and articles on artistic enterprises and 
compare the results with those obtained by the analysis of the Slovak lyric poetess E. 
Bachletová. In this way we can state whether two quite different text sorts differ in their de-
scriptivity/activity 
 In the above article, six classes based on the course of the verb-adjective ratio have 
been established. If we consider the relativized indicator 
 

 
VQ

A V



,                       (1)

   
in which V and A are the numbers of verbs and adjectives respectively, then we obtain the 
extent of “activity” in text. If we, however, compute this indicator after each occurrence of A 
or V, we obtain a time series whose properties can be studied. The last value of this series is 
the general indicator of the complete text because it contains the complete information.  
 For the sake of illustration we compute Q for a text in which we found A,A,V,A, A,V,V. 
For (1) we obtain V = 3, A = 4, hence Q = 3/7 = 0.43. For the serial evaluation we follow (1) 
step by step and obtain 
 0/1, 0/2, 1/3, 1/4, 1/5, 2/6, 3/7  
because the numerator contains always the number of V found up to that point, and the 
denominator is always n = A+V up to that point. The series looks like 
 0.0, 0.0, 0.33, 0.25, 0.20, 0.33, 0.43. 
Evidently, the series can begin either with 0 or with 1 and then develop in different ways. 
According to the development of Q the authors (pp. 99-100) distinguished six classes:  
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1. ED - Extreme descriptive, containing only adjectives  
2. EA - Extreme active, containing only verbs  
3. DNE - Descriptive not equilibrating, beginning with Q = 0 and remaining at  Q < 

0.5. The number of adjectives is always greater than that of verbs.  
4. ANE - Active not equilibrating, beginning with Q = 1 and remaining at Q >  0.5. 

The number of verbs is always greater than that of adjectives.  
5. DE - Descriptive equilibrating, beginning with Q = 0, attaining Q = 0.5 and  then 

oscillating around it or striving towards Q = 1.  
6. AE - Active equilibrating, beginning with Q = 1, attaining Q = 0.5 and then 

 oscillating around it or striving towards Q = 0.  
 

It can be conjectured that some text-sorts tend to special courses of Q but it cannot be 
assumed that all texts will fall in the same group. In the collection of lyrical poems by E. 
Bachletová, the majority of texts have the property of being rather descriptive but there are 
also texts of different degrees of activity. The six classes above can be considered a vector 
with 6 elements characterizing the set of texts of an author or a text-sort. For 52 texts by E. 
Bachletová one obtains the vector 
 
 D(Bachletová) = [ED, EA, DNE, ANE, DE, AE] = [3, 1, 8, 10, 15, 15] 
 
Or in relative numbers (dividing here each element by 52) 
 
 D(Bachletová) = [0.0577; 0.0192; 0.1528; 0.1923; 0.2885; 0.2885]. 
 
 Another kind of classification can be obtained by using merely the global values of the 
text, namely A, V and n = A+V. In that case one obtains only three classes: active, descriptive 
and the rest (neutral class), yielding again a vector with three elements.  
 The course of Q can, in any case, be captured by a function expressing the general 
trend. In Popescu, Čech, Altmann (2013) two functions, viz. the beta and the Morse functions 
have been used but other text sorts may require different modeling especially if the texts are 
long. A good fitting can always be attained but at the expense of too many parameters whose 
interpretation is difficult. 
 Similar considerations may be made for any two parts-of-speech if there is some 
reason. There are studies concerning the “nominality” of the style in which nouns are opposed 
to verbs, etc. Other ones study simply the proportions of parts-of-speech and express their 
distribution. 
 
2. Data  
 
We analyzed 20 short Slovak texts by S. Svoráková concerning book and exposition reviews 
as well as articles on present day art (see Appendix). The basic data consisting of the se-
quence of adjectives and verbs are presented in Table 1. 
 

Table 1 
Activity and descriptivity data in 20 Slovak texts by S. Svoráková 

 
Text 
No 

 A V n 

1 [AVAVAAAAAAAAVAAVAVAAAVAAAAAVAAVVAAAVAAVV 
AVAAAAAVAAAVVVAAAAAVAAAAAAVAAAAVAAAAVAVAV 
AAVAAVAAAVVVAAAAVVVAVAVAAVVAAVAAVVAVVAVAA 

103 70 173 
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VVAAAVAVVAVAAVVAAVAAVAAVAAAVVVVAVVVVVAVAA 
VVVVVVVAAV] 

2 [AAAVAAVAAAVVAVAAAAVAAVAAAAVAAAVAAAVAAAVAV
AAVVAAVAAAAVAVVAAAVAAAVVAVAVAAVVAVAVVVAAAA
VAAAVAVAAAVAAAVAAAAAVVAAVAAAAVVAVAVVAVAVAV
AAAVAAVVAAVAAAAVVAAAVAVAAVAAAAVAAAVAAAAAVV
AAAAVAAVVAVAVVVVVVVVAAVAVAAAVAAVVAAVAVAAVV
AAVAVAVVAVVAAAVVVAVAAAVVVVVAVVAVAAVVVAVAAV
AVAAVAAVAAAAAAAA] 

162 105 267 

3 [AAAVAAVVVVAAAVAVVAAAAVAAVVAAVAVAAAAVAAAAV
VAVAAVAAVAVVAAVVVAAAAVAAAAVAAAVAAVAAVAVAAA
VAVAVAAVAVAAVAAAAVVAAAAVVAAVAAVAAVAAAVVAAA
AVAAAAAVVAAAAVAVAVAAAVAAAVVVAAVAAVAVAAAVAA
AVVVAAVAAAAVAAVAAVAAAVAVAAAVAVVAAAVAAVAVAA
VAAVAAVAVVAAVAVVVAVVAV] 

231 145 376 

4 [VVAAAAVAAAAVAVAAAAVAVAAVVAAAVAAAVVAVAAAAA
AAVAAAAVAAAVAAAVAAVAVVAAAAAAVAAAAAVAAVAAAV
VAVAAAAAAVAAAVAAAAAVVVAAVAAVVAAVAAAAVAAAVA
VAAAAAVAAAVVAAVAVAAAVAVAAAVAAAAVVAAAA] 

114 48 162 

5 [VAAAVAAAAAAAVAAVAAVAVAVAAVAAAVAAVAAAAVVVV
VVAVVAAAVAAAAVVAAAVAAVVVAAAVAVVVAAVVAAAVAA
VAVVAAAVVVAAVAAVAVAAVAAAAAAVVVAAVVAAAVAVVA
VAVAAVAAVAAVAAAVAAV] 

87 57 144 

6 [AVAAAVAVAAVAVAAAVAAVAAAAAVAVVAAAAAAAVAAAA
AAVAAAAAAVAAAAVAAAAVAAAAVAAAAAAAAVAAAAAVAA
VAAAAAAAVAAAVAAAAAAAAAAVAAAAVAAAAAAAVAAVAA
AAVVVAAVAAAAAVAAAAAAVAAAAVAAAAAAAAVAAVVAAV
AAAAVAAAAAAAVVAAAVAVAAVAAAAAVVVVVAAAAAVVAA
AAAVAAAVAAAAAAVAAAAAVAAAVAAAA] 

184 54 238 

7 [AVAVAAAAAVAAAVVAAAAVAAAVVAVAVVVAAVAVVVAAV
AAVAVAVVAAVVAVVVAVAVAVAAAAVVAAAAAVAVAAVAVA
VAAAAVAAAAAAAAVVAAVVVAVVVAAVAVVAVAVAAVAVAV
VVAAAAAAVAAVAAVAAVAA] 

86 59 145 

8 [VAAVAVAAVVAVAVAVVVVVAVAVAAAVVAVVVVVAVVAVV
VVAVAAVAAAAAAVAAAAVVVAAVAAVAAAAAAAVAVVAAAV
VAVAVAAVVAAAVVVAAVAVVAAVAAVAAAVAAVAAAVVAAA
VAAVAAAAVAAVAAVVVAAAAVAAAVVVVAVAAVAVAVAAV 
VAAVVVAAVAVAAAVAVAAAVVVAVVAVAVAAVAAAAVVAAV 
AAVAVAVAAVAAVAAAVVVVVAVAAAVAVAAVAVAAVAVVVA
AVAAAAVAVAAVVVVVAVVAVVVVVVVVVAVAVVVAAVA] 

154 135 289 

9 [AAVAAVAVAAAAAVVVAAAVVVAVVAAAAVAAAVAVAAVAA
AAVVAVVAAVVAVVAAVAVAAAVVAAAVAAVVAAVAVAVAVA
VAVAVAVAVAAAVAVVAAVVAAVAAAVVAAAAVAAVVAVVVV
VAVVVVVAAVVAAAVAAAVVAVVAAVAVVVVVVVAVAAAVVV
VAVAVAVVAAVVVVVVVVAVVVVAVVVAAVAVAVAVVVVAAA
AVVVVAAAAAVAAVVVAAVVVAVAAVVAAVAAAVVVAVAVAA
VVVVAVAVVVVVVAAAAVVVVAAVAAAVVVAVAAAVVAAVVV
VVVAVAVVVVAAAVAVAVVAVVVVVAAVVVAVVAAV] 

155 174 329 

10 [AVAAAAVVVAAAVAAVAAAAAVAAAVAVAAVAAVAAAAVAV
AAAAVAVAAAVAAAVAAAAAAAAVAAAAVVAAAAVAAVAVAA
AVAAAAAVAVAAAAVVVAVVAAAVAAVAAVAAAVVAAVAAAV
AAVVAAVVAAAVAVAVVVAVVVAVVAAAVAVAVAVAAAAVVV
AAAVVVAAAVAAAVAAAAAAAVAAA] 

127 65 192 

11 [VVVVAAVVAAAAVVAAVVVAAAAAAVVVAAAVVVVAVVVVV 62 54 116 
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AAAVVAVAVVAVAAVVAVAAAAVAAAAVAVAAAVAAVAAVAA
AAAVAAAVVAAAVVAVVVVVAVAAVVAVVAAVA] 

12 [VAAVVAAVAVAVAAVAAAAAAVAAAAAAVAVAAVVAVVAAV
VVAVVVVAAVAVAAAAAAVAVAAVAVAVAAVAAVAAVAAAAA
VAVAVAAAAAVAAAVAVVVVAA] 

65 40 105 

13 [AVAVAVVAVVVAAVVAVAAAVVAAAAAAVAVAAVAVVVAAA
AAVVVVVAVVVVAVVAAVAAAAVVAAAVAAVVVVVVAVAAAA
AVVAAAVVAVVAAAVAAVAVAAVVVVVVAVVAVVAVAVVAAA
VAAAVAVAAVAAAVAAAAAAAVAVAVAVAVAAAVVVAVAAVA
VVAAAAVAVAAAVVAAVAVAAA] 

104 85 189 

14 [AAVAVAVAAAAVVAAVAAAAAVAAAAAVAAVAAAVAVVAAA
AVAAVAVVVAAAVAAAAVAAVAAVA] 

66 45 21 

15 [VAAVAVVAVVVAVAAAAAVVAVAAAAAVAVAVAVAAAVAVA
AAAAAVAVAVAAAAVVAAAVAAVAAAAAAVAAAAVAVAAAAA
V AAVAAAAVAAVAAAAAAVVAAA] 

73 33 106 

16 [AVV VAVAAAVAVAAVVAAAVAVAVAVVV VVVVVVAAAVAA
VVAAVAVVAVAVAAAVAVAVVAAVAAVVAAAVVAVVAVAVV] 

39 42 81 

17 [AAAVVVVAAAAVAAVAAAAAVAAVAAAAAAVAAVAVAAAVA
VAAAAAAVAVAAAAAVVAAAAAAVVAVVVAAAAVAAVVAVAV
AVAAVAAVAAVAVAAVAAAVAVVAV] 

71 37 108 

18 VAAAAAVAAVAAVVVAVAVVAAVAAAVAVAAVAVVVAAVAAV
AVAVVAAAAVVAAVVAAAAVAAAVAAVAVAAAVAAAVAAVVA
VVAVVAVAVAVAAAVAVAAAVVVAVAAVVAAAA 

69 48 117 

19 [AVAAAVAAAAVAAAAAVAAAAAAAVAAVAAAAAVAAVAAAA
AVAAAAAAVAVAAAAVAVAAVAAAVAAAAAVVAAVAAAAAAA
VAAAAVAAVAVAAAAAVVAAAVAVAVAAAAAAVAAAVAAVAA
AAVAAAAAVAAAAVAAAAAAAVAVAVAVAAAAAAAAVAAAAA
VAVAAAAVAAAAVAAAVAAAVAAAVAAAAVAAAAVAAVVAAA
VAAAVAAVAVAAAAAVAAAAAAAAAVAAAVAAAVAAVAAVAV
AAVAAAVAVAAAAAAVAVAVVVVAAAAAAAAAVAAAAAAAVA
AAAAAVAVAAAVAAAAAVAAVAAVAVVAAAAAVAAAAAVAAA
VAAAVAAAAVAAAAAVAAVAVAAAVAVVAAVVAAVAAAAVVA
AAVAAAVAAAAAAAAVAVAAAVAVAAAAAAVAVAVAVVAAAA
AAAAAVAVAAVAVAAVAAAVAAAVAAVVVAAAAAAVAVAAVA
VAAVAAAAAAAVAVAAAVVAAAAAVAAVAAVAVAAAAAVAVA
AAVVAAAVAVAAVAVAVAAVAVAVAAAVAVAAVAAAAVAAAV
AAVAAVAAAAVAAAAAVAAAAAAVAAAAAVAAAAVAVAAAVA
AAAAVAVVAAAAVVAVVAAAVAAVAVAAAAAVVAAAVAVAAA
VAAAAAAAAAAVVAAA] 

473 172 645 

20 [AVAAVAVAVAAVAAVAAAAVAAVAAAAAVAAVAAVAAVAAA
AAVAAAAVVVAVAAVAVAAAVAVAVAAAAVVVAAVVAVVVAA
VVVAAVAVAAAAAAVVAVVAAAVVAAAAAAVAVAAVAAAAVA
VVAAAAAVAVAVVAVAVAVVAAVAVAAVAVAAVAAAAAVAVA
AAAAVAAVAVAVAVAAAVVAAVAVVAVAAAAVAAVAVVVAVV
AAAAAAAAVAVVAVAAVAAAAAAAVAVAAVAAVAVAAVVVAA
VAAVAAAVAAVAAVVAAVAVAAAVAAVAVVVVVVAVVAAAVA
VAVAVAVVAVAVAAVAVVVAVAAAV] 

193 125 318 
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3. Static classification 
 
Since all texts are long enough, one can use the chi-square or the normal criterion in order to 
decide whether the text is significantly descriptive or active or neutral. For small texts one 
should use the binomial distribution (cf. Popescu, Čech, Altmann 2013). Considering the first 
text with A = 103, V = 70, n = 173 we can use the criterion 
 

 
2

2 ( )V AX
V A





,         (2) 

 
which is identical with the normal criterion 
 
 (2 1)u Q n  ,         (3) 
 
where u2 = X2. For Text 1 we obtain according to (2) 
 
 X2 = (70 – 103)2/173 = 6.29, 
 
with 1 degree of freedom, and with  (3) 
 
 u = (2*70/173 – 1)√173 = -2.508. 
 
Since u is negative, the number of verbs is (here significantly) smaller than that of adjectives. 
Hence the text belongs to the descriptive class. If u would be significantly positive, i.e. u > 
1.96, the text would be “active”. With all other cases, viz. -1.96 < u < 1.96, the text does not 
display any tendency, it is “neutral”. 
 This classification can be performed in more detail if one would choose two 
significance levels, e.g. 0.05 and 0.01 or some freely chosen u-values. But classifications of 
concepts are merely the firth orientations in the domain. 
 For the twenty texts by S. Svoráková we obtain the results presented in Table 2. 
 

Table 2 
Descriptivity of texts by S. Svoráková 

(a = active, d = descriptive, n = neutral) 
 

Text No Q u Type Text No Q u Type 
1 0.4046 -2.51 d 11 0.4655 -0.74 n 
2 0.3933 -3.68 d 12 0.3809 -2.44 d 
3 0.3723 -4.44 d 13 0.4497 -1.34 n 
4 0.2963 -5.18 d 14 0.3182 -2.95 d 
5 0.3958 -2.50 d 15 0.3113 -3.89 d 
6 0.2269 -8.42 d 16 0.5185 0.33 n 
7 0.4069 -2.24 d 17 0.3426 -3.27 d 
8 0.4671 -1.12 n 18 0.4103 -1.94 n 
9 0.5289 1.05 n 19 0.2667 -11.85 d 
10 0.3385 -4.47 d 20 0.3931 -3.81 d 
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As can be seen in Table 1 and 2, only two texts contain more verbs than adjectives, but the 
difference is not significant. The vector of three elements <d,a,n> of S. Svoráková is 
<14,0,6>. For the poems by E. Bachletová (cf. Popescu, Čech, Altmann 2013) we obtained 
<4, 8, 40>. One sees directly the great difference between the text-sorts. For stating the 
significance of the difference of the two vectors one can use again the usual chi-square test for 
homogeneity. The difference/similarity alone can be computed e.g. as the cosine between the 
two vectors. 
 Using the chi-square test we construct the appropriate table (Table 3): 
 

Table 3 
Static classification of descriptivity in two text sorts 

 
  d a n Sum 
Bachletová 4 8 40 52 
Svoráková 14 0 6 20 
Sum 18 8 46 72 

 
The chi-square test yields X2 = 30.48 which is with 2 DF highly significant. Hence the static 
ordering of texts in classes is different for the two text-sorts. Bachletová writes poems in 
which there are a number of verbs while Svoráková writes scientific and review texts in which 
activity is irrelevant. 
 
 
4. Dynamic classification 
 
The dynamic classification depends on the course of the sequence. However, the beginning 
values are not quite relevant. If the sequence begins with a verb, it will automatically be 
associated with some activity class, and the same holds for the descriptivity with initial 
adjective. However, if one computes the sequence of Qs and then omits at least the first two 
values, the sequence appears to be more stable. The oscillation which may arise at the 
beginning may disappear. Nevertheless, oscillation may appear everywhere; in that case only 
a periodic function or a polynomial of higher order helps. Hence, we shall first accept the data 
as they are and perform the classification as usually. 
 For the 20 texts by Svoraková we obtain the values as follows 
 
  T1    T2      T3     T4  T5   T6   T7   T8   T9   T10    
  DE  DNE  DNE  AE AE  DE  DE   AE  DE   AE    
 
  T11  T12  T13  T14   T15  T16  T17  T18 T19  T20 
   AE   AE   DE   DNE  AE  DE    DE  AE   DE   DE 
 
Hence the vector of Svoráková is  
 
 D(Svoráková) = [ED, EA, DNE, ANE, DE, AE]  
         = [0, 0, 3, 0, 9, 8] = [0, 0, 0.15, 0, 0.45, 0.40]. 
 
This classification can be slightly modified. As can be seen in the data in Table 1, some texts 
begin with A and the second value is V, or the other way round. In that case the second 
computed value is 0.5 and the text is automatically assigned to some equilibrating class. But if 
we slightly change the above in criteria and set 
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1. ED - Extreme descriptive, containing only adjectives  
2. EA - Extreme active, containing only verbs  
3. DNE - Descriptive not equilibrating, beginning with Q = 0 and remaining at  Q ≤ 

0.5. The number of adjectives is always greater than that of verbs  
4. ANE - Active not equilibrating, beginning with Q = 1 and remaining at Q ≥  0.5. 

The number of verbs is always greater than that of adjectives 
5. DE - Descriptive equilibrating, beginning with Q = 0, attaining Q > 0.5 and  then 

oscillating around it or striving towards Q = 1  
6. AE - Active equilibrating, beginning with Q = 1, attaining Q < 0.5 and then 

 oscillating around it or striving towards Q = 0.  
 
where we changed the requirements put upon some Q, the importance of the second A or V 
disappears. In that case we obtain the classification for Svoráková 
 
  T1       T2      T3     T4  T5      T6     T7   T8   T9   T10    
  DNE  DNE  DNE  AE AE  DNE  DNE   AE  DE   DNE    
 
  T11  T12  T13  T14   T15  T16  T17  T18  T19   T20 
   AE   AE   DE   DNE  AE  DE    DE  AE   DNE  DNE 
 
And the vector would be  
 
  D(Svoráková) = [0, 0, 9, 0, 4, 7] = [0, 0, 0.45, 0, 0.20, 0.35], 
  
which slightly differs from the above one. The vector is characteristic for Svoraková and can 
be compared with those of other authors, text-sort, etc. by using e.g. the vector distance (cf. 
Popescu et al. 2010: 68 ff) or the cosine between the vectors (cf. Tuzzi et al. 2010: 135ff.). 
Considering the results obtained for poetic texts by E. Bachletová we obtain the vector 
 
 D(Bachletová) = [3, 1, 9, 13, 14, 12] = [0.06, 0.02, 0.17, 0.25, 0.27, 0.23]. 
 
The vector distance of the two text sorts is 
 Δ(B,S) = [(0.06 – 0.0)2 + (0.02 – 0.0)2 + (0.17 – 0.45)2 + (0.25 – 0.0)2 +  
       + (0.27 – 0.20)2 + (0.23 – 0.35)2]1/2 = 0.4052 
 
but as long as there are no other text sorts at our disposal, no judgment can be uttered on the 
basis of this result. Testing for homogeneity using the chi-square test (see above) is possible 
even if the numbers are somewhat small. We obtain X2 = 12.02 with 5 degrees of freedom 
which is greater than the critical value 11.1 at α = 0.05. Hence the texts sorts can be 
considered different as to their descriptivity/activity levels. 
 
Other comparisons 
 
For the 52 poetic texts by E. Bachletová we found the following ordered values of Q 
 
Q(Bachletová) = [0.0, 0.0, 0.0, 0.18, 0.25, 0.25, 0.32, 0.36, 0.37, 0.38, 0.38, 0.38, 0.38, 0.42, 
0.43, 0.44, 0.48, 0.50, 0.50, 0.50, 0.50, 0.50, 0.56, 0.56, 0.56, 0.57, 0.58, 0.58, 0.59, 0.60, 
0.60, 0.60, 0.62, 0.62, 0.63, 0.65, 0.67, 0.67, 0.67, 0.67, 0.70, 0.71, 0.71, 0.74, 0.75, 0.75, 
0.79, 0.80, 0.84, 0.92, 1.0].  
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The texts are usually short, hence quite extreme values are possible. The average activity with 
Bachletová is Q = 0.5381, that with Svoráková Q  = 0.3844. Considering the Q-values as 
usual measured values we can compute the sum of squared deviations from the respective 
means of the vector and obtain SSQ(Bachletová) = 2.3836 and SSQ(Svoráková) = 0.1186. 
Hence the difference yields 
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which is significant with 70 DF. Hence, applied to these two authors and text sorts we can say 
that poetic texts are more active than literary/art criticism. In criticism the verbs do not play 
an important role, mostly one finds the forms of the verb to be. 
 

Runs 
 
As can be seen in Table 1 each sequence consisting of A and V contains subsequences of 
equal symbols called runs. It is not only the grammar that produces runs but also the style of 
the author, the subject itself, or the text-sort. If we study a text, then it is always possible to 
find a sequence of some entities whose runs display a difference to texts of other authors. It is 
not difficult to perform tests but it is difficult to find the pertinent entities. In any case it is 
sure that these entities must be some classes, not individuals. However, this problem did not 
appear as yet in any text-“theory”. It is a task for the future. 
 Here we shall merely study the runs of A and V in texts by Svoráková. In Table 2 one 
finds the basic data: n = length of the sequence, A and V = adjective and verbs, Runs = the 
number of runs of A and B in the text, E = the expected number of runs, SD = the standard 
deviations of runs, and u = the asymptotic normal test for the difference between the observed 
and the expected number of runs. S can be seen, there are only 3 texts that deviate 
significantly from the expectation, namely T3, T19 and T20. Here, T3 is a newer book review 
(2004), T19 and T20 are older articles (1990); this may be a hint to a possible style 
development but at the present state of affairs, it cannot be corroborated.  
 

Table 2 
Runs of A and V in texts by S. Svoráková 

 
Text n A V Runs E SD u 

1 173 103 70 86 84.35 6.3173 0.18 
2 267 162 105 143 128.42 7.7816 1,80 
3 231 145 86 128 108.97 7.0860 2.63 
4 162 114 48 76 68.56 5.2846 1.31 
5 144 87 57 75 69.87 5.7177 0.81 
6 238 184 54 89 84.50 5.3910 0.74 
7 145 86 59 81 70.99 5.7904 1.64 
8 289 154 135 158 144.88 8.4484 1.49 
9 329 155 174 166 164.95 9.0250 0.06 
10 192 127 65 95 86.99 6.1857 1.21 
11 116 62 54 54 58.72 5.3360 0.79 
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12 105 65 40 58 50.52 4.8069 1.45 
13 189 104 85 99 94.54 6.7859 0.58 
14 66 45 21 35 39.64 3.4893 1.39 
15 106 73 33 54 46.45 4.3867 1.61 
16 81 39 42 48 44.44 4.4656 1.36 
17 108 71 37 56 49.65 4.6544 1.26 
18 117 69 48 68 57.62 5.2100 1.90 
19 645 473 172 305 253.27 9.9210 5.16 
20 318 193 125 184 152.73 8.4939 3.62 

 
As can be seen in the last column, though the number of runs is always greater than expected, 
there are only three texts (no. 3, 19 and 20) in which the test is significant. In these texts, the 
nouns have a balanced alternation of adjectival and verbal predicates. There is no tendency to 
give the text a descriptive or active character. In all other texts there is a tendency towards 
alternation of predication (required by the grammar) but the writer placewise emphasizes his 
own style or the pressure of text-sort. However, there is no text with long predicative passages 
of one sort, i.e. there is no text with negative u. The style could be studied by scrutinizing the 
length of runs. Long runs are style-dependent, short runs are grammar-dependent. 
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A diachronic study of Chinese word length distribution 
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Abstract: An investigation of diachronic texts in one language would be appropriate in order to track 

down the background of the individual parameters of the word length distribution models. The present 

article investigates how word length evolves based on the analysis of texts from ancient Chinese within 

a time span of 1000 years. The results show that the parameter a in Zipf- Alekseev's function increases 

with time, but it is influenced by language policy in modern times, which causes it to decrease a little, 

but a predictive estimate of the word length distributions shows that the parameter a really increases 

with time, which means it is an element of a self-organizing system. A deeper investigation into the 

historical changes of each word length class as well as four statistical indexes of word length dis-

tributions reveal that the increase of multi-syllable words is the main trend in historical developments of 

word length distributions, which may be inter-correlated with the diachronic increase of parameter a. 

What is more, the diachronic synergetic relation between word length and mean word frequency also 

reveals the increasing use of multi-syllable words in communications which can be seen from the 

decrease of the absolute value of the negative parameter b in the function y = axb. 

 

Keywords: Word length; Chinese; evolution; word frequency; Zipf-Alekseev's function 
 

1. Introduction 

Word length plays a crucial role in quantitative linguistics, especially in Köhler's lexical control 
circuit (Köhler 1986, 2005). As far as we could state, about 70 languages up to now have been 
analyzed concerning word length (Altmann 2013). There are several reviewing articles with 
regard to word length, which summarize the historical development of word length study, as 
well as some critical problems concerning the attempt to establish a general law of word length 
(Grzybek 2006; Grzybek 2013; Altmann 2013; Popescu 2013; Popescu et al. 2014). 

A fundamental problem throughout the investigation of word length is the question if there 
is a universal model with which word length distributions can generally be theoretically 
described. A critical step in this question was Grotjahn's (1982) contribution, who suggested 
that instead of searching for one general model, one should rather try to concentrate on a variety 
of distributions which are able to represent a valid law of word formation from syllables. This 
idea was later taken up by Grotjahn and Altmann (1993) and elaborated by Wimmer et al. (1994) 
and Wimmer and Altmann (1996) who assumed that the probability of a given class (Px) is 
determined by its preceding class (Px-1), thus resulting in the proportionality relation between Px 
and Px-1. Therefore the g(x) in Px = g(x)Px-1 is expected to be given (Grzybek 2013). 

Later, a number of models were found and a few modifications and extensions were 
integrated into an even more general "unified derivation of some linguistic laws" which is also 
closely related to the development of synergetic linguistics. And the function f(x)=ax-b was 

                                                             
* Address correspondence to: Haitao Liu, Department of Linguistics, Zhejiang University, 310058, Hangzhou, Zhejiang, China. 
Email address: lhtzju@gmail.com 



Heng Chen & Haitao Liu 

82 
 

assumed to be the basic function (Grzybek 2013). 
Recently another way to approach this problem was suggested (Popescu et al. 2014, p. 5) 

and the authors assumed that "the relative rate of change of the dependent variable (here the 
frequency) is proportional to the rate of change of the independent variable (here the length)." 
We will not go into details of the assumption here, but we should know that its model is y 
= cxa+bln x which represents the Zipf-Alekseev function. As a matter of fact, the model is a 
simple modification of Zipf's law. 

Popescu et al. (2014) state that an older stage of a language has in general a greater a (in y 
= cxa+bln x) than a younger one, for example, Old Icelandic is over Modern Icelandic and Early 
Modern English is over English. Therefore, word length is not simply a surface property, it 
depends on the development of a language and its use. In general, the model is considered to be 
a sufficient representation of this property in language. Popescu et al. (2014) tried to set up a 
graph capturing the similarities between languages concerning word length by grouping 
languages according to the mean parameter a. 

Therefore, if parameter a in Zipf-Alekseev's function really increases with time, it may be 
correlated with the evolution of word length distributions, and then a thorough investigation 
into "the historical development of individual languages would be necessary in order to state 
some developmental regularity" (Popescu et al. 2014, p. 76). As a matter of fact, there has 
already been a claim about the evolution of word length which is that "the prolongation of units 
arose by self-organization caused by many different motives. Some of them were the small 
inventory of phonemes/sounds causing increasing homonymy leading to loss of redundancy, 
specification of meaning, increasing grammatical complexity, the impact of culture, aesthetic 
reasons and many others" (Altmann 2013, p. 30). 

In this paper, we will go further and investigate the co-evolution of word length with 
parameter a. Chinese is a language which is suitable for this study since Chinese is the only 
remaining language that developed from ancient times without interruptions for thousands of 
years. What is more, the results of the language grouping according to the mean parameter a in 
Popscu et al. (2014) show that Chinese displays similarity with almost half of the languages 
they studied. This means that the study of Chinese word length distributions may be universal. 

This research is devoted to the following questions: 
Question 1: Can the Chinese word length distribution be modeled by Zipf- Alekseev's 

function? 
Question 2: If the answer to Question 1 is yes, are there any regularities in the evolutionary 

changes of parameter a, for example, does it increase over time? 
Question 3: Are there any interrelationships between the co-evolution of parameter a, the 

proportional changes of each word length class and mean word length? 
Question 4: Does word length evolve alone or co-evolves it with other collateral properties 

such as word frequency? 
This paper contains four sections. Section 2 describes the materials and methods used; 

section 3 presents the results of diachronic word length distribution investigations, including 
the fitting of Zipf-Alekseev's function to the diachronic word length distribution data, four 
statistical indexes of diachronic word length distributions, word probability changes of each 
word length class, the evolution of mean word length and the evolution of synergetic relations 
of word length with mean word probability; section 4 concludes this study. 
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2. Materials and methods 

It is very important to choose appropriate texts, for there is an evident distinction between two 
kinds of written texts in Chinese: the vernacular Chinese and the classical Chinese, of which the 
former stands much closer to spoken language of that time, and the latter is an independent 
system of written language that did not change too much since pre-Qin dynasty (about from 
B.C. 3 to Pre A.D. 20). Given this, an appropriate selection of diachronic data is crucial for this 
study. Besides, homogeneity is generally considered to be an important criterion for selecting 
texts. Therefore, short vernacular Chinese novels which can represent the language used in that 
time are selected in this study. 
    The materials used in this study cover a time span of more than 1000 years. The vernacular 
Chinese novels originate from the Tang and Song dynasties (A.D. 10), and the details of the 
corpora can be seen in Table 1. 
 

Table 1 
Details of the historical corpora of vernacular Chinese novels1 

 

 

Time period 1 Time period 2 Time period 3 Time period 4 

(Song and Yuan 

Dynasty) 

(Ming 

Dynasty) 
(Qing Dynasty) 

(Modern 

time) 

Texts 

Cuo zhan Yingning 

Jiantie Heshang 

Nian Yüguanyin 

Hao qiu zhuan 

Yinglie zhuan 

Shuihu zhuan 

Haishanghualiezhuan 

Jinghuayuan 

ernvyingxiongzhuan 

Bailuyuan 

Wa 

Pingfandeshijie 

Scale 

(character) 
669 715 669 390 669 601 669 632 

Time span A.D.11-A.D.12 
A.D.14- 

A.D.15 
A.D.17- A.D.18 A.D.20- A.D.21 

 

Considering the developmental characteristics of vernacular Chinese novels and the scale 
of the remaining texts that can be found, we developed four corpora "Song and Yuan Dynasties" 
(Time period 1), "Ming Dynasty" (Time period 2), "Qing Dynasty" (Time period 3), "Modern 
time" (Time period 4), each has about 0.67 million characters. 

Since there are no spaces between words in Chinese, we used the most popular Chinese 
word segmentation tool ICTCLAS 20082 to segment the texts, then we examined the results 
manually and corrected the wrong segmentations. 

After word segmentation, we developed our own java programs to obtain word length 
distribution, mean word length and mean word frequency statistics. We used Matlab to fit the 
word length distribution data, and the goodness of fit evaluations can be seen from the 
coefficient R2. 

 
 

                                                             
1 The translations of the names of the novels are in Appendix 1. 
2 ICTCLAS 2008 can be downloaded from: http://ictclas.org/ 
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3. Results and discussions 

3.1. Diachronic word length distributions 

There are two kinds of word length distributions, one is static, which is based on word types; the 
other is dynamic, which is based on word tokens. Static word length distributions demonstrate 
the word formation process along with the lexical increase of a language; dynamic word length 
distributions demonstrate how these words are used in human language communications. Static 
and dynamic word length distributions are inter-related since static ones are the constructional 
units of dynamic ones, and the dynamic use of word inventories can influence the word form-
ation process (the adding of new words). Table 2 (static) and 3 (dynamic) show the diachronic 
Chinese word length distribution data. In Table 2, Xi is the word length class; Fi is the observed 
static word frequency (i.e. word types) of word class Xi; Pi is the static word probability of word 
length class Xi; In Table 3, Xi is word length class; Fi' is observed dynamic word frequency (i.e. 
word tokens) of word class Xi; P'i is the dynamic word probability of word length class Xi. The 
values of Pi and Pi' are rounded to 0.0001. 

Table 2 
Static word length distributions of diachronic Chinese novel texts 

 
 Time period 1 Time period 2 Time period 3 Time period 4 

Xi Fi Pi Fi Pi Fi Pi Fi Pi 

1 4277 0.2427 4294 0.2188 4290 0.2099 3327 0.1373 

2 12058 0.6844 13552 0.6904 14116 0.6908 16921 0.6984 

3 672 0.0381 835 0.0425 791 0.0387 1999 0.0825 

4 604 0.0343 900 0.0459 1207 0.0591 1946 0.0803 

5 4 0.0002 35 0.0018 22 0.0011 26 0.0011 

6 1 0.0001 9 0.0005 4 0.0002 3 0.0001 

7 3 0.0002 3 0.0002 4 0.0002 6 0.0002 

Total 17619 1 19628 1.0001 20434 1 24228 0.9999 

 

Table 3 
Dynamic word length distributions of diachronic Chinese novel texts 

 
 Time period 1 Time period 2 Time period 3 Time period 4 

Xi Fi' Pi' Fi' Pi' Fi' Pi' Fi' Pi' 

1 454820 0.8222 430764 0.7878 410740 0.7656 340443 0.6654 

2 94378 0.1706 111490 0.2039 120907 0.2254 158560 0.3099 

3 2797 0.0051 2621 0.0048 2485 0.0046 8611 0.0168 

4 1199 0.0022 1862 0.0034 2348 0.0044 3996 0.0078 

5 5 0.0000 46 0.0001 27 0.0001 37 0.0001 

6 1 0.0000 14 0.0000 5 0.0000 3 0.0000 

7 3 0.0000 3 0.0000 5 0.0000 7 0.0000 

Total 553203 1.0001 546800 1 536517 1 511657 1 
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We applied Zipf-Alekseev's function 

lna b xy cx +=  

to fit both the static and the dynamic word length distribution data (Fi and Fi'), but fitting the 
dynamic ones failed in each case. This means that the model is not suitable for describing 
dynamic Chinese word length distributions. The reason may be that, from a typological per-
spective, almost all of the languages demonstrate bell-shaped static word length distributions 
(Altmann 2013), but not dynamic ones, and we will try to apply Beta function to fit dynamic 
ones later. 

 
Figure 1. Fitting Zipf-Alekseev's function to the static word length distributions of 

diachronic Chinese novel texts 
 

Figure 1 shows the fitting results of static word length distributions, and it can be seen that 
they are all bell-shaped. Table 4 shows the estimated parameters and the coefficients of de-
termination in Figure 1. 
 

Table 4 
Parameters of fitting Zipf-Alekseev's function to static word length distributions of diachronic 

Chinese novel texts 
 

Time period a b c R2 
Time period 1 6.85 -7.73 4278 0.997 
Time period 2 6.93 -7.61 4296 0.995 
Time period 3 7.15 -7.83 4292 0.991 
Time period 4 6.95 -6.66 3347 0.985 
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We can see from Table 4 that the values of parameter a increase from Time period 1 to 
Time period 3, but decreases a little in Time period 4. The results do not really corroborate the 
hypothesis that parameter a in Zipf-Alekseev's function increases with age of a language. But if 
the hypothesis is right, then we have to explain why the parameter a decreases in Time period 4? 
We suppose the main reason may be the sharp decrease of word probability in word length class 
one, as can be seen in Table 2. The Chinese script simplification and the trend of enhanced 
multi-syllabification of Chinese words in the 20th century may be the main cause of the sharp 
decrease of one-syllable words. Another reason may be the choice of the texts. 

We then applied Beta function 

(n 1 )bx
y C

ax

+ −=
 

to fit the dynamic word length distribution data. In Beta function, x is word length class, y is the 
value of word probability (i.e. Pi' in this case); C is the normalization constant and unimportant 
for the analysis in this paper; a and b are the two scaling exponents for high and low-ranking 
data points, n is the upper range of the rank variable (i.e. the highest word length class in this 
case). The b --> 0 limit corresponds to a power-law function. 

Figure 2 shows the fitting results, and it can be seen that there is a sharp decrease in word 
length class 1 and increase in high classes such as in class 2, 3 and 4. 
 

 

Figure 2. Fitting Beta function to the dynamic word length distributions of diachronic Chinese 
novel texts 

 

    Table 5 shows the estimated parameters and the coefficients of determination in Figure 2.  
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Table 5 
Parameters of fitting Beta function to dynamic word length distributions  

of diachronic Chinese novel texts 
 

Time period a b C R2 
Time period 1 0.4592 8.181 1.00e-07 0.9982 
Time period 2 0.1963 8.494 5.23e-08 0.9974 
Time period 3 0.1034 8.539 4.68e-08 0.9954 
Time period 4 -0.8418 9.438 7.10e-09 0.9904 

 

    It can be seen from Table 5 that the values of parameter a decrease over time, and the values 
of parameter b, on the contrary, increase over time. The evolution of the two parameters mean 
that there are a decrease in high-ranking data points (i.e. the decrease of one syllable words) and 
an increase in low-ranking data points (i.e. the increase of multi-syllable words), which reveals 
regularity of the evolution of dynamic Chinese word length distributions. 

However, since the evolution of parameter a in Zipf-Alekseev's function does not really 
corroborate the hypothesis that parameter a increases with age of a language, we need to do 
some further investigations to see if there are any regularities in the evolution of static Chinese 
word length distributions. For this purpose, we put forward two methods. First, we applied four 
common statistical indexes to static word length distributions to see if there are any 
evolutionary regularities (which will be described in the following). Second, in order to predict 
the word length distributions in future times, we built models for the evolution of each word 
length class, then we fitted Zipf-Alekseev's function to the predictive data again to obtained a 
values. 

For the first method, based on the static word length distribution statistics in Table 2, 
Figure 3 shows four measures: (A) Type/token ratio, (B) variance, (C) skewness, (D) kurtosis. 

 

 
Figure 3. Four indexes changes with age:  

（A）Type/token ratio, （B）variance,（C）skewness,（D）kurtosis 
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The first measure is type/token ratio, which is often employed as an indicator of lexical 
richness. It can be seen from Figure 3 (A) that the type/token ratio decreases over time, which 
means that the lexical richness decreases with age. 

The second measure is the square of the standard deviation (variance), which quantifies 
the width of the distribution, and it can be seen from Figure 3 (B) that the Chinese word length 
distribution is becoming wider and wider, which means that there is an increasing use of 
multi-syllable words. 

The third measure is skewness, which characterizes the asymmetry of the distribution. The 
value of skewness being zero means perfectly symmetric distributions, and large positive 
(negative) values of skewness characterize distributions with long tails at the right (left) of the 
mean value. It can be seen from Figure 3 (C) that the values of skewness are becoming larger 
and larger (positive), which means that the distributions are having longer and longer tails at the 
right of the mean value over time (i.e. it means that much more words are used in high word 
length classes such as in word length class 3, 4, etc.). 

The fourth measure is kurtosis, which is related to the peakedness and tailedness of the 
distribution, and large values (Kurtosis > 3) reveal distributions with high, steep peaks and long, 
thick tails (Maria Kalimeri et al. 2013). In Figure 3 (D), a pronounced peak at short word length 
(mainly word class 2) is observed. As all four values of Kurtosis become larger and larger (than 
3), the distributions are gaining steep peaks and long, thick tails. 

We can conclude from the four measures changes in Figure 3 that there is an increasing 
use of multi-syllable words in Chinese human language communications. 

For the second method, we fit a linear model y = ax+b to the word probabilities of each 
static word length class from Time period 1 to 4, and then estimate word probability of each 
word length class in future Times by the model, after which the word frequencies of each word 
length class can be proportionately obtained. For example, the model for the evolution of word 
length class 1 is y = -0.03251x+0.28345, then the probability of Time period 5 is 0.1209, and its 
word frequency is 2929.60 since the word probability and word frequency of Time period 4 is 
0.1373 and 3327 respectively. 

The results of fitting can be seen in Figure 4 (only word length class 1 to 4 are fitted 
because of the extremely small probabilities in higher word length classes). 

 
Figure 4. Linear models of word probability changes of each static word length class 
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As we can see from Figure 4, there is a linear decrease in word length class one and a linear 
increase in word length classes 2, 3 and 4. We then estimated the word frequencies of each word 
length class in four future time periods, which can be seen from Fi in Table 6 (as the word 
frequencies of class 5, 6 and 7 do not change too much as can be seen in Table 2, we used the 
frequencies in Time period 4 instead). Besides, in order to reflect the normal lexical growth 
mechanism with regard to word inventories, we need to normalize the data (Fi) according to the 
lexical inventory of each time (from Time period 5 to 8) to obtain normalized word frequencies 
of each time period. Then the question is how to obtain the inventory of each time from Time 
period 5 to 8. Based on the evaluation of lexical inventories from Time period 1 to 4, we 
obtained a linear function y = 2063x+15320, and estimated word inventories from Time period 
5 to 8. The computed word frequencies can be seen from fi in Table 6. 
 

Table 6 
Predictive word length distributions in the future Chinese language 

 
 Time period 5 Time period 6 Time period 7 Time period 8 

 Fi fi Fi fi Fi fi Fi fi 

1 2929.60 3101.31 2141.83 2450.35 1354.06 1664.84 566.29 744.69 

2 16998.53 17994.85 17101.26 19564.61 17203.99 21152.54 17306.71 22758.65 

3 2006.27 2123.86 2319.81 2653.97 2633.35 3237.74 2946.89 3875.22 

4 2246.26 2377.92 2612.68 2989.02 2979.10 3662.84 3345.52 4399.42 

5 26.00 27.52 26.00 29.75 26.00 31.97 26.00 34.19 

6 3.00 3.18 3.00 3.43 3.00 3.69 3.00 3.95 

7 6.00 6.35 6.00 6.86 6.00 7.38 6.00 7.89 

Inventory 24215.66 25635.00 24210.58 27698.00 24205.50 29761.00 24200.41 31824.00 

 

     We again fit the Zipf-Alekseev's function to Fi in Table 6, and their parameters can be seen 
in Table 7. 
 

Table 7 
Parameters of fitting Zipf-Alekseev's function  

to predictive-static Chinese word length distributions 
 

Time period a b c R2 

Time period 5 7.230 -6.793 3129 0.9798 

Time period 6 7.706 -6.849 2511 0.9732 

Time period 7 8.476 -7.104 1798 0.9660 

Time period 8 9.738 -7.667 1057 0.9578 

 
As we can see from Table 7, the values of parameter a show a growing linear trend. This 

corroborates the hypothesis that the parameter a in Zipf-Alekseev's function really increases 
over time. Then the coming question is that which linguistic property is correlated with the 
changes of this parameter. It is revealing that Chinese word length is evolving towards 
multi-syllables, as can be seen from the four distributional measures and changes of the static 
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word length probability of each word length class, we then dive into the mean word length 
changes to find some clues. 

The static and dynamic word length probability changes of each class can be uniquely 
reflected in mean word length. Mean word length is an important linguistic feature. "Having 
observed a specific relation between the mean word length λ of a text and the relative fre-
quencies pi of the individual word length classes, Čebanov was the first to suggest the Poisson 
distribution as a general model for various languages" (Grzybek 2013, p.159). Mean word 
length (MWL) can be seen as an indicator of text styles and a simple estimate of lexical 
complexity, too. 
    Next we will try to find if there is some developmental regularity in dynamic and static 
mean word length evolutions. There are two kinds of mean word length, one is dynamic, and 
the other is static. 

Dynamic mean word length (DMWL) can be calculated with the following formula: 

1

1

n
X Fi i

iDMWL n
Fi

i

∑
==
∑
=

 ,                (1) 

where n refers to the number of different word length classes; Xi refers to word length class I; Fi 
refers to the number of word tokens of word length class i. 

Static mean word length (SMWL) can be calculated with the following formula: 

 
'

1

'
1

n
X Fi i

iSMWL n
F i

i

∑
==
∑
=

,                 (2) 

where n refers to the number of different word length classes; Xi refers to word length class i;  Fi' 
refers to the number of word types of word length class i. 

We fit a linear function y = ax+b to these two kinds of mean word length evolutions, and 
results of fitting procedures can be seen in Figure 5. 

 
Figure 5. Linear fittings of diachronic mean word length (type and token) 
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As can be seen in Figure 5, both SMWL and DMWL increase with age and text size. This 
means that the increase of word length may be a general law in word length evolutions, as well 
as in language evolutions. Therefore the parameter a in Zipf-Alekseev's function may reflect 
this circumstance to some extent since the evolution of parameter a also increases with time. 

However the value of DMWL is always smaller than that of SMWL as can be seen in Figure 
5. This can be explained by Zipf's law of least effort: in human language communications, 
people tend to use short words as best as they could. Therefore it could be inferred from this 
phenomenon that mean word length is closely related to word frequencies. We suppose word 
length does not evolve alone, but within a synergetic system evolving with some other col-
lateral properties such as word frequency, polysemy, polytexty, etc. 

In the next section we will investigate the relationships between word length and word 
frequency to see if there is any regularity in their co-evolutions. 
 

3.2. The relationship between word length and word frequency  

The relationship between word length and word frequency is actually reflected in the relation 
between word length and mean word ratio, and mean word ratio (MWP) can be calculated with 
the formula below: 

         

'

F
iMWP

F
i

=                   (3) 

In this formula, Fi refers to the word tokens of word length class i; Fi' refers to the word types of 
word length class i; MWP is the value of mean word ratio of word length class i. For example, 
the word tokens of word length class one is 454820, and its word types is 4277, then its MWP is 
106.34. 

The synergetic relations between word length and mean word ratio can be represented by 
the Power function y=axb . The estimated parameters and coefficients of determination are 
shown in Table 8. 

It can be seen from the goodness of fit indicator R2 in Table 8 that the data of all four time 
periods abide by the Power law function y = axb. Therefore this supports Zipf’s statement that 
"the more frequent, the shorter" throughout the evolution of Chinese word length. 

 
Table 8 

Fitting y = axb to the relation between word length and mean word ratio  
(from Time period 1 to 4) 

 
 Time period 1 Time period 2 Time period 3 Time period 4 

xi y y' y y' y y' y y' 
1 106.34 106.30 95.74 95.71 102.33 102.30 100.32 100.29 
2 7.83 8.95 8.57 9.28 9.37 10.42 8.23 9.02 
3 4.16 2.11 3.14 2.37 4.31 2.74 3.14 2.20 
4 1.99 0.75 1.95 0.90 2.05 1.06 2.07 0.81 
5 1.25 0.34 1.23 0.42 1.42 0.51 1.31 0.37 
6 1.00 0.18 1.25 0.23 1.00 0.28 1.56 0.20 
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7 1.00 0.10 1.25 0.14 1.17 0.17 1.00 0.12 

y=axb 
a = 106.30 
b = -3.57 

R2= 0.9990 

a = 100.28 
b = -3.48 

R2= 0.9992 

a = 95.71 
b = -3.37 

R2 = 0.9993 

a = 102.30 
b = -3.29 

R2 = 0.9992 
 

 As for the exponent b in Zipf’s law, Baixeries et al. (2013) show that there is a tendency of 
the mean length of utterances (MLU), a simple estimate of syntactic complexity, to increase as 
the exponent decreases. The parallel evolution of the exponent and a simple indicator of syn-
tactic complexity (MLU) support the hypothesis that the exponent of Zipf’s law and linguistic 
complexity are inter-related. 

 
Figure 6. Fitting y=ax+b to the values of parameter b with time 

     
We fit a linear function y = ax+b to the diachronic values of parameter b in Table 8, as can 

be seen in Figure 6. The decrease of the absolute value of parameter b in y = axb indicate that 
the power law fitting the relationship between word length and mean word ratio weakens, i.e. 
the mean probability of multi-syllable words increases evolutionarily. This means that, though 
Zipf's law of least effort works all the time, mean word probability of each class is influenced 
by the multi-syllabification process in word length evolutions. The decrease of the absolute 
value of the negative parameter b in Zipf's function means the increasing use of multi-syllable 
words in communication. 
 

4. Conclusions 

Based on the above analyses, we draw the following conclusions corresponding to the four 
questions in the introduction section. 

(1) Chinese word length distribution can be modeled by Zipf-Alekseev's function y = cxa+bln x. 
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(2) The analyses of the evolution of each word length class as well as four word length 
distributional measures reveal that there is a multi-syllabification trend in Chinese word length 
evolution. The results of fitting predictive word length distribution data based on the evolution-
ary model of each word length class show that parameter a in Zipf-Alekseev's function evolved 
with time, i.e. as time goes by, its value increases. 

(3) The multi-syllabification process of Chinese word length is corroborated by the linear 
increase of mean word length. 

(4) Word length does not evolve alone, and it co-evolved with word frequency. The 
estimated values of parameter b in the power function y=axb as a model of the relationship 
between word length and mean word frequency display an increasing linear trend, which means 
that there is much more use of multi-syllable words than ever. 
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Appendix 1 

Translations of the names of vernacular Chinese novels 
 

 Time period 1 Time period 2 Time period 3 Time period 4 

Texts 

(parts) 

Cuo zhan Yingning 

(Wrongfully Accused 

of Ying Ning) 

Jiantie Heshang 

(A letter from a 

monk) 

Nian Yüguanyin 

(Grinding Jade 

Goddess of Mercy) 

Hao qiu zhuan 

(The Other Side Of 

Gentleman) 

Yinglie zhuan 

(Biographies of the 

heroes) 

Shuihu zhuan 

(Water Margin) 

Haishanghualiezhuan 

(Biographies of the Flowers 

on the Sea) 

Jinghuayuan 

(flowers in the mirrors) 

Ernvyingxiongzhuan 

(Legend of Heroes) 

Bailuyuan 

(White Deer 

Field) 

Wa 

(Frog) 

Pingfandeshijie 

(Ordinary 

World) 
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Word length in Indian languages 1 
 

Panchanan Mohanty 
Ioan-Iovitz Popescu 

 
Abstract. The research concerning word length is extended here to 13 Indian languages. Instead of 
searching for different probability distributions we prefer a unified approach based on continuous 
functions. It will be shown that the Zipf-Alekseev function which is an extension of Zipf’s power 
function yields a satisfactory model for all cases (cf. Popescu et al. 2014). 

 
Keywords: word length, Zipf-Alekseev function, Ord’s criterion, Assamese. Bengali, Bodo, 
Gujarati, Hindi, Kannada, Malayalam, Marathi, Odia, Punjabi, Urdu, Tamil, and Telugu 

 
1. Introduction 

 
The study of word length is one of the oldest disciplines of quantitative linguistics, even 
though it began only with a note by the mathematician Augustus de Morgan in a letter to his 
friend (cf. Lord 1958). Since then, its study increased steadily year by year. There are history-
ical surveys, omnibus volumes (cf. Grzybek 2005), and a project initiated by K.-H. Best 
(1997; 2001), in which about 3000 texts from 50 languages have been analyzed. But even 
mathematicians use word length as a basis for constructing models (cf. Duraš 2012).  
 Though the situation is better than in other branches of quantitative linguistics, one can 
see the following tendencies:  
 (1) Instead of generalizing the models in order to obtain a background law with 
boundary conditions, the domain dissipates and the number of isolated distributions increases. 
The general trend in natural sciences is to unify, to find a common denominator for quite 
divergent phenomena; but in word length research we can observe just an opposite trend. This 
is caused by the fact that researchers rely more on successful fitting of a function, hence on 
induction, than on deduction and linguistic substantiation of the observed deviations from a 
general model.  
 (2) The ways of induction are manifold. There is no problem in modifying a certain 
length class because there is some special condition in a given language that should be 
identified. The problem is mostly in setting up distributions which are always well fitting. 
This must be paid by the increasing number of parameters that have no linguistic background: 
a subsumption under a theory is possible only if all parameters have a linguistic interpretation 
but this condition is never fulfilled with inductive approach.  
 (3) The number of parameters reduces the number of degrees of freedom, hence some 
models are not even testable. But these untestable hypotheses do not belong to science. 
 (4) Since the usual chi-square test for goodness-of-fit has many deficiencies, there is 
no problem in using rather a simple function and estimating its adequacy using some de-
termination coefficient. Finding a well fitting model does not mean that we found the “truth”. 
Models, just as data, are our conceptual constructions by means of which we try to make the 
reality understandable for ourselves.  
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 (5) The general trend is thus the increasing number of different distribution models, 
some of which do not even belong to the same family. The question is whether there are really 
that many deviating cases or that many boundary conditions. In the positive case nothing 
would help more than the analysis of more and more languages. In every language, word 
length is a part of a control cycle; however, not the model itself but merely its parameters take 
part in the self-regulation. Therefore, the incorporation of some properties of word length in a 
control cycle would be the best support for the given model. 
 (6) Though word length is linked with syllable length by Menzerath’s law, one does 
not see any endeavour to study the individual length classes. They are composed of words of 
different classes (e.g. parts of speech) and the contribution of individual classes to individual 
lengths may abide by another law. Then the question is: what kind of law? Is this law the 
boundary condition for the word length model? Is a given length something like a biological 
cell composed of various components? Here one notices that not only the surface modelling 
but also a way to the ‘atomic’ structure is possible. 
 In a series of articles we shall try to capture different aspects of length in some Indian 
languages, in order to show that they behave abiding by some laws. In the present study we 
shall restrict ourselves to a set of problems concerning word length with reference to thirteen 
major Indian languages, i.e. Assamese. Bengali, Bodo, Gujarati, Hindi, Kannada, Malayalam, 
Marathi, Odia, Punjabi, Tamil, Telugu, and Urdu. These are listed in the Constitution of India 
that has recognised twenty-two Indian languages and English as the scheduled languages that 
are used for various official purposes. Out of these thirteen languages, Assamese. Bengali, 
Gujarati, Hindi, Marathi, Odia, Punjabi, and Urdu belong to the Indo-Aryan branch of the 
Indo-European family. Then, Kannada, Malayalam, Tamil, and Telugu are the four most 
important and literary languages of the Dravidian family. The remaining language Bodo is a 
member of the Tibeto-Burman group. All these languages are predominantly agglutinating 
from the morphological point of view and are written in nine different Brahmi-derived scripts 
with the sole exception of Urdu that uses a modified Perso-Arabic script. The data for this 
study have been taken from daily newspapers published in the concerned languages in order 
to ascertain that we have chosen representative texts of these languages used by the masses. 
Most of these texts possess a minimum of thirty sentences, a condition necessary to fulfil at 
least asymptotically the requirements of the normal distribution, e.g. for testing.  
 In studying any linguistic entity we are aware of the fact that it is a conceptual con-
struct having a lot of fuzziness depending on language, environment, speaker, etc. For exam-
ple allomorphs, allophones, allographs, etc. may be variegated to different extents. Automat-
ically, the properties we ascribe to entities are conceptual constructs of second level. One 
should not adhere to the illusion that having measured some property one arrived at the truth. 
In science, one should rather adhere to some generally accepted principles followed in quan-
titative linguistics, namely: 
 (a) No entity and its properties behave arbitrarily, but abide by laws. While rules are 
learnable conventions, laws cannot be learnt, one simply behaves according to them. Laws 
need not be deterministic, they may be stochastic; as a matter of fact, all laws of language are 
stochastic. 
 (b) There are no isolated properties of linguistic entities, each property is linked with 
at least one other. In the static sense, this was propagated already by F. de Saussure; in the 
dynamic sense it was G.K. Zipf who represented this axiom; and it is the backbone of 
synergetic linguistics propagated by R. Köhler (1986, 2005). The relations of a property may 
be hierarchic, i.e. a higher subsystem effects the property of a lower subsystem; collateral, 
i.e. a property of an entity is linked with some other property of the same entity, e.g. 
frequency and polysemy; sequential, i.e. a property is linked/influenced by the property of the 
preceding or following entity in text/speech. 
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 (c) Every entity and all its properties underlie evolution and diversification in any 
possible sense.  
 A linguistic law must hold for all languages. Hence its empirical justification/ cor-
roboration is a matter of degree; one cannot scrutinize all texts in all languages. But its 
theoretical justification is possible if one leans against a background knowledge and gives the 
hypothesis a formal form. But even in this case, we do not arrive at “truth” but merely to a 
form which makes clearer our understanding of the mechanism. Our models organize the 
reality in a “human” form.  
 
 
2. Word length models 
 
Though word length seems to be the most conspicuous word property, its measurement is a 
problem. It depends on the possibility of setting up various definitions, and even if one has 
decided to accept one of them, many times one must perform subjective decisions. One can 
measure word length in terms of the number of (i) syllables, (ii) moras, (iii) morphemes, (iv) 
phonemes, (v) letters or signs, (vi) units of time. None of them has anything to do with the 
‘truth’; all of them are merely our conceptual ordering principles. However, one may choose a 
special criterion for a special aim. For example, time is used in phonetics or psycholinguistics 
and can differentiate individual informants; morpheme number is used for expressing the 
degree of syntheticism/analyticism of the given language; syllables are used because they are 
the immediate formal constituents of the word and Menzerath’s law links word length with 
syllable length. Further, this kind of length is associated with many other word properties and 
is an element of the Köhlerian (1986, 2005) control cycle. Here we shall restrict ourselves to 
word length measured in terms of syllable numbers. 
 Formally, a text seems to be a chaotic phenomenon; but if one looks ‘under’ its overall 
meaning (controlled by grammar) one finds different types of order. As is usual in all other 
sciences, one tries to capture this order using some mathematical models. These models do 
not capture the ‘truth’ but are means to look under the surface of the texts in order to give us 
an orientation and a possibility to treat the phenomenon more formally, i.e. to search for laws 
and link the phenomenon formally with other phenomena. It is well known that mathematical 
models accelerate the advancement of the given discipline. 
 After having made this decision we must set up a model. This can be done in two 
ways: (a) inductively – this is the usual procedure as long as there is no theory; it is used in 
every discipline of quantitative linguistics as the first step for capturing the data; and (b) 
deductively, which presupposes the existence of a background theory. Frequently, one mixes 
both approaches because there is a number of boundary conditions, historical changes, style 
and text type problems, etc.  
 Now, as to modelling itself, one can again proceed in two ways: Either one derives a 
discrete probability distribution or one simply uses a (not normalized) function or sequence. 
Cognitively, there is no difference. The argument that syllabic length is discrete, hence one 
must use a discrete model, does not hold. The reality is neither discrete nor continuous; these 
are merely properties of our concepts with which we try to capture the reality (cf. Essler 
1971).  
 In deductive word length studies, one applies two different strategies: (i) One derives a 
function, tests it and if it does not hold in all cases, one generalizes it adding a further 
parameter which should be substantiated linguistically or one specifies a length class and 
considers it separately. (ii) One adds a further component to the distribution as has been done, 
for example, by Fucks (1955, 1956a,b,c), cf. also Duraš (2012). We do not recommend this 
procedure because one cannot a priori decide how many components the distribution should 
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have; and since this procedure may be applied to everything and holds always, it cannot 
represent an approximation to the truth. Besides, the smaller is the number of length classes, 
the more the testability decreases. If a language has only very short words, the number of 
classes is not sufficient for the estimation of parameters. 
 Perhaps the first attempt at modelling word length in Indian languages with discrete 
probability distributions was made by Jayaram and Vidya (2006) who attained some results 
using different modifications. They studied Assamese, Hindi, Kannada, Marathi and Tamil 
and fitted the Dacey mixtures (Dacey Poisson and Dacey negative binomial) as well as class 
modifications (Extended positive binomial, Positive Cohen-Poisson) in order to capture the 
unknown boundary conditions. They stated that there was no single distribution that could 
capture the situation in the given languages. Unfortunately, they did not publish their raw 
data; hence no comparison is possible. Besides, the results using the above distributions are 
not always satisfactory (the P-values of the chi-square test are mostly small), and that is why, 
one must search for some other methods. The problem in many languages is mostly the small 
number of length classes: to generalize a distribution means at least an addition of one new 
parameter, a fact that can lead to zero number of degrees of freedom, i.e. no testability of the 
goodness-of-fit using the chi-square test. A survey of all models applied up to now is 
presented in Popescu et al. (2013) 
 The situation gets complex by the fact that strongly analytic languages display rather 
monotonously decreasing distributions: the majority of words is monosyllabic, though this is 
also the case in Hindi, Punjabi and Urdu. In languages with many monosyllables the number 
of length classes is usually small, while in some languages the distributions obtain an 
approximately bell-shaped form, and with every generalization the number of parameters 
must be increased. But not only the ‘type’ of language exerts influence on length, there may 
be other effects, too, e.g. the text type, the personal style, the age of the writer, the aim of the 
text, the influence of foreign words, etc. Again, in poetry one cannot use long words because 
of rhythm. Thus sometimes one must apply not normalized functions and test the fit using the 
determination coefficient. Whatever the number of the analysed languages may be, we shall 
never obtain the final answer; we can only approximate the ‘truth’. The number of boundary 
conditions is overwhelming but the text authors of texts do not even know them, they write 
intuitively.  
 Though in some languages (both the texts in Assamese, Bengali, Hindi, Malayalam, 
Marathi and one of the texts in Punjabi, Bodo, Kannada) one can obtain good fittings applying 
the Positive Cohen-Poisson distribution which is the Poisson distribution truncated on the left 
hand side and whose first class is modified, the whole field is very variegated and one does 
not know what are the special boundary conditions holding true for the individual languages. 
Using a fitting software one can find about 20 different distributions yielding a good fit, fre-
quently simultaneously, for the given data. Since our aim is rather generalization we try to 
find rather continuous functions whose linguistic substantiation is simpler and which can be 
derived from the unified theory. Modelling discretely or continuously does not make a 
difference. Mathematical models do not capture the ‘truth’ but reconstruct for us the reality in 
the same way as our brain reconstructs the reality from electric impulses sent to it by our 
senses. 
 In the majority of cases, we start from the assumption that the relative rate of change 
of the dependent variable is proportional to the rate of change of the independent variable, 
that is dy/y ≈ [g(x)/h(x)]dx where g(x) and h(x) are some functions or sometimes merely a 
constant. Two cases are topical for this purpose: the beta function and the Zipf-Alekseev 
function. The beta function can be derived from the differential equation (1) 
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 (1)  

dy a b
dx

y x M x
 = − − 

 

 

where the first component on the right hand side represents the influence of the speaker from 
which the second component representing the equilibrating influence of the hearer is sub-
tracted. The parameter M is the maximum attainable by x, a and b are parameters. Usually M 
is xmax + 1. The resulting formula is the well know beta function 
 

(2)   y = Cxa(M – x)b. 
 
Somewhat simpler is the Zipf-Alekseev function which combines merely a language constant 
a and the changes (modifications) brought in by the author/ speaker. The differential equation 
is 
 

(3)   

 
that yields after reparametrization 
 
(4) y = cxa + b ln x . 
 
The logarithmic influence of the speaker is evidently a heritage of the Weber-Fechner law. 
Since formula (4) has merely three parameters, we shall use it for all languages. Besides, 
parameter c mostly represents an estimation of the frequency of length 1. In some cases in 
which the number of classes was not sufficient for the estimation of the parameters, we added 
a length with zero frequency. Applying (4) to our data we obtain the results presented in 
Tables 1 to 13 

 

Table 1 
Assamese word length distribution 

 

             Text 1          Text 2 
Length Frequency Z-A Frequency Z-A 

1 
2 
3 
4 
5 
6 
7 

47 
221 
140 
78 
14 
7 
2 

48.65 
218.48 
147.75 
63.40 
23.77 
8.64 
3.17 

45 
132 
84 
42 
9 
3 
2 

44.40 
132.68 
84.08 
37.24 
14.95 
5.91 
2.38 

 a = 4.1429, b = -2.8507,  
c = 48.6513, R = 0.991 

a = 3.2857, b = -2.4616, 
c = 44.3974, R = 0.9952 

         
 
 
 
 
 
 

lndy a B x
dx

y x

+=
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Table 2 
Bengali word length 

 

          Text 1          Text 2 
Length Frequency Z-A Frequency Z-A 

1 
2 
3 
4 
5 
6 
7 

56 
148 
78 
34 
9 
7 
2 

56.43 
147.14 
80.31 
31.01 
11.00 
3.88 
1.41 

37 
110 
56 
19 
3 
1 

36.76 
110.36 
55.26 
18.61 
5.69 
1.73 

 a= 3.1975, b = -2.6180, 
c = 56.4265,  R = 0.9982 

a = 3.6629, b = -2.9963, 
c = 36.7613, R = 0.9990 

 
 

Table 3 
Bodo word length 

 

    Text 1          Text 2 
Length Frequency Z-A Frequency Z-A 

1 
2 
3 
4 
5 
6 
7 

60 
307 
229 
86 
13 
3 
2 

51.06 
313.94 
217.36 
88.28 
30.44 
10.06 
3.34 

43 
190 
132 
63 
13 
4 

41.52 
191.18 
131.58 
57.25 
21.71 
7.97 

 a = 4.8453, b = -3.2103, 
c = 51.0643, R = 0.9929 

a = 4.1745, b = -2.8441, 
c = 41.5167, R = 0.9952 

 
 

Table 4 
Gujarati word length 

 
          Text 1          Text 2 

Length Frequency Z-A Frequency Z-A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

83 
140 
86 
40 
15 
11 
3 
5 
2 
1 

82.78 
140.73 
84.25 
40.50 
18.58 
8.58 
4.05 
1.97 
0.99 
0.51 

110 
210 
103 
30 
8 
2 

109.40 
211.58 
98.41 
34.15 
1.19 
3.72 

 a = 2.0467, b = -1.8484, 
c = 82.7836, R = 0.9984 

a = 2.7430, b = -2.5845,  
c = 109.4022, R = 0.998 
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Table 5 
Hindi word length 

 
          Text 1          Text 2 

Length Frequency Z-A Frequency Z-A 
1 
2 
3 
4 
5 
6 

501 
421 
144 
36 
4 
0 

500.77 
422.33 
138.84 
40.07 
11.79 
3.67 

428 
324 
94 
13 
1 
0 

427.86 
324.99 
 88.80 
 21.27 
  5.25 
  1.38 

 a = 1.3301, b = -2.2736, 
c = 500.7749, R = 0.9995 

a = 1.3718, b = -2.5518, 
c = 427.8559, R = 0.9993 

 
Table 6 

Kannada word length 
 

          Text 1          Text 2 
Length Frequency Z-A Frequency Z-A 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

15 
103 
61 
54 
55 
36 
10 
10 
5 
1 

27.65 
83.29 
81.71 
59.87 
39.68 
25.40 
16.12 
10.27 
6.60 
4.29 

2 
85 
60 
68 
46 
31 
13 
2 
3 

14.56 
70.12 
79.44 
60.81 
40.33 
25.27 
15.51 
9.49 
5.84 

 a = 2.6245, b = -1.4913, 
c = 27.6502, R = 0.8557 

a = 3.5051, b = -1.7845, 
c = 14.5568, R = 0.8825 

 
Table 7 

Malayalam word length 
 

          Text 1          Text 2 
Length Frequency Z-A Frequency Z-A 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

6 
62 
59 
67 
48 
23 
11 
5 
1 

8.20 
55.68 
71.96 
58.63 
40.10 
25.47 
15.69 
9.57 
5.85 

7 
40 
63 
70 
44 
27 
20 
10 
6 
1 

2.42 
38.62 
68.00 
63.39 
45.84 
29.53 
18.01 
10.72 
6.32 
3.73 

 a = 4.1084, b = -1.9398, 
c = 8.1978, R = 0.9303 

a = 5.6344, b = -2.3657, 
c = 2.4224, R = 0.9791 
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Table 8 
Marathi word length 

 
          Text 1          Text 2 

Length Frequency Z-A  Frequency Z-A 
1 
2 
3 
4 
5 
6 
7 
8 

65 
188 
94 
66 
19 
6 
- 
1 

68.12 
181.57 
110.35 
47.98 
19.11 
7.54 

- 
1.26 

51 
193 
126 
54 
29 
8 
4 

52.04 
191.78 
127.47 
56.47 
22.25 
8.56 
3.33 

 a = 3.0815, b = -2.4053, 
c = 68.1246, R = 0.9748 

a = 3.7046, b = -2.6298, 
c = 52.0404, R = 0.9980 

 
 

Table 9 
Odia word length 

 
                        Text 1            Text 2 

Length Frequency Z-A Frequency Z-A 
1 
2 
3 
4 
5 
6 
7 

14 
125 
137 
51 
13 
7 
1 

2.63 
126.31 
135.13 
53.00 
14.62 
3.54 
0.83 

46 
193 
208 
139 
35 
7 
2 

21.97 
202.29 
206.00 
117.64 
54.89 
23.81 
10.12 

 a = 9.0065, b = -4.9336,  
c = 2.6280, R = 0.9924 

a = 5.1950, b = -2.8743, 
c = 21.9731, R = 0.9598 

 
 

Table 10 
Punjabi word length 

 
          Text 1          Text 2 

Length Frequency Z-A Frequency Z-A 
1 
2 
3 
4 
5 
6 

251 
199 
97 
19 
0 
0 

250.25 
203.62 
81.90 
30.13 
11.33 
4.47 

287 
266 
77 
15 
3 
0 

286.94 
266.34 
75.28 
17.79 
4.25 
1.08 

 a = 0.9320, b = -1.7738, 
c = 250.2537, R = 0.9911 

a = 1.7910, b = -2.7389, 
c = 286.9393, R = 0.9998 
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Table 11 
Telugu word length 

 
                           Text 1             Text 2 

Length Frequency Z-A Frequency Z-A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

21 
148 
196 
154 
82 
48 
9 
3 
4 
1 

  11.32 
 148.30 
 200.97 
 145.63 
  83.42 
  43.35 
  21.67 
  10.72 
   5.32 
   2.67 

9 
72 
83 
45 
49 
28 
5 
2 
2 
 

11.98 
70.55 
80.14 
58.39 
36.19 
21.06 
11.98 
 6.80 
 3.88 

 a = 5.5809, b = -2.6964, 
c = 11.3172, R = 0.9911 

a = 3.9726, b = -2.0416, 
c = 11.9835, R = 0.9371 

        
Table 12 

Tamil word length 
 

          Text 1          Text 2 
Length Frequency Z-A Frequency Z-A 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

21 
65 
104 
69 
25 
23 
3 
5 
1 
1 

2.68 
68.67 
101.10 
67.64 
33.64 
14.79 
6.20 
2.56 
1.06 
 0.45 

9 
83 
120 
88 
33 
33 
9 
2 
 

4.54 
 84.18 
 119.74 
 83.78 
 44.89 
 21.53 
 9.87 
 4.47 

 a = 7.0320, b = -3.3922, 
c = 2.6774, R = 0.9545 

a = 6.3242, b = -3.0446, 
c = 4.5360, R = 0.9766 

 
Table 13 

Urdu word length 
 

          Text 1          Text 2 
Length Frequency Z-A Frequency Z-A 

1 
2 
3 
4 
5 
6 
7 

370 
283 
118 
22 
3 
- 
1 

369.49 
286.43 
105.00 
35.14 
12.08 

- 
1.68 

342 
291 
115 
10 
0 
0 

341.39 
294.67 
99.57 
29.49 
8.89 
2.83 

 a = 0.9625, b = -1.9186, 
c = 369.4860, R = 0.9965 

a = 1.3420, b = -2.2424, 
c = 341.3937, R = 0.9940 
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 As can be seen, we obtained good results in all cases even if in several places the 
deviation of the computed value from the observed one is somewhat large. Nevertheless, the 
model holds in every case. Of course, many other texts and languages could change this ideal 
image but for the time being one can avoid a lot of theoretical search for boundary conditions. 
If one starts with a birth-and-death process which is the basic background of many linguistic 
processes, one cannot avoid modifications, mixing of components, etc. in order to capture all 
cases. Besides, each modification enlarges the number of parameters and the model remains 
not testable. The Zipf-Alekseev function sufficiently expresses the status quo in the analyzed 
languages. 
 Since the given model (4) holds for typologically very different languages, one may 
ask whether it could replace the great number of models applied up to now. To this end we 
checked all data at our disposal and the model was valid in all cases (cf. also Popescu et al. 
2014). In some languages (e.g. Slavic ones) there was also the syllabic length x = 0; since 
non-syllabic words can be considered clitics, some word lengths changed and the class x = 0 
will be omitted. The above function proved to be adequate in all cases.  
 Since the model holds generally, one may ask whether the parameters a and b are 
linked with one another. Ordering the texts and languages according to increasing parameter a 
we obtained the results presented in Table 14. As can be seen, parameter b decreases with 
increasing a, even if the deviations from a smooth function are slightly oscillating. The 
graphical visualization is presented in Figure 2.1. Though neither the number of texts in one 
language nor the number of languages is sufficient to show the dependence, we leave further 
testing to other researchers. The given result can be captured only by means of a polynomial, 
nevertheless, further testing may bring better results. 
 

Table 14 
Texts and languages ordered according to parameter a 

 
Language a b 
Punjabi 1 0,9320 -1,7738 
Urdu 1 0,9625 -1,9186 
Hindi 1 1,3301 -2,2736 
Urdu 2 1,3420 -2,2424 
Hindi 2 1,3718 -2,5518 
Punjabi 2 1,7910 -2,7389 
Gujarati 1 2,0467 -1,8484 
Kannada 1 2,6245 -1,4913 
Gujarati 2 2,7430 -2,5845 
Marathi 1 3,0815 -2,4053 
Bengali 1 3,1975 -2,6180 
Assamese 2 3,2857 -2,4616 
Kannada 2 3,5051 -1,7845 
Bengali 2 3,6624 -2,9963 
Marathi 2 3,7046 -2,6298 
Telugu 2 3,9726 -2,0416 
Malayalam 1 4,1084 -1,9398 
Assamese 1 4,1429 -2,8507 
Bodo 2 4,1745 -2,8441 
Bodo 1 4,8453 -3,2103 
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Odia 2 5,1950 -2,8743 
Telugu 1 5,5809 -2,6964 
Malayalam 2 5,6344 -2,2657 
Tamil 2 6,3242 -3,0446 
Tamil 1 7,0372 -3,3922 
Odia 1 9,0065 -4,9336 

 

 
Figure 2.1. <a,b> in 13 Indian languages 

 
 
3. Ord’s criterion 
 
The given frequencies can be characterized in various ways. One may apply the usual quan-
tities based on moments, one can compute the Repeat rate or the Entropy, etc. Here we shall 
apply the Ord’s scheme based on moments (mean, second and third central moments), i.e. 
 

  

 
compute the moments from the above distributions and obtain the results presented in Table 
14 
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Table 14 
Ord’s indicators of frequency distributions 

 
Family Language I S 

Indo-European 

Assamese 1 0.4264 0.9434 
Assamese 2 0.4748 1.0099 
Bengali 1 0.5359 1.3321 
Bengali 2 0.3646 0.6959 
Gujarati 1 0.8991 2.5356 
Gujarati 2 0.4168 0.8117 
Hindi 1 0.3907 0.8139 
Hindi 2 0.3356 0.7172 
Marathi 1 0.5203 1.0204 
Marathi 2 0.5263 1.1813 
Odia 1 0.3580 0.9271 
Odia 2 0.4056 0.4583 
Punjabi 1 0.3939 0.6220 
Punjabi 2 0.3608 0.7989 
Urdu 1 0.4148 0.9739 
Urdu 2 0.3365 0.5206 

Dravidian 

Kannada 1 0.9102 1.3952 
Kannada 2 0.6797 1.0861 
Tamil 1 0.6736 1.5188 
Tamil 2 0.5463 0.9855 
Telugu 1 0.5824 1.2145 
Telugu 2 0.6526 1.0384 

Tibeto-Burman 
Bodo 1 0.3425 0.7359 
Bodo 2 0.3829 0.6567 

 
 
Though we have only two texts from each language, it is enough for the first characterization. 
In Figure 2.1 one finds the two texts of each language in the <I,S> space joined with a line.  
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Figure 3.1. Ord’s <I,S> scheme for word lengths of Indian languages 

Upper plot: fitted pairs of 13 Indian texts 
Lower plot: bound pairs of 13 Indian texts 
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Now, we can make a preliminary conjecture: the greater is the distance between the two 
points of a given language, the more the word length variegates. The variation may be, of 
course, caused also by the style of the writer, the text-sort, the age of the writer, the place of 
publication, etc. All this can be studied applying the above methods to many texts of the same 
language.  
 The distance between two texts of the same language can be computed by the usual 
Euclidean distance, defined as 
 

  
 
For example, the two points of Assamese have the distance 
 
 D(Assamese 1, Assamese 2) = [(0.4264 – 0.4748)2 + (0.9434 – 1.0099)2]1/2 =  
                =  0.0822. 
 
In this way we obtain the preliminary ranking of Indian languages according to the regularity 
of word length distribution. This property is somewhat abstract but it is a linguistic aspect of 
language in the same sense as e.g. style of an author.  
 If we compute all distances, we obtain the ranking as follows 
 
        D 

1. Assamese  0.0822 
2. Bodo  0.0889 
3. Hindi  0.1113 
4. Marathi  0.1610 
5. Punjabi  0.1800 
6. Telugu  0.1896 
7. Kannada  0.3845 
8. Urdu  0.4600 
9. Odia  0.4712 
10. Tamil  0.5483 
11. Bengali  0.6589  
12. Gujarati  1.7901 

 
In case that one continues evaluating further texts, one can compute the mean distance of all 
points of a given language and perform a new scaling, or one can use some results from graph 
theory, etc. It cannot be predicted whether the given scaling has some links to the genealogy 
of languages. All this is a task for the future. 
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